
Winter 1987 
Volume 40 
Number 4 

Orthotics 
and 
Prosthetics 
Journal of the American Orthotic and Prosthetic Association 



C D . Denison 
Two Poster Cervical Collar 
The C D . DENISON TWO POSTER CERVICAL COLLAR was originally designed as a post-
cervical fusion orthosis. 

The basic design features rigid mandibular-occipital pad connectors with safety latches. 
This innovation permits a more positive control of the head and cervical spine than is 
provided with flexible-straD type connectors. 

Time has proven the value of the 
C D . DENISON TWO POSTER 
CERVICAL COLLAR, not only as a post-
operation support, but also in non-surgical 
application, when a more positive 
positioning control is desirable. 

The C D . DENISON TWO POSTER 
CERVICAL COLLAR with thoracic 

extension possesses all the qualities of the 
basic Two Poster. In addit ion, it provides 
an even greater stabilizing support of the 

cervical and upper thoracic spine. 

C D . Denison Orthopaedic Appliance Corp, 
220 W . 28th STREET BALTIMORE, M D 21211 (301) 235-9645 

The C D . Denison Two Poster Cervical Collar is available 
through your local orthotist on request. 
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A clear comparison. 
Note the clarity of the 

socket on the right when 
compared to the socket on 
the left. 

The socket on the right is 
constructed from Thermo-Vac 
Clear Plastic, a thermoplastic 
polymer that allows you to 
see through your prosthetic 
device and detect pressure 
areas and intimacy of fit. Dur­
ing fabrication skin blanching 
around bony prominences 
are easily detected. And after 
visually determining the ex­
tent of contact support the 
Thermo-Vac material may be 
modified with the application 
of heat to reduce pressure 
areas. 

Thermo-Vac's rigidity falls 
in-between that of polyethyl­
ene and polypropylene. It has 
the impact strength of Lexan® 

Unlike Lexan® Thermo-Vac 
does not have to be dehy­
drated. It is recommended 
that Thermo-Vac be formed 
over a wet model without the 
use of an interface such as 
stockinette or nylon. When 
heated to 250 degrees F. 
(120 degrees C.) Thermo-Vac 
will display droop characteris­
tics similar to polyethylene 
and polypropylene. Thermo-
Vac may be welded and most 
commonly used adhesives 
may be used for bonding 
Thermo-Vac to other materials. 

PRODUCT NUMBERS 
Thermo-Vac Clear 
Plastic Sheets 
4' x 4' x 1 /16"—T14-201-0100 
4' x 4' x 1 /8"—T14-201-0200 
4' x 4' x 3 /16"—T14-201 - 0 3 0 0 
4' x 4' x 1 /4"—T14-201-0400 
2' x 4' x 1 / 1 6 " — T 1 4 - 2 0 2 - 0 1 0 0 
2' x 4' x 1 /8"—T14-202-0200 
2' x 4' x 3 / 1 6 " — T 1 4 - 2 0 2 - 0 3 0 0 
2' x 4' x 1 /4"—T14-202-0400 
2' x 2' x 1 /16"—T14-203-0100 
2' x 2' x 1 /8"—T14-203-0200 
2' x 2' x 3 / 1 6 " — T 1 4 - 2 0 3 - 0 3 0 0 
2' x 2' x 1 /4"—T14-203-0400 
New 112" Thick Thermo-Vac 
Clear Plastic Sheets 
3' x 4' x 1 /2"—T14-206-0600 
2'8" x 4' x 1 /2"—T14-207-0600 
2' x 4' x 1 /2"—T14-202-0600 
1 '4" x 1 '4" x 1 /2"—T14-205-0600 
1' x 1 ' x 1 /2"—T14-204-0600 

Thermo-Vac 1/8" Welding Rod 
(sold by the foot )—T15-400-0000 

United States Manufacturing Compam 
180 North San Gabriel Boulevard, Post Office Box 5030 
Pasadena, California 91107 U.S.A. (818) 796-0477 
Cable: LIMBRACE, TWX No.: 910-588-1973, Telex: 466-30 



Get best results with quality 
pomponent parts designed 
with your patient's needs in 
'mind. The Becker modified 
ring lock knee joint completely 
ieliminates protrusion in the 
sitting position: it won't catch 
or fray garments. All knee 
joints are precision made to 
'Becker's standard of 
excellence. They come fully 
•assembled so you can spend 
your valuable time fabricating 
the orthosis rather than fitting 
the parts. For best results, use 
The Becker modified ring lock 
knee joint. It's smooth! 

p ' E C K E R 
Orthopedic 
Appliance Company 
635 Executive Drive 
Troy, Mich igan 48084 
Cal l toll-free 
1-800-521-2192 



S U P P L Y CO. 

Prosthetic and Orthotic 
Parts and Supplies 
4 6 6 6 Manufacturing Road Cleveland, Ohio 44135 
(216) 267-5775, In Ohio 1-800-345-5105, Nationwide 1-800-321-1264 
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r Than Par 
You won' t need a great drive to reach our 

green — it's practically in your lap! Of course , 
we're referring to the green sect ion of the 
Kingsley Rainbow ca ta log . 

The ca ta log green is where the prosthetic 
Pros obtain their supplies in order to make all 
the other products in our rainbow work. Check 
s o m e of the high spots in the green section for 
the supply source of the prosthetic professional— 

• Wood blocks; rigid foam; fillers 

• Heel cush ions 

• Carbon fiber supplies; cas t ing supplies; 
Trac tura ' ' 

• Orthotic metal s tock — drawn and 
extruded 

• Abrasives and adhesives 

• Sheet ing and fasteners 

• Surlyn; Plastazote; Pelite 

— and practically everything in be tween. 

Kingsley Mfg. Co. knows that the ca ta log 
green is where it all starts, and, keeping the 
Pros familiar with this section of the Kingsley 
Rainbow is the best tip that we can g ive . 

Give us a call to order, or, to jus t chat about 
the products manufactured and distributed by 
Kingsley. We might even be able to improve your 
golf g a m e ! You'll certainly have more time to 
practice. 

KINGSLEY MFG. CO. 
TOST omcE BOX csn 5010 

COSTA M E S A . CALIFORNIA 9 2 6 2 8 
(714) 6 4 5 - 4 4 0 1 • (800 ) 8 5 4 - 3 4 7 9 
hi. Cable Address: K H I G E E E T 

World's leading manufacturer of prosthetic feet with Natural Toes" 



The Hood Company announces 
an interesting newproduct for 
AK Belted Suspensions. 

Comfort 
with Confidence. 
1-800-547-4027 

The Hood AK BELTED 
SUSPENSION SLEEVE is 
an easy replacement for a 
Silesian belt. Made of two 
way stretch elastic the 
Sleeve is comfortable all 
day. It holds the pro­
sthesis quite effectively 
with exposed rubber to en­
sure optimum results. The 
moveable belt helps the 
patient position the sleeve 
in the position which gives 
the best results. Easily 
laundered the Sleeve has 
a long life and seems to in­
vite a high level of user 
confidence. 



Meetings and Events 
Please notify the National Headquarters immediately concerning all meeting dates. It is 
important to submit meeting notices as early as possible. In the case of Regional Meetings, 
you must check with the National Headquarters prior to confirming date to avoid conflicts 
in scheduling. 

1987 
February 15 -22 , Academy Annual Meeting 

and Scientific Seminar, Hyatt Regency 
Tampa, Tampa, Florida. Contact : 
Academy National Headquarters, 703-
836-7118. 

February 17 -21 , Academy Annual Meeting 
and Scientific Symposium, Hyatt Re­
gency Tampa, Tampa, Florida. Contact: 
Academy National Headquarters, (703) 
836-7118. 

March 5 -7 , The 2nd Annual Symposium 
on Advances in Head Injury Rehabilita­
tion, sponsored by the Dallas Rehabili­
tation Institute and Dallas Rehabilitation 
Foundation, Westin Galleria Hotel, Dal­
las, Texas. Contact: (214) 358-8440; in 
Texas (800) 441-9199, ext. 8440. 

March 9 -12 , UCLA Total Surface Bearing 
Suction Below Knee Prosthetics Course, 
Los Angeles , California. Contact: 
TimothyB.Staats, MA, CP, UCLAPOEP, 
Room 22-46, 1000 Veteran Avenue, Los 
Angeles, California 90024. 

March 16 -25 , UCLA CAT-CAM/Narrow 
ML Above Knee Prosthetics Course, Los 
Angeles, California. Contact: Timothy B. 
Staats, MA, CP, UCLA POEP, Room 
22-46, 1000 Veteran Avenue, Los An­
geles, California 90024. 

March 20 -21 , Oklahoma Association of 
Orthotics and Prosthetics, the Texas As­
sociation of Orthotists and Prosthetists, 
and Texas Chapter, American Academy 
of Orthotists and Prosthetists combined 
meeting, Dallas, Texas. Contact: Mike 
Allen, CPO, 2504 W. Ohio, Midland, 
Texas 79701; tel. (901) 683-5280. 

March 25-27, NYU course, The ISNY 
Below-Knee Flexible Socket, New York, 
New York, brbontact: Registrar, Pros­
thetics and Orthotics, 317 E. 34th Street, 
New York, New York, 10016; tel. (212) 
340-6686. 

March 25-27, Hosmer Electric Systems 
Workshop and Seminar, Cleveland, 
Ohio. Contact: Catherine Wooten, Hos­
mer Dorrance Corporation, 561 Division 
Street, Campbell, California 95008; tel. 
(800) 538-7748 or (408) 379-5151. 

March 30-April 2, UCLA Total Surface 
Bearing Suction Below Knee Prosthetics 
Course, Los Angeles, California. Con­
tact: Timothy B. Staats, MA, CP, UCLA 
POEP, Room 22-46, 1000 Veteran Ave­
nue, Los Angeles, California 90024. 

April 2 - 4 , AOPA Region IV Annual Meet­
ing, Stouffer's River View Plaza, Mobile, 
Alabama. 

April 9 -11 , Charleston Bending Brace 
Seminar, Park Suite Hotel, Altamonte 
Springs (Orlando), Florida. Contact: 
Shannon Schwenn or Judy Clark, 
Charleston Bending Brace Seminars, 
P.O. Box 2031, Winter Park, Florida 
32790; tel. (800) 327-0073 or (305) 645-
0414. 

April 13 -22 , UCLA CAT-CAM/Narrow 
ML Above Knee Prosthetics Course, Los 
Angeles, California. Contact: Timothy B. 
Staats, MA, CP, UCLA POEP, Room 
22-46, 1000 Veteran Avenue, Los An­
geles, California 90024. 

April 24 -25 , Spring Meeting, New York 
State Chapter of the American Academy 
of Orthotists and Prosthetists, Ramada 
Inn, Binghamton, New York. Contact: 
Bryan Finley, CP, Program Chairman, 
Binghamton Limb and Brace Co., Inc., 
142 Harry L. Drive, Johnson City, New 
York 13790; tel. (607) 797-1246. 

May 4 - 1 3 , UCLA CAT-CAM/Narrow ML 
Above Knee Prosthetics Course, Los 
Angeles, California. Contact: Timothy B. 
Staats, MA, CP, UCLA POEP, Room 
22-46, 1000 Veteran Avenue, Los An­
geles, California 90024. 
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Knee-Brace New Product 

703N 

— Japanese Patent, Registration, Trademark Registration and U-S-A P a t e n t - Being Applied for. 

(Product Name) P a t e l l a r Band 

(Model No.) 7 0 3 N ( P . B . - R . L . ) 

Size S M L 
Peripheral Dia. 
of Knee Joint (cm) 30 -34 3 5 - 3 9 4 0 - 4 4 

(Applicable to both left and right knees) 

Anatomy Physiology Support 

NAK AMUR A BRACE Co.,LTD. 
OHMORI OHDA TEL NATIONAL 08548. 9. 0231 
SHIMANE 6 9 4 - 0 3 J A P A N INTERNATIONAL + 8 1 . 8548. 9. 0231 



May 7 -10 , AOPA Regions II and III Com­
bined Annual Meeting, Hershey, Penn­
sylvania. 

May 7 -10 , SinoMed '87, an international 
exhibition and conference program, 
Shanghai Exhibition Centre, Shanghai, 
People's Republic of China. Contact: 
Kallman Associates, Five Maple Court, 
Ridgewood, New Jersey 07450; tel. (201) 
652-7070. 

May 1 3 - 1 5 , Hosmer Electric Systems 
Workshop and Seminar, Memphis, Ten­
nessee. Contact: Catherine Wooten, 
Hosmer Dorrance Corporation, 561 Di­
vision Street, Campbell, California 
95008; tel. (800) 538-7748 or (408) 379-
5151. 

May 2 1 - 2 3 , NYU course, the ISNY 
Below-Knee Flexible Socket, New York, 
New York. Contact: Registrar, Prosthet­
ics and Orthotics, 317 E. 34th Street, New 
York, New York 10016; tel. (212) 340-
6686. 

May 2 7 - 2 9 , NYU course, The Narrow ML 
Above-Knee Socket, New York, New 
York. Contact: Registrar, Prosthetics and 
Orthotics, 317 E. 34th Street, New York, 
New York 10016; tel. (212) 340-6686. 

May 27-30 , UCLA Total Surface Bearing 
Suction Below Knee Prosthetics Course, 
Los Angeles , California. Contact : 
Timothy B. Staats, MA, CP, UCLA POEP, 
Room 22-46, 1000 Veteran Avenue, Los 
Angeles, California 90024. 

May 2 8 - 3 1 , AOPA Region V Annual 
Meeting, Grand Traverse Hotel, Tra­
verse City, Michigan. 

June 3 - 5 , NYU course, The ISNY Below-
Knee Flexible Socket, New York, New 
York. Contact: Registrar, Prosthetics and 
Orthotics, 317 E. 34th Street, New York, 
New York 10016; tel. (212) 340-6686. 

June 4 - 6 , Annual Meeting of the Associa­
tion of Children's Prosthetic-Orthotic 
Clinics, Vancouver, British Columbia. 
Paper submissions: Francis J. Trost, 
M.D., Program Chairman, 2545 Chicago 
Avenue, South, Minneapolis, Minnesota 
55404. Registration: Sidney Fishman, 
Ph.D., c/oNYUPGMS, 317E. 34thStreet, 
New York, New York 10016. Informa­
tion: Yoshio Setoguchi, M.D., Child 

Amputee Prosthetics Project, UCLA Re­
habilitation Center, 1000 Veteran Ave­
nue, Room 25-26, Los Angeles, Califor­
nia 90024. 

June 5-7, AOPA Region IX, COPA, and the 
California Chapters of the Academy 
Combined Annual Meeting, Doubletree 
Inn, Monterey, California. 

June 8-17, UCLA CAT-CAM/Narrow ML 
Above Knee Prosthetics Course, Los 
Angeles, California. Contact: Timothy B. 
Staats, MA, CP, UCLA POEP, Room 
22-46, 1000 Veteran Avenue, Los An­
geles, California 90024. 

June 1 0 - 1 3 , AOPA Regions VII, VIII, X, 
and XI Combined Annual Meeting, 
Fairmont Hotel, Dallas, Texas. 

June 1 8 - 2 1 , AOPA Region VI and the 
Midwest Chapter of the Academy Com­
bined Annual Meeting, Embassy Suite, 
Indianapolis, Indiana. 

June 19-23 , RESNA '87, the 10th Annual 
Conference on Rehabilitation Technol­
ogy, San Jose, California. Contact: 
RESNA, Suite 700, 1101 Connecticut 
Avenue, NW, Washington, D.C. 20036; 
tel. (202) 857-1199. 

June 24-27, Tenth INTERBOR Congress, 
Barcelona, Spain. Contact: Jose Ma 
Camds, Secretary of the Congress, Grau 
Soler, Buenos Aires, 52, Argentina. 

July 5 -10 , International Conference on Dis­
ability Education, Jerusalem, Israel. 
Contact: Israel Rehabilitation Society, 18 
David Elazar Street, Tel Aviv 61901, Israel. 

July 12-16 , International Conference of Re­
habilitation Journalists, Jerusalem, Israel. 
Contact: Israel Rehabilitation Society, 18 
David ElazarStreet, Tel Aviv 61901, Israel. 

September 6-10 , International Seminar on 
Prosthetics and Orthotics, Dan Accadia 
Hotel, Herzliya, Israel. Contact: ISPO 
1987, P.O. Box 50006, Tel Aviv 61500, Is­
rael; tel. (03) 654 571; TELEX: 341171 
KENS IL, Fax: 972 3 655674. 

September 11-12, Ohio Orthotics and 
Prosthetics Association/Ohio Chapter, 
American Academy of Orthotists and 
Prosthetists combined meeting, "Bridg­
ing the Profeseion," Dayton, Ohio. Con­
tact: Norma Jean Finissi, Executive Di-

10 



rector, O.O.P.A./Ohio A.A.O.P., 4355 
North High Street, #208, Columbus, 
Ohio 43214; tel. (614) 267-1121. 

September 21-27, AOPA Annual National 
Assembly, Hyatt Regency Hotel, San 
Francisco, California. Contact: AOPA 
National Headquarters, (703) 836-7116. 

September 28-30, Hosmer Electric Systems 
Workshop and Seminar, Hosmer Dor-
rance Corporation, Campbell, California. 
Contact: Catherine Wooten, Hosmer 
Dorrance Corporation, 561 Division 
Street, Campbell, California 95008; tel. 
(800) 538-7748 or (408) 379-5151. 

November 11-13, Hosmer Electric Systems 
Workshop and Seminar, Hosmer Dor­
rance Corporation, Campbell, California. 
Contact: Catherine Wooten, Hosmer 
Dorrance Corporation, 561 Division 
Street, Campbell, California 95008; tel. 
(800) 538-7748 or (408) 379-5151. 

November 26-29 , Medical/Hospitech 87, 
Bangkok International Exposition Center, 
Bangkok, Thailand. Contact: SHK Inter­
national Services Ltd., 22/F. Tian An 
Centre, 151 Gloucester Road, Hong Kong. 

1988 
January 25 -31 , Academy Annual Meeting 

and Scientific Symposium, Newport 
Beach Marriott Hotel and Tennis Club, 
Newport Beach, California. Contact: 
Academy National Office, (703) 836-
7118. 

February 4 - 9 , American Academy of Or­
thopedic Surgeons Annual Meeting, 
Atlanta, Georgia. 

May 13 -15 , AOPA Region DC, CORA, and 
the California Chapters of the Academy 
Combined Annual Meeting. 

May 19-21 , AOPA Region V Annual 
Meeting, Charleston, West Virginia. 

June 9 -11 , AOPA Regions II and III Com­
bined Annual Meeting. 

June 14-18, AOPA Regions VII, VIII, X, and 
XI Combined Annual Meeting, Seattle, 
Washington. 

September 5 - 9 , 16th World Congress of 
Rehabilitation International, Keio Plaza 
Inter-Continental Hotel, Shinjuku, 

Tokyo, Japan. Contact: Secretary Gen­
eral, 16th World Congress of Rehabilita­
tion International, c/o the Japanese Soci­
ety for Rehabilitation of the Disabled, 
3-13-15, Higashi Ikebukuro, Toshi-
ma-Ku, Tokyo 170, Japan. 

October 25-30 , AOPA Annual National 
Assembly, Sheraton Washington Hotel, 
Washington, D.C. Contact: AOPA Na­
tional Headquarters, (703) 836-7116. 

1989 
January 31-February 5, Academy Annual 

Meeting and Scientific Symposium, 
Wyndham Hotel, Orlando, Florida. 
Contact: Academy National Office, (703) 
836-7118. 

May 12-14 , AOPA Region IX, CORA, and 
the California Chapters of the Academy 
Combined Annual Meeting. 

May 1 8 - 2 0 , AOPA Region V Annual 
Meeting, Hotel Sofitel, Toledo, Ohio. 

October 2 - 8 , AOPA Annual National As­
sembly, MGM Grand Hotel, Reno, 
Nevada. Contact: AOPA National Head­
quarters, (703) 836-7116. 

November 12-17, International Society for 
Prosthetics and Orthotics VI World Con­
gress, Kobe Convention Center, Kobe, 
Japan. Contact: VI ISPO World Con­
gress' Secretariat, c/o International Con­
ference Organizers, Inc., 5A Calm 
Building, 4-7, Akasaka 8-chome, Mina-
to-ku, Tokyo, 107 Japan. 

1990 
January 22-28 , Academy Annual Meeting 

and Scientific Symposium, Hyatt Re­
gency Hotel, Phoenix, Arizona. Contact: 
Academy National Office, (703) 836-
7118. 

May 11-13, AOPA Region IX, CORA, and 
the California Chapters of the Academy 
Combined Annual Meeting. 

September 11-16 , AOPA Annual National 
Assembly, Sheraton Boston Hotel, Bos­
ton, Massachusetts. Contact: AOPA Na­
tional Headquarters, (703) 836-7116. 
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Reprinted below is the application required by ABC for those wishing accreditation for their educa­
tion programs. Please use this form when applying for credits. 

American Board for Certification in 
Orthotics and Prosthetics 

Application for Continuing Education Activities 
Group A—Accredited Instruction 

Educational Activity: 

Date(s) of Program: 

Institution and Location: 

Sponsor: 

Number of credit units applied for: 

Prerequisite 
A. SUBMISSION 60 DAYS PRIOR TO PRESENTATION. (If presenters or subject matter changes within the sixty days notify 

ABC directly.) 

B . Time frames must be presented: example — 9:00 to 9:45 (in & out) 

C. Brief description of subject matter. 

D. Along side of, or under the presenters, his or her credentials. 

E. What categories they are applying for Continuing Education Units in: example—Scientific, Business, etc. 

Comments 

For Official Use Only 
Course received late: Yes • Date Received No • 
Course Approved: Yes • Date Received No • 

If Disapproved or Number of Credit Units Reduced, 
Please State Reason(s). 

Received in National Office: 

Sent Committee: 

Final Committee Action: 

Signature Date 



TWO-POST ORTHOSIS for stabilizing 
cervical and upper thoracic regions. 

Spinal orthoses are our only product. They are only 
available through ethical d ispensing orthotists. Because 
of this we have the motivation and the skill to provide 
you with the highest quality orthoses possible for max­
imum acceptance by your doctors and patients. And we 
back you up with 24-hour delivery of your prescript ion 
orders anywhere in the country. Plus, we have a price 
structure to make our service W7*Q 
your most profitable way to MC^yiClJl 
fill prescript ions. Florida Brace n 

Corporat ion, P.O. Box 1299. KjfZ&CG 
Winter Park, Florida 32789. TT TT-

Corporation 



Central Fabrication 
M. ^ 

Specializing in Flexible 
Socket with Titanium 
System for A/K and 
B/K Prosthesis. 



Are you caring for all of your patients ' 
2 6 bones and 2 1 4 l igaments? 

You are if you prescribe Dr. Abernethy's custom 
shoes. Dr. Abernethy has brought a new design and 
principle to proper foot care. His custom shoes can 
eliminate most foot problems, fatigue and hard to fit 
feet. From arthritic to work, golf, tennis, jogging, 
hunting, walking and fashionable dress shoes. All 
handcrafted with the finest water-repellent leather. Calf, 
kid, kangaroo, suede and reptile. Twenty stylish 
patterns. The latest colors. Shoes as handsome as 
they are functional. 

Abernethy shoes have walked on the moon, 
in all 50 states, five foreign countries, in Congress 
and hospitals. 

Have your patient step into a new world of comfort. 
Call 1-800-334-0128 or write for casting information, 
prices and color brochure. Normal delivery is three 
weeks or less. Dr. Abernethy guarantees his shoes are 
correct. If not, hell re-do them or make them correct. 

R.G. Abernethy Industries, inc. 
Route 1, Box 21 • Creston, NC 28615 

Sound shoes for a sound mind and body. 

LEATHER 
SPECIALISTS 

A QUALITY PRODUCT 
REQUIRES 

QUALITY MATERIALS 

FREE 
Samples and Information 

601 W. Vine St., Glendale, CA 91 2 0 4 

Ad Index and Hotline 
Advertisers are encouraged to submit the name of a contect person within their 
organization for inclusion in the Ad Index. 
R.G. Abernethy Industries, Inc. . . . 15 

Dr. R.G. Abernethy or 
Judson Davis 800-334-0128 

In North Carolina 919-722-5723 
Manufacturing Co. 919-385-7112 

Becker Orthopedic 3 
800-521-2192 

Otto Bock 67 
800-328-4058 

C D . Denison C-2 
301-235-9645 

Durr-Fillauer 19 
800-251-6398 

Florida Brace 13 
Mr. Ben Moss 305-644-2650 

Goliger Leather 15 
Customer Service 800-432-2329 

The Hood Company 7 
800-547-4027 

IPOS 
United States 
Canada 

14 
800-626-2612 
800-265-8033 

Kingsley Mfg 6 
Mr. Jeff Kingsley 800-854-3479 

Knit-Rite, Inc C-3 
800-821-3094 

Model and Instrument 
Development 73 

206-325-0715 

Nakamura Brace Co 9 
International +81-8548-9-0231 

PEL Supply 4 
Customer Service 800-321-1264 
In Ohio 800-345-5105 

Sandberg Prosthetic Services, Inc. . . 70 
800-443-1827 

In Minnesota 612-332-1880 

Southern Prosthetic Supply Co 17 
Customer Service 800-241-1892 

United States Mfg. Co 2 
818-796-0477 



INFORMATION FOR AUTHORS 

ORTHOTICS AND PROSTHETICS 

INVITES THE SUBMISSION OF ALL ARTICLES AND MANUSCRIPTS 

WHICH CONTRIBUTE TO ORTHOTIC AND 

PROSTHETIC PRACTICE, RESEARCH, AND 

EDUCATION 

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

plete with Illustrations to facilitate review and approval. 
2. BIBLIOGRAPHY. This should be arranged alphabetically and cover only references made in the body of the 

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

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

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

5. A photo (black & white glossy) of each author listed on the manuscript, a long with a short biographical 
sketch. 

PREPARATION OF MANUSCRIPT 

1. Manuscripts must be TYPEWRITTEN, DOUBLE-SPACED and have WIDE MARGINS. 
2. Indicate FOOTNOTES by means of standard symbols (*). 
3. Indicate BIBLIOGRAPHICAL REFERENCES by means of Arabic numerals in parentheses (6). 
4. Write out numbers less than ten. 
5. Do not number subheadings. 

PREPARATION OF ILLUSTRATIONS 

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

granted. 

NOTES: 
—Manuscripts are accepted for exclusive publication in ORTHOTICS AND PROSTHETICS. 
—Articles and illustrations accepted for publication become the property of ORTHOTICS AND PROSTHETICS. 
—Publication of articles does not constitute endorsement of opinions and techniques. 
—All materials published are copyrighted by the American Orthotic and Prosthetic Association. 
—Permission to reprint is usually granted provided that appropriate credits are given. 
—Authors wil l be suppl ied wi th 12 reprints. 

16 



Your One Source 
THREE DISTRIBUTION CENTERS 

ATLANTA, CHICAGO, DALLAS 

FEATURING 

THESE VENDORS 

ALIMED 
APEX 
BECKER ORTHOPEDICS 
BELL-HORN 
OTTO BOCK 
BURLINGTON 
CAMP 
CAMPBELL-CHILDS 
DOW CORNING 
DURR-FILLAUER 
FOSTER MFG. CO. 
FEINER BROS. 
FREEMAN MFG. 

GRIEVE CORP. 
GEBHARDT LEATHER CO. 
HOSMER DORRANCE 
IPOS 
JAECO 
JOHNSON & JOHNSON 
KINGSLEY MFG 
KNIT-RITE 
LACAL SURGICAL 
MAUCH LAB 
OHIO WILLOW WOOD 
ORTHOMEDICS 

POPE BRACE/USMC 
SAND-RITE INC 
SELOMAS INC. 
RALPH STORR'S, INC. 
SMALLEY & BATES 
SUTTON SHOE MACHINERY CO. 
TRUFORM 
UNITED STATES MFG. CO. 
USS CHEMICALS 
VULCAN HART 
WATERHOUSE LEATHER CO. 
H. WENIGER 
WEST HAVEN BUCKLE CO. 

CENTRAL FABRICATION 
ATLANTA - ORLANDO 

CUSTOMER SERVICE 
TOLL FREE 800-241-1892 

SOUTHERN PROSTHETIC SUPPLY 
Is. 

P 
IS 

Atlanta, Chicago, Dallas, Orlando 



Orthotics and Prosthetics, the Journal of AOPA 

BULK RATES 
• Save up to 5 0 % off the regular subscription price! 

• Have the copies sent directly to you in bulk, or directly to those you designate! 

• Strengthen your relationship with your allied health professionals by keeping them up to 
date of technical developments in the field of orthotics and prosthetics! 

• If you desire, we will send an introductory letter to each recipient, notifying them of your 
gift! 

RATES (per subscription) 

Domestic: $25.00 each (plus shipping for orders over 10*) 
$ 5.00 additional to ship directly to recipients, add to total bill** 

Foreign: $30.00 each, surface mail (plus shipping for orders over 10*) 
$35.00 each, air mail 
$20.00 additional to ship directly to recipients, add to total bill** 

*You will b e billed separately for shipping for orders of 10 or m o r e , each quarter. 

DISCOUNTS APPLY TO ORDERS OF MORE THAN 5 ONLY 

Orthotics and Prosthetics Bulk Subscription Order Form 

Complete form and mail to: Orthotics and Prosthetics Bulk Subscriptions 
717 Pendleton Street 
Alexandria, Virginia 22314 
U.S.A. 

Name/Firm: 

Address: 

City: State: Zip: 

Total Orders: (Minimum of 5 total orders) 

Domestic (U.S., Canada, Mexico) x $25.00 = 

Foreign (surface) x $30.00 = 

Foreign (air mail) x $35.00 = 

Total = 

**optional shipping = 

TOTAL = 

All checks must be made payable in U.S. currency. Do not send cash or UNESCO coupons. 

Make checks payable to: American Orthotic and Prosthetic Association (AOPA) 



for 
checksock 

Excellent Optical Clarity 

Stiffer than Surlyn and two-thi 
the cost 

Readily vacuum-formed and s\ 
relieved with a heat gun 

Bonds well with Rapidcure and] 
agents 

FABRICATION MANUALS AV 

c J u R R - F i u a u E R m E o i c a l , i n c . 
Orthopedic Division 

P.O. BOX 5189 • 2710 AMNICOLA HIGHWAY • CHATTANOOGA, TN 37406 
PHONE (615) 624-0946 • 1-800-251-6398 • [TN] 1-800-572-7650 



Case Study: The Use of Bail Lock 
Knee Joints in the Rehabilitation of 
the High Level Spinal Cord Injured 
Below-Knee Amputee 
James W. Barnes, A.A., B.B.A. , C.O. 
David K. Sager, A .S . , B.A. 
A.C. Higgins, M.D. 

INTRODUCTION 
Prosthetic treatment for a Spinal Cord 

Injured (SCI) patient has always been, at 
best, considered to be only cosmetic in de­
sign. But when considering the total con­
cept of treatment requirements of the SCI 
patient, the necessity for standing, simple 
transfers and the daily maintenance of 
bodily functions, a prosthesis can be of 
great value in preventing bone deteriora­
tion and assisting in bowel and bladder 
functions. When viewing the total re­
habilitation process of this SCI patient, and 
removing primary emphasis on ambula­
tion and cosmesis, prosthetic treatment re­
quirements take on a whole new process. 

CASE HISTORY 
On March 3, 1985, this facility was pre­

sented with a 30-year old male, six feet 
tall, weighing 153 pounds, who had multi­
ple trauma as the result of electrical shock 
from contacting a high powered wire in 
early October, 1984. The patient exhibited 
C7 Myelopathy, incomplete, with neuro­
genic dysfunction of bowel and bladder. 

He also had a below-knee amputation on 
the right resulting from infection second­
ary to electrical burns, and a partial foot 
with loss of the first and second toes of the 
left foot due to injuries received from the 
exit of the electrical charge. 

Upon examination, the patient demon­
strated good upper extremity strength, ex­
cept for weak hand intrinsics. A good grip 
was exhibited, and it was noted that, be­
cause of upper extremity strength, future 
attempts at ambulation in parallel bars 
with assistance could be attempted. 

The below-knee amputation, performed 
November 6,1984, was well healed and of a 
proper condition for prosthetic considera­
tion. However, a great degree of knee 
flexor spasticity was present, requiring 
large amounts of medication. A 90q flexion 
contracture manually reducible to 45q was 
also measured. The contractures were of 
sufficient strength and duration as to pull 
the patient completely out of a wheelchair. 
At first, attempts were made to reduce the 
right below-knee contracture by using a 
soft knee immobilizer, with no success. A 
plywood seatboard with an extension was 
fabricated to maintain extension of the 



right below-knee amputation during sit­
ting. Even with four inch foam padding, 
the rigid surface stimulated the contrac­
tures and was withdrawn, and similar 
treatments disregarded. Serial casting was 
suggested and accepted on condition that 
the patient would be closely monitored due 
to the lack of skin sensitivity, resulting 
from the level of injury. After initial appli­
cation of the plaster negative mold, the pa­
tient complained of moderate discomfort. 
The cast was bivalved, and Velcro® adhe­
sive straps were attached for frequent self-
examination by the patient. 

After two cast changes, results were con­
sidered minimal, and the contracture 
seemed to be fixed. At that time it was 
hoped that there was no calcification of the 
joint, and that the contracture was of soft 
tissue only. At that point, an above-knee 
amputation was considered to improve 
and lengthen sitting time and ability. After 
referral to the Rehabilitation Medicine de­
partment for consideration of phenol 
blocks to limit spasticity, the contracture 
was measured and determined to be set at 
40q. The Rehabilitation Medicine physi­
cians suggested surgical release of con­
tracture after x-rays showed no bony in­
volvement. After evaluation by and con­
sultation with the General Surgery de­
partment, the patient himself requested 
surgical release of the contracture, in hopes 
of becoming a candidate for prosthetic 
treatment. 

Orthotic and prosthetic lab personnel 
counseled the patient at great length in an 
attempt to educate him to the many pos­
sibilities and various consequences af­
fecting any degree of prosthetic treatment 
of SCI patients. After lengthy discussions, 
it was felt that the patient's expectations 
were realistic, and a general surgeon re­
leased the contracture on July 11, 1985. 

The Semi-Membranosus was isolated 
and resected, as was the Gracilis. The sartorius and biceps femoris were both sec­
tioned. After completion of the surgical 
procedure, a 30° contracture remained. But 
the surgeon anticipated full extension after 
agressive physical therapy. 

The Physical Therapy department con­
tinued treatment of the patient after sur­

gery with short term goals consisting of 
strengthening the lower extremity muscles 
and lengthening standing time on the Blatnik table. With his strength increasing, the 
patient was referred to the orthotic and 
prosthetic lab for formulation of a treat­
ment regimen. 

ORTHOTIC AND 
PROSTHETIC TREATMENT 

In order to enable the patient to stand 
with minimal assistance on the Blatnik 
table, and to prevent any future contrac­
ture, he was fit with an ankle-foot orthosis 
(AFO) with metal bilateral uprights and 
double action ankle joints on the left. A 
continual reduction of the right below-
knee flexion contracture was also noted at 
this time. Two weeks later, the patient was 
transferring to and from his wheelchair, 
using a slide board with minimal assis­
tance. 

One month after fitting of the AFO in 
preparation for prosthetic care and in anti­
cipation of gait training, the patient was fit 
with a knee-ankle-foot orthosis (KAFO) on 
the left lower extremity. The KAFO used 
bilateral steel uprights with Becker* bail 
locks and limited motion ankle joints, a full 
thigh corset, and a soft foam filler for the 
partial foot amputation. 

Simultaneously, the patient was also fit 
with a PTS temporary below-knee prosthe­
sis (Figure 1). The temporary limb was con­
structed using standard impression meth­
ods and modification principles. It con­
sisted of a vacuum formed Surlyn® socket 
with a United States Manufacturing** ad­
justable below-knee Pylon, SACH foot, 
distal pour pad, full thigh lacer, and Becker 
bail lock knee joints (Figure 2). Using the 
PTS design with the full corset combina­
tion, we achieved a high level of suspen­
sion and medial lateral stability at the knee 
for this SCI patient. 

*Becker Orthopedic Appliance Co. , 1776 South 
Woodward Avenue, Birmingham, MI 48011. 

**United States Manufacturing Co., 180 N. San Ga­
briel Blvd., P.O. Box 5030, Pasadena, CA 91107. 



Figure 1. A PTS temporary 
below-knee prosthesis. 

Figure 2. The PTS prosthesis consisted of a vacuum formed 
Surlyn® socket with a USMC adjustable below-knee pylon, 
SACH foot, distal pour pad, full thigh lacer, and Becker bail 
lock knee joints. 



RESULTS 
The patient accepted the orthotic and 

prosthetic devices and aggressively pur­
sued physical therapy. Long range goals 
were to prepare the patient for a definitive 
prosthesis and to achieve an acceptable 
amount of independent transfers, in addi­
tion to lengthening the period of time in 
standing and ambulatory exercise. Func­
tional gait was not considered at this time 
and stress was placed on those protocols 
which were required for the SCI patient. 
Although prosthetic treatment of an SCI 
patient is usually approached with a large 
degree of caution, this patient experienced 
minor problems during the fitting and fol­
low-up periods of prosthetic care. How­
ever, aggressive physical therapy, ex­
tremely high patient motivation, and daily 
follow-up by orthotic and prosthetic lab 
personnel all contributed to the ability of a 
high level SCI amputee to take his first 
steps on the path of his individualized re­
habilitation program. 

CONCLUSION 
When considering prosthetic treatment 

of the SCI patient, caution must be exer­
cised, due to the inherent problems of lack 
or total absence of muscle activity and skin 
sensitivity. However, with high levels of 
patient motivation and total commitment of 
in-house rehabilitation staff, these difficult 
cases can be attempted with much more 
success than historical precedents would 
indicate. 
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Case Study: Management of a 
Severely Involved Cerebral Palsy 
Patient 
Lawrence R. Lange, C.P.O. 

INTRODUCTION 
D.S. was a four year old cerebral palsy 

victim. Prior to orthotic care, he exhibited 
the following physical characteristics (Fig­
ures 1 and 2): 

1. Marked lumbosacral lordosis 
2. Hip and knee flexion contractures 
3. Achilles tendon tightness 
4. Extensor synergy pattern during am­

bulation 

While attempts were made, prior to 
seeing us, to reduce contractures, he was 
measured and found to have 10° to 15° 
flexion contractures bilaterally at the 
knees. He also had five to ten degree flex­
ion contractures at the hips. The one 
promising aspect was the apparent lack of 
marked spasticity seen in this child. 

A prescription was developed in con­
junction with the patient's occupational 
therapist and physician for a molded plas-

Figure 1. The patient ambulating prior to orthotic 
treatment viewed obliquely. Note the synergy pattern 
and lack of stability. 

Figure 2. Lateral view of the patient prior to treatment. 



tic TLSHKAFO with Becker lightweight 
aluminum dial lock knee joints.* The most 
difficult portion of the orthotic treatment 
revolved around the patient's physical 
therapy. In order to work on this patient's 
synergy pattern, it was necessary that there 
be no rigid hip control joints or band. This 
required a non-standard approach to his 
orthotic treatment. 

MEASUREMENT 
Casting of the KAFO's was done first 

with the patient in a supine position on the 
examination table. This was done to enable 
us to see the effects of locking the knees and 
ankles, and also to have the patient stand­
ing upright for the casting of the TLSO 
portion of the orthosis. The foot was cast 
first. It was positioned in slight inversion 
and as close to a neutral flexion angle as 
possible. The inversion allowed the feet to 
be flat on the ground when the thighs were 
held in the proper amount of abduction. 
The thigh was then cast, leaving a gap over 
the knee. The knee was molded last, so the 
joint could be extended by applying force 
posteriorly to the proximal and distal por­
tions of the negative mold. We found that 
this technique reduces distortion to a 
minimum. 

After both legs were molded and the 
negative models hardened, the patient was 
placed upright and cast in the traditional 
manner for the TLSO. It was noted at this 
time that once the legs were held in normal 
alignment, without knee and ankle flexion 
abnormalities, there was reduced hip 
flexion, and the patient was able to stand 
virtually upright with little assistance. 

MODIFICATIONS AND 
FABRICATION 

Build-ups were made over all bony 
prominences on the KAFO portions. Slight 
medial and lateral flattening was done on 
the thigh and calf areas. The standard 

Figure 3. Anterior view of the TLSO component to the 
system. Note the elastic extension, abduction straps 
and the articulated posterior section. 

Figure 4. Anterior and lateral views of the knee ankle 
foot orthoses demonstrating suprapatellar portion 
and dial lock knee joints. 

*Becker Orthopedic Appliance Company, 635 Execu­
tive Drive, Troy, Michigan 48083. 



TLSO modifications were done on the 
positive model, with the exception of the 
lower posterior distal trimlines. 

The orthoses were made of lightweight 
acrylic laminate. The TLSO was fabricated 
using techniques borrowed from J. Glancy, 
C.O. 1 The KAFO's were trimmed to allow 
as much support and comfort as possible 
(Figures 3 and 4). The latter point was im­
portant as the patient had a concurrent skin 
condition, and perspired very little except 
on the soles of his feet. All trimlines were 
adjusted with the patient present. The goal 
was to ease donning and doffing as well as 
to achieve all comfort requirements. 
Below-knee cuff suspension studs and 
elastic straps were placed in the distal pos­
terior section of the TLSO. The purpose of 
these straps was to assist in hip extension 
and abduction by attachment to the thigh 

sections. As we had seen during measure­
ment, once the knee and ankle portion of 
the extensor synergy pattern were locked 
out, the hips were mobile without any ap­
parent spasticity. This allowed the elastic 
control straps to function and not aggravate 
the condition. Contoured suprapatellar 
trimlines assisted in limiting knee flexion 
and, once the TLSO was in place, lordosis 
was reduced. The combined effect of the 
total orthosis was the production of a more 
upright posture (Figures 5 and 6). 

CONCLUSION 
It was noted that once the orthoses were 

removed, the patient remained upright for 
several steps. The orthoses are designed to 
hinder any musculoskeletal deformity 
while also assisting to train the patient in 

Figure 5. Oblique view of the patient following or­
thotic treatment demonstrating more upright posture. 

Figure 6. Lateral view of patient following orthotic 
care. 



more appropriate swing and stance phase 
gait. Perhaps, in the future, he will require 
little, if any, orthotic management as his 
condition appears to be one of delayed de­
velopment as opposed to retarded de­
velopment. 

The important features of the orthosis 
are (Figures 3 and 4): 

1. Lightweight, cosmetic construction 
2. Control from level of xyphoid to foot 
3. Control of hip joint without use of 

conventional metal hip joints and 
locks 

4. Suprapatellar trimlines to control 
knee flexion contractures, along with 
usage of dial lock knee components 
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Full Cuff Control 
Henry J . Richter, B.S . , C.P. 

INTRODUCTION 
In times where choices are not only wel­

comed, but literally demanded by patients 
and rehabilitation teams alike, we are now 
seeing many exciting and useful new ter­
minal devices and assistive devices for 
upper extremity amputees. In the fabrica­
tion of prostheses, we have been afforded 
various options in socket design, con­
struction material, and hardware, in order 
that we may choose the variations most 
suitable to our patients' needs, desires, 
and lifestyles. 

There have been only two popular op­
tions for activation of below-elbow termi­
nal devices—either electric (i.e. myoelec­
tric or switch control), or body powered 
(i.e. cable and harness). The asset of an 
electrical control system is its elimination 
of the irritating and restricting harness, as 
well as the actuation of the terminal device 
regardless of the attitude of the sound 
shoulder or involved humerus and fore­
arm. Some less desirable traits of the elec­
trical control system include weight, relia­
bility, and expense. 

The body powered appliances, however, 
maintain popularity because of their 
padded sock fits, light weight, ruggedness 
(less moving parts), and affordability. 
Their two obvious shortcomings are what 
make the electrical system an option. They 
require restrictive harnesses, commonly 
accentuating uncomfortable pressure on 
the seventh cervical vertebra and the sound 
side axilla area. They also require the am­
putee to maintain his/her shoulders and 
involved arm in a manner of mechanical 

advantage in order for the control line to 
operate the terminal device. Admittedly, 
supracondylar below-elbow appliances do 
eliminate some harnessing, but still in­
volve the sound side shoulder. The need 
for the aforementioned mechanical ad­
vantage and a solution for the definite 
problem with clothing, if worn under a 
fitted shirt or blouse, are still present. 

DISCUSSION 
Circumferential cuff ("Full Cuff") con­

trol, as applied to body powered prosthet­
ics, is the focus of this discussion. The cuff 
mechanism works on the same principal as 
the harness system, in that both can be 
described as having constant length con­
trol lines traveling across active joints; the 
difference is in simplicity. With the tradi­
tional below-elbow harness arrangement, 
the control line is typically activated 
through scapular abduction, gleno-hume-
ral flexion and/or forearm extension. The 
cuff system concentrates on forearm exten­
sion only (Figure 1). In this instance, the 
fewer the variables to consider, the more 
direct, positive, and reliable the system. 

Pivoting on two Hosmer-Dorrance fore­
arm lift posts, each mounted over an epicondyle, the cuff is placed in the same rela­
tive position as the typical triceps cuff used 
with a "Figure 8" harness. These posts may 
be laminated in position or riveted onto 
any existing supracondylar below-elbow 
socket. The cuff plays little, if any, role in 
suspension; rather, it is the anchor point 
for the control line itself. The customary 



action of the forearm extension for control, 
as well as the not-so-customary flexion for 
control, may be employed (note: any ter­
minal device available for traditional body 
powered prostheses will function with this 
system). 

FABRICATION 
The cuff material of choice, at this time, 

is 1/8" thickness Ortholen®. This has been 
chosen for its combination of flexibility, 
strength, and workability. One must re­
member that not only is the ease of cir­
cumferential adjustment crucial after don­
ning and before doffing, but that the integ­
rity of the pivot point must be maintained 
as well. For these reasons, rigid vertical 
uprights on a flexible cuff are essential. 
Although the hinges have little to do with 
the function of the cuff and attached control 
line, they have everything to do with cuff 
placement. Flexible hinges will allow mi­
gration of the cuff under load, regardless of 
the tension, and can only lead to loss of 
function after only a few articulations. 

Residual limb measurements, moulding, 
and cast modifications are identical to 
those of accepted supracondylar design. 
The cuff design and fabrication, on the 
other hand, is quite different. Considera­
tions for an anterior overlap and underlap 
should be made, and a positive foundation 
for the control line, making for the best 
control action, is planned. Deformation of 
the anterior cuff, away from the arm, dur-

ing activation can result in a spongy, unre­
liable opening of the terminal device. 
Overlapping will resist such deformation if 
the control line base plate is mounted on 
the lateral, underlapping, flap and rein­
forced by the slotted, overlapping, medial 
flap. This arrangement allows one to re­
lease the Velcro® brand fastener secured 
medial flap when donning or doffing, eas­
ily snugging the cuff to the desired fit once 
the patient is in the socket. 

Measurement of the humeral area is the 
same as for a traditional triceps cuff. 
Proximal and distal circumferential mea­
surements along with a height measure­
ment are required. The height of this cuff 
does play an important role in terms of 
energy transfer. As the terminal device is 
activated, control line tension is trans­
ferred to the posterior cuff, in the form of 
pressure, and absorbed by the soft tissue in 
the triceps area of the arm. Obviously, the 
more pinch force required by the user, the 
greater the pressure compensating area re­
quired of the cuff. It is interesting to note 
that the cuff pressure is absorbed by the 
very muscle group, triceps brachii, in­
itiating this energy transfer through their 
actions of elbow extension. As these mus­
cles fire and become more tense, they are 
more resistant to pressure and displace­
ment by the cuff. A broad posterior cuff 
foundation is necessary for positive and 
calculable terminal device control. The 
height of the anterior cuff is less crucial, 
therefore, a height of 2"-2 1/4" successfully 

Figure 1. Extension controlled voluntary opening terminal device. 



accommodates the 1 1/4" base plate and 
two-inch wide Velcro® adjustment band. 
However, one area of concern in the an­
terior cuff is in the inferior border. The 
patient should be able to flex his/her elbow 
to the same degree, without cubital fold 
pinching, as she/he would in a supracon­
dylar socket alone. 

On folded paper, at a distance equiva­
lent to the height of the posterior cuff de­
sired, mark two horizontal lines repre­
senting the proximal and distal edges 
(Figure 2). Average the proximo-distal 
humeral circumferences and extend the 
horizontal lines to half of this value. At 
midline of this folded tracing, draw a de­
scending vertical line to represent the 
elbow joint upright. This line should be 
more than adequate in length, as it can be 
trimmed during fitting. The uprights 
should be approximately one inch wide 
(1/2" on each side of vertical line). Extend 
the tracing l 1/4"-l 1/2" to create the anterior 
over- and underlapping flaps. 

Note that at this point, the inferior bor­
der of the "flap" tracing is raised to pro­
vide relief in the cubital fold of the elbow 
during flexion. One inch is a good starting 
value. More may be taken away on larger 

cuffs, but recall the two inch minimum 
when fabricating smaller cuffs. 

Radius the corners of the uprights into 
the cuff, blending the anterior edge of the 
upright as one smooth arc into the inferior 
border of the flap extension. Unfold the 
tracing onto a 1/8" Ortholen® plastic sheet. 
Finish the edges with a deburring tool and 
propane torch glazing (Figure 3). 

FITTING 
In fitting, we are looking for the hang­

ing angle and range of motion (ROM) 
characteristics and fit similar to that found 
in typical supracondylar sockets. Place the 
cuff around the arm in the relative location 
selected during the measurements. Mark 
the inside of the cuff uprights as they lie 
over the pivot posts (forearm lift posts) in 
both extension and flexion. Between these 
marks, center and drill a 1

/ 4 " hole and 
mount the cuff (Loctite® or a similar adhe­
sive is advised once a permanent install­
ment is established). Although the cuff 
tension is a preference adjustment, one 
should check that it doesn't impinge upon 
the biceps bunching during full elbow 
flexion. 

Figure 3. Cuff layout and finished cuff including hardware, slotted flap, and Velcro. 



Figure 2 . 



Figure 4A. Flexion controlled 
voluntary opening terminal 
device. 

Figure 4B. Extension 
controlled voluntary 

closing terminal device. 

Figure 5. Adaptation of 
"Full Cuff" control to a 
pre-existing prosthesis. 

Figure 6. Quick connect 
"Figure 8" harness for 

heavy axial loading. 



Figure 7. Sample harware: Dacron harness with re­
tainer connections, nylon and wire control lines, base 
plates, and forearm lift posts. 

Figure 8. Finished prosthesis with laterally overlapping cuff. 

Outfitting the device is simple and di­
rect. With the terminal device pronated 
and the cuff fixed in extension, pass the 
control line from the terminal device 
through to the anterior cuff base plate. Se­
cure the line with a temporary cable 
hanger and apply the device. Allow the 
patient to experiment, to his/her satisfac­
tion, with varying combinations of cable 
tension, terminal device pronation, and 
elbow extension. Once a definitive cable 
length is established, install a permanent 
cable end. Clip the cable flush and buff the 
end, by wire wheel, for smoothness. 

Like all unilateral upper extremity 
prostheses, its intended capacity is that of 
an assistive device to potential below-
elbow candidates. These candidates should 
possess sufficient epicondylar promi­
nence, or radio-ulnar styloid prominence 
in the cases of wrist disarticulations, for 
suspension. They should also exhibit 

healthy, active elbow joints and demon­
strate that they are not inhibited by the 
modest limitation to range of motion 
common to supracondylar socket designs. 

As with any device, there are definite 
limitations. Realistically, this device is 
seen only as an option: a cost effective, 
lightweight, and durable alternative to 
harnesses and battery chargers. Its 
simplicity makes it compatible with any 
voluntary opening or closing terminal de­
vice, in either an extension or flexion ac­
tuating mode, with either braided wire or 
nylon control line (Figures 4A, 4B). 

Its real usefulness lies in the fact that it 
adapts quickly and inexpensively to any 
supracondylar below-elbow prosthesis for 
trial by the amputee (Figure 5). Beyond 
this feature is the feasibility of instantane­
ous conversion, back and forth, from a 
"Figure 8 or 9" harness set-up for work or 
play, involving heavy axial loading, to the 



"Cuff Control" set-up for more comforta­
ble and cosmetic, medium-duty activities. 
This option is accomplished by means of 
anterior and posterior base plates on the 
cuff itself, thus avoiding interruption of 
the control line during conversion (Figure 
6). There are occasions when less can be 
more, and perhaps this is one. 

AUTHOR 
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Composite Materials 
for Orthotics and Prosthetics 
Dale A. Berry, C.P.(C) 

INTRODUCTION 
In the ever-changing field of orthotics 

and prosthetics, recent advancements have 
been achieved with the use of new mate­
rials and resins. In the Spring of 1981, a 
study project was initiated in an attempt to 
learn the proper use of these high-tech 
materials. Data was accumulated from 
various chemistry and physics texts on the 
characteristics of composite materials, spe­
cifically carbon, Kevlar®, and fiberglass. 
The next study phase was to fabricate a 
series of laminated cylinders using compo­
site and stockinette combinations with 
numerous resins. The cylinders were stat­
ic-tested for resistance to tension and com­
pression, along with strain and fatigue 
characteristics. The final research stage was 
the fabrication of prosthetic appliances for 
field testing. The lay-up, resin type, total 
weight, and the author's subjective opinion 
of every prosthesis was recorded over a 2 1/2 
year period. The intent of this article is to 
present the rationale for specific applica­
tions of composites and resins for prosthetic/orthotic appliances, based on field 
study and the aforementioned research, in 
conjunction with established West German 
fabrication techniques and technology. 

STRESS 
Evaluation of the principal stresses and 

forces involved in an orthopedic appliance 
will greatly assist in proper composite 
choice and application. The principal forces 
to consider are tension and compression. 

Within the socket wall, tensile and com­
pressive resistance forces are responsible 
for maintaining strength, form, and struc­
ture (Figure 1). As body weight is trans­
ferred through the socket walls, the outer 
surface is faced with a specific tensile load, 
while the inner wall is subjected to an 
equal and opposite compressive load. 

An intermediate layer of material sep­
arating the inner and outer wall serves 
as a transition medium between the op­
posing forces. The increased distance be­
tween the inner and outer wall is directly 
proportional to increased resistance to frac­
ture, fatigue, and failure. While examining 
the applied forces on an appliance during 
the walking cycle (Figure 2) at heel strike, a 
compressive force is evident at the poste­
rior aspect of the structure, while an equal 
and opposite tensile force is exerted ante­
riorly. At flat foot, the forces remain com­
pressive posteriorly and are inverted to a 
compressive force along the anterior as­
pect. At toe off, the posterior force trans­
forms to a tensile stress, with the anterior 
force remaining compressive. Other forces 
involved with an orthopedic appliance are 
torque, shear, and impact stress; therefore, 
they must be considered and appreciated. 

With all the specific and individual forces 
and stress involved with an orthopedic 
structure, the required properties of a rein­
forcing composite would be: 

• lightweight 
• strong under tension 
• strong under compression 
• flexible, to absorb torque 
• stiff, to resist bending and shear stress 



• durable, to resist fracture under im­
pact 

• capable of resisting stress in all planes 
• cost effective 
• easy to apply 

COMPOSITES 
The three composites tested and pres­

ently being used in the orthopedic indus­
try are: 1) fiberglass; 2) Kevlar® (Aramid®); 
and 3) carbon (Graphite). The advantages 
of one composite over another j s due to 
each material having completely different 
properties and characteristics (Table 1). 

Fiberglass is by far the most common and 
economical composite. Although the 
heaviest material of the three, it is easy to 
saturate with resin and very easy to obtain 
in many forms and qualities. The principal 
properties of fiberglass are its durability 
and flexibility, due to the fibers being twice 
as strong under compression as compared 
to the fiber strength under tension. 

Kevlar® is the lightest and most expen­
sive composite. It provides an excellent re­
sistance to fracture under impact and can 
absorb high loads of torque and stress. 

These desirable properties are, however, 
compromised, as Kevlar® is very poor in 
maintaining structure or form under load; 
it is five times weaker under tension than it 
is under compression. In addition, Kevlar® 
is extremely resistant to chemicals and very 
difficult to saturate with resin. 

Perhaps the most valuable composite to 
orthopedic appliances is carbon. Almost as 
light as Kevlar®, it is very stiff and able to 
hold its shape under stress due to its im­
pressive strength under both tension and 
compression. The structural compromise of 
the carbon fibers is that the stiffness creates 
brittleness and a poor resistance to impact. 

A very important consideration when 
working with composites is one of the prin­
ciples of the fiber—all the available 
strength and characteristics of a composite 
fiber are displayed and produced only 
along the length of the fiber. 

To achieve the highest degree of fracture 
resistance with a composite structure, the 
angle of the fibers in relation to the applied 
stress is imperative. With regard to bi-di­
rectional (woven cloth) or uni-directional 
(tape) composites, these materials are ex­
cellent for localized strength, but are capa-

Figure 1. Within the socket wall, a tensile stress is exerted on the outer surface, while a compressive stress is 
exerted on the inner surface. At the center between the two surfaces, there is an imaginary line called the "Null 
Zone," which is the transition point of compression and tension. This produces an 'I-Beam' effect. The increased 
distance between the inner and outer wall is directly proportional to increased resistance to fracture. 



Figure 2. The forces transmitted through the anterior and posterior aspects of an orthopedic appliance fluctuate 
from tensile (T) to compressive (C) during the walking cycle due to the rotational movement caused by the floor 
reaction. The stress of torque, shear, and impact have not been included in this diagram, but are present and must 
be dealt with when reinforcing an appliance. 

ble of providing single composite proper­
ties in one direction alone, and the fibers of 
the composite must be positioned perpen­
dicular to the stress plane to be effective. To 
achieve uniform strength, with equal re­
sistance to fracture in all directions, a 
"quasi-iso-trophic" composite is required. 
This can be achieved by applying compo­
sites in a mat or knit form, which places 
composite fibers in a three-dimensional/ 
multi-plane manner. Considering the 
unique properties of each composite, the 
most effective application for these fabrics 
is obtained by blending the materials to 
produce a "quasi-iso-trophic hybrid" 
composite. This provides a combination of 
the most desirable properties of each fiber 
into a single medium, resistance to torque, 
shear, compressive, tensile, and impact 
stress from any possible direction. The ul­
timate blend is a hybrid of carbon-Kevlar®. 
Carbon provides lightness and stiffness; 
Kevlar® provides lightness, impact and 
torque resistance. 

A blend of carbon-fiberglass can also 
achieve extremely high resistance to frac­
ture with a very good weight to strength 
ratio, and is somewhat more cost effective. 
This hybrid displays the stiff and light­
weight carbon properties combined with 
the inexpensive, flexible, and durable fi­
berglass characteristics. 

SOCKET REINFORCEMENT 
(Table 2) 

The choice of materials to be used for 
socket fabrication depends entirely upon 
the patient's demands and requirements. 

Table 1. 



Table 2. 
All appliances are most durable with five layers of reinforcing composite. The level of durability is controlled by the type of composite used and the 

method in which it is applied with the applicable resin. 



Fiberglass reinforced stockinette will be 
adequate for the majority of geriatric am­
putees. If the activity level requires a 
"heavy-duty" prosthesis, then carbon-fi­
berglass knit stockinette is preferred. For a 
"super-duty" socket, carbon-Kevlar® knit 
composites will provide the necessary 
strength. When applied with an inner layer 
of dacron, an intermediate layer of fiber­
glass nylon, and an outer layer of nylon 
stockinette, the total thickness for pros­
thetic sockets in all activity levels remains a 
uniform five layers of material. 

THE BELOW-KNEE SOCKET 
(Figure 3) 

After determining the activity level of the 
patient and the required blend of compo­
sites, consideration must also be directed 
toward specific stresses in the socket. Due 
to the thinness of the socket and the fact 
that significant stress is applied at the pa­
tellar tendon level, a strip of two-inch car­
bon tape is wrapped around the socket at 
this level to increase the stiffness and to 
maintain a rigid AP, ML dimension in the 
socket. For a supracondylar socket, the 
medial and lateral ears must be stiff and 

rigid to maintain suspension; thus, the ears 
are applied with a layer of three inch carbon 
tape in a vertical direction. For finishing the 
shin section, the foam (R300 or 10 lb.) is left 
in place and sealed with Siegelharz resin. 
The inner layer of composite is dependent 
upon the patient's activity level. A layer of 
fiberglass nylon for normal use, carbon-fi­
berglass for "heavy-duty" use, or carbon-
Kevlar® for "super-duty" application. 

For "super-duty" and select "heavy-
duty" limbs, vertical strips of carbon tape 
or a layer of bi-directional carbon cloth at 
the ankle will increase stiffness, tension, 
and compression resistance. This inner 
composite layer is then covered with a 
layer of fiberglass reinforced stockinette 
and an outer nylon stockinette, and lami­
nated with the appropriate acrylic resin. 
The average weight of a below-knee socket 
using this technique is 275 grams, and the 
average total weight of the finished pros­
thesis with a SACH foot is 960 grams. 

Figure 3. Application of 
uni-directional Carbon 
composite on above-knee 
and below-knee 
appliances for increased 
stiffness or specific 
reinforcement. The 
Carbon tape is applied to 
the cast with a small 
amount of spray adhesive 
(The acrylic resin will 
dissolve this during the 
lamination). The fibers 
must run perpendicular to 
the applied stress to hold 
shape and resist tensile 
and compressive forces. 



THE ABOVE-KNEE SOCKET 
(Figure 3) 

As with the below-knee prosthesis, 
composite choice for the above-knee 
socket is dependent upon the amputee's 
activity level, and a total of five layers of 
material is preferred. A layer of two or 
three inch carbon tape is wrapped around 
the socket at the level of the ischial 
tuberosity to maintain stiffness and socket 
shape. In the case of a flexible socket,* the 
lay-up remains at five layers of composite 
stockinette, plus two layers of fiberglass 
matting added between the composite 
layers to create an "I-Beam," thus in­
creasing strength, stiffness, tension, and 
compression resistance. 

A modular attachment plate is held in 
place with Siegelharz paste and a lay-up of 
two layers of fiberglass matting, one layer 
of fiberglass reinforced stockinette, and a 
layer of nylon stockinette. For a lower shin 
section on an exoskeletal type limb, the 
technique for finishing the below-knee 
prosthesis is applied over the hollowed-
out wood shin portion. The average 
weight of the above-knee socket is 300 
grams; the average weight of an above-
knee wood shin prosthesis is 2.5 to 3.5 
kilograms, depending upon the foot size 
and knee unit used (no hydraulic systems 
were applied). 

SYMES AND KNEE 
DISARTICULATION 
PROSTHESES 
(Figure 4) 

The disarticulation prosthesis offers the 
most problems with relation to stress areas 
and fracture planes. The classic fracture 
point is the distal anterior and posterior 
edges of the socket attachment, due to the 
excessive moments of torque, tensile, and 
compression stress localized at this section 
of the prosthesis. Carbon-fiberglass com-

*Lay-up for the European flexible socket with the 
width of the medial wall extending from the anterior 
medial socket edge to the posterior medial socket 
edge. 

posite is well-suited for the average disar­
ticulation prosthesis, with carbon-Kevlar® meeting the demands for the "heavy-
duty" prosthesis. 

The localized stress areas at the distal 
socket attachment points are reinforced 
with two or three layers of uni-directional 
carbon tape, ensuring the fibers are run­
ning perpendicular to the stress plane. Ex­
perience has shown that increasing the 
total layers of reinforcing carbon tape be­
yond four layers will only make the pros­
thesis very stiff and unable to absorb 
torque and impact. To increase strength, 
apply one or two layers of fiberglass mat­
ting between the carbon layers to produce 
an "I-Beam" effect better suited to resist­
ing the forces and stresses applied at the 
ankle or knee. 

ORTHOTICS 
The major advantages of laminating a 

composite orthotic device are its lightness, 
durability, and ability to be stiff and rein-

Figure 4. Socket attachment point reinforcement for a 
disarticulation prosthesis. The Carbon tape is applied 
with the fibers running perpendicular to the specific 
stress planes caused by walking (See Figure 2). Over­
all durability is increased by using a hybrid quasi-
trophic composite sandwiched between the Carbon 
tape. 



forced in any area desired. The disadvan­
tages are that it is time-consuming and ex­
pensive when compared to vacuum form­
ing. With this in mind, it seems apparent 
that a small percentage of orthotic wearers 
(those patients who are over-active, 
over-weight, or who need extremely spe­
cialized orthotic designs where composite 
characteristics can benefit the orthosis 
performance) can justify the application of 
a laminated orthosis. Because custom or­
thotic appliances are of varied size and 
shape, and have to withstand different 
activity demands, standard lay-up charts 
have not yet been established. Guidelines 
that do apply, however, include: 

1. Keep lay-ups four to seven layers in 
thickness. 

2. Use carbon uni-directional or bi-di­
rectional cloth to increase stiffness 
and resist stress wherever possible. 

3. Design "I-Beams" over stress areas 
(malleoli, achilles tendon) with one or 
two layers of fiberglass matting 
sandwiched between carbon fibers. 

4. Evaluate and establish all stress areas 
and fracture planes so they can be 
properly and effectively reinforced. 

For laminating shoe inserts, arch sup­
ports, and UCB inserts, two layers of car­
bon-fiberglass or carbon-Kevlar®-fiber-
glass stockinette provided very good re­
sults. 

SPECIAL SOCKET 
CONSIDERATIONS 

On areas of unusually high stress, a 
structural design to create an "I-Beam" 
serves as the best response. Within the 
socket lay-up, fiberglass matting sand­
wiched between carbon tape or carbon 
woven cloth will not add significant 
weight, but will increase strength up to 20 
percent and stiffness up to 40 percent. To 
provide the ultimate reinforcement, fiber­
glass matting can be replaced with Kevlar® 
matting sandwiched between the carbon 
tape or carbon woven cloth. Care should 
be taken to identify specific stress planes to 
ensure the carbon fibers are running per­
pendicular to it. 

In areas where 'grinding' may be neces­
sary to ensure a good socket fit, layers of 
fiberglass matting are applied over the 
liner 1/2 ounce dacron sleeve. The fiber­
glass matting will provide a very light filler 
that is completely saturated by the acrylic 
resin and can be easily ground and buffed 
to a good cosmetic appearance. To finish 
the socket edges and relief areas, hand 
finish with 300 grit sand paper; then apply 
a thin coat of Acrylic Floor Paste and rub 
into the plastic. 

ACRYLIC RESINS 
Acrylic resins are a lightweight thermo­

setting plastic with excellent wetting prop­
erties and good inherent strength, making 
thin ultra-light orthopedic appliances pos­
sible. To achieve the ultimate strength and 
durability of acrylic, the chemical reaction 
of the resin must follow a set pattern (Fig­
ure 5). It is imperative to shake the tin of 
resin before use; prosthetic resins are a 
blend of Methylmethacrylate and citric 
acid, and will separate in the tin. Failure to 
stir the acrylic will alter the ratio of chemi­
cals being poured into the cup, creating 
varying and usually unsatisfactory results 
(i.e., air holes, improper cure times, boil­
ing laminations, brittle sockets, flexible 
sockets, soft spots, streaking of color pig­
ment). Acrylic resin pigment is recom­
mended to use with acrylic resin. No more 
than two percent by weight should be 
mixed, as the pigment is an active plastics 
softener, and any mixture over two per­
cent will produce streaking and soft spots. 
The percentage of Benzol Peroxide har­
dening powder will provide the best re­
sults at two percent by weight. The var­
iances are one percent to three percent, 
and failure to accurately measure this sub­
stance will provide disastrous results (i.e., 
air bubbles, very brittle laminations, boil­
ing laminations). The blending of acrylic 
thinners should be avoided at all times. 
Thinners are non-reactive substances that 
do not participate in the curing process. 
Ten percent thinners by weight will re­
duce acrylic strength by up to 20 percent. 

Acrylic resin is available in different 



Figure 5. Twelve minutes after 2 percent acrylic pigment and 2 percent benzol peroxide by weight has been 
blended with the resin, the liquid temperature will rapidly rise to a WARM state. The resin is then poured into the 
PVA sleeve and impregnated into the material. At the 19 minute mark, the resin will rapidly reach a GEL stage, and 
the lamination must be completed. The chemical curing process will continue on to the SOLID stage at the 25 
minute point and then to a PEAK TEMPERATURE stage at the 30 minute mark. To alter this curing pattern in any 
manner will greatly reduce the strength, durability and working properties of the resin. 

NOTE: This sequence holds true at normal room temperature (21°C.) and normal humidity. If the climate is 
normal, the resin must be closely monitored and poured into the PVA sleeve when the liquid resin temperature 
begins to increase. A timer will assist in monitoring the process. 

blends, each having its own characteristics 
and working conditions. 

• 80/20 Laminierharz (laminating res­
in)—A standard blend of 80 percent rigid 
and 20 percent flexible resin to be used for 
vacuum laminations to saturate nylon, fi­
berglass, and dacron fibers. 

• Elastiharz (flexible resin)—100 percent 
flexible resin to be used for vacuum lami­
nations to saturate nylon fibers. 

• Carbon acrylic—A special blend of 
80/20 resin to be used for vacuum lamina­
tions to saturate nylon, fiberglass, dacron, 
and especially carbon fibers (note—carbon 
acryl will partially saturate Kevlar® up to 
85 percent). This resin is designed with a 
low viscosity for improved saturation and 
has a higher setting temperature for im­

proved composite bonding. Carbonacrylic 
resin is not any stronger than regular 80/20 
laminierharz; its effect on the carbon fiber 
is its advantage. 

• Siegelharz (sealing resin)—A 100 per­
cent rigid resin to be used for bonding 
common materials and sealing wood and 
foam. This is the only acrylic resin that can 
be used without vacuum. For a non-va­
cuum lamination, blend 30 percent elasti­
harz with 70 percent Siegelharz with two 
percent color and one percent Benzol 
Peroxide paste. This mixture will cure 
rapidly compared to other acrylic resins. 

• Siegelharz Paste (sealing paste)—An al­
ternative way to apply Siegelharz, as this 
is blended into a gel and does not require 
any fillers. It will set with one percent Ben-



zol Peroxide powder or paste in five min­
utes to be completely cured in 10 minutes. 
This material will give an excellent bond 
between all common materials, will adhere 
metal joints and attachment plates to sock­
ets, and will serve very well for socket re­
pairs (note—Siegelharz paste will not 
adhere wood to wood; liquid Siegelharz 
should be used). 

To calculate the amount of resin required 
for a lamination, a formula has been estab­
lished for lay-ups consisting of five layers 
of material: 

The total grams required is then rounded 
off to the nearest 50 (e.g., a final answer of 
333 grams will be rounded off to 350 
grams). 

CONCLUSION 
The opportunities and applications for 

hi-tech composites and acrylic resins in the 
orthopedic industry are seemingly infinite. 
Assessment of every patient's orthopedic 

appliance, concentrating on structural 
stresses, composite type, and fiber orienta­
tion with proper resin application will in­
crease material performance and provide 
the numerous advantages "hi-tech" mate­
rials have to offer. 
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INTRODUCTION 
The weight of a prosthesis has always 

been a problem for prosthetic researchers. 1 

According to Mooney, 2 most below-knee 
prostheses, laminated in the normal pros­
thetic laboratory, weigh about five pounds. 
Below-knee prostheses are usually at­
tached to the limb by a strap around the 
thigh or with wedges pressing inwards 
above the condyles of the femur. With 
normal gravitational forces, this weight 
creates a friction between the residual 
limb and the prosthetic socket interface 
that may cause skin breakdown. 

The weight of a prosthesis may cause 
excessive muscle work that will result in 
high energy consumption for amputees. 
Mooney 2 states that, "a standard prosthe­
sis requires approximately 12 percent more 
energy consumption" and "energy con­
sumption is the key to successful ambula­
tory activities." 

Ganguli, et al . 3 stated that, "with respect 
to energy expenditure, the degree of de­
parture from normal performance stan­
dards in the below-knee amputee fitted 
with a patellar tendon bearing (PTB) pros­
thesis is quite high." Cummings, et al . 4 

states that, "a distally applied weight of 2 1/2 
pounds would be expected to add five to 
ten percent to the energy requirement of 
ambulation." Fisher and Gullickson 5 state 
that below-knee amputees "walk 36 per­
cent slower, expending two percent more 

Kcal/min and 41 percent more Kcal/mtr 
than the normal person." Waters, et a l . 6 

found that vascular below-knee amputees 
walk 41 percent slower and expended 55 
percent more Kcal/mtr/Kcal/kg than non-
amputees. 

The need for lighter weight prostheses is 
often cited in the l i terature 1 , 2 , 7 , 8 and occa­
sionally an innovative procedure will sur­
face; 9 however, when the technology dif­
fers from that in current practice, the 
prosthetic clinic team has difficulty 
adapting to it. The procedure described by 
Wilson 9 was not familiar to the prosthetist; 
as a consequence, this very lightweight 
prosthesis is not commonly fabricated. 1 7 

Prostheses are normally excessively 
heavy, which tends to increase residual 
limb trauma and energy expenditure with 
the likelihood of less successful prosthetic 
function. It is the intent of the clinic team to 
provide an appliance that will stand up 
under the strain of constant use. With these 
considerations in mind, the Rehabilitation 
Engineering Lab (REL) at the University of 
Texas Health Science Center at San Anto­
nio (UTHSCSA) proposed to determine if a 
material could be designed which would 
utilize normal prosthetic laboratory tech­
niques, yet allow the prosthetist to produce 
a below-knee prosthesis weighing less 
than two pounds and having the strength 
to adequately support normal ambulation 
loads. 



CURRENT STATUS OF 
WORK IN THE AREA 

Aramid® fibers and carbon fibers were 
selected as new materials to be used as a 
reinforcement for the lamination of pros­
theses because: 

• Aramid® fibers have a very high ten­
sile strength (Figure 1) and the elon­
gation to break ratio is very low (Fig­
ure 2). 

• Carbon fibers exhibit an excellent 
modulus and their density is lower 
than many other materials currently 
used for strength in prostheses (Tables 
1 and 2). 

The tensile strength of Aramid® and 
carbon fibers is far superior to nylon, the 
material normally used by many prosthe­
tists. The nearly linear stress/strain curve 
to failure of Kevlar® 29 (Aramid® fiber) is 
similar to that of glass, but unlike those of 
other organic fibers (Figure 3). Because it is 
relatively insensitive to fiber surface de­
fects, the tensile strength of Kevlar® 29 is 
uniform along the length of the fibers. 

Research work in the area of orthotics 
and prosthetics using carbon fibers has 
been directed primarily toward orthotics. 
In 1976, N.A.S.A. published a technical 
brief in which they described a new, light­
weight brace constructed of fiber rein-

Figure 1. Tensile strength versus tensile modulus. 



Figure 2. Reprinted with permission from Dupont's "A Preliminary Information Memo," Number 375, September 
28 ,1976 . 

forced polymer materials. 1 0 Also in 1976, 
the Southwest Research Institute pub­
lished a final technical report prepared by 
S.R. McFarland and G.C. Grimer 1 1 in 
which they reported producing a pair of 
bilateral long leg braces from carbon fiber 
filaments. These braces weighed approxi­
mately IV2 pounds each, including the 
footplate which was formed of steel. 

The orthoses produced by N.A.S.A. and 
the braces produced by McFarland at 
Southwest Research Institute both em­
ployed a very lengthy process which re­
quires placing layers of composite mate­
rials on an intercore and laminating these 
materials together to be used as struts for 
the orthosis. Neelham, in his paper, "Car­
bon Fiber Reinforced Plastic Applied to 
Prosthetics and Orthotics," 1 2 described a 
process similar to the one employed by 
N.A.S.A. and Southwest Research to fabri­
cate a harness for externally powered upper 
extremity prostheses that were fitted to 
thalidomide damaged children. He also 
fabricated a thoracolumbosacral orthosis 
and a bilateral hip-knee-ankle-foot or­
thosis. 

The fabrication process and the technol­
ogy needed to fabricate these orthoses and 
prostheses require extensive retraining in 
laboratory techniques for prosthetists and 
orthotists in this country. New machines 

and tools would have to be installed. Rich­
ard Striebinger, in a letter to S.R. McFar­
land dated February, 1983, 1 3 stated that his 
group at the Rensselaer Polytechnic Insti­
tute in New York had fabricated an orthosis 
in a sandwich construction using graphite, 
Kevlar® 29, and an epoxy matrix along with 
a foam core. This process, like the others, 
requires a long, complicated curing pro­
cess under vacuum at room temperature. 

Hi t tenberger and P u t z i , 1 4 at the 
V.A.M.C. lab in Seattle, Washington, re­
ported they had developed a laminating 
procedure for lightweight prostheses 
which requires one of the laminations to be 
split and a foam core removed. This pro­
duced a prosthesis that weighed approxi­
mately IV2 pounds. However, the lab pro­
cedures, as described, require the pros­
thetist to cut the prosthesis posterially 
along the sagittal line. This would tend to 
weaken the prosthesis in an area that re­
ceives very high stress and might cause it 
to break. The "Ultralight Below Knee 
Prosthesis" 9 ' 1 5 requires a "hand draped" 
vacuum formed fabrication procedure and 
polypropylene polymers. These are split 
posteriorly and later welded together. 
While the prostheses are ultralight when 
compared to conventional systems, the 
process requires new technology, addi­
tional tools and machines, and the end 
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product is prone to failure, 1 7 due to the 
high stress placed on the ankle-foot com­
ponents during the forming process, and 
because of inappropriate heating and 
cooling of the plastic. This procedure has 
not gained acceptance by the prosthetic 
profession. 

OBJECTIVE OF THE 
RESEARCH PROJECT 

This project was designed to study the 
following objectives: 

• To establish manufacturing tech­
niques and criteria for knitting Ara­
mid® and carbon fibers into stocki­
nette materials suitable for lamination 
in prosthetic laboratories. 

• To determine which fiber or combina­
tion of fibers would make the 
strongest and lightest weight pros­
thesis. 

• To determine the best polymer 
(acrylic—epoxies—polyesters) for 
laminating these fibers in prostheses. 

MATERIALS 
Carbon fibers and yarns are made by sev­

eral companies in the United States, how­
ever, most of these products cannot be 
knitted into materials that are suitable for 
normal prosthetic applications because the 
fibers are so soft. In their natural state the 
fibers must be braided into heavy bulky 
strands to eliminate breakage during the 
knitting process. These bulky braids result 
in an undesirable uneven surface on the 
completed prosthesis. 

Aramid® fibers and yarns in a variety of 
sizes are manufactured in the United 
States. Most of these are suitable for knit­
ting purposes. In addition, the Otto Bock 
Company of Minnesota has developed a 
lamination technique using carbon fibers in 
a mat form, 1 6 but reinforcement materials 
in a mat form are not normally used in the 
prosthetic lab. The superior properties of 
Aramid® and carbon fibers have prompted 
several companies to develop an assort­
ment of fabrics to be used for prosthetic 
laminating. 

Aramid® fibers are used in Aralon.®* 
This product is described as a high strength 
"stockinette" made of high technology fi­
bers next in strength to that of carbon. The 
manufacturer claims that Aralon® "pro­
duced a prosthesis over 40 percent stronger 
and almost half the weight of conventional 
prostheses and that Aralon® is 2 1/2 times 
superior in ratio of fiber strength to weight 
than nylon." It also is claimed to have 
superior impact and fatigue resistance and 
excellent thermal stability with little change 
in dimension over normal temperature 
ranges. Aralon® is said to be compatible 
with both polyester and epoxy resins, and 
stretches like regular "stockinette." Carbon 
fibers in combination with glass and Ara­
mid® were knitted into a stockinette mate­
rial for this project by IPOS.** 

A stockinette material made from a com­
bination of carbon and glass fibers** has 
been available for several years, but most 
prosthetic facilities have not used it be­
cause it is very expensive, the glass fibers 
are health hazards to work with, and the 
knitted material when laminated does not 
have a smooth appearance. It is claimed 
this carbon fiber material is compatible 
with an acrylic resin, trade-named Carbon 
Acryl.®** According to the manufacturer, 
Carbon Acryl® has an additive that makes 
it very compatible with the carbon fibers 
and causes a "chemical bond" during 
lamination. 

• The following yarn specifications 
were obtained for knitting and testing 
by the Knit-Rite Company of Kansas 
City, Missouri: 
—Aramid®: Kevlar® 29—14/1 and 

20/1 
—Carbon: Pyron—4/10 w.c. and 2/32 

w.c. Panex ( re t i red)—30Y800, 
30Y300 and 30R 

—Glass: Fiberglass—150—1/0-1 
—Nylon: Stretch nylon—1/100 Type 

66 D-4 Perma-Set 
(The above yarns were knit in stocki­

nette and rib stitch by Knit-Rite, Inc., of 
Kansas City, Missouri, as outlined in Fig­
ure 4.) 

*Manufactured by Comfort Manufacturing Company 
of Burlington, New Jersey 

*IPOS Komman Ditgesellschaft, Luner Renn Bahn 
14.D2120 Luneberg 



Figure 4. The top number refers to ends of vertically listed yarn. The bottom number refers to ends of horizontally 
listed yarn. Lab knit is stocknette; rib knit is knit-pearl stitch on the circular machine. 



Figure 5. Stockinette knitted for use in this research project. 

Figure 6. To restrict variability in strength measure­
ments, a cylindrical aluminum mold with two flat 
sides of equal proportions was machined to be used 
as the model for laminating all of the test laminations. 

Using the knitted stockinette materials 
from Knit-Rite and IPOS (Figure 5), we 
laminated a series of test models using the 
new stockinette material with: 

• IPOS Carbon Acryl® acrylic resin 
• Epocast 502 epoxy resin 
• Laminac 4110 polyester. 
To restrict variability in strength mea­

surements due to physical and geometrical 
factors, a cylindrical aluminum mold with 
two flat sides of equal proportions (Figure 
6) was machined and fabricated to be used 
as the model for laminating all of the test 
laminations. Coupons measuring two and 
one half centimeters by five centimeters 
were cut from each of the laminations (Fig­
ure 7). These coupons were tested for 
strength using the Instron.® The Instron® 
conventionally measures strength and 
flexoral properties of plastics. It conforms 
to the American National Standard K6575-
1971. This testing method has been ap­
proved for use by agencies of the Depart­
ment of Defense to replace Method 1031 of 
Federal Test Methods Standard 406 and for 
listing in the DoD Index of Specifications 
and Standards. The instrument provides a 
graphic readout of the force (measured in 
Newtons) required to fracture the cou­
pons.*** 

1 Newton = 102 grams. 



Figure 7. Coupons measuring two and one-half centimeters by five centimeters were cut from each of the 
laminations. 

PROCEDURE 
Using each of the different materials 

with each of the different resins, a series of 
test models were laminated under vacuum 
pressure over the custom designed alumi­
num mold. 

• Acrylic Resins—Using the custom 
made mold, we laminated the stocki­
nette made from the Aramid,® nylon, 
and glass fibers separately and in 
combination using the acrylic resins, 
as follows: 
—Over the custom mold, we pulled a 

poly vinyl alcohol sheet (PVA) and 
applied vacuum under the PVA to 
insure good mold clarification. 

—We applied the stockinette, and 
over this stockinette we pulled a 
PVA bag to hold the acrylic resin. 

—Vacuum was applied under this bag 
to insure good mold conformity. 

—The laminating resin was prepared 
by combining 250 grams of carbon 
Acryl® with enough hardening 
powder to effect a cure time of 30 
minutes. 

—This mixture was then poured into 
the PVA bag, allowed to impreg­
nate the stockinette, and then 
cured. 

—From the laminated model, we cut 
two coupons, 2 1/2 cm by 5 cm. 

—To test the strength of the coupons, 
they were placed in the Instron,® 
using a three-point bending ap­
paratus on supports spaced 30mm 
apart. A downward force was 
applied exactly at the center of the 
coupon at a rate of 10mm descent 
per minute. The strength of the 
material was measured as peak 
force at fracture. 

• Epoxy Resin—Using the above de­
scribed procedures, we laminated a 
new series over the custom made 
model using epoxy resin. 

• Polyester Resin—Using the above de­
scribed procedure, we laminated a 
new series over the custom made 
model using polyester resin. 

At this time, our project has produced 
more than 300 laminated coupons using 
the various combinations of fibers. The 
strongest coupons obtained from the vari­
ous combinations of Aramid,® carbon, 
nylon, and glass fibers are listed in Table 3. 

RESULTS 
Coupons of standardized width and 

length, but variable thickness, were tested 



Table 3. 

in a three-point transverse loading appara­
tus using the Instron® for administering a 
measured load. Thickness, maximum 
transverse breaking force, and the stan­
dardized width and length parameters 
were then compiled, and the transverse 
strength computed according to the for­
mula, 

where S— is the maximum stress in­
curred by an "extreme fiber" 
most distant from the central 
bending axis; 

F — is the transverse load in New-
tons; 

L— is the span between the two 
supports (30mm in this ex­
periment); 

z— is the "sect ion modulus" 
characteristic of the cross-sec­
tion geometry. For these 
coupons it is equal to: 1/6 * 
width * Thickness. 2 

Therefore, 

Coupons were grouped to the type resin 
and fiber combination; (See Figures 8, 9, 
and 10). 

The appropriate individual transverse 
strength measurements were then pooled, 
and means and standard deviations com­
puted (Table 3). The relatively large stan­
dard deviations in some of the groups are 
due in part to the nature of the laminating 
process currently in widespread use. When 
woven tubular stockinettes are pulled over 
a particular prosthesis shape, the orienta­
tion and overlap of fiber layers becomes 
arbitrary within certain bounds set by the 
stockinette manufacturer's knitting pat­
tern. Accordingly, when test coupons are 
cut from the laminated prostheses, there is 
no way to control for direction or degree of 
offset of fiber layers. Since this element of 
randomness would creep into all tests, it 
was concluded that a mean strength esti­
mate would reflect a fairly respresentative 
number for an "average" prosthesis made 
in this clinically typical manner. 

To illustrate a comparison of "typical" 
prostheses weights using any of the several 
possible combinations, we choose a model 
below-knee prosthesis laminated in ny­
lon/polyester by a local prosthetic facility. 
The facility was unaware that the below-
knee prosthesis was to be used for this 
research project. 

The finished prosthesis, including the 
socket, was first coated with a castable ure-
thane elastomer produced by Smooth-on, 
Inc., of Gillette, New Jersey. After curing, 
the elastomer was carefully removed with­
out stretching, then cut into eleven pieces 



Figure 9. 



Figure 10. 

Figure 11. 
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in such a way that they would lay ap­
proximately flat. These pieces were then 
measured using a 2-D digitizing planimeter. This area figure was taken to represent 
the total surface area of the prosthesis, 
excluding the plantar surface of the pros­
thetic foot. For this prosthesis, the area to­
taled some 2,300 square centimeters. 

Next, circular corings were taken in 
various areas or "zones" on the prosthesis: 
four in the socket wall, and three in vari­
ous places down the leg. For the socket 
cores, which penetrated both the outer 
prosthetic wall and the socket inner wall, 
two distinct layers of hardened composite 
were visible. Measurements of layer thick­
ness were made. Three zones emerged: 
Zone 1i, the inner lay-up thickness of the 
socket wall itself; Zone 1o, the outside wall 
thickness of the socket; and Zone 2o, the 
outside wall thickness everywhere else in 
the leg. 

A set of nylon/polyester coupons were 
tested to obtain a figure for the material's 
strength (as maximum stress). By cal­
culating the equivalent breaking force re­
quired to break a nylon/polyester coupon 
with thickness equal to that of each zone in 
the prosthesis, a "Design Break Force" 
figure was obtained for each zone (Figure 
11). Then, using the stress numbers de­
termined for each test material, an esti­
mated thickness could be calculated for 
any new material used to build a prosthe­
sis having a similar "Design Break Force" 
for each zone. Furthermore, knowing the 
density of each composite, the surface area 
(2,300 cm 2 ) and thickness of material requred, a weight figure was generated giv­
ing the minimum weight of composite 
materials required in an equivalent "typi­
cal" prosthesis (Table 4). 

CONCLUSION 
Knitted combinations of high-strength 

yarns were laminated with different resins 
and laboratory tested in order to obtain a 
material which could be used for making 
lightweight, high-strength prostheses and 
orthoses by facilities using techniques and 
equipment readily available to them. 

This project has established knitting 
specifications for stockinette manufacture 
using Aramid® and cotton yarns. These 
yarns and the combinations tested may not 
be the most suitable for prosthetic lamina­
tions because of the many variables, i.e., 
price, availability, combinations not tested, 
and the fact that newer and stronger fibers 
are waiting to be discovered. 

Although prototypes of prostheses have 
been made by the Rehabilitation En­
gineering Laboratory, the actual clinical 
work still needs to be done. However, the 
results of this research indicate that mate­
rials have been identified which have po­
tential and should be tested further using 
controlled experimental designs. 

ACKNOWLEDGMENTS 
The researchers would like to thank the following 

individuals and organizations for their help which 
made this project possible: 

• National Institute of Health Research 
• The Veterans Administration Research and Re­

habilitation Department. 
• Dr. Barry Norling, Department of Restorative 

Dentistry, UTHSCSA 
• Dr. William Stavinoha, Department of Pharma­

cology, UTHSCSA 
• Cono Farias, Photographer, Department of Ra­

diology, UTHSCSA 
• David Gipson, Orthotic Technician, Department 

of Physical Medicine and Rehabilitation 

AUTHORS 
Virgil W. Faulkner, C.P.O., Assistant Professor, 

The University of Texas Health Science Center at San 
Antonio, Department of Physical Medicine and Re­
habilitation, Rehabilitation Engineering Laboratory, 
7703 Floyd Curl Drive, San Antonio, Texas 78284. 

Martha Field, M.S . , Knit-Rite, Inc., 2020 Grand 
Avenue, P.O. Box 208, Kansas City, MO 64141. 

John W. Egan, M.S. , Senior Research Associate, 
Dept. of Restorative Dentistry at UTHSC. 

Norman G. Gall, M.D., Associate Professor in Phy­
sical Medicine and Rehabilitation at UTHSC. 

REFERENCES 
1Staros, A., "Materials and External Prostheses," 

Bull. Pros. Res., 10 (8): 7 7 - 9 1 , 1986. 
2 Mooney, V., "Innovations in Care of the Am­

putee," Text Med., 75: 98-102 , 1975. 
3 Ganguli , S. , Datta, S.R., Chatter, J .E . Bimroy, J . , 

"Metabolic Cost of Walking at Different Speeds with 
Patellar Tendon Bearing Prostheses," / App Physiol, 
36 (4): 440-443, 1974. 



4Cummings, V., March, H., Steve, L. , Robinson, 
K.G. , "Energy Cost of Below Knee Prostheses Using 
Two Types of Suspension," Arch Phy Med Rehabil, 60: 
293-297, 1979. 

5 Fisher, S.V., Gullickson, G., "Energy Cost of Am­
bulation in Health and Disability: A Literature Re­
view," Arch Phys Med Rehabil, 59: 124-133 , 1978. 

6Waters, R., Perry, J., Antonelli, D. , Hislop, H., 
"Energy Cost of Walking Amputees: The Influence of 
Level of Amputation," J Bone & Jt Surg, 15: 4 2 - 4 6 , 
1976. 

7Committee on Prosthetic/Orthotic Education, The 
Geriatric Amputee, Principles of Management, 
N.A.S. 1974. 

8Murphy, E.F., "The Fitting of Below Knee Pros­
theses," in Human Limbs and Their Substitutes, Hafner 
Publishing Co., New York, 1968. 

9Wilson, A., Pritham, C , Stills, M.," Manual for an 
Ultralight Below Knee Prosthesis, Moss Rehabilitation 
Center, Temple University, 1976. 

1 0 N . A . S . A . Tech. Brief B75-10303, Lightweight Or­
thotic Braces, 1975. 

11McFarland, S.R., Grimer, G.C., Application of 
Lightweight Composite Materials for Use in Artificial 
Limbs and Limb Braces. 

1 2 Neelham, R.L.P., "Carbon Fiber Reinforced Plas­
tic Applied to Prosthetics and Orthotics," Biomed 
Engin, 3: 305-314, 1981. 

13Personal Letter from R. Striebinger to S. McFar­
land, The Southwest Research Institute, San Antonio, 
Texas. 

14Hittenberger, D., Putzi, R., "A Laminated Ultra­
light Prosthesis," Orthotics and Prosthetics, Vol., 39, 
No. 1, pp. 41, 46, Spring, 1985. 

15Quigley, M., Irons, G.P., Technical Report, Re­
habilitation Engineering Center, Rancho Los Amigos, 
Downey, California, 1977. 

1 6 Roman, E.J . , and Mott, L. , "An Acrylic Lamina­
tion Technique for an Ultralight Below Knee Prosthe­
sis ," Orthotics and Prosthetics, Vol. 34, No. 4, pp. 
3 2 - 3 9 , December, 1980. 

1 7 Sanders , G.T., Lower Limb Amputations: A Guide to 
Rehabilitation, F.A. Davis Company, Philadelphia, 
1986. 



Technical Note: A Technique for 
Prosthetic Nipple Restoration 
R.L. Engelmeier, D.M.D. , M.S. 

INTRODUCTION 
Many techniques have been presented 

in the prosthetic literature concerning the 
restoration of oral-facial defects. This is 
primarily because of the tremendous func­
tional and psychological impact that these 
defects impose on their unfortunate hosts. 
Individuals place varying degrees of im­
portance on the appearance of different 
parts of the body, and because of these 
varying priorities, they react differently to 
the loss and subsequent restoration of 
these different body structures. Some pa­
tients are quite happy wearing a black eye 
patch following orbital exeneration while 
others demand the ultimate in an orbital 
prosthesis. Some will hide the loss of an 
ear by simply growing their hair longer 
while others will insist on short hair and a 
prosthetic ear. For some, a small defect, 
which could easily be hidden, can impart 
the same feeling of being unwhole that 
very large facial defects do for others. 
Often a patient's defect, no matter how 
small, becomes the focus for all that's 
wrong in his or her life. 

Patients with breast cancer, who have 
undergone mastectomy surgery, suffer 
tremendous psychological pain. In addi­
tion to the frightening diagnosis, they have 
to cope with what they feel is a loss of their 
femininity. At present, plastic surgeons can 
reconstruct the female breast by means of a 
Latissimus Dorsi Myocutaneous flap pro­
cedure and the use of a silicone gel mam­
mary implant. The implants come in vari­
ous sizes and usually do well to restore 
breast contours. An attempt to recreate the 
areola and nipple of the breast involves 
another surgical procedure. Grafting 

necessitates harvesting properly pig­
mented mucosa from a donor site, such as 
the vaginal labia. Therefore, it requires two 
surgical sites to reconstruct a nipple during 
this second surgical procedure. As healing 
proceeds, however, the protrusion of the 
nipple is usually lost due to scarring (Figure 
1). The whole purpose of this second surgi­
cal procedure is to achieve nipple protru­
sion to allow for symmetry when the pa­
tient is wearing sheer clothing or a bathing 
suit. Until a surgical technique is perfected 
to achieve this goal, a very simple pros­
thetic technique can be used to achieve the 
same result and eliminate the need for the 
second surgical procedure. 

TECHNIQUE 
Sculpturing and positioning guidelines 

are drawn on the patient with an indelible 
ink pencil before making the impression 
(Figure 2). A horizontal line is drawn at the 
level of the protruding nipple of the normal 
breast. In the case of a bilateral reconstruc­
tion, this line is drawn slightly below the 
center of the breast at the point of its great­
est curvature. A vertical line is drawn per­
pendicular to the horizontal line at the same 
distance from the mid-line as the normal 
nipple (this vertical line should be 1 1/2" to 
2 " medial to the distal end of the clavicle 
depending on the size of the breast and age 
of the patient). The opposite normal breast 
is the best guide. In addition, four dots are 
placed around the circumference of the op­
posite normal areola to mark its extent. This 



Figure 1. Breast contours re­
stored with Latissimus Dorsi: 
Myocutaneous flap and sili­
cone gel mammary implant. 
Nipple protrusion was lost 
during healing. 

Figure 2. Diagram of guidelines drawn on the reconstructed breast before making the impressions. 



border is not always apparent on the posi­
tive model. 

An impression is then made of each 
breast 1 using Irreversible Hydrocolloid,* 
gauze, and accelerated dental plaster.** 
The patient is kept in an upright position 
and the impression is kept as thin and light 
as possible to minimize skin distortion. The 
indelible pencil guidelines will be trans­
ferred to the negative impressions. Molten 
Base Plate wax*** is poured into the nega­
tive impression of the normal breast to the 
level of the border of the areola (Figure 3). 
This will yield the initial sculpture of the 
prosthesis. After this wax-up is recovered, 
the impression is filled with dental plaster, 
to produce a positive model. Before the pa­
tient is dismissed, a basic shade is mixed by 
blending MDX-4-4210 Siliconet with earth 
tones and opaquers. + + Flocking material 
can be added to simulate fine vascularity. 
Surface characterization can be ac­
complished at the time of delivery to 
further customize the shade. 2 

The wax-up is oriented on the positive 
model by centering the protrusion of the 
nipple over the intersection of the two lines 
on the model. The wax-up is properly 
adapted, the margins are sealed to the 
model, finished to a knife edge, and tex­
tured to blend in with the rest of the areola 
area. By making the small areola promi­
nences more defined in one area, the opera­
tor can make it easier for the patient to tell 
the top from the bottom of the prosthesis 
(or left from right in a bilateral case). If a 
"try-on" is desired, it must be done before 
the margins are sealed to the positive mold. 

The plaster mold is created by trimming 
and boxing the positive model, and then 
pouring the upper half of the mold with 
plaster. After the wax is eliminated from 
the mold by boiling water, the mold is 

*eg. Jeltrate: L.D. Caulk Co.; Milford, Delaware 
19963. 

**eg. Dental Modeling Plaster; Whip-Mix Corp., 
Louisville, Kentucky 40217. 

***eg. NeoWax: Dentsply/York Division, York, Penn­
sylvania 17405. 

+eg. Dow-Corning: Midland, Michigan 48604. 
++ Earth Tone Pigments, Kaolin Opaquers, and 

Flocking Material available from Factor ll, P.O. Box 
1339, Lakeside, Arizona 85929. 

packed with appropriately shaded MDX-
4-4210 silicone and cured for 45 minutes in 
boiling water. After the shade has been 
mixed and the hardener added, the silicone 
can be placed under a vacuum to eliminate 
porosity. In cases where the nipple and 
areola are two different shades, the two 
shades are mixed separately. The nipple is 
first packed into the mold and feathered out 
over the areola to prevent a line of demarca­
tion. Then the areola shade is packed in on 
top of it. After processing, the mold is 
cooled, and the prosthesis is recovered and 
trimmed (Figure 4) . The diameter is 
checked with the index dots on the refer-

Figure 3. Wax-ups recovered from impressions of 
normal breasts. 

Figure 4. Processed and trimmed prosthesis on drag 
portion of mold. 



Figure 5. Delivered prostheses on three different pa­
tients. 

ence model. These prostheses adhere well 
with Daro Adhesive.+++ Patients of the au­
thor report showering and swimming with 
them with no dislodgement. 

Sealing of the margins of a nipple pros­
thesis is really not necessary. But if further 
characterization or shade correction is de­
sired, 2 this can be achieved with Xylene, 
Type-A Medical + grade adhesive and Ar­
tists Oil Paint (Figure 5). 
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Technical Note: 
Improved Techniques in Alginated 
Check Sockets 
Mark A. Abrahamson, C.P. 
Keith E. Vinnecour, C.P.O. 
David F.M. Cooney, P.T., C.P.O. 

INTRODUCTION 
One recent prosthetic advancement, the 

total surface bearing socket design, has 
been shown to enhance the function and 
comfort of the amputee. Alginate is one 
material used by our profession to ac­
complish this improvement. 

Alginate as a prosthetic fitting tool was 
introduced to the prosthetic profession by 
Bob Hayes, C.P., in 1975 1 and its use was 
updated in 1985. 2 Alginate's continued 
benefit in practice is undeniable. No mat­
ter how accurate your negative impression, 
or detailed your modification, there's al­
ways room for improvement. At Beverly 
Hills Prosthetics Orthotics, as well as in 
many other facilities across the country, 
alginated check sockets have become a 
standard fitting procedure. The alginate 
procedure is a valuable tool for obtaining 
optimum prosthetic fittings. Not only does 
this procedure give the practitioner the 
opportunity of achieving a true total sur­
face bearing type fit, but also serves as an 
excellent education and evaluation tool. 
Each time you complete the alginate proce­
dure, your impression taking and modifi­
cation deficiencies become apparent. With 
this information, prosthetists are better 
able to advance their own skills. 

Practitioners who employ this technique 
have all experienced the frustration of 
having the alginate come loose from the 
wall of the socket as the patient removes 

his/her residual limb. Sanding the inside 
of the check socket and cleaning it with 
solvent has in the past been the method of 
choice, but this is too time-consuming and 
does not always yield the desired results. A 
search was therefore initiated for a product 
or methodology which would keep the al­
ginate adhered to the wall of the socket. A 
product called HOLD Spray-On Tray Ad­
hesive®* (Figure 1) was located. This was 
developed for use in dental practices to as­
sist in taking alginate, or hydrocolloid 
mouth impressions. It has completely re-

Figure 1. HOLD Spray-on Tray Adhesive. 

*Catalogue No. 11461. Teledyne Dental Products, Elk 
Grove Village, Illinois 60007. 



solved the socket/alginate interface prob­
lem. 

PROCEDURE 
It should be emphasized that the alginate 

procedure is not a cure-all for a poorly fit­
ting test socket. Any deficiencies in the 
socket weight-bearing characteristics must 
be rectified before advancing to the algi­
nate step. 

The procedure we use for alginating 
check sockets is an adaptation of that used 
by Jan Stakosa, C.P. of the Institute for Ad­
vanced Prosthetics in Lansing, Michigan. 
The patient is fit with a clear Uvex® check 
socket. 3 All check socket fittings are done 
on bare skin coated with Otto Bock Insu­
lating Cream®** (this is preferred over 
Vaseline® because of its improved feel and 
ease of removal from the patient's skin). 
The check socket is then statically aligned. 
Because the residual limb is now more 
closely positioned in its proper orientation 
in the socket for weight bearing, this en­
sures a more accurate alginating process. 
When these steps are completed, the check 
socket is ready for close visual inspection. 
Skin coloration is used as a visual cue for 
accuracy of fit. Probing with thin corset 
stays may be done to obtain further eval­
uative information. A china marker is then 
used to map out intended alterations. Ex­
cessively tight areas should be relieved; 
loose areas are marked. 

Once the evaluation has been com­
pleted, the check socket is removed and the 
insulating cream cleaned out completely 
with a solvent. Injection holes are now 
drilled in the check socket (prior to our use 
of alginate adhesive, we devised a special 
tool for this purpose). This drill bit*** (Fig­
ure 2), makes a 5/32" hole in the socket and 
simultaneously drills a 3/8" diameter coun­
tersink in the outer half of the socket wall 
(Figure 3). 

During the procedure, the alginate col­
lects in the countersink and forms a lock 
which helps to hold the alginate in place 
(we continue to use this tool for added in­
surance). At least three holes are drilled 1" 
proximal to the most distal point of the 
socket. These holes act as pressure relief 
valves and ensure that the patient is com­
pletely down in the socket. This also pre-

**Catalogue No. 640Z5. Otto Bock Orthopedic Indus­
try Inc., 4130 Highway 55, Minneapolis, Minnesota 
55422. 

***This tool is a custom made combination of a 3/8" spot 
facer with the pilot removed and 5/32" drill put in its 
place. 

Figure 2 . The Otto Bock drill bit makes a 5/32" hole in 
the socket and simultaneously drills a 3 /8" diameter 
counter sink in the outer half of the socket wall. 

Figure 3. 



vents the patient f rom getting excessive dis­
tal end pressure that results from too much 
alginate. Additional holes are drilled in the 
socket over previously marked loose fitting 
areas (Figure 3). Alginate will be injected 
into these loose areas with a 60 c.c. syringe 
while the patient is weight-bearing in the 
test socket. Relief holes are also drilled over 
any bony prominences or sensitive areas. 
All holes should be deburred on the inside 
of the socket. 

The socket is now sprayed with a thin 
coat of HOLD® tray adhesive. The socket 
will be ready for application in approxi­
mately two minutes and will remain suffi­
ciently tacky for 10-15 minutes thereafter. 
At this point, a parting agent such as in­
sulating cream may be applied to the re­
sidual limb if it is unusually hairy. 

The alginate is now mixed according to 
manufacturer's specifications, and a thin 
coat poured over the entire surface of the 
inner socket (Figure 4). This ensures that 
nothing will come into contact with the 
HOLD® adhesive and inhibit bonding 
with the alginate. The residual limb is now 
placed into the check socket, with the pa­
tient bearing approximately 70 percent of 
his body weight on the prosthesis, main­
taining a vertical load, as evidenced by a 
perpendicular pylon. This will ensure that 
the patient is properly seated in the socket. 
If this precaution is not taken, the alginate 
could hold the patient out through hy­
draulic pressure and thereby void the fit­
ting. Once the patient is down in the 
socket, additional alginate is injected 
through the previously drilled portholes in 
the socket (Figure 5). Patient feedback is 
important in order to pinpoint areas that 
feel loose or tight. All patients report im­
proved comfort once the alginate is in­
jected and has jelled. 

At this point, the patient is asked to sit, 
while keeping the knee extended. A small 
amount of water, poured into the socket 
about the knee will help break the suction, 
thereby allowing the socket to be slowly 
and gently removed from the patient. Once 
the socket has been removed, it should be 
locked in the correct alignment and filled 
with plaster as soon as possible. The pur­
pose of this is to circumvent the tendency 

Figure 4. A thin coat of alginate is poured over the 
entire surface of the inner socket. 

Figure 5. Once the patient is down in the socket, 
additional alginate is injected through the portholes. 



of alginate to shrink and dry out, thereby 
altering the fit. 

After the plaster has hardened, the check 
socket and alginate are removed from the 
positive model. The resultant positive 
model will require minor smoothing be­
fore another test socket is fabricated in 
order to verify the fit resulting from the 
alginate procedure. 

CONCLUSION 
Since its introduction to the field, the al­

ginate procedure has proven to be a valu­
able aid in prosthetic fittings. Unfortu­
nately, the alginate's poor adhesion to test 
socket surfaces has no doubt discouraged 
many prosthetists from using this tech­
nique on a regular basis. 

It is hoped that the solution presented in 
this paper will encourage more practition­
ers to discover or rediscover this technique. 
Once the benefits are seen, it is difficult to 
avoid using this procedure. This technique 
will create a prosthesis that provides in­
creased comfort, minimizes tissue atrophy, 
and improves ambulatory endurance. In so 
doing, the definitive limb will require fewer 
post-delivery adjustments and ultimately 
reduce the necessity for replacement. 
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ORTHOSIL Silicone Gel - OTTO BOCK Application Technique 

OTTO BOCK has improved the fabrication technique for socket 
liners using ORTHOSIL Silicone Gel: 
• Higher viscosity allows easier processing and more thorough 

saturation. 
• High tear strength; increased durability. 
• Mixing of the two ORTHOSIL types allows individual deter­

mination of the density. 
The ORTHOSIL product line includes: 
617H43 ORTHOSIL Silicone Gel for the fabrication of soft insert liners. 
617H44 ORTHOSIL Silicone Gel for the fabrication of pads and distal end-bearing 

cushions; available in 900-gram and 4600-gram containers. 
617H45 ORTHOSIL Catalyst for 61 7H43 and 617H44; available in 100-gram and 

1000-gram containers. 
617Z19 ORTHOSIL Pigment Paste (Caucasian); available in 90-gram tubes. 
623T13 Elastic Stockinette, specialized for use with the ORTHOSIL Silicone Gel; 

available in 10 cm and 15 cm widths. 
519L5 ORTHOSIL Parting Agent; available in 400-gram spray cans. 
617H46 ORTHOSIL Bonding Agent; available in 90 ml tubes. 
617H47 ORTHOSIL Stabilizing Agentforthefabrication of ORTHOSIL paste; available 

in 100-gram containers. 
636K11 ORTHOSIL Adhesive; available in 25-gram bottles. 

O R T H O P E D I C INDUSTRY INC. 
UNITED S T A T E S OF AMERICA 

4130 Highway 55 
MINNEAPOLIS/Minnesota 55422 
Telephone (612) 521-3634 
Telex 2 90 999 

OTTO BOCK 08 1984 



New Products 

Three-Way Knee Stabilizer Orthosis 
The Three-Way Knee Stabilizer Orthosis 

(TKS), available through Rehabilitation 
Technical Components, Inc., is intended 
for the control of structural instability of 
the knee in the lateral, medial, or posterior 
direction. Designed for patients with knee 
irregularities such as genu recurvatum, 
genu valgum, and genu varum, the TKS 
device is also suitable for athletes. It can 
provide the prophylaxis needed to lessen 
the severity of, or prevent, knee injuries. 

Some benefits include: ease of fitting, 
non-slipping surface, light weight, easy 
application, and allowance of full knee 
flexion. 

For more information, contact: Rehabili­
tation Technical Components, Inc., P.O. 
Box 869, Hillside, New Jersey 07205; tel. 
(201) 687-8275, outside New Jersey, (800) 
RTC-5678. 

Personal Transport Vehicle 
The Access Personal Transport Vehi­

cle,® manufactured by Access, is designed 
to give its user total mobility, by providing 
the ability to go over and around most bar­
riers found in American architecture and 
civil construction. The PTV is able to climb 
a nine inch high step, and can incline as 
steep as 36 degrees. The Access PTV can 
handle most grade and elevation changes 
found in the home and the workplace, 
without difficulty. 

The PTV also allows users to elevate 
themselves six inches higher to participate 
in normal conversations with co-workers, 
and work at benches and kitchen counters. 
The PTV's built-in center-of-gravity keeps 
its occupant sitting upright, regardless of 
the incline. 

PTV's seat is orthopedically correct and 
ergonomically designed to integrate with 
the frame and controls of the vehicle. It is 
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designed to provide adjustable lumbar 
support, and will accept all cushions de­
signed to prevent Decubitus ulcers. 

SPECIFICATIONS 
Length 42" 
Width 25" 
Height (maximum) 54" 
Weight (with batteries) 235 lbs. 
Ground Clearance 2W 
Speed Range up to 5 mph. 

For more information, contact: NATCO 
Corp., James R. Hinxon, Vice President, 
Operations and Marketing, 1175 Chess 
Drive, Foster City, California 94404; tel. 
(415) 349-9664. 

The following statement of Ownership Man­
agement and Circulation is required by 
USPS reg. 39 U.S.C. 3685: 

October 1, 1986 

Orthotics and Prosthetics (Publication 
No. 00305928) is published quarterly by 
the American Orthotic and Prosthetic 
Association, 717 Pendleton Street, 
Alexandria, VA 22314, for annual sub­
scription rates of $50, $50, and $60.00 
The complete mailing address of the 
headquarters of general business of the 
publisher is the American Orthotic and 
Prosthetic Association, 717 Pendleton 
Street, Alexandria, VA 22314. The pub­
lisher is the American Orthotic and 
Prosthetic Association, at the above ad­
dress. The editor is Lawrence R. Lange, 
CPO, c/o Orthotic and Prosthetic Depart­
ment, Shriners Hospital, 8400 Roosevelt 
Boulevard, Philadelphia, PA 19152. The 
managing editor is Christopher R. Col-
ligan,* c/o the American Orthotic and 
Prosthetic Association, 717 Pendleton 
Street, Alexandria, VA 22314. The full 
name and address of the owner is the 
American Orthotic and Prosthetic As­
sociation, 717 Pendleton Street, Alex­
andria, VA 22314. 

For the issues published in the last 12 
months, an average of 3,950 copies of 
Orthotics and Prosthetics were published. 
Of these, 53 were distributed by paid 
and/or requested circulation, 3,497 were 
distributed through mail subscrip­
tion—for a total paid and/or requested 
circulation of 3,550—and 160 were dis­
seminated as promotional or otherwise 
free samples, to equal a total average of 
3,710 copies of each issue distributed. 
An average of 240 copies per issue were 
used as office copies or otherwise not 
distributed. For the issue nearest the 
filing date, 4,000 copies were printed. A 
total of 46 were distributed as paid 
and/or requested circulation, and 3,496 
were sent through the mail. There were 
142 distributed free as promotional 
copies and for other uses, for a total dis­
tribution of 3,684. There were 316 office 
copies, spoiled copies, or otherwise un­
accounted copies. 

I certify that the statements made by 
me above are correct and complete. 

Christopher R. Colligan 
Managing Editor* 

*As of December 15, 1986 the managing editor is 
Sharada Gilkey. 
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3 DAYS TO REBUILD A LIFE! 
We rebuild lives. 
On time, on spec. 
It's a tremendous 
responsibility. Planning 
must be meticulous, 
craftsmanship must be 
caringly executed, and 
quality control is critical. 
Yet, speed is important! 

Experience, then, is the key. 

For years, we at Sandberg 
Prosthetics have 
concentrated on just one 
thing: central fabrication 
of prosthetics. We have 
worked with virtually every 
need, including myoelectric 
prosthetics. The unusual is 
often common place to us. 
This experience expedites 
our services. 

Many jobs are turned 
around in a day, others 
average three days. 

But always, quality is 
assured. Our products 
won't leave our lab unless 
we are certain they meet 
your specifications. 

Contact us for a price list 
or further information. 
Together we can help 
rebuild the lives of your 
patients. 

S A N d b E R q 
Prosthetic 
ServIces, Inc. 
1012 N. Fifth St. 
Minneapolis, MN 55411 
Ph. (612) 332-1880 
1-800-443-1827 

"We Rebuild Lives" 
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TO: Orthotists, Prosthetists, and other 
Allied Health Professionals 

FROM: Tina-Laura Hittenberger, CO. 
Scientific Program Chairman 

RE: Call for papers for the 
1987 Assembly Scientific Program 
September 21 -27, 1987 
San Francisco, CA 

The American Orthotic and Prosthetic Association comprises over 940 firms engaged in the 
design, manufacture and fitting of orthoses and prostheses. The Association endorses a high 
level of patient care as well as the exchange of scientific information. This Assembly provides 
a forum to inform each other of breakthroughs in rehabilitation. 

San Francisco will be the site for the 1987 Assembly which is expected to draw more than a 
thousand attendees from all over the nation and from many foreign countries. The focus for 
this Assembly will be on leading edge developments for orthotics and prosthetics. 

You are invited to share your knowledge and expertise with your colleagues and other 
professionals in the health professions by submitting an abstract. The subjects should be new 
concepts in methods of treatment, innovative devices, or research which impacts the field of 
orthotics, prosthetics and rehabilitation. If you are selected, you will be one of forty other 
speakers and you will be allowed approximately 15 minutes to deliver your presentation. 

Please follow the guidelines below when submitting your abstract: 

START THE ABSTRACT TITLE HERE USING CAPITAL LETTERS. 
Follow with author's name, Business Addresses, Zip Codes, 
Underline Speaker's name. 

Leave a space between heading and abstract proper. Indent as 
shown. Keep all lines as wide as possible without touching or going 
beyond the lines at either side. Keep the text in one paragraph. If 
literature citations are needed, insert them in parentheses and not as 
footnotes. Credits, if any, should be added at the end of the abstract, 
but not as a new paragraph. Before submitting your abstract, check 
format, nomenclature, and spelling. 

ABSTRACT GUIDLINES 
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AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION 

ABSTRACT FORM 

Title of Presentation 
Author/Authors (Underline speaker) 
Address of Speaker 
Phone (Work) 
Company or Institutional Affiliation 
Occupation CO OT 

PT 
RN 

(Home) 

MD 
ENGINEER 
OTHER: _ 

CP 
CPO 

Biographical Information (for introduction purposes) 
Awards: 
Activities: 
Practice Specialty: 
Other Biographical Notes: 
Length of Presentation: 
Audiovisual Requirements: 
SlideProjector (specify 1 or multiple projectors) 

Overhead Projector 
Movie Projector (specify 8 or 16mm) 
Video 
Patient Demonstration Area 
Other: 

Abstract (maximum of 200 words) Use single space typing. Use full ruled area below. 

Deadline April 10, 1987 
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THE SEATTLE FOOT'" has been 
enthusiastically accepted by a wide 
majority of amputees who evaluated it. 
One of these Individuals is Jim Clark, 
a University of Washington professor. 

"THE SEATTLE FOOT" has 
vastly improved my options as an 
amputee. When I had a standard 
SACH foot I became tired and sore 
after walking for more than half 
an hour. With the natural absorp­
tion and spring of THE SEATTLE 
FQpT" I can now comfortably 
walk and jog lor much longer. I 
recently even spent time in the 
Swiss Alps hiking up to ten miles 
a day." 

THE SEATTLE FOOT™... 
the foot with a natural 
spring in its step! 

A desire to improve the quality of life 
enjoyed by amputees, combined 
with a recognition of the 
limitations imposed by conventional 
prosthetic feet, brought a team of 
aerospace engineers, prosthetists, 
industrial designers and physicians 
together in Seattle. The result? 
THE SEATTLE FOOT". Quite 
literally a giant step forward for 
lower extremity amputees. 

THE SEATTLE FOOT" has the features 
that amputees and prosthetists deserve. 
Dynamic... a Dupont Delrin" keel stores 
and releases energy with each step to 
supply natural lift and thrust. 
Specific... available with a range of keel 
spring-rates to provide optimum energy 
storage for each amputee's body weight 
and activity level. 
Cosmetic... made from life-cast molds to 
achieve a new level of foot cosmesis. 
Includes split between great and second 
toe. 
Versatile... beneficial for amputees of all 
ages, activity levels, and types including 
ESK, AK, and Bilateral. 
Compatible... can be lit to new or existing 
endoskeletal or exoskeletal prostheses 
using conventional techniques. 
Tested... developed with input from over 
900 evaluation amputees. 
Supported... covered by a full year of 
warranty and an optional trial exchange 
program. 

N I 
For the full Story of THE SEATTLE FOOT", along with specifications, currently available sizes, and ordering information, call Of write Of. contact one ol our d'Stnbutors 
Model and Instrument Development 86? Poplar Place South Seattle. Washington 98144 (206) 325-0715 
Distributed by Southern Prosthetic Supply 
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thotics-Prosthetics Professional, 40/1 
(Spring, 1986), pp. 38-42 . 

Radocy, Robert, M.S., T.R., with Randall 
D. Brown, C P , Technical Note: An Alter­
native Design for a High Performance Be-
low-Elbow Prosthesis, 40/3 (Autumn, 
1986), pp. 43-47. 

Richter, Henry J . , B .S . , C P . , Full Cuff 
Control, 40/4 (Winter, 1986), pp. 28-34 . 

Showers, David C , C.P.O., with Laird 
David, R.T.(OP), Technical Note: Applica­
tion of a Prosthetic Sheath in Orthosis Fabri­
cation, 40/3 (Autumn, 1986), pp. 48 -52 . 

Smith, Herbert G., B .S . , M .B.A. , C P . , 
with Stephanie L. Fertman, M.D., Allen 
G. Meek, M.D., David LaBelle, A.A.S., 
A Cranio I Spinal Positioning Device for the 
Treatment of Ependymoma, 40/2 (Summer, 
1986), pp. 49-57. 

Wanchik, Joseph, C O . , O.T.R., Burnout 
in Orthotics and Prosthetics, 40/2 (Sum­
mer, 1986), pp. 24-28 . 

Yang, Gai-Fu W., M.D., R.P.T., with Dong 
S. Chu, M.D., JungH. Ahn, M.D., Hans 
R. Lehneis, Ph.D., C.P.O., Richard M. 
Conceicao, B.A., C.P.O., Floor Reaction 
Orthosis: Clinical Experience, 40/1 (Spring, 
1986), pp. 33-37. 

SUBJECT INDEX: 
P R O S T H E T I C S — E D U C A T I O N 
A report on Amputees in India, 4011 

(Spring, 1986), pp. 16-32. 
Burnout in Orthotics and Prosthetics, 4012 

(Summer, 1986), pp. 24-28. 

Prosthet ics—LOWER 
E X T R E M I T Y 
Evaluation of High Strength Materials for 

Prostheses, 4014 (Winter, 1986), pp. 
44-58. 

The Seattle Foot, 4013 (Autumn, 1986), pp. 
17-23. 

Prosthetics—Lower Extremity— 
A B O V E K N E E 
Non Ischial Weight Bearing Soft Socket 

Design, 4012 (Summer, 1986), pp. 43-48. 
Some Biomedical Evaluations of the ISNY 

Flexible Above-Knee Sys tem with 
Quadrilateral Socket, 40/2 (Summer, 
1986), pp. 17-23. 

Specifications and Fabrication Details for 
the ISNY Above-Knee Socket System, 
4012 (Summer, 1986), pp. 38-42. 

Prosthetics— Lower Extremity— 
B E L O W K N E E 
Case Study: The Use of Bail Lock Knee 

Joints in the Rehabilitation of the High 
Level Spinal Cord Injured Below-knee 
Amputee, 4014 (Winter, 1986), pp. 20-23. 

A Clinical Evaluation of an Ultralight-
weight Polypropylene Below-Knee Pros­
thesis, 413 (Autumn, 1986), pp. 30-37. 

Technical Note: Improved Techniques in 
Alginated Check Sockets, 4014 (Winter, 
1986), pp. 63-66. 

Prosthetics— Lower Extremity— 
HIP 
Technical Note: An Easy-to-Fabricate 

Modified Hip Disarticulation Temporary 
Prosthesis, 4012 (Summer, 1986), pp. 
58-60. 

Prosthet ics—MATERIALS O R 
M E T H O D S 
A Technique for Prosthetic Nipple Restora­

tion, 4014 (Winter, 1986), pp. 59-62. 
Composite Materials for Orthotics and 

Prosthetics, 4014 (Winter, 1986), pp. 
35-43. 

Evaluation of High Strength Materials for 
Prostheses, 4014 (Winter, 1986), pp. 
44-58. 

The Seattle Foot, 4013 (Autumn, 1986), pp. 
17-23. 

Prosthet ics—PATIENT C A R E & 
M A N A G E M E N T 
A Report on Amputees in India, 4011 

(Spring, 1986), pp. 16-32. 
Clinical Survey of Upper Extremity Am­

putees in India, 4012 (Summer, 1986), pp. 
29-37. 
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Microcomputers and the Small Orthotic-
Prosthetic Firm, 4011 (Spring, 1986), pp. 
51-54. 

Sexually Transmitted Diseases and Con­
tact with the Orthotics-Prosthetics Pro­
fessional, 4011 (Spring, 1986), pp. 38-42. 

Prosthet ics—UPPER E X T R E M I T Y 
A Technique for Prosthetic Nipple Restora­

tion, 40Va2 (Winter, 1986), pp. 59-62. 
Clinical Survey of Upper EKXTREMITY 

Amputees in India, 40/2 (Summer, 1986), 
pp. 28-37. 

Prosthetics—Upper Extremity— 
B E L O W E L B O W 
Full Cuff Control, 4014 (Winter, 1986), pp. 

28-34. 
Technical Note: An Alternative Design for 

a High Pe 
formance Below-Elbow Prosthesis, 4013 
(Autumn, 1986), pp. 43^17. 

Prosthetics—Upper Extremity— 
S H O U L D E R & F O R E Q U A R T E R 
Technical Note: A New Technique for the 

Fabrication of a Shoulder Prosthesis, 
4013 (Autumn, 1986), pp. 53-57. 

O R T H O T I C S — E D U C A T I O N 
Burnout in Orthotics and Prosthetics, 4012 

(Summer, 1986), pp. 24-28. 

Orthot i c s—LOWER E X T R E M I T Y 
Case Studies—Orthotic Management of 

the Adult Post-Polio Patient, 40/2 
(Spring, 1986), pp. 43-50. 

Orthot ics—Lower Extremity— 
A D J U N C T O R 
ASSISTIVE DEVICES 
Technical Note: A Simple Boot to Relieve 

Pressure Sores, 4011 (Spring, 1986), pp. 
55-57. 

Orthotics—Lower Extremity— 
A N K L E F O O T 
Floor Reaction Orthosis: Clinical Experi­

ence, 4011 (Spring, 1986), pp. 33-37. 

Orthotics—Lower Extremi ty—HIP 
K N E E A N K L E F O O T 
Management of a Severely Involved Cere­

bral Palsy Patient, 4014 (Winter, 1986), 
pp. 24-27. 

Orthotics—Lower Extremity— 
K N E E A N K L E F O O T 
Floor Reaction Orthosis: Clinical Experi­

ence, 4011 (Spring, 1986), pp. 33-37. 

Orthot ics—MATERIALS OR 
M E T H O D S 
Composite Materials for Orthotics and 

Prosthetics, 4014 (Winter, 1986), pp. 
35-43. 

Technical Note: Application of a Prosthetic 
Sheath in Orthosis Fabrication, 4013 
(Autumn, 1986), pp. 48-52. 

Technical Note: The Use of Low Heat 
Thermoplastics in Vacuumforming, 4013 
(Autumn, 1986), pp. 58-63. 

Orthotics—PATIENT C A R E & 
M A N A G E M E N T 
Case Studies—Orthotic Management of 

the Adult Post-Polio Patient, 4011 
(Spring, 1986), pp. 43-50. 

Microcomputers and the Small Orthotic -
Prosthetic Firm, 4011 (Spring, 1986), pp. 
51-54. 

Sexually Transmitted Diseases and Con­
tact with the Orthotics-Prosthetics Pro­
fessional, 4011 (Spring, 1986), pp. 38-42. 

Orthot i c s—SPINAL—CERVICO 
T H O R A C O L U M B O S A C R A L 
A Cranio/Spinal Positioning Device for the 

Treatment of Ependymoma, 4012 (Sum­
mer, 1986), pp. 49-57. 

Head Positioner/Restraint for Children 
Undergoing Radiation Therapy, 4013 
(Autumn, 1986), pp. 24-29. 

Orthot ics—Spinal—THORACO 
L U M B O SACRAL 
A Case History: Orthotic Management 

After Extensive Chest-Wall Resection, 
4013 (Autumn, 1986), pp. 38-42. 
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Classified Ads 
In order to properly calculate the number of words in (and the cost of) a classified advertisement, add 
up every character in the ad, including commas, hyphens, etc. Divide the sum by five (we consider a 
word to consist of 5 characters) to find the total number of words. Then figure the cost based on these 
rates: MEMBERS—first 30 words $32.00. Each addiitonal word $1.50. NON-MEMBERS—first 30 
words $78.00. Each additional word $4.00. Responses to AOPA Box numbers are forwarded free of 
charge and kept confidential. Advertisements are to be paid in advance. Make checks payable to 
AOPA. Send to AOPA, 717 Pendleton Street, Alexandria, VA 22314. No classified ads will be taken by 
phone. 

MICHIGAN 
CO for well established modern O&P Fa­
cility with two Satellite Offices. Excellent 
opportunity for professional Orthotist. 
Live and work in Beautiful Traverse City. 
All replies held in strict confidence. Send 
resume and Salary requirements to: 

Ed Teter, CP 
Teter Orthotics & Prosthetics, Inc. 
3507 W. Front Street 
Traverse City, MI 49684 
(616) 947-5701 

Prosthetist 
Certified or Board Eligible, with experience 
in patient care and fabrication. Reply: 

Morfey's Limbs & Braces, Inc. 
11109 W. Bluemound Road 
Wauwatosa, WI 53226 
1-414-258-4311 

CO-CPO 
Full-time position available for CO or CPO. 
Clientele includes inpatient and outpatient 
referrals in the areas of orthopedics, neu­
rosurgery and physical medicine. 

Position offers an excellent salary and 
benefit package and the opportunity to 
grow with a progressive expanding organi­
zation. 

For complete information, contact: 
Orthopro, Inc. 
P.O. Box 6014 

Fargo, ND 58108 
or 

Call Collect (701) 280-4131 
An Equal Opportunity Employer MIF 

ORTHOTIST 
Opportunity for young aggressive practi­
tioner (CO or working towards certifica­
tion) in growing Chicago facility. Send res­
ume and salary req. in confidence to: Mark 
Devens, CO, at 3510 Devon, Lincolnwood, 
IL 60659. 

Looking for Quality Practitioner: Position 
in Southern California area for CPO or 
CP/CO having skill in other discipline with 
managerial responsibilities. Professional 
patient management practice using com­
pany's own central fabrication support. 
Good starting salary with opportunity to 
share in office profits. Excellent fringe 
benefits. Send complete resume to: Keith E. 
Vinnecour, CPO, 214 South Robertson 
Boulevard, Beverly Hills, CA 90211; (213) 
657-3353. 

ORTHOTIC TECHNICIAN 
Outstanding opportunity for persons 
willing to utilize current progressive or­
thotic principles in fabricating pediatric 
orthoses. This is a clinical setting special­
izing in Neuromuscular and Orthopaedic 
patients. The love of children a MUST. We 
are looking for technicians who are eager 
to learn, with initiative to manage their 
fabrication load and assume responsibil­
ity. Please send resumes with salary his­
tory to: 

Human Resources 
Texas Scottish Rite Hospital for 

Crippled Children 
2222 Welborn Street 
Dallas, TX 75219 
EOE, MIF 

78 



Classified Ads 79 

CERTIFIED ORTHOTIST, or board eligible 
for immediate opening in long established 
firm in eastern PA. Duties include working 
with doctors, therapists, patient manage­
ment, clinics and fabrication. Will consider 
non-certified with experience. Send res­
ume and salary requirements to: 

Boas Surgical, Inc. 
Attn: George Fussner, CPO 
1401 Turner Street 
Allentown, PA 18102 

CP and Prosthetic Technician 
Immediate openings for experienced pro­
fessionals in growing O/P facility in South­
eastern MI. Please send resume to: 

Advanced Ortho. Lab. 
22100 Coolidge, Suite 6 
Oak Park, MI 48237 

OPPORTUNITY IN THE WEST 
Business growth has created several new 
positions for prosthetists andlor orthotists both 
certified and noncertified. Competitive salary 
and excellent benefit package. Opportu­
nity to move up. Associate with experi­
enced professionals in a well established 
growth oriented company. Contact or 
write: 

Walt Racette, CPO 
Orthomedics, Inc. 

(714) 996-9500 
Equal Opportunity Employer 

CPO/CP—Immediate Position. Twenty 
year existence. Future partnership or own­
ership. Midwest Univ. Town. Resume to: 
AOPA Box 110486, 717 Pendleton Street, 
Alexandria, VA 22314. 

CPO or CP needed for patient manage­
ment, clinic, and fabrication skills. Join a 
modern, busy well established practice in 
Ohio. We offer excellent salary, medical 
and life insurance, moving allowance, 
profit sharing, pension and company car. 
Great advancement possibilities. Call or 
write: 

Vern M. Swanson 
Swanson Prosthetic Centers Inc. 
3102 Sylvania Avenue 
Toledo, OH 43613 
(419) 476-8033 

PROSTHETIST—Need CP or CPO for a 
hospital owned affiliate orthotic/prosthetic 
facility. Individual will assume full respon­
sibility for prosthetic services. Accept a 
challenge and join our professionals at El 
Paso's finest medical facilty. Please send 
resume or call: PROVIDENCE MEMORIAL 
HOSPITAL, Human Resources Depart­
ment, 2001 N. Oregon, El Paso, TX 79902; 
phone (915) 542-6662. 

MASSACHUSETTS 
GENERAL HOSPITAL 

Orthotics/ Prosthetics Practitioner 
You will fit and prepare orthotic devices 

as well as write the specifications for pros­
thetic devices. Assist in the supervision of: 
Orthotic Technicians, Trainees, and other 
support staff assigned to the division. Re­
quires college degree in Orthotics/Pros­
thetics Studies. 

Call or send resume to: John Snowden, 
Prosthetics & Orthotics Dept., Massachu­
setts General Hospital, 15 Fruit Street, 
Boston, MA 02114; (617) 726-2950. 

We are an Equal Opportunity I Affirmative 
Action Employer. 

CP or CPO 
Advancement and career opportunities for 
a certified practitioner at a progressive firm 
in Southeastern Massachusetts. Send res­
ume and salary requirements to: 

Ryma Janulaitis 
Bay Orthopedic Services, Inc. 
790 West Chestnut Street 
Brockton, MA 02401 
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Prosthetic Technician 
Career opportunity for experinced pros­
thetic technician. Skills in all O&P plastic 
fabrication preferred. Benefits. Salary 
commensurate with experience. Send res­
ume or call: 

Ryma Janulaitis 
Bay Orthopedic Services, Inc. 
790 West Chestnut Street 
Brockton, MA 02401 
(617) 586-7700 

Orthotist, Certified or Board Eligible— 
Good salary and benefits, permanent po­
sition, requires some experience in bracing 
scoliosis and post operative spinal fusion. 
Contact: Isidore Zamosky, Inc., 608 S. 
Main Street, Spring Valley, NY 10977; (914) 
352-2148 or 352-2397. 

WANTED, ORTHOTIC TECHNICIAN, 
excellent growth opportunity, good pay & 
benefits. Central Florida location. Send 
resume or call: DOBI-Symplex, Inc., P.O. 
Box 1070, Apopka, FL 32704-1070; (305) 
297-0967. 

ORTHOTIST-PROSTHETIST 
This civil service position offers excellent 
working conditions, negotiable salary and 
fringe benefits for individual with five 
years of experience. Certification preferred. 
Equal opportunity employer. Send appli­
cation for federal employment, SF-171, or 
resume to: Seattle Veterans Administration 
Medical Center, Personnel Service (05), 
1660 S. Columbian Way, Seattle, WA 98108; 
or phone (206) 764-2135 for additional in­
formation. 

CO/CPO—Immediate opening in progres­
sive facility in Southeast Georgia. Duties 
include patient management, clinical work 
and fabrication. ExceDent benefit package. 
Please furnish resume and salary require­
ments. Reply to AOPA, Box 98601, 717Pen-
dleton Street, Alexandria, VA 22314. 

Immediate Management Position 
Director of Prosthetics 

To develop and manage the Prosthetic 
Division for progressive, innovative Or­
thotic Facility in a suburb of Detroit. As­
sume management and patient care re­
sponsibilities. An excellent profit sharing 
package. Send resume to: 

BINSON's Hospital Supplies, Inc. 
26834 Lawrence 
Centerline, MI 48015 
Contact: 
Michele Krupa, CO 
(313) 755-2300 



Prosthetic Socks Since 1923 By KNIT-RITE 
And Now... 

The KNIT-RITE 

Taper Knit, Full Fashion Stock Sizes and Made to Measure 
The full fashion, taper knit, construction insures propor 
tion fit and compression, with greater pressure distally. 
Use of core construction yarn results in a softer fabric, 
better fit and permits stretch over the compression 
range. The Knit-Rite Stump Shrinker better accom­
modates irregularities and may be tailored or altered 
to meet special fitting problems. 

Double Taper** 
Fashion knit with gradual taper distally, flaring to a wide 
top. The mid-point flat width of the "Double Taper" model 
is slightly less than the corresponding mid-point flat width 
of the regular taper model. 

Unique 
Construction 
Made from Avril rayon Lycra 8 / 
spandex core yarn. Softer, 
more comfortable, easy to put 
on, and may be machine 
washed and dried, (warm 
temperature, no bleach). 
"Compression when fitted 
according to directions for 
heavy compression stump 
shrinkers. Direct pressure 
reading on CDC 250 instru­
ment calibrated to a man­
ometer. Bladder type mea­
suring devices may read as 
much as 15-20mm Hg higher, 
for the same pressure, due to 
distension of the elastic fibers 
over the bulge of the bladder. 

Heavy Compression (green top) 25-30mm Hg at 50% 
stretch 
Medium Compression (gray top) 10-15mm Hg at 50% 
stretch 
CAUTION: Compression proximally should not be 
greater than compression distally. 

*15-20mm Hg 
Proximal Pressure 

Proportioned 
Compression 

*25-30mm Hg 
Distal Pressure 

Rounded Shape and Elastic to the Very 
End Assures Compression and Better 
Control Distally 

Specify the KNIT-RITE Stump Shrinker and 
Companion Products 
• SUPER-SOCK" 100% fine virgin wool, easy care pros­

thetic sock resists shrinkage and felting. Consistent 
through its life. 

• PP/L SOFT-SOCK® made from Polypropylene/Lycra®. Dry 
because it wicks moisture. May be worn as a liner, filler, 
or spacer. 

• PROSTHETIC and ORTHOTIC SOCKS in other fibers 
include Super-Sock® "Old-Style" wool, Orion/Lycra® poly­
propylene/Lycra* cotton, silkolene. 

Available From Prosthetic Facilities Nationwide 

2020 GRAND AVENUE • P.O. BOX 208 • KANSAS CITY, MISSOURI 64141 N 
(816) 221-5200 • TOLL FREE (800) 821-3094 • TWX#9107710513 • CABLE CODE: KNIT-RITE 



American Orthotic and Prosthetic Association 
717 Pendleton Street 

Alexandria, VA 22314 


