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E d i t o r i a l 

THE NUMBER OF ACTIVITIES IN ANY SOCIETY AND THE DEGREE OF SUCCESS ACHIEVED DEPENDS ON A NUMBER OF 

FACTORS OF WHICH ECONOMICS AND HUMAN RESOURCES ARE THE MOST IMPORTANT. 

IN THIS ISSUE OF THE JOURNAL YOU WILL FIND A PRESENTATION OF THE COMPLETE ACCOUNTS FOR THE FISCAL YEAR 

1 9 8 2 AS WELL AS THIS ANALYSIS OF THE ACCOUNTS FOR THE YEARS 1 9 8 0 , 1 9 8 1 AND 1 9 8 2 . 

A S INDICATED IN TABLE 1 , THE MEMBERSHIP FEES CONSTITUTE THE MAIN SOURCE OF INCOME AND AVERAGED 

APPROXIMATELY 7 5 % OVER THE LAST TWO YEARS. CONTRIBUTIONS OVER THE LAST TWO YEARS AVERAGE 1 4 % OF THE 

TOTAL INCOME, HOWEVER IT SHOULD BE KNOWN THAT AN ADDITIONAL SUM OF D . K R . 3 7 . 5 0 0 DUE AT THE END OF 1 9 8 2 

HAS BEEN RECEIVED IN 1 9 8 3 . INTEREST FROM BANK ACCOUNTS AND BONDS ARE NOW APPROACHING 1 0 % OF THE TOTAL 

INCOME. A S SHOWN IN TABLE 2 THE COST OF THE SECRETARIAT IN COPENHAGEN AMOUNTS TO AN AVERAGE OF 6 3 % 

OVER THE LAST TWO YEARS. MEETINGS AND TRAVEL EXPENSES AMOUNT TO APPROXIMATELY 2 8 % OVER THE SAME 

PERIOD. 

TABLE 1. I S P O INCOME 1 9 8 0 , 1 9 8 1 AND 1982 

MEMBERSHIP 
YEAR TOTAL INCOME FEES CONTRIBUTIONS INTEREST OTHER 

1980 3 5 8 - 1 0 4 240-203 89 -019 28-882 0 
1 0 0 % 6 7 - 1 % 2 4 - 8 % 8 - 1 % 

1981 4 7 2 - 9 1 1 366-229 62-393 38-890 5-399 
1 0 0 % 7 7 - 4 % 13-2% 8 - 2 % 1-2% 

1982 5 9 0 - 1 3 6 437-995 91-526 55-354 5-261 
1 0 0 % 7 4 - 2 % 15-5% 9-4% 0-9% 

TABLE 2. I S P O EXPENSES 1 9 8 0 , 1 9 8 1 AND 1982 

TOTAL SECRETARIAT1 JOURNAL2 MEETINGSAND3 

YEAR EXPENSES COPENHAGEN P / O INTERNATIONAL TRAVELLING OTHER 

1980 275-971 133-109 54-324 69-747 18-791 
1 0 0 % 4 8 - 2 % 19-7% 2 5 - 3 % 6-8% 

1981 3 1 6 - 4 3 6 200-365 27-142 86-637 2 -292 
1 0 0 % 6 3 - 3 % 8-6% 2 7 - 4 % 0-7% 

1982 385-345 241-724 30-230 110-851 2-540 
1 0 0 % 6 2 - 7 % 7-8% 2 8 - 8 % 0-7% 

'SECRETARIAT EXPENSES INCLUDE: SALARY, PENSION CONTRIBUTION, STATIONERY, PRINTED MATTER, POSTAGE AND FREIGHT, 
TELEPHONE, DATA SYSTEM, REPAIRS AND MAINTENANCE, AUDITING AND SUNDRY. 

2JOURNAL: INDICATES THE DEFICIT, (SEE TABLE 3 ) . 
3TRAVEL AND BOARD MEETINGS: INDICATES EXPENSES RELATED TO BOARD MEETINGS, PARTICIPATION OF BOARD MEMBERS AS 

REPRESENTATIVES OF I S P O AT MEETINGS OF OTHER INTERNATIONAL ORGANISATIONS AS WELL AS 
TRAVEL EXPENSES FOR THE HONORARY SECRETARY CONNECTED WITH HIS DUTIES IN COPENHAGEN. 

1 



2 Editorial 

Table 3. The Journal of the International Society for Prosthetics and Orthotics 
'Prosthetics and Orthotics International'1980, 1981 and 1982 

Total Expenses Income Income 
Year Incl. Air Mail Advertising Subscriptions Deficit 

1980 158-955 57-930 46-701 54-324 
100% 36-4% 29-4% 34-2% 

1981 195-182 91-338 76-702 27 142 
100% 46-8% 39-3% 13-9% 

1982 213-648 89-721 93-697 30-230 
100% 42-0% 43-9% 14-1% 

The expenses for the Journal indicate its deficit. Table 3 presents the total expenses for the Journal 
as well as income from advertising and subscriptions. 

In the complete accounts for 1982 you will find that the "Advanced Course on Below-knee and 
Through-knee Amputa t ions and Prosthetics" which took place in Køje, Denmark in May shows a 
surplus of D .Kr . 227.408. 

Al though our accounts are satisfactory, it must be remembered that this is only so because of many 
contr ibut ions which do not appear in the accounts. For example, we do not pay any rent for office space 
in Copenhagen , where the Secretariat is located, nor do we pay rent in Glasgow, where the Journal is 
p roduced . Meet ing and travel expenses indicate only part of the total expenses, as Board Members , 
Commi t t ee Chai rmen as well as others participating, normally cover their travel expenses from other 
sources than ISPO. 

A t the Internat ional Commit tee meeting and the General Assembly which will take place during 
the World Congress in London , in September of this year, we will discuss finances and activities in more 
detai l . W e hope that many members will be able to participate. 

O n behalf of the Executive Board I would like to express their gratitude to all our contributors 
including those who contribute to the activities of our National Societies. The Board also expresses its 
grat i tude to the Edi tors of the Journal as well as their co-workers for excellent and dedicated work. 

Erik Lyquist 

Acting President 
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A m e n d m e n t s t o t h e C o n s t i t u t i o n 

T h e following amendments to the "Internat ional" Constitution have been formulated by the Executive 
Boa rd and will be discussed by the International Committee in September, 1983. 

These amendments to the Constitution are required to permit co-option to the Board in the event of 
resignation or retirai of any of the members . The inadequacy of the Constitution in this respect has been 
highlighted in this t r iennium, as we have had the resignation of both the President and a Vice-President. 

T h e following additions to the Constitution are offered to meet this situation where it may arise in 

the future:— 

4.3.5 In the event of a vacancy arising in the Executive Board during the Triennium through illness or 
o ther reason, the Executive Board may co-opt from the Fellowship at large to fill that vacancy. A 
Fellow co-opted in this way, where applicable, enjoys full voting rights and has the same status as 
those members of the Executive Board elected in the normal way. 

4.3.6 W h e r e the vacancy involves the President, or the Vice-Presidents, the Executive Board may 
elect from their membership , including co-opted membership, to fill that vacancy. 

4.3.7 In the case of the President-Elect the Executive Board will offer a nomination to the 
Internat ional Commit tee seeking agreement or alternatives. If necessary a postal vote will then 
be conducted. 

Existing clauses 4 .3 .5 ,4 .3 .6 and 4.3.7 will become, respectively, 4 .3 .8,4.3.9 and 4.3.10. 



Prosthetics and Orthotics International, 1983, 7, 4-5 

I . S . P . O . S t a t e m e n t o f A c c o u n t s , 1 9 8 2 

Balance as a t December 31,1982 
Income 
Membersh ip fees 
Sponsorship fees 

Contr ibut ions : 
Society and H o m e for Disabled 
T h e War Amputa t ions of Canada C $ 5 , 0 0 0 

Sundry: 
Li tera ture 
Film 

Interes t : 
B a n k accounts 
B o n d s 

Expendi ture 
Salary: A a s e L a r s s o n 

A . T . P . and pension 
Secretarial Service (Louise Rizzi) 

Printing expenses: 
Journa l : Prosthetics and Orthotics International: 
Printing cost incl. air mail posting 
Product ion service 
Labels 

Less income: 
Advert is ing 
+Indeb tedness repaid 
D e c e m b e r 31,1982 $840 

Subscriptions 

Print ing expenses: 
Journa l : Deformed Foot 
Less income 

Stat ionery and printed matters 
Postage and freight 
Mee t ing and travelling expenses: 

Miscellaneous 
Honora ry Secretary 
Executive boards , incl. meetings 
Copenhagen , Nice 

R . I . fee 1981 
Te lephone 
Repa i r s and maintenance 
Miscellaneous expenses: 

D a t a system 
Sundry 

Audi t ing 

Surplus as at December 31,1982 

82.688 

7.033 

89.721 
93.697 

57.000 
34.526 

353 
97 

199.597 
13.036 

1.015 

213.648 

183.418 

4.811 

9.415 
37.280 

64.156 

15.645 
3.664 

437.995 

91.526 

450 

53.554 
1.800 

150.517 
18.421 
2.540 

30.230 

25.269 
12.754 

110.851 

8.159 

19.309 

7.295 

385.345 
204.791 

529.971 

55.354 

4.811 

590.136 

D.kr . 590.136 D.kr . 590.136 
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ADVANCED COURSE ON BELOW-KNEE AND THROUGH-KNEE AMPUTATIONS AND PROSTHETICS, 1 0 - 1 3 MAY, 1 9 8 2 : 

INCOME: 

COURSE FEES 4 5 3 . 5 1 5 
EXHIBITION: 

SPONSORSHIPS 5 8 . 1 7 8 
ACCOMMODATION 7 . 4 0 3 6 5 . 5 8 1 

INTEREST BANK ACCOUNTS 1 6 . 8 5 6 

5 3 5 . 9 5 2 
EXPENDITURE: 

TRAVEL AND MEETINGS-I NSTRUCTORS 2 9 . 7 7 1 
SECRETARIAL ASSISTANCE 2 1 . 1 4 4 
CORRESPONDENCE, PRINTING, MAILING 1 7 . 8 6 3 
MISCELLANEOUS 5 . 8 7 9 
ACCOMMODATION, PARTICIPANTS AND INSTRUCTORS 2 3 3 . 8 8 7 3 0 8 . 5 4 4 

SURPLUS D.KR. 2 2 7 . 4 0 8 

BALANCE AS AT DECEMBER 3 1 , 1 9 8 2 

ASSETS 
CASH ON HAND 
BANK ACCOUNTS: 

HANDELSBANKEN CHECH NO. 5 4 2 . 0 5 2 
HANDELSBANKEN BOOK NO. 7 0 5 . 1 5 4 
HANDELSBANKEN BOOK NO. 6 5 9 . 5 1 9 

DEBTORS: ADVERTISING U S $ 1 . 4 5 6 
BONDS: 

NORN. KR. 1 8 . 0 0 0 1 0 % OSTIFTERNES KREDITFOR-
ENING 1 8 / 2 0 0 3 (COURSE 3 1 . 1 2 1 9 8 2 6 2 % VALUE 
D , K R . 1 1 . 2 0 5 ) 

CONTRIBUTIONS TO: WORLD CONGRESS 1 9 8 0 
LESS REPAYMENT 
WORLD CONGRESS, LONDON 1 9 8 3 

4 8 . 2 0 7 
4 7 2 . 8 2 5 
2 2 7 . 4 0 8 

9 1 . 1 0 9 
8 . 2 4 1 

6 0 1 

7 4 8 . 4 4 0 

1 2 . 1 9 0 

1 2 . 6 9 0 

8 2 . 8 6 8 
1 0 0 . 7 3 8 

LIABILITIES 
CREDITOR: 

A T P , TAX AND PENSION 
AUDITING 
ADVERTISING: REPAID $ 6 1 6 

BALANCE AS AT JANUARY 1 , 1 9 8 2 (CAPITAL ACCOUNT) 
+SURPLUS FOR THE PERIOD 1 .1 . - 3 1 . 1 2 1 9 8 2 
+SURPLUS, ADVANCED COURSE, KØGE 1 0 - 3 1 . MAJ 1 9 8 2 

5 0 8 . 9 1 3 
2 0 4 . 7 9 1 
2 2 7 . 4 0 8 

7 . 5 9 8 
3 . 6 6 0 
5 . 1 5 7 

9 4 1 . 1 1 2 

D.KR. 9 5 7 . 5 2 7 D.KR. 9 5 7 . 5 2 7 

THE ABOVE MENTIONED ACCOUNTS, WHICH HAVE BEEN EXAMINED, ARE IN ACCORDANCE WITH THE BOOK-KEEPING 

FOR THE YEAR 1 9 8 2 . 

BOGSVÆRD, FEBRUARY 1 1 , 1 9 8 3 . 

G U N N E R P E T E R S E N , 

Registered Accountant, 
DENMARK. 
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1 9 8 3 W o r l d C o n g r e s s 5 - 9 S e p t e m b e r , 1 9 8 3 , L o n d o n 
Final cal l for Papers, Posters, F i lms, Videotapes and Scientific Exhibits 

PAPERS/POSTERS 
Please note that the submission date for Papers/Posters has been extended to 1st May , 1983. 

Cont r ibu t ions can be accepted only i f an A B S T R A C T F O R M is completed and returned to the 
Congress Off ice by the fo l lowing dates: 

Papers/Posters 1st May 1983 
Fi lms/Videotapes/Scient i f ic Exhib i ts 15th May 1983 

Abst rac t forms may be obtained f rom Conference Services L t d . , 3-5 Bute Street, London SW7 
3 E Y , U . K . Telephone 01 548 4226, Telex: 916054, Confer G . 

Abstracts should be in E N G L I S H O N L Y and T Y P E W R I T T E N in the box provided. This w i l l be 
used as camera ready copy for inclusion in the Book of Abstracts, so please ensure that all in format ion is 
correct at the t ime o f submission. 

Disp lay boards 800 x 1600 m m wi l l be provided for Poster Displays and the allocation of boards wi l l 
be advised nearer the Congress. Fi lms can be accepted only i n the fo l lowing formats 8/Super 8mm and 
16mm. Videotapes can be accepted in U - M A T I C format only to P A L , S E C A M and NTSC standards. 

Fo r Scientif ic Exhib i ts please include a covering note detai l ing the space and facilities required. 
The Commi t tee w i l l consider the Abstracts and advise whether papers, posters and scientific 

exhibi ts have been accepted by the end of May 1983. I t is hoped that all films and videotapes submitted 
w i l l be inc luded in the programme. 

Fu l l details o f the Congress programme and Registration Forms were included in the December, 1982 
issue o f this j o u r n a l . 

T I M E A N D P L A C E 
The meet ing w i l l take place at the Imper ia l 

Col lege o f Science and Technology, Exh ib i t ion 
R o a d , L o n d o n SW7, f rom 5th to 9th September 
1983. 

The Imper ia l College o f Science and 
Technology is situated in a very pleasant area o f 
L o n d o n close to Hyde Park, w i th a wide 
selection o f hostels and hotels nearby. The venue 
offers excellent conference facilit ies combined 
w i t h a large exh ib i t ion area for both the trade 
and scientific exhibits. A l l areas are accessible to 
the disabled. 

P R O G R A M M E 
The programme has been div ided into two 

ma in areas; Instruct ional Courses and the main 
Congress Programme. 
Ins t ruct iona l Courses 
Inst ruct ional Courses covering the fo l lowing 
topics have been planned for Sunday, 4th 
September, al l day, and f rom 08.00-10.00 hrs. 
Monday-Fr iday , 5th-9th September 1983: 
A m p u t a t i o n Surgery, Neuromuscular 
Disorders, Prosthetics, Paediatric Orthopaedic 
Problems, Or thot ics , Rehabi l i tat ion 
Eng ineer ing. 

The Courses have been arranged on the basis 

o f 2-hour or mult ip les o f 2-hour sessions and fu l l 
details o f these are enclosed. Those wishing to 
register fo r the Courses should complete the 
appropr iate section o f the enclosed registration 
f o r m . 
Congress Programme 

The Congress programme wi l l offer morn ing 
plenary sessions and afternoon concurrent 
sessions covering prosthetics, orthotics and all 
other aspects o f rehabi l i tat ion engineering. 
Amongs t the main topics to be discussed are 
amputa t ion surgery, neuromuscular disorders, 
relat ive to extremity or thot ics, spinal disorders, 
spinal cord in ju ry , mul t ip le sclerosis, arthrit is 
and the mul t ip ly-handicapped person. 

There are seven afternoon periods for 
concurrent sessions—two each day on Monday , 
Tuesday and Thursday, and one on Friday. 
There w i l l be two panel discussions and three 
sessions o f submit ted papers in each concurrent 
session. One panel w i l l cover each day's plenary 
topic employ ing the same chairman and plenary 
speakers; the other w i l l cover a topic of 
part icular importance. 

Those wishing to submit papers should read 
the instruct ions above. Papers w i l l be vetted 
f r o m abstracts and are expected to report 
innovat ion and to promote discussion. 

6 
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FILMS AND VIDEOTAPES 
PRESENTATIONS IN THE FORM OF FILM AND 

VIDEOTAPE WILL BE INVITED FOR SCREENING ON 
WEEKDAYS NOMINALLY FROM 1 3 - 3 0 - 1 8 . 0 0 HRS. AND 
IN PARALLEL WITH THE SUBMITTED PAPER SESSIONS. A 
SCHEDULE OF THE FILM SESSIONS WILL BE INCLUDED IN 
THE CONGRESS DOCUMENTATION. IF YOU WISH TO 
SUBMIT A FILM OR VIDEOTAPE PLEASE READ THE 
INSTRUCTIONS ABOVE. 
POSTER SESSIONS 

THERE WILL ALSO BE FACILITIES FOR THE DISPLAY OF 
PAPERS BY POSTER. THOSE WISHING TO SUBMIT A 
POSTER SHOULD READ THE INSTRUCTIONS ABOVE. 
SCIENTIFIC EXHIBITS 

SPACE WILL BE AVAILABLE FOR SCIENTIFIC EXHIBITS FROM 

NON-COMMERCIAL INSTITUTIONS AND ORGANIZATIONS. 
THOSE WISHING TO EXHIBIT SHOULD READ THE 
INSTRUCTIONS ABOVE. 

E X H I B I T I O N 

THERE WILL BE A TRADE EXHIBITION FROM MONDAY-

FRIDAY, 5TH-9TH SEPTEMBER 1 9 8 3 AND PARTICIPANTS 

WILL HAVE AMPLE TIME TO VISIT THE EXHIBITS DURING 

THE CONGRESS. 

L A N G U A G E 

THE OFFICIAL LANGUAGE OF THE CONGRESS IS 
ENGLISH AND THERE WILL BE NO SIMULTANEOUS 
TRANSLATION. 

I n s t r u c t i o n a l C o u r s e P r o g r a m m e 

* COURSE ORGANISER 

SUNDAY 
4TH SEPTEMBER 

0900-1300 1400-1800 

MONDAY 
5TH SEPTEMBER 

0800-1000 

TUESDAY 
6TH SEPTEMBER 

0800-1000 

WEDNESDAY 
7TH SEPTEMBER 

0800-1000 

THURSDAY 
8TH SEPTEMBER 

0800-1000 

FRIDAY 
9TH SEPTEMBER 

0800-1000 

INTRODUCTORY BIOMECHANICS AND ABOVE-KNEE AND ABOVE-KNEE AND ABOVE-KNEE AND HIP DISARTICULATION MANAGEMENT OF THE 
NORMAL LOCOMOTION (2 HRS) 

D . JONES ( U K ) * 
BELOW-KNEE AND SYME 

PROSTHETICS (6 HRS) 
N . A GOVAN ( U K ) * 

KNEE DISARTICULATION KNEE DISARTICULATION KNEE DISARTICULATION PROSTHETICS 
PROSTHETICS (CONT.) PROSTHETICS (CONT ) PROSTHETICS (CONT ) (2 HRS) 

(2 HRS) (2 HRS) (2 HRS) 

BILATERAL LOWER LIMB 
AMPUTEE 

(2 HRS) 

W. KRIEGER ( F R G ) * W KRIEGER ( F R G ) * W KRIEGER ( F R G ) * J. J. BRAY ( U S A ) * R. G. REDHEAD ( U K ) * 

B 

SPINAL ORTHOTICS 
(4 HRS) 

N . BERGER ( U S A ) * 
LOWER LIMB ORTHOTICS 

(4 HRS) 
M. STILLS ( U S A ) * 

LOWER LIMB 
ORTHOTICS 

(CONT.) 
(2 HRS) 

LOWER LIMB 
ORTHOTICS (CONT.) 

(2 HRS) 

UPPER LIMB 
ORTHOTICS 

(2 HRS) 

UPPER-LIMB 
ORTHOTICS (CONT.) 

(2 HRS) 

UPPER LIMB 
ORTHOTICS (CONT.) 

(2 HRS) 

M. STILLS ( U S A ) * M. STILLS ( U S A ) * MARGARET ELLIS ( U K ) * MARGARET ELLIS ( U K ) * MARGARET ELLIS ( U K ) * 

COMMUNICATION AIDS 
(4 HRS) 

M. A . LE BLANC ( U S A ) * 
CLINICAL GAIT ANALYSIS 

(4 HRS) 
J. P. PAUL ( U K ) * 

WHEELCHAIRS (INCL. 
ADAPTATIONS AND 

PRESCRIPTION 
(2 HRS) 

WHEELCHAIRS (INCL. 
ADAPTATIONS AND 

PRESCRIPTION) (CONT.) 
(2 HRS) 

SEATING FOR THE 
SEVERELY DISABLED 

(2 HRS) 

SEATING FOR THE 
SEVERELY DISABLED 

(CONT.) 
(2 HRS) 

FUNCTIONAL ELECTRICAL 
STIMULATION (2 HRS) 

A . KRALJ 
A . B WILSON ( U S A ) * A B. WILSON ( U S A ) * R. L NELHAM(UK)* R. L. NELHAM ( U K ) * (YUGOSLAVIA)* 

D 

REHABILITATION OF STROKE 
PATIENTS (4 HRS) 

W . H EISMA (NETHERLANDS)* 
CEREBRAL PALSY 

(4 HRS) 
D . N . CONDIE(UK)* 

AMPUTEE GAIT 
TRAINING 

(2 HRS) 

GERTRUDE MENSCH 
(CANADA)* 

SCOLIOSIS 
(2 HRS) 

A . BAHLER 
(SWITZERLAND)* 

SCOLIOSIS (CONT.) 
(2 HRS) 

A . BAHLER 
(SWITZERLAND)* 

SPINA BIFIDA 
(2 HRS) 

SPINA BIFIDA (CONT ) 
(2 HRS) 

G. K ROSE ( U K ) * G K ROSE ( U K ) * 

E 

FRACTURE BRACING 
(4 HRS) 

D . WARDLAW ( U K ) * 
AMPUTATION 

SURGERY (4 HRS) 
G. NEFF ( F R G ) * 

AMPUTATION SURGERY AMPUTATION SURGERY AMPUTATION SURGERY PAEDIATRIC PROBLEMS EXTENSION PROSTHESES 
(CONT.) 
(2 HRS) 

G. NEFF ( F R G ) * 

(CONT.) 
(2 HRS) 

G. NEFF ( F R G ) * 

(CONT.) 
(2 HRS) 

G NEFF ( F R G ) * 

(PERTHES: C D H : 
CLUBFOOT) 

(2 HRS) 
J. Kj01bye 

(DENMARK)* 

(2 HRS) 

H . J . B . DAY ( U K ) * 

PARTIAL FOOT PROSTHETICS 
(2 HRS) 

R. G. S. PLATTS ( U K ) * 
UPPER LIMB PROSTHETICS 

(6 HRS) 
B . KLASSON (SWEDEN)* 

UPPER LIMB FOOTWEAR AND FOOTWEAR AND FOOTWEAR AND FOOTWEAR AND 
PROSTHETICS (CONT.) ADAPTATIONS ADAPTATIONS (CONT ) ADAPTATIONS (CONT.) ADAPTATIONS (CONT ) 

(2 HRS) (2 HRS) (2 HRS) (2 HRS) (2 HRS) 

B. KLASSON (SWEDEN)* G. VERES (NORWAY)* G. VERES (NORWAY)* G. VERES (NORWAY)* G. VERES (NORWAY)* 
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PLENARY SESSIONS 

MONDAY 5th SEPTEMBER 
K N U D JANSEN LECTURE 
G . Murdoch ( U K ) , Chairman: E . Lyquist 
( D e n m a r k ) , Co-Chairman: E . G. Marquardt 
( F R G ) . 
LOWER L I M B AMPUTATIONS 

Chai rman: R. Baumgar tner (Switzerland), Co-
Cha i rman: J. Zet t l ( U S A ) . 
Prostheses for Lower Limb Amputees , J. 
Fischer (Denmark ) . The Rehabilitation 
Training of Lower Limb Amputees , Joan 
Edels te in ( U S A ) . 

TUESDAY 6th SEPTEMBER 

LOWER L I M B DISABILITIES 

Chai rman: E . Lyquist (Denmark) , Co-
Cha i rman: A . K. Mukher jee (India) . 
Surgical and Orthot ic Trea tment of Patients with 
Neurological Deficit in Lower Limb, W. J. W. 
Sharrard ( U K ) . Future Trends in Trea tment , J. 
Foor t (Canada) . Current Practice in Europe for 
T rea tmen t of Patients with Lower Limb 
Disabilities, W. H . Eisma (Netherlands) . 
Assessment and Description of Lower Limb 
Disability, M. Stills ( U S A ) . 

WEDNESDAY 7th SEPTEMBER 
UPPER L I M B PROSTHETICS AND ORTHOTICS 
Chai rman: D . Lamb ( U K ) , Co-Chairman: B. 
Klasson (Sweden) . 
U p p e r L imb Prosthetics, D . Childress (USA) . 
U p p e r Limb Prosthetics, J. Obe r (Poland). 
Or thoses of the U p p e r Limb. 

THURSDAY 8th SEPTEMBER 

THE SEVERELY DISABLED 

Chai rman: B . Sankaran (India) , Co-Chairman: 
P . Dollfus (France) . 
Spinal Cord Injury, P . R. Meyer (USA) . 
Mobility, D . A . Hobson (USA) . 
Communica t ion Aids , M. Milner (Canada) . 
Envi ronmenta l Aids , H . Funakubo (Japan) . 

FRIDAY 9th SEPTEMBER 

SPINAL PROBLEMS 

Chai rman: A . Bahler (Switzerland), Co-
Cha i rman: R . G . S. Platts (U K ) . 
Spinal Problems and their Treatment by Surgery 
and Orthosis , J. O 'Brien (UK) . Measurement 
Systems Rela ted to Spinal Problems, J. D . 
Harr is ( U K ) . Or thot ic Trea tment of Spinal 
Problems, M. E . Miller (USA) . 

C o n c u r r e n t S e s s i o n s 

D a y H a l l l Ha l l 2 Hal l 5 Ha l l 6 

M o n d a y 
5th S e p t e m b e r 
1983 
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*J. A n g e l ( U K ) 

T h e Special P r o b l e m s 
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v ideo t ape 

Submi t t ed Submi t t ed 
p a p e r s films 

v ideo t ape 

T u e s d a y 
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1983 

L o w e r L i m b Disabi l i t ies 
* E . Lyqu i s t ( D e n m a r k ) 

G a i t Ana ly s i s 
*K. O b e r g ( S w e d e n ) 

Pros the t ics and 
Or tho t i c s E d u c a t i o n 
*S. F i s h m a n ( U S A ) 

T h e Pa t i en t ' s 
V iewpoin t c o m b i n e d 
with Psycho-social 
cons ide ra t ions 
*C. D u n h a m ( U K ) 

Submi t t ed 
pape r s 

Submi t t ed 
p a p e r s 

Submi t t ed 
pape r s 

Submi t t ed 
P a p e r s 

S u b m i t t e d S u b m i t t e d 
p a p e r s films/ 

v ideo tape 

Submi t ted S u b m i t t e d 
p a p e r s films/ 

v ideo t ape 

W e d n e s d a y 
7 th S e p t e m b e r 
1983 
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* B . S a n k a r a n ( Ind ia ) 

U p p e r L i m b 
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O r t h o t i c s 
* D . L a m b ( U K ) 

Ar th r i t i s a n d the h a n d Submi t t ed Submi t t ed 
* A . B . Swanson ( U S A ) p a p e r s pape r s 

T h e F o o t a n d Submi t t ed Submi t t ed 
F o o t w e a r p a p e r s pape r s 
* G . V e r e s ( N o r w a y ) 

Submi t t ed Submi t t ed 
p a p e r s films/ 

v ideo tape 
Submi t t ed Submi t t ed 
pape r s films/ 
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* A . B a h l e r 
(Swi t ze r l and ) 

Biofeedback Submi t t ed Submi t t ed Submi t t ed Submi t t ed 
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A m p u t a t i o n s f o r v a s c u l a r i n s u f f i c i e n c y 

P. N E T Z , A . STARK* and H . R I N G E R T Z * * 

Department of Orthopaedic Surgery, Danderyd Hospital, Danderyd. 
* Department of Orthopaedic Surgery, Karolinska Hospital, Stockholm. 

** Department of Radiology, Sachska Hospital, Stockholm. 

Abstract 
A study was carried out of 302 major 
amputa t ions for vascular insufficiency in the 
lower l imb with respect to levels of amputat ion, 
postoperat ive revisions, re-amputations on a 
higher level and postoperative mortality. This 
information was related to vascular disease 
(diabetes mellitus/arteriosclerosis) and to the 
exper ience of the surgeon. 

T h e r e was a high incidence of above-knee 
amputa t ions both of diabetics and 
arteriosclerotics and the rate of complications 
was high for "senior" as well as " junior" 
surgeons. The amputat ions were performed 
dur ing 1978 and the study has shown that there is 
an urgent need to lower the level of amputat ion 
wi thout increasing the rate of complications. The 
study indicates that there is a need for further 
information about the problems involved in 
rehabil i tat ion of above-knee amputees . 

Int roduct ion 
Ampu ta t i on of a lower limb causes a handicap 

which in many cases makes the patient 
dependen t on other people . The more proximal 
the amputa t ion , the greater the risk that the 
pat ient will not regain his ability to walk at all 
(Wagner , 1978; Robinson, 1980). The majority 
of amputa t ions performed in the Western world 
today are due to arterial insufficiency (Hansson, 
1964; Burgess et al. 1971, Potts et al . , 1979). The 
pat ients are elderly and their main d i s e a s e -
arteriosclerosis or diabetes mellitus—has caused 
changes in o ther organs besides the lower limbs, 
such as brain and heart disorders and in diabetics 
f requendy eye and kidney disorders (Widmer et 
al. 1964). 

Walking with an above-knee (AK) prosthesis 
is much more energy-consuming than with a 
below-knee (BK) prosthesis (Waters et al. 1976). 
This means that many patients will never be 
capable of using their prosthesis after A K 
amputa t ions ( R o m a n o and Burgess, 1971; 
Wagner , 1978). Fur thermore even wheelchair or 
bedr idden pat ients are much bet ter off when the 
k n e e joint is preserved or through-knee (TK) 
amputa t ion performed, than after an A K 
amputa t ion (Hirsch et al. 1975; Hölter et al. 
1980). T h e sitting pat ient achieves bet ter balance 
with a longer s tump and for the patient confined 
to bed it will be easier to shift his position 
(Persson, 1974). 

Preoperat ive determinat ion of the opt imum 
level of amputa t ion is difficult and still depends 
to a great extent on a clinical evaluation. A 
n u m b e r of authors , however, have presented 
me thods aiming at objective measurement of 
circulation and blood flow in the intended level 
of amputa t ion (Carter , 1973; Holstein, 1973, 
Gibbons et al. 1979, Wagner , 1979a, Pollock and 
Erns t , 1980). Even though the general interest in 
amputa t ion surgery has increased in recent 
years , the number of published articles in this 
field are still relatively few (Persson, 1980). 
Burgess et al. (1971) and Murdoch (1977) have 
r ecommended that the selection of amputat ion 
level and the operat ion itself always be 
performed by surgeons with long experience and 
adequa te surgical skill. However , it is our 
impression that this recommendat ion is not 
always followed. T h e aim of the present study, 
therefore , was to analyse a large number of 
amputees , with particular reference to the level 
of amputa t ion , the incidence of complications, 
and the experience of the surgeon. 

Mater ia l a n d methods 
T h r o u g h t h e k i n d c o - o p e r a t i o n o f a l l su rg ica l 



and or thopaedic clinics in Stockholm, all 
pat ients who had a lower limb amputation in 
1978 could be traced in 1980 with the aid of the 
computer centre of the Stockholm health care 
system. T h e material comprises all patients 
amputa t ed due to arteriosclerosis or diabetes. 
All pat ient files have been studied and the 
material computer ized. 

Pat ients with a diagnosis of diabetes mellitus 
were , regardless of concomitant arteriosclerosis, 
registered as diabetics (Goldner , 1960). The 
surgeon was classified as "senior" if he had more 
than 5 years surgical experience, those with less 
were classified as " junior" . Only major 
amputa t ions (BK, T K and A K ) are included in 
the statistical analyses as the figure for toe 
amputa t ions is uncertain and the number of foot 
amputa t ions were limited. 

T h e populat ion of Stockholm on December 
3 1 , 1978 was 1,519,114, comprising 735,458 men 
and 783,656 women. The age group above 50 
years of age was 475,401, of which 207,208 were 
men . 

In 1978, 308 major amputations were 
performed on 289 patients in 9 surgical and 5 
or thopaedic depar tments in Stockholm. In four 
cases complete pat ient files were not available. 
These pat ients , as well as two patients with the 
diagnosis of Buerger ' s Disease (43 and 39 years 
o ld ) , were included in the above figures. The 
statistical figures presented are thus based on 302 
amputa t ions in 283 patients. 

In some cases it was impossible to obtain 
complete data from the records. For this reason, 
a footnote is added to the appropriate Table 
stat ing the number of dropouts with respect to 
the analysed parameter . 

T h e sex and age distribution is shown in Figure 
1. T h e average ages for men and women with 
arteriosclerosis and diabetes are presented in 
Table 1 along with the number of patients, sex 
distribution and the number of amputat ions. 

Results 
Fo r each patient the first major amputat ion 

performed during 1978, revisions and more 
proximal amputat ions are presented in Table 2. 
T h e same table shows the postoperative 
mortal i ty, denned as death occurring within one 
m o n t h of the major amputat ion. 

Some 64 per cent of all amputat ions 
performed by " jun io r" surgeons were be low-
k n e e , while the corresponding figure for 
" sen ior" surgeons was 63 per cent. The 
frequency of re-amputat ions was higher for 
operat ions performed by " jun ior" surgeons as 
shown in Table 3. 

Three different techniques for below-knee 
amputa t ions were used: 

1. The "F i shmouth" technique with 
approximately equal anterior and posterior skin 
flaps ( R o b and Smith, 1969). The available 

Fig. 1. Age and sex distribution of 283 patients with 
major amputations of the lower limb for arterial 

insufficiency during 1978 in Stockholm. 

Table 1. Distribution of 283 amputees with respect to sex and diagnosis. Mean age ± 1 SD (years) has been stated 
for each group of patients. The total number of amputations is also shown. 



records seldom indicated whether or not the 
opera t ion was combined with myoplasty. 

2. T h e Ghormley-Burgess technique with a 
long posterior musculocutaneous flap 
(Ghormley , 1946; R o m a n o and Burgess, 1971). 

3 . The Tracey-Persson sagittal technique with 
equally long lateral and medial flaps (Tracey, 
1966; Persson, 1974). 

In a few cases the operative report did not 
expressly specify the method used but 
considering the other amputat ions performed by 
the same surgeon or the " t radi t ion" of the 
insti tution, a reasonable assumption could be 
m a d e as to the method most likely to have been 
used. 

T h e frequency of revisions, re-amputat ions at 
a higher level, and postoperative mortality 
associated with different surgical techniques is 
presented in Table 4. Plaster cast was used more 
frequently by "senior" surgeons (21%) 
compared with " jun ior" surgeons (16%) . The 
frequency of re-amputat ions is higher in cases in 
which the "F i shmouth" technique was used at 
below-knee amputat ions . 

T h e mean age for patients with the ultimate 
level above-knee was 75.3 +/- 8.9 years (n=152) 
and for pat ients with below-knee amputat ions 
75.9 +/- 9.0 years (n=149) . 

T h e differences were not statistically 
significant. 

Discussion 
Dur ing 1978, 283 patients were amputated 

because of arteriosclerosis or diabetes mellitus. 
Pat ients with diabetes mellitus accounted for 40 
per cent of major amputat ions . This figure is 
wor th not ing, as many of the series presented in 
the l i terature show a higher incidence of diabetes 
than of arteriosclerosis (Harris et al. 1961; 
Sarmiento and War ren , 1969, Fleurant and 
Alexander , 1980). 

The re is a tendency towards more proximal 
amputa t ions in the arteriosclerotic patients, with 
43 per cent above-knee amputat ions as 
compared to 26 per cent in the diabetic patients. 
T h e sum of postoperative complications— 
revisions, re-amputat ions at a higher level and 
postoperat ive mortality—is high and amounts to 
34 per cent in the entire series. This high 
incidence of complications, together with the 
initially fairly high percentages of above-knee 
amputa t ions , means that of the primary 
amputa t ions in 1978 only about 60 per cent of 
diabetic and 40 per cent of arteriosclerotic 
pat ients were left with an intact knee joint (Table 
5) . 

Table 2. Levels of amputations, postoperative revisions and re-amputations related to the number of lower limb 
amputations during 1978 (n=302). Postoperative mortality, i.e. mortality within one month from the operation, is 

expressed in relation to the number of patients (n=283). 

Table 3. Levels of amputation, revisions, re-amputations and postoperative mortality related to surgical experience. 
Percentage distribution is related to the total number of amputations for each group (senior and junior surgeons) and 
postoperative mortality, i.e. mortality within one month from the operation, is related to the number of patients in 

each group. 



T h e comparison between "senior" and 
" jun io r " surgeons demonstra ted no significant 
difference regarding primary level of 
amputa t ions , frequency of complications or 
postoperat ive mortality. However , the 
amputa t ions performed by " jun ior" surgeons 
were complicated by re-amputat ions at a higher 
level in 18 per cent , as compared with 10 per cent 
in opera t ions performed by "senior" surgeons. It 
can fur thermore be noted that "senior" surgeons 
m o r e often used Ghormley 's and Persson's 
me thods in below-knee amputat ions. 

Plaster was scarcely used but somewhat more 
frequently by "sen ior" surgeons. In only about 
20 per cent of the cases was the operation 
combined with a plaster cast, which is 
remarkable in view of the meticulous follow-up 
study by Mooney et al. (1971), which showed 
fewer healing disturbances among patients who 
had a rigid dressing in comparison with those 
with soft dressings. 

T h e average age of our patients is 
comparatively high (Condon and Jordan, 1970; 
Persson, 1974). The mean age for women is 
higher than that for men and the mean age for 
arteriosclerosis is higher than that for diabetes 
mellitus. 

T h e success of the amputat ion in terms of 
rehabili tat ion of the patient hinges on the ability 
to lower the level of amputat ion and at the same 
t ime to achieve primary healing (Fleurant and 
Alexander , 1980). In a recently published 
mater ial from R o e h a m p t o n the knee joint had 
been left in 67 per cent of the cases, 17 per cent 
had been opera ted with through-knee 
amputa t ion and only the remaining 16 per cent 
had been amputa ted above-knee (Robinson, 
1980). Compared with Burgess et al. (1971) and 
Fleurant and Alexander (1980), our sample has a 
high incidence both of above-knee amputat ions, 
re-amputat ions at a higher level, and 
postoperat ive mortali ty. W e have not been able 
to explain the high frequency of complications by 
the fact that the amputat ions were performed by 
" jun io r " surgeons. It has earlier been pointed 
out that it is important that amputat ions are 
performed by experienced surgeons, and that 
the same surgeon takes care of the whole 
rehabilitation (Murdoch, 1977; R o m a n o and 
Burgess, 1971). While there is every reason to 
believe tha t this is t rue , one wonders why it has 
not been reflected in our material. Our 
distinction between experienced and 
inexperienced surgeons may be too rough, but 
the high total number of above-knee 
amputa t ions suggest that the operations were 
performed with an excessively wide margin with 
respect to circulation in the extremity, so wide in 
fact, that not even the more traumatic surgical 
technique of the less experienced surgeon could 
jeopardize healing of the s tump. It is highly 
probable that if we are to obtain a higher 
frequency of primary healing than found in our 
mater ia l , improved surgical technique is needed 

Table 4. Diagnosis, surgical experience, revisions, re-amputations and postoperative mortality related to the three 
different methods used for below-knee amputations. The percentage distribution is related to the number of 

amputations (for postoperative mortality the number of patients) in each group, i.e. operation method. 

Table 5. Results after lower limb amputations 
(ultimate level) during 1978 in Stockholm. Deceased 

patients are included. 



in order to prevent necrosis and infection in 
s tumps with a borderline skin blood flow 
(Persson, 1974). R o m a n o and Burgess (1971) 
feel that nearly all amputat ions can be carried 
out at below-knee level and that the only 
indications for above-knee amputations are 
severe contracture of the knee and gangrene at 
the opera t ion site. The same authors also point 
out that it is extremely unusual for a healed 
below-knee s tump to be amputated later at a 
higher level. The development of orthopaedic 
engineering during the last decade has made 
through-knee amputat ion a better alternative 
than above-knee amputat ions when severe 
contracture of the knee is present (Wagner, 
1979b). 

Apa r t from the surgical technique the attitude 
of the surgeon towards the rehabilitation of the 
pat ient is also important (Burgess, 1964). An 
analysis of individual hospitals in our material 
reveals large differences, probably reflecting 
different policies. Some hospitals for instance, 
have performed only above-knee amputat ions, 
pe rhaps with a view to providing instant relief of 
pain , bu t probably without considering the 
difficulties involved in the rehabilitation of the 
pat ient , even if he can only sit or lie in bed 
(Persson, 1974). 

In 1978 the hospitals in Stockholm only rarely 
used Dopp le r ultrasound for the preoperative 
evaluat ion of the patients . Wagner reports an 
exceptionally high primary healing rate even for 
very distal amputat ions and it is not unlikely that 
the adopt ion of this technique could lead to more 
frequent preservation of the knee joint (Wagner, 
1978). T h e average age in our material is higher 
than in many other published studies, and the 
frequency of diabetes would seem to be lower, 
a l though some earlier investigations have not 
presented the incidence of diabetes (Robinson, 
1980). Al though high mean age and low 
incidence of diabetes theoretically might explain 
the higher percentage of above-knee amputat ion 
in our mater ial , there was no difference in 
average age between above-knee and below-
knee amputees which is why there is reason to 
suspect that the operative results could be 
improved in future and the incidence of above-
knee amputat ions reduced. 

T h e analysis of our material gives us cause to 
believe that there is a possibility to lower the 
level of amputat ions in patients operated upon 
for arterial insufficiency. O n the basis of the 

l i terature and our own experiences we feel that 
the most urgent steps to achieve this are the 
following: 

1. To perform above-knee amputations only 
if below-knee amputat ions is contraindicated 
because of infection in the knee region (Romano 
and Burgess , 1971). 

2. T o abandon the "F ishmouth" method for 
below-knee amputat ions in favour of the 
Ghormley-Burgess and Tracey-Persson 
m e t h o d s . 

3 . To refine the surgical technique, for 
example by never detaching skin from 
underlaying fascia or periosteum, or by causing 
damage to the edges of the wound by pulling with 
hooks or tearing with forceps (Burgess et al. 
1971; Persson, 1974, Murdoch, 1977, Hicks and 
McClel land, 1980). 

4. T o use plaster in all below-knee 
amputa t ions (Mooney et al. 1971; Murdoch, 
1977, Kane and Pollak, 1980). 

5. To accept longer healing periods in order to 
retain the original level of amputat ion when 
complications occur. This can sometimes be 
achieved by wedge excision of the necrosis 
(Murdoch , 1975), or else the patient can 
temporari ly use an ischial tuberosity bearing 
prosthesis so that he can be mobilized during the 
healing per iod (Marsh et al. 1969). 
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C o n s u m e r c o n c e r n s i n p r o s t h e t i c s 

H . C. C H A D D E R T O N 

The War Amputations of Canada, Ottowa 

Abstract 
Surveys and questionnaires were sent to 3,400 
uppe r limb and lower limb amputees ranging in 
age from 18 to 72. Replies were received from 
2,176 ( 6 4 % ) . T h e major points brought out by 
the survey are presented and discussed. 

Amputee concerns 
Surveys and questionnaires were sent to 3,400 

ampu tees ranging in age from 18 to 72. The 
causes of amputat ion were divided on a 
percentage basis as follows: 

T r a u m a 5 5 % 
Congenital 2 0 % 
Disease 1 5 % 
T u m o u r 10% 

T h e r e was no apparent difference in the 
replies in any group. T h e major concerns of the 
respondents (64% in all) together with some 
qualifying notes follow: 

1. Lack of information. The only contacts 
which the ampu tee has are with the doctor or the 
prosthet is t . T h e amputee appears to be asking 
for an independent source of information (such 
as bulletins by manufacturers and clinics) dealing 
with: 
(a) New prostheses 
(b) Modifications to existing prostheses 
(c) New fitting techniques. 
Note 
Is there any reason why the amputee should not 
regard his prosthesis in the same way as he regards 
other consumer (durable) goods such as 
automobiles? In the latter case the product is 
advertised publicly. 

2. T h e ampu tee often complains of lack of 
knowledge of new prostheses by the medical 
profession. 
Note 
Remedial action could well be the function of 
ISPO, assuming the premise is correct. 

3 . T h e amputee often lacks a source of 
information from other amputees concerning 
ways and means through which he/she could 
learn to live with his/her disability. This concerns 
such m u n d a n e mat ters as the washing of s tump 
socks and the use of soft versus hard-soled shoes. 
Note 
ISPO might be able to produce source material 
which could be distributed by veterans 
organizations, and other groups representing the 
disabled. 

4. A n o t h e r major concern is the lack of 
adapt ive equipment for recreation. 
Note 
The development of facilities for amputee skiers is 
a positive indication that, if the equipment is 
available, the amputee can be encouraged to 
engage in sports. 

5. Relat ionships with the prosthetist. 
Note 
We have carried out in-depth studies of this matter 
in Canada. It may be that the situation does not 
exist elsewhere, although, for the past few years, 
we have been making arrangements to have our 
personnel fitted in the United States, and the same 
situation seems to exist there. The problem seems 
to be that the amputee is more-or-less intimidated 
by the prosthetist. He or she may feel that the 
socket does not fit or that the alignment is wrong 
but is afraid to speak up on the matter. The 
remedy seems to be two-fold. Firstly, prosthetists 
should be encouraged to elicit greater response 
from the amputee; secondly, amputees should be 



encouraged to make their views known during the 
fitting stages. 

6. Weight of prosthesis. The amputee is 
bewildered in this area . Some like to feel a "little 
we igh t" ; o thers have the opinion that a weighty 
prosthesis will tire them easily. 
Note 
Possibly some physiological studies have been 
made and information could be disseminated on 
this subject. 

7. Fee t . O u r surveys indicate that , very often, 
an ampu tee wearing a S A C H foot does not know 
whe the r t he heel insert is soft, medium or hard. 
H e is usually unaware that there are other types 
of feet available. General ly, he takes what is 
given. 
Note 
It would seem that there is room for an optional 
fitting technique in this area so that he or she could 
try various feet and decide which one is most 
compatible with gait, use, etc. 

8. Soft sockets versus hard sockets for below-
k n e e amputees . Canadian amputees from World 
W a r II indicate a decided preference for a soft 
socket . They seem to feel bet ter about a soft 
socket and consider they can tolerate more 
weight with less discomfort. O n the other hand, 
tha t they are very often given no option but have 
t o abide by the preference of either the doctor or 
t h e prosthetist . Replies from other groups 
indicate almost total ignorance on the subject. 

9 . U p p e r extremity amputees . This is 
obviously a neglected group. (Recently the then 
Canad ian Minister of Veterans Affairs, who was 
a double amputee (above-knee and above-
e lbow) , was quest ioned as to why he was wearing 
a formidable leather harness, when suction 
sockets are being fitted quite regularly in Canada 
for above-elbow amputees . H e stated that he 
h a d no information on the subject.) It may seem 
s t range , but our surveys indicated that many 
W o r l d War II above-elbow amputees , who had 
never worn a prosthesis, still have not become 
used t o the loss of cosmesis involved in the empty 
sleeve. 

Note 
An attempt should be made to see that upper limb 
amputees are encouraged to be fitted with 
cosmetic limbs, particularly now that there are 
light designs which do not require extensive 
harnessing. 
10. Myo-electric hands . The replies were 
enthusiast ic , but the amputees lacked 
knowledge . The re is a tendency among the older 
below-elbow amputees to consider that they are 
" t o o o ld" to be fitted with myo-electric hands. 
Note 
Our experience has proved this to be false. 
Moreover, when fitted, there is a decided upward 
swing in morale. 
11. Shoes . Grea t concern was shown for the fact 
tha t it is becoming increasingly difficult for a leg 
ampu tee to purchase stock shoes in view of the 
heel height and difficulty in modifying heels 
which are made on a "one piece construction" 
last. 
Note 
There seems to be a great need to develop a 
prosthetic foot with adjustable heel height. 
12. Controls for above-knee amputees . Wearers 
somet imes found that a heavy leg, particularly 
o n e with swing and stance phase controls, gave 
be t te r function. They question whether the 
addit ional energy required to lift a leg of this 
na tu re during the swing phase outweighs the 
advantages of bet ter function. 
Note 
It would be helpful if the amputee had available 
reference material stating a definite opinion on the 
subject, one way or the other. 
13. Sequelae . T h e surveys indicate that there 
a re decided sequelae to amputat ion including 
advanced arthritic changes in the pair of an 
amputa t ed l imb; lumbar and cervical problems, 
gastric dis turbance, e tc . 
Note 
The question arises as to whether this should be 
treated as a problem arising from amputation 
and, more importantly, could a more comfortable 
fitting eliminate or correct the situation. 
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Department of Orthopaedic Surgery, Lund University Hospital, Sweden 

Abstract 
T h e dimensions and healing of 93 consecutive 
below-knee stumps were studied and based on 
observat ions a s tandard formula of stump 
classification was constructed (and discussed at 
the I S P O Meet ing in Bologna 1980). 

Muscular a t rophy and redistribution of 
o e d e m a caused a m e a n reduction of calculated 
arbitrary s tump volume of about 7 % during the 
first 12 post-operat ive weeks accompanied by a 
change in distal circumferential measurement 
ranging be tween 7 centimetres reduction and 5 
cent imetres increase. 

T h e classification formula was tested in 135 
examinat ions in 86 patients with 96 stumps in 
L u n d . A new proport ional definition of stump 
length was used. Eighty per cent were ordinary 
in length and shape. Ten of 59 were conical 
before o n e year compared to 12 of 42 after more 
than one year following amputat ion. Pain was a 
p rob lem in 2 0 % . Scar problems are common 
early but o ther skin damage increases with t ime. 
Skin problems are separated according to cause, 
i .e. pressure , suction, infection and allergy. O n e 
third of below-knee stumps had unhealed wound 
or damaged skin. Surgical correction was 
indicated in 2 % and prosthetic correction in 7 % . 
Prosthet ic correction seemed to be more often 
needed in below-knee stumps and surgical 
correction in above-knee stumps. 

Int roduct ion 
T h e detai led condition of an amputat ion 

s tump is seldom discussed in l i terature, although 
there is generally an unspoken concept of stumps 
being bad or good ones . The increased number 
of amputa t ions among the elderly with occlusive 
arterial disease increases the need for objective 

evaluation of s tumps because old patients are 
less often well informed themselves. T o 
structurize the basic clinical parameters of 
s tumps we considered the alternative dimensions 
which could be used and created a test for basic 
characteristics. A t the third world meeting of the 
Internat ional Society for Prosthetics and 
Orthot ics in Bologna, October 1980, a special 
R o u n d Table was devoted to such discussions 
with Sydney Fishman, New York, William 
Wagner , Los Angeles , P . A . Isherwood, 
R o e h a m p t o n , S. Goldbranson, San Diego, P . 
Rens t röm, Gothenburg , M. Wall , Uppsala, 
Sweden and the authors . A t this meeting a 
s tandard test form was discussed, modified and 
accepted for use in clinical trials focussing on the 
s tump itself. Funct ion, however, also depends 
on the general condition of the patient and the 
type and condition of the prosthesis and finally 
the fit and training level that has been achieved. 

This paper presents the basic parameters 
s tudied in the preparatory work and the use of 
the s tandard form in a consecutive series of lower 
limb amputees . By this systematic examination 
impor tant qualities of major amputat ion stumps 
should be identified, increasing the possibilities 
of analysing problems and correcting 
malfunction. 

Mater ia l and methods 
In par t one measurements were made 

repeatedly during the first 12 weeks after 
amputa t ion in a consecutive series of 93 below-
knee s tumps. All patients had amputations using 
the sagittal technique (Persson, 1974) at the 
D e p a r t m e n t of Or thopaedic Surgery in Lund. 
They were kept in plaster of Paris for 2 weeks 
and had stitches removed at 3 weeks. The 
measurements were made at 2, 3 , 4, 6 and 12 
weeks after amputat ion recording proximal 
s tump circumference with the knee at 60° 
flexion, distal s tump circumference, and length 



Fig. 1. The clinical standard form used for the measurement and classification of amputation stumps. 



of s tump from distal end of the soft tissues to the 
medial joint space of the knee . Simultaneously 
the healing was recorded. The measurements 
were in tended to describe size, shape and 
a t rophy allowing classification of stumps into 
cylindrical, conical or club-shaped, which 
determines the type of suspension, as well as 
short , ordinary or long, which determines the 
lever a rm of movements . It also allowed 
calculation of volume changes, which 
determines changes of socket fitting. 

In par t two the ISPO standard form was used 
in a consecutive series of 135 stump 
examinat ions at the prosthetic clinic January -
Sep tember 1981 (Fig. 1). During this time 86 
pat ients with 96 stumps were followed. Two 
s tumps were measured four t imes, 5 three times 
and 23 twice. Fifty-eight per cent of the patients 
were males and 85 per cent had been amputated 
within the last five years. The median age was 
72.5 , range 10-94 years. 

Classification was made of general condition, 
indication, level, size, shape, scar, skin, solidity, 
end of s tump , mobility in proximal joint , pain of 
s tump and phan tom pain. The definitions of the 
different classes of the parameters are explained 
in Figure 1 regarding proport ional length, shape, 
scar, skin and mobility. Regarding solidity, end 
of s tump , s tump pain and phan tom pain the 
limits be tween different classes were not defined 
exactly. A g e , sex, side, date of amputat ion and 
da te of examinat ion were recorded and it was 
summarized whether correction was indicated 
technically or surgically. 

Results 
In par t o n e the 93 new below-knee stumps had 

a median length of 16 cm, range 10-25 (Fig. 2, 
t o p ) . T h e proximal circumference of the s tump 
was recalculated to diameter and used as a 
measure of breadth describing the length to 
b read th propor t ion (Fig. 2, bo t tom) . The mean 
quot ien t was 1.7 with the range from 0.9-2.5. In 
this mater ial one s tump was classified as short 
and 10 s tumps as long (Fig. 2, bo t tom) . 

T h e proximal circumferential measurements 
(Fig. 3) showed changes between 2 and 3 weeks 
and 2 and 12 weeks , respectively. Less than 1 cm 
in mean value of reduction occurred from 2 to 3 
weeks and less than 2 cm between 2 and 12 
weeks . Similarly the distal circumferential 
measuremen t s (Fig. 4) showed about 1.5 cm of 
reduc t ion from 2 to 3 weeks, and about 2 0 cm 

be tween 2 and 12 weeks, but in the latter case 
with range from a maximum of 7 cm reduction to 
5 cm increase. The mean quotient between 
proximal and distal circumference was at two 
weeks 1.01 (SD 0.07) and at 12 weeks 1.04 (SD 
0.09) indicating a tendency towards a more 
poin ted s tump. 

T h e length of the s tump should be constant as 
b o n e does not shrink but shrinking soft tissues 
m a y cause reduction and acquired oedema may 
cause increased length. W e found an average 
shor tening of 0.5 cm (Fig. 5). 

Using proximal and distal circumferential 
measurements and the length we arbitrarily 
calculated a volume at 2, 4, 6 and 12 weeks after 

Fig. 2. Top, length of below-knee stumps. Bottom, 
proportional length of below-knee stumps. 



amputa t ion with the s tump considered as a cut 
cone . Figure 6 describes this volume at 2 weeks 
after amputa t ion with a mean value of 1 - 3 litres 
ranging from 0 - 5 - 2 1 litres (SD 0-3). A t 2, 4, 6 
and 12 weeks after amputat ion this calculated 
volume showed a gradual decrease with the most 
significant reduction from 2-4 weeks and with a 
total reduct ion during the first 3 months of about 
7 per cent (Fig. 7) . 

S tumps that were between 1 and 1-5 times 
longer than the breadth had a non significant 
lower propor t ion of unhealed wounds than the 
longer s tumps (Fig. 8) . 

In par t two the result of using the ISPO 
classif ication form showed that some 
classifications are totally dependent upon level. 
Of the lower limb stumps created by joint 

Fig. 3. Top, change of proximal circumference 
between 2 and 3 weeks in below-knee stumps. Bottom, 
change in proximal circumference between 2 and 12 
weeks in below-knee stumps. Dotted cross indicates 

mean value and standard deviation. 

Fig. 4. Top, change in distal circumference between 2 
and 3 weeks in below-knee stumps. Bottom, change in 
distal circumference between 2 and 12 weeks in below-
knee stumps. Dotted cross indicates mean value and 

standard deviation. 

Fig. 5. Change in measured length of below-knee 
stumps between 2 and 12 weeks. Dotted cross 

indicates mean value and standard deviation. 



disarticulation, for instance, all five were long 
and club-shaped with insignificant s tump pain 
and phan tom pain. Only the below-knee level, 
however , contained enough patients to make 
statistical analysis reasonable, 116 of all 135 
measurements were below-knee, 12 in above-
knee and the residual 7 in disarticulations at hip, 
knee and ankle levels. Eighty-two per cent of the 
pat ients had been amputa ted for arterial 
occlusive disease with or without diabetes. 

In the below-knee group the proport ions of 
different characteristics were as follows. Highly 
active walkers 0.20, average 0.58 and less active 
0.35. Ischemia was the indication in 0.89. The 
s tump length was ordinary in 0 .81, short in 0.13 
and long in 0.06. The shape was cylindrical in 
0.80, conical in 0.19 and club-shaped in 0.01. The 
scar was well healed in 0.77 compared to 11 of 12 
in the above-knee group. It was adherent in 0.09 
among below-knee and this proport ion was the 
same in above-knee patients. 

The skin was undamaged in 0.71 of all patients 
wi thout any difference between above and 
below-knee levels (Table 1) but stumps older 
than 3 years had a significantly higher proport ion 
of skin damage (p <0-005). 

Above-knee s tumps were soft in 3 of 12 
compared to 16 of 116 in below-knee and they 
were pointed in 2 of 12 compared to 25 of 110 

Fig. 6. Arbitrary volume of calculated cut cone 
representing below-knee stump volumes. 

Fig. 7. Change in calculated below-knee stump 
volumes between 2 and 12 weeks. Mean values and 

standard deviations. 

Fig. 8. Proportion of unhealed wounds of below-knee 
stumps in three groups of proportional length. 

Table 1. Skin condition among above and below-knee 
stumps. 



below-knee stumps. Mobility was registered as 
normal in 88 o f 116 in the below-knee group and 
23 of 116 had limited extension of at least 10 
degrees . 

The re was no significant difference when the 
material was separated according to sex. Stump 
pain was equally a problem in 0.2 and when 
separa ted according to level, 0.18 of below-knee 
amputees had s tump pain and 0.21 had phantom 
pain. The re was no significant change in stump 
pain or phan tom pain when the material was 
separated into four different time intervals at 6, 
12 and 36 months . 

T h e end of below-knee stumps had a tendency 
to be more pointed with t ime. Ten of 59 (0.17) 
were pointed at less than one year, compared to 
12 of 42 (0.29) after more than one year. 

In summary, correction was found to be 
indicated equally in 7 . 8 % of above and below-
knee s tumps concerning prosthetic changes and 
in 3 compared to 1% concerning surgical 
changes. 

Discussion 
The re are few publications on general 

condit ions of amputa t ion stumps. Stumps are 
left to the or thopaedic technicians to fit and few 
repor ts describe the encountered problems. 
Staros (1963), Hansson (1964), Eriksson (1965), 
Burgess et al. (1971), James and Öberg (1973), 
Murdoch (1975), Grevsten and Stalberg (1975), 
and Baumgar tner and Langlotz (1980) describe 
different aspects of rehabilitation problems. 
Weiss, Fishman and Krausse (1971) made a 
thorough analysis of 100 lower limb amputees 
considering psychological and pain aspects but 
they did not study other parameters like shape, 
solidity, s trength or range of motion. Persson 
and Brunk (1974) found that strength seldom set 
the limit on walking ability. 

Rens t röm (1981) examined 63 below-knee 
amputees and found 18% with phantom pain 
corresponding to the authors ' figure. Among 58 
stumps he found a mean length of 14 cm 
compared to our 16 cm. To the circumferential 
measurements he made on thigh and on middle 
of s tump we have no corresponding 
observat ions. Thirty-six per cent of his stumps 
had wounds or erosions compared to our 14% 
unhealed below-knee stumps and 30% with 
other skin damage. The measurements of 
volume changes due to oedema and muscle 
a t rophy repor ted by Rens t röm using computer 

tomography and ours using a tape do not exactly 
correspond. Rens t röm measured 5 patients 1-12 
mon ths after amputat ion and found a decrease 
of 2 5 % during the first 4 months compared to our 
8 % during the first 12 weeks using tape 
measurements and calculation of volume. The 
circumference of the s tump decreased by 5 % 
during the first 4 months and another 3 % by 12 
months in Rens t röm's material which possibly 
corresponds to our observations. Renst röm, 
however , also took into consideration the 
increase in circumference of the non-amputated 
leg simultaneously being 3 % at 4 months and 6% 
at 12 mon ths . Rens t röm also made another 
interesting observation using dator tomography 
(CT-scanning). The at tenuat ion in Houndsfield 
units was significantly lower in the s tump after 
amputa t ion compared to the non-amputated leg. 
D a t o r tomographic examination of amputat ion 
s tumps showed decreased skeletal and soft tissue 
density also in studies published by Hübner et al. 
(1981). The volume observations made by 
Fishman et al. (1971), Goldbranson et al. (1980) 
and Rens t röm (1981) describe volume 
fluctuations in mature stumps which we have not 
studied in this paper . It seems to be about 5 % in 
many cases and can cause great problems in 
prosthetic fitting. This is illustrated by Goldie 's 
e t al. (1974) liquid pad and Isherwood's (1975) 
adjusting pad . Increased distal s tump 
circumference was seen in active patients who 
had been forced to inactivity by their disease and 
could reinstate their muscle mass by walking 
postoperatively. 

The definition of long and short stumps used in 
this text is new. Earl ier classifications have 
utilized the length of s tump as an absolute 
measure in centimetres. T o consider the 
difference between tall and short stature a 
relative measure has also been used as a 
percentage of the unamputa ted side. Some 
pat ients , however, have relatively fat limbs and a 
certain relative length compared to the 
unampu ta t ed side does not explain the problems 
with fitting a socket. Therefore , a proportional 
measure considering the diameter of the s tump 
has been used by us. For this the proximal 
b read th of the s tump has been noted. This 
measure is much easier appreciated than a 
measurement of circumference and is very 
quick ly est imated (Fig. 1). This pragmatic 
me thod of differentiation of stumps into short , 
long and ordinary is easy in practical clinical 



JUDGEMENT. STUMPS SHORTER THAN THE BREADTH ARE 

FELT TO BE SHORT AND THOSE LONGER THAN TWICE THE 

BREADTH ARE FELT TO BE LONG. THIS IMPRESSION OF 

LENGTH IS THE SAME WHETHER IT IS A BELOW-KNEE OR 

AN ABOVE-KNEE AMPUTEE AND PROBABLY ABOUT THE 

SAME ALSO ON THE UPPER EXTREMITY. 

IN THE CLINICAL STANDARD OF MEASUREMENT AND 

CLASSIFICATION THE CONDITION OF THE SCAR HAS BEEN 

SEPARATED FROM THE CONDITION OF THE SKIN. IT WAS 

FELT THAT THE HEALING OF THE AMPUTATION WOUND 

COULD BE SIMPLY CLASSIFIED AS healed, unhealed or 
adherent, WHICH IS A RESULT OF SECONDARY HEALING 

WHEN SKIN ADHERES TO BONE. IF UNHEALED THE 

LENGTH AND BREADTH OF THE DEFECT SHOULD BE NOTED 

TO FOLLOW THE HEALING. THE SKIN OF THE STUMP 

OTHERWISE IS EITHER UNDAMAGED OR DAMAGED BY 

MECHANICAL FACTORS LIKE PRESSURE OR SHEAR 

IMPOSED BY THE SOCKET. THIS IS LISTED SEPARATELY 

FROM SUCTION DISCOLORATION TO CHRONIC VERRUCOUS 

HYPERPLASIA. MECHANICAL OR HYDRAULIC EFFECTS 

MENTIONED CAN BE SEPARATED FROM SKIN DAMAGE 

WHERE INFECTION CONTRIBUTES AS IN FOLLICULITIS AND 

INFECTED ULCERS. IF PRESSURE, SUCTION OR INFECTION 

IS NOT THE CAUSATIVE AGENT OF DAMAGE IT MIGHT BE 

HYPERSENSITIVITY REACTIONS TO MATERIALS SIMPLY 

LABELLED ECZEMA. THESE DIFFERENT CATEGORIES OF 

SKIN LESIONS OF STUMPS HAVE BEEN ESPECIALLY DEALT 

WITH BY LEVY ( 1 9 8 0 ) . W E FOUND THAT SCAR 

PROBLEMS WERE COMMON DURING THE EARLY PERIOD 

AND THE OTHER SKIN PROBLEMS INCREASED WITH TIME 

(TABLE 1 ) . 

MOST ASPECTS FOUND ON INSPECTION AND 

PALPATION HAVE BEEN TAKEN INTO CONSIDERATION 

AND SIMPLIFIED. O N E PARAMETER HAS BEEN 

OMITTED. THAT IS STRENGTH. MUSCULAR ATROPHY, 

SHORTNESS OF LEVER ARMS, SOFTNESS OF STUMPS AND 

PAIN ALTOGETHER MAKE IT DIFFICULT TO RECORD 

STRENGTH OF STUMPS, AND IT IS OUR BELIEF THAT 

STRENGTH IS OF LITTLE IMPORTANCE IN WALKING. 

THIS STUDY HAS NOT INCLUDED THE PATIENT WITH A 

PROSTHESIS. JUDGED BY THE STUMP A PROSTHETIC 

CORRECTION WAS CONSIDERED TO BE INDICATED IN 7 

PER CENT AND A SURGICAL CORRECTION IN 2 PER CENT. 

SURGICAL CORRECTION WAS MORE OFTEN INDICATED IN 

ABOVE-KNEE STUMPS AND PROSTHETIC CORRECTION 

MORE OFTEN IN BELOW-KNEE STUMPS. IN 3 9 PER CENT 

SPECIAL ABERRATIONS HAD BEEN NOTED SIGNIFYING 

THAT ALL WAS NOT WELL. IMPORTANT PARAMETERS 

INFLUENCE SELECTION OF SOCKET OR TYPE OF 

SUSPENSION, COMPONENTS, ALIGNMENT AND TRAINING 

OF A PATIENT. THESE SIMPLE CRITERIA OF ORDINARY 

AND SPECIAL STUMPS AND THE SYSTEMATIC SEPARATION 

OF SKIN PROBLEMS IS HELPFUL IN FINDING A CURE. 

ACKNOWLEDGEMENTS 

THE AUTHORS WISH TO THANK LANDSTINGETS 

INKÖPSCENTRAL AND MALMÖHUS LÄNS LANDSTING FOR 

FINANCIAL SUPPORT. 

REFERENCES 

B A U M G A R T N E R , R . , L A N G L O T Z , M . (1980) . Amputee 
stump radiology. Prosthet. Orthot. Int., 4 , 9 7 - 1 0 0 . 

B U R G E S S , E . M . , R O M A N O , R. L. , Z E T T L , J. H . . 
S C H R Ö C K , R. B . ( 1 9 7 1 ) . Amputations of the leg for 
peripheral vascular insufficiency. J. Bone Joint 
Surg., 5 3 - A , 8 7 4 - 8 8 9 . 

E R I K S S O N , U. ( 1965) . Circulation in traumatic 
amputation stumps: an angiographical and 
Physiological investigation. Acta Radiol. Suppl., 

F I S H M A N , S. , B E R G H O L T Z , S. G . , D O L A N , C. M . E . 
(1971 ) . Stump-socket models study. New York 
University Post-Graduate Medical School, 
Prosthetics and Orthotics, New York. 

G O L B R A N S O N , S., K O S T A , C , W E B E R , E., W I R T A , R . 
( 1 9 8 0 ) . A preliminary study of volume changes in 
post-operative below-knee amputation stumps. In: 
Abstracts of the ISPO 3rd World Congress, Bologna, 
58 . 

G O L D I E , I . , E E G - O L O F S S O N , T., R E N S T R Ö M , P., 
E L I A S S O N , T. ( 1 9 7 6 ) . A new leg-prosthesis socket, 
(letter) Lancet, 1 , 1 2 2 4 . 

G R E V S T E N , S., S T A L B E R G , E. (1975) . 
Electromyographic study of muscular activity in the 
amputation stump while walking with PTB and 
PTB-suction prosthesis. Upsala Journal of Medical 
Science, 8 0 , 1 0 3 - 1 1 2 . 

H A N S S O N , J. ( 1964 ) . The leg amputee. Acta Orthop. 
Scand. Suppl., 69 . 

H Ü B N E R , K . H . , A H L E M A N N , L . M . , W E I S E , K. (1981) . 
Computer-tomographische Untersuchungen an 
Beinamputierten. Z . Orthop., 1 1 9 , 3 3 6 - 3 3 9 . 

I S H E R W O O D , P . A., R O B E R T S O N , J. C , Rossi, A. 
( 1 9 7 5 ) . Pressure measurements beneath below-
knee amputation stump bandages: elastic 
bandaging, the Puddifoot dressing and a pneumatic 
bandaging technique compared. Br. J. Surg., 6 2 , 
9 8 2 - 9 8 6 . 

J A M E S , U. , Ö B E R G , K. ( 1973) . Prosthetic gait pattern in 
unilateral above-knee amputees. Scana. J. Rehabili. 
Med., 5 , 3 5 - 5 0 . 

L E V Y , S . W . (1980 ) . Skin problems of the leg amputee. 
Prosthet. Orthot. Int., 4 , 3 7 - 4 4 . 

M U R D O C H , G. ( 1975 ) . Research and development 
within surgical amputee management. Acta Orthop. 
Scand., 4 6 , 5 2 6 - 5 4 7 . 

P E R S S O N , B. M. ( 1974 ) . Sagittal incision for below-
knee amputation in ischaemic gangrene. J. Bone 
Joint Surg., 6 5 B , 1 1 0 - 1 1 4 . 



P E R S S O N , B . M., B R U N K , B . (1974) . Rehabilitation of 
lower limb amputees in Sweden. In: Proceedings of 
the World Conference for Physical Therapy, 
Montreal, 3 7 6 - 3 8 1 . 

R E N S I R O M , P. (1981) . The below-knee amputee: a 
clinical study and experimental investigation on the 
circulation, muscle atrophy and strength of the 
amputated leg. Thesis, Gothenburg, Sweden. 

S T A R O S , A . ( 1 9 6 3 ) . Dynamic alignment of artificial legs 
with the adjustable coupling. Artif. Limbs, 7 (1) , 
3 1 - 4 3 . 

W E I S S , S. A . . F I S H M A N , S., K R A U S E , F. (1971) . A 
psychological test battery for predicting success in prosthetic rehabilitation. New York University, 

New York Medical Center, New York. 



S t r u c t u r a l m a t r i c e s f o r u s e i n r e h a b i l i t a t i o n 

D . G. C O O P E R , J. F O O R T and R. E . H A N N A H 

Medical Engineering Resource Unit, University of British Columbia 

Abst rac t 
Progress is repor ted on the development and 
applicat ion of structural matrices in 
rehabil i ta t ion. The development of a stronger 
and m o r e adjustable matrix than was previously 
r epor t ed is detai led, together with the principles 
necessary to achieve this. Application of this new 
matr ix to adult seating is described. The 
emergence of programmable beams and the 
n e e d for containment matrices are also 
d o c u m e n t e d and the advantages of these 
approaches to a variety of problems in 
rehabil i tat ion are given. 

In t roduct ion 
O n e of the fundamental problems in designing 

devices for the disabled is that of providing a 
s t rong and lightweight yet adjustable structure. 
This p rob lem is common to the design of a 
variety of devices ranging from seats to spinal 
or thoses . A diversity of materials are currently 
employed to build these structures, such as 
thermoplast ics for spinal body jackets , plaster of 
Paris for limb fracture management and 
thermoset t ing plastics for seating the cerebral 
palsied child. These materials perform 
satisfactorily in their various configurations but 
often the need for adjustability is frustrated. The 
need for strength is not adequately met by 
thermoplast ics unless the structure can be 
formed into an integrally strong shape. 

The design of a universal structure, or 
structural matr ix, was therefore considered 
necessary. A matrix in this context is defined as 
an array of small components that can be linked, 

shaped and locked to form a strong enclosing or 
support ing s t ructure. This matrix would have a 
wide range of rigidities and be adjustable both in 
stiffness and in shape. The adjustability of the 
s t ructure was considered to be the most 
impor tan t feature, as this would allow the 
s t ructure to be used in such diverse applications 
as seating of the cerebral palsied child, where 
changes in shape of the seat are needed as the 
child grows; or in fracture management , where 
the rigidity of the orthosis should be changed as 
the fracture heals. Early at tempts at a solution to 
this design problem have been reported (Foort et 
al. 1978) and since that time considerable 
progress has been made . The purpose of this 
r epor t , therefore , is to demonstrate this 
progress , to illustrate the current clinical 
applications and to outline the problems 
remaining. 

Progress 
T h e first structural matrix to find useful clinical 

application was repor ted as a shapeable matrix 
for use as a seat for disabled children (Cousins et 
al. 1979). The latest version of this seat, as shown 
in Figure 1 (left), is a major advance over 

Fig. 1. Left, the shapeable matrix used by Cousins for 
child seating. Right, prototype of the node and beam 

structure. 



convent ional seating systems as it permits fine 
adjus tment to meet the critical shapes needed to 
effectively seat and control the cerebral palsied 
child. T h e limitations of this system are that , 
because it is constructed as a matrix of fixed 
increments , it can only be easily contoured to 
cylindrical-conical shapes. A second 
disadvantage is that the locking force of the 
mat r ix , that is the tension in the wires, is opposed 
by the loading forces. These opposing forces act 
a long the neutral axis of the structure, that is 
a long the wires themselves, and so very high 
friction is needed at the nodes to give a secure 
lock. 

It was felt that the ability of a matrix to form 
a r o u n d spherical and complex anatomical shapes 
was requi red ; and secondly, any loading forces 
applied to the matrix should aid in locking the 
matr ix . Design efforts continue. 

A n impor tant improvement was the use of the 
I -beam principle, where the structural beams are 
separa ted as far as possible away from the 
neut ra l axis. This is shown in Figure 1 (right), 
whe re two rods are separated by nodes. The 
locking of the rods occurs at the top and bottom 
of the nodes , that is well away from the neutral 
axis. Loading of this system puts one beam in 
tension and the o ther beam in compression. A 
s t rong s tructure with positive locking was 
therefore possible. This concept was also very 

attractive as the nodes could be positioned and 
locked at any point along the beam, so giving 
cont inuous ra ther than incremental adjustment. 
T h e nodes could be inserted and removed to vary 
the strength of the beam and variability of link 
length at the nodes gave a structure that could 
encompass complex shapes. 

This design process resulted in a structure that 
overcame the strength and adjustability 
p rob lems of the first matrix; this new structure 
has been n a m e d Node-and-Beam. Examples are 
given in Figure 2 of different early versions of this 
approach and full-scale models of a lower limb 
suppor t (Fig. 3 , left) a seat (Fig. 3 , right) and a 
spinal orthosis (Fig. 4) are shown to demonstrate 
the versatility of the s tructure. 

Fig. 2. Early node and beam matrices. 

Fig. 3. The node and beam matrix, left, encasing the 
lower limb and, right, as a seat. 

Fig. 4. The node and beam matrix as a spinal orthosis. 



However , speedy and secure locking of the 
beams at the nodes remained a major design 
prob lem. Simplification of the locking procedure 
was achieved through the use of a single screw 
that gripped all four beams as they crossed at a 
n o d e . A n example of this is shown in Figure 4. 
This system still necessitated the unlocking of 
many nodes to achieve a change in the shape of 
the s tructure as the beams were continuous. It 
was felt that the use of short beams, reaching 
from node to node , would give greater local 
adjustability of the matrix. This was first 
model led as a system where the node 
"swal lowed" the beams of the next node , as 
shown in Figure 5. This arrangement did give 
greater adjustability and was incorporated into 
the original I-beam design to increase its 
s t rength. Incremental lock points set along the 
beam aid in the locking. The resulting structure 
is illustrated in Figure 6. A clip-on surfacing 
e lement was added and the structure is currently 
being pu t to clinical use as a seat for the severely 
disabled adult . 

Discussion 
Parallel developments of matrices for use in 

seating have been taking place at a sister unit, the 
Bioengineering Centre of University College 
L o n d o n . T h e latest seat design emerging from 
this centre has been repor ted by Cousins (1981), 
w h o was an original member of the M E R U team 
engaged in formulating the shapeable matrix 
concept in 1975. It is expected that many new 
applications will emerge from the concept of 
structural matrices and certain directions for 
improvement are already apparent . 

The re is a need , for example, for node and 
b e a m systems of different sizes to accommodate 
differing problems. The structure illustrated in 
Figure 6, currently being applied to adult 
seat ing, represents one of the most demanding 
applications of a structural matrix in 
rehabil i tat ion. Smaller and more adjustable 
versions are needed for children and for orthoses 
to be worn on the body. O n e of our early 
objectives was to develop a replacement for 
plaster of Paris for many orthotic applications. It 
is possible however , that the structural and 
conta inment functions will have to be separated 
to achieve a finely tuneable matrix. This will 
m e a n the development of a distinct containment 
matr ix that is compatible with the supporting 
structural matr ix. Conta inment matrices will find 
application in non-weightbearing situations such 
as upper extremity orthoses, or in conjunction 
with structural matrices for more demanding 
applications. 

Fur the r refinements will include the use of 
different surfacing elements under different 
loading condit ions; and the use of insertable 
modules for various functions such as load 
measurement , surface mobility feedback and 
a t tachment of additional structures. Examples of 
the lat ter would be the interfacing of the halo 

Fig. 5. A single layer of node and beam that 
"swallows" its neighbour. 

Fig. 6. The latest node and beam matrix assembled as a 
seat. 



appara tus with a body jacket and the addition of 
hinges to femoral fracture orthoses. 

T h e development of structural matrices has 
led to the introduction of programmable beams 
(Dewar , 1979) that can be shaped, or 
p rog rammed . A n example of a common 
p rogrammable beam is that of the laminated 
wood b e a m used in architecture. This structure 
can be shaped to position and then bonded to the 
fixed shape . Beams constructed in such a manner 
will find ready application as side irons for lower 
l imb or thoses or as strengthening members for 
spinal or thoses . Adjustable programmable 
b e a m s have been developed by the M E R U team 
and these present exciting opportunit ies for a 
diversity of applications. A time lapse 
pho tog raph of a programmable beam in motion 
is shown in Figure 7. These beams consist of 
n o d e s spaced along flexible plastic rods . Pushing 
o r pulling the ends of the rods will shape the 
b e a m . Hinging through various degrees of 
f reedom can be obtained by crossing over the 
r o d s , and selective mobility can be achieved by 
locking the beams at intermediate nodes. 
Appl ica t ion of mobile programmable beams will 
be found as feeder/manipulator arms and as 
joysticks for wheelchair control . 

It is felt that the use of adjustable structural 
matr ices and rigid, flexible or mobile beams in 
rehabil i tat ion will have the effect of reducing 
costs and speeding provision time of orthoses 
a n d o ther devices. This will be possible because 
the matr ix approach takes advantage of mass-
produc t ion techniques for producing the 
s tandard components . These can then be 
assembled with no special tools or facilities. The 

frequency of pat ient visits may be reduced, as 
changes to the shape and strength of the orthosis 
can b e m a d e while the pat ient waits. The comfort 
of the pat ient will be increased by the provision 
of lightweight and cool structures that conform 
and respond to their needs . 

Fig. 7. Time lapse photograph of a programmable 
beam in motion. 
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Abstract 
This study repor ts on 3,000 cases of poliomyelitis 
seen at the Rehabil i tat ion and Artificial Limb 
Cen t r e at Lucknow between January 1976 and 
D e c e m b e r 1980. 

Factors such as age and sex incidence, 
extremity involvement, incidence of deformities 
at h ip , knee and ankle , lower limb discrepancy, 
t r ea tmen t and orthoses prescribed are discussed. 

In t roduct ion 
Poliomyelitis is still endemic in India and on 

average poliomyelitis may be seen in 15-20% of 
the cases in the outpat ient clinics of any 
paediatr ic or or thopaedic hospital. These 
pa t ients , if not given proper care, develop 
various deformities and contractures which 
further delay their rehabilitation programme. 
Those deformities are directly proportional to 
the amoun t of disability and this depends upon 
the site and extent of the involvement, but there 
is no definite da ta to indicate the patterns of 
distr ibution of paralysis due to poliomyelitis. 
Thus this clinical study was under taken in 
re t rospect to determine the magnitude of the 
p rob lem and with the aim of deciding the early 
rehabil i tat ion programme for such cases. 

Methodology 
All the cases of poliomyelitis who reported for 

t r ea tment in the outpat ient clinic of the 
Rehabi l i ta t ion and Artificial Limb Centre , 
Lucknow, from January 1976 until December 
1980, have been studied. Each case was assessed 
by a t eam of medical and paramedical staff. The 
paramedical team consisted of a medical social 

worker , an occupational or physiotherapist, an 
orthotist and a vocational counsellor. The cases 
with severe contractures and deformities, in 
w h o m corrections could not be achieved in spite 
of conservative t rea tment , were subjected to 
surgery and were later fitted with suitable 
or thoses . Pat ients with involvement of all four 
extremities and spine posed a special challenge 
for the whole rehabilitation team. 

Discussion 
Dur ing the last 5 years, 20,200 new cases were 

seen in the outpat ient clinic of the Rehabilitation 
and Artificial Limb Cent re , Lucknow. Of these, 
3,000 cases (14.8%) were of poliomyelitis. A 
steady increase in the at tendance of polio cases 
was noted (Table 1) which may be due to the 
increased incidence of poliomyelitis (Arora et al. 
1978; Basu , 1981; Pandey, et al. 1979; John , 
1981) or to increased awareness of facilities 
available for management of the condition. 

T h e involvement of males was found to be 
greater than females in the ratio of 1.3:1 ; most of 
the pat ients were children mainly in the age 
g roup 1-3 years (Ajao and Oyemade , 1981; 
K u m a r and A r u n , ) . Although the majority 
of cases, 50 -5% (1,510 cases), were less than 3 
years of age, many older patients also reported 
for t r ea tment , 17.7% (531 cases) were over 9 
years of age (Table 2) . 

Table 1. Incidence of poliomyelitis 



Most of the cases in the acute stage or in the 
early stage of poliomyelitis did not at tend the 
specialized clinics due to ignorance and other 
socio-economic factors. Those who come some 
dis tance for t rea tment usually report at first to 
genera l practi t ioners or paediatric or 
o r thopaed ic clinics. Thus t reatment in the 
specialized centres is usually given in the later 
s tages , ei ther in the convalescent or residual 
s tage. In the present study, 4 8 % (1,440) cases 
were in the convalescent phase and 4 1 . 3 % 
(1,210) were in the residual stage. Thus it 
becomes more difficult to plan the future 
rehabil i tat ion programme in such cases. As far as 
rura l and u rban populat ion is concerned there 
was not much appreciable difference in the 
incidence in this series. 

M o r e than half of the total cases (50.7%) had 
no t t aken any t rea tment prior to their first 
a t t endance (Table 3) at the Rehabili tation and 
Artificial L imb Cent re , Lucknow and the others 
had under taken various types of conservative or 
surgical t rea tment . A large number of these 
cases have no access to proper facilities and a 
good referral system is not available. A long term 
rehabil i tat ion programme for such patients 
should be m a p p e d out for individual cases and 
emphas is should be placed on regular follow-up 
managemen t . This will really help in preventing 
the recurrence of deformities and contractures. 

It was observed that the lower limbs were 
m o r e often affected (95.2%) than the upper 
l imbs and , in addit ion, the paravertebral muscles 

were also involved at times along with the lower 
l imb (Table 4) . Many workers in the study of 
poliomyelitis have repor ted affection of lower 
l imbs varying between 85 and 9 0 % , (Ajao and 
O y e m a d e , 1981; Kumar and Arun ; Punatar and 
Pa te l , 1977; Sachdeva and Gup ta , 1972). 

In further evaluation of the upper limb, 55 
cases (19 .5%) had completely flail upper limbs 
and 38 cases (13.5%) had partial involvement 
(Table 5 ) . In the rest of the cases either the 
shoulder or wrist and hand were flail. In 
unilateral upper limb involvement, satisfactory 
readjus tment occurs due to the normal upper 
l imb and the person is more or less independent 
in his activities of daily life and can perform 
sedentary types of work. With the limited 
resources and manpower available it is not 
feasible to under take long term planning and 
follow-up of these cases. Even after surgical 
in tervent ion results are not very encouraging in 
such cases. 

A detai led evaluation of lower limb 
involvement revealed that more than half of 
these cases had mild to severe deformities on 
their first a t tendance (Tables 6, 7 and 8). This is a 

Table 2. Age and sex incidence 

Table 3. Treatment received before attendance 

Table 4. Extremity involvement 

Table 5. Upper limb—clinical presentation 



significant observat ion which reflects not only 
the heal th care delivery system, but shows lack of 
p r o p e r guidance, apathy and other socio
economic problems. The majority of these cases 
p resen ted themselves crawling or in some other 
badly deformed posture due to the severe soft 
tissue and bony involvement and malposition 
( A j a o and Oyemade , 1981; Cross, 1977; 
H u c k s t e p , 1975). 

O t h e r studies have shown a greater variation 
in the deformities (Sachdeva and Gup ta , 1972). 
T h e present study reveals various combinations 
of deformities. Deformities around the ankle 
(1,710 cases) ou tnumbered those of hip (614 
cases) and knee (608 cases). Equinus deformity 
(681 cases) was the most common ankle problem 
followed by valgus and varus deformities (Table 
6) . Surprisingly, weakness of the plantarflexors 
was seen only in 121 cases leading to calcaneus 
deformity. A r o u n d the hip the commonest 
deformity was flexion, abduction and external 
ro ta t ion (546 cases); subluxation or dislocation 
was found in only 21 cases (Table 7) . The pattern 
of deformities around the knee is shown in Table 
8, the most common being hamstring 
cont rac tures , found in 259 cases, followed by 
genu recurvatum (174 cases) and genu valgum 
(158 cases). 

Lower limb discrepancy in the form of 
shor tening was observed in 460 cases out of 
which 262 cases had shortening of more than 1/2" 
(12.5 m m ) (Table 9) . O n e case had shortening of 
6" (150 m m ) . 

Initially all these cases were subjected to 
different regimes of occupational and 
physiotherapy for their comprehensive 
managemen t . They were provided with proper 
t r ea tmen t to support or prevent deformities 
during their conservative management (Table 
10). O u t of 3,000 cases, 2,210 were prescribed an 
orthosis or special footwear along with 
conservative management ; 404 cases required 
some surgical procedure prior to fitting an 
orthosis . It should be ment ioned here that due to 
socio-economic and cultural constraints every 
pat ient was unable to under take the t reatment as 
prescr ibed and there were many dropout cases. 
However , 2,210 appliances for proper 

Table 6. Incidence of ankle deformities 

Table 7. Incidence of hip deformities 

Table 8. Incidence of knee deformities 

Table 9. Lower limb shortening 

Table 10. Treatment prescribed 



ambula t ion of these cases have been fitted, the 
most common being K A and A F orthoses 
followed by surgical footwear and bilateral H K A 
or thoses (Table 11). 

S u m m a r y and conclusions 
A retrospective clinical study of 3,000 cases of 

post polio infantile paralysis was carried out at 
the Rehabil i tat ion and Artificial Limb Centre , 
Lucknow with an incidence of 14 .8%. 

T h e prevalence of poliomyelitis has shown a 
t rend to increase. The greatest number of cases 
r epor ted were found in the 1-3 years age range 
(39 .3%) 

Males were more common than females, 
however this difference was in proport ion to the 
general sex rat io of the populat ion at large. The 
study reveals a greater number of attendances 
dur ing the later stages of poliomyelitis. 

N o appreciable difference was noticed 
be tween the incidence in rural and urban 
popula t ion. 

Affection of the lower limb was the greater 
compared to the upper limb. Nearly half of the 
cases had not received any treatment prior to 
a t tending the outpat ient depar tment at the 
Rehabi l i ta t ion and Artificial Limb Centre . 

T o conclude, it is strongly suggested that an 
adequa t e inoculation campaign against polio, 
early detect ion and proper t reatment of the cases 
will decrease the incidence of poliomyelitis and 
reduce the morbidity. Fur ther , the opening of 
specialised centres , as recommended by Agarwal 
and Goe l , (1978), on a three tier system is a 
necessity in the present circumstances. In the 
light of the experience gained over the past 5 
years in rural camps, unless and until medical 

and rehabilitative facilities are provided at the 
doors teps of the patients , no great advance can 
b e achieved. 

Table 11. Supply of orthoses 
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A c o m p a r i s o n o f t h e S A C H a n d s i n g l e a x i s f o o t i n t h e g a i t 
o f u n i l a t e r a l b e l o w - k n e e a m p u t e e s 

N . E . D O A N E and L. E . H O L T 

Faculty of Health Professions, Dalhousie University, Halifax, Nova Scotia 

Abst rac t 
T h e gait pat terns of unilateral below-knee 
ampu tees wearing prostheses with either a 
S A C H foot or a single axis foot were compared. 
A temporary below-knee prosthesis was 
fabricated for each subject using plaster of Paris 
and Plastazote for the socket, a pylon and an 
artificial foot. Eight subjects were filmed at two 
separa te sessions, one in which the S A C H foot 
was worn on their prosthesis and one with the 
single axis foot on their prosthesis. 

Measuremen t s of the normal leg with a S A C H 
foot on the prosthetic limb were compared to 
measuremen t s of the normal leg with a single axis 
foot on the prosthesis. Measurements of the 
prosthet ic leg with both devices were also 
compared . A one tailed t test ( p < . 0 5 ) was used 
to de te rmine statistical significance of the results 
ob ta ined in six measurements of lower limb joint 
angles and on the percentage of the time of gait 
cycle for stance and swing phase of the prosthetic 
leg. 

Discussion centres on the interpretation of the 
results from bo th statistical and clinical points of 
view. Major differences (excepting the ankle at 
foot-flat) be tween the prosthetic devices were 
no t found. 

In t roduct ion 
T h e two artificial feet used in this study were 

the single axis foot and the S A C H (solid ankle 
cushion heel) foot. These devices seem to be the 
most commonly used at present . Throughout the 
1970's the S A C H foot was the artificial foot of 
choice in Nor th America when fitting the 
majori ty of below-knee amputees (Fishman, et 

al. 1975). However , the single axis foot, which 
was first used during World W a r 1, appeared to 
be capable of more closely simulating human 
gait , due to the dorsiflexion and plantarflexion 
movemen t of the device. 

T h e choice of prosthetic foot is important to 
the ampu tee and to the amputee clinic team 
prescribing the prosthesis. According to 
Statistics Canada , there were 1,198 below-knee 
amputa t ions performed in Canada in 1974. 
Pat ients in the 55 to 67 age group are usually 
amputa t ed for peripheral vascular disease which 
accounts for 80 per cent of the total number of 
amputa t ions (Hunte r and Waddel l , 1976). 

Breakey (1976) observed the effect of lost 
ankle movement on the gait of below-knee 
amputees by comparing the gait of five normal 
subjects to the gait of five unilateral below-knee 
amputees . These amputees were wearing a 
patellar t endon bearing prosthesis with a S A C H 
foot. Breakey (1976) suggested that the lost 
ankle movemen t affects the knee movement and 
foot t iming. H e stated that knee flexion was 
decreased to 7 degrees from a normal value of 17 
degrees during the stance phase , decreased to 30 
degrees from a normal value of 37 to 43 degrees 
dur ing toe-off and decreased to 57 degrees from 
a normal value of 61 to 68 degrees during the 
swing phase of gait. 

Stance phase occurred for 5 7 % of the time of 
t he gait cycle for the involved limb and 6 3 % for 
the uninvolved limb in Breakey's amputee 
subjects. 

Robinson et al. (1977) tested 19 unilateral 
be low-knee amputees , mean age 43 , wearing a 
S A C H foot on their patellar tendon bearing 
prosthesis . They observed a mean stride length 
of T 3 2 me t res , a mean step length from 
uninvolved to involved limb of 0.68 metres , and 
a mean step length from involved to uninvolved 



of 0.63 metres . A n increased amount of time 
spent on the uninvolved limb compared to the 
involved limb contributes to an increase in stance 
phase . The mean walking velocity of these 
subjects was 1.07 m/s . 

Subjects 
Eight males were selected according to the 

following criteria: unilateral below-knee 
ampu tees wearing a patellar tendon bearing 
prosthesis with cuff suspension. These subjects 
were be tween the ages of 55 and 67, in good 
general heal th and had no skin problems with 
their s tump. 

Methodology 
E a c h ampu tee was fitted with a temporary 

prosthesis to accommodate the interchange of 
prosthet ic feet. The temporary prosthesis 
consisted of a plaster socket lined with 
Plas tazote , cuff suspension, a pylon and 
prosthet ic foot. The socket was fabricated and 
aligned on the pylon and foot following the same 
principles as a permanent patellar tendon 
bear ing prosthesis. 

T h e selection of the first prosthetic foot to be 
measured was made according to the availability 
of the prosthetic feet. The subjects were tested 
two days after fitting of a prosthetic foot if the 
foot was the same design as the one on their 
pe rmanen t prosthesis. A time lapse of one week 
was allowed if the prosthetic foot was not the 
same design as the one worn on their permanent 
prosthesis . The first prosthetic foot was changed 
after the filming was completed. The second foot 
was aligned on the prosthesis and the subject 
given a da te for the second filming. 

Da ta collection 
A distance of approximately six metres (on 

level ground) was used as a walking zone 
allowing the subjects to complete three gait 
cycles. The subjects were filmed simultaneously 
from lateral and frontal perspectives. The 
anter ior view (Bolex camera, 64FPS) was used to 
check knee angle measurements (varus, valgus), 
lateral deviation of the trunk and shoulder 
elevat ion. The subjects were filmed twice with 
the normal (non-amputa ted leg) closest to the 
side camera (Locam camera, 86FPS) and twice 
with the prosthetic leg closest to the camera. 

A o n e foot measurement board was filmed in 
the centre of the walkway and used to convert 
digitized co-ordinates. The processed film was 
projec ted on to a digitizing tablet by a stop action 
projector . The nineteen body parts necessary for 
the compute r to calculate the centre of mass 
were digitized and recorded on paper tape for 
each subject at heel-strike and every fifth frame 
following until the gait cycle for the leg was 
comple ted . The nineteen body parts in 
sequence , were the head , s ternum, crotch, right 
shoulder , e lbow, wrist and hand, left shoulder, 
e lbow, wrist and hand , right hip, knee , ankle and 
foot and left hip, knee , ankle and foot. The 
pape r tape was fed into a computer terminal and 
da ta points stored on a magnetic disc. Key punch 
cards were used to obtain the program output 
from the computer which included the path of 
the centre of mass for each subject. 

T h e measurements obtained in this study to 
compare the gait of the amputee subjects were as 
follows: 

1. T h e vertical displacement and velocity of 
the centre of mass of each subject on each 
trial were obtained from the computer 
pr intout . 

2. T h e lower limb joint angles were measured 
by projecting the lateral view films on to a 
wall using a stop action projector. The 
selected angles of the hip, knee and ankle 
were measured using a goniometer. The 
joint angles for heel-strike were measured 
as the heel came in contact with the floor 
following swing phase. Foot-flat was 
measured as soon as the entire foot came in 
contact with the floor. As the hip moved 
directly over the foot, angle measurements 
for mid-stance were taken. The angle 
measurements for heel-off, as the heel left 
the ground and toe-off, as the toe left the 
ground completed the stance phase 
measurements . 

Dur ing swing phase the angle 
measurements were taken as the knee 
passed directly under the hip for 
acceleration, as the foot passed directly 
under the hip for mid-swing and as the knee 
ceased to extend for deceleration. 

3 . The percentage of time of gait cycle of 
stance phase, swing phase and double 
suppor t phase and the time of the gait cycle 
were calculated using the number of fames 
and the frame rate of the film. 



4. Step length and stride length were obtained 
using the digitizing tablet and the projected 
film. 

Results 
T h e measurements obtained when the 

subjects were wearing a single axis foot on their 
prosthesis were compared to those obtained 
w h e n they were wearing a S A C H foot on their 
prosthesis . A paired t-test was used to determine 
whe the r the two means were significantly 
different. A probability level of 0.5 was selected 
for a 1-tailed t test. T h e degrees of freedom for all 
compar isons was seven. Statistical significance 
was obta ined in six comparisons of lower limb 
jo in t angles and the percentage of the time of gait 
cycle for s tance and swing phase of the prosthetic 
leg (Table 1). The m e a n velocity of the body's 
cen t re of mass for bo th the S A C H foot and the 
single axis foot measurements was 1.22 m/s . The 
difference in velocity comparing the subjects 
S A C H foot gait and single axis gait was no 
grea te r than 0.2 m/s . (Table 2) . 

Discussion 
Al though statistical significance was obtained 

in six comparisons , only one variable was felt to 
have any clinical significance. The determination 
of clinical significance was based on research by 
Mur ray (1967) on 30 subjects which identified 
o n e s tandard deviation of ankle angle 
measuremen t s to be approximately 7°, knee 

angle to be 5° and hip angle to be 11° at an 
average walking speed of 1.39 m/s. In this study 
the ankle angle at foot-flat of the prosthetic leg 
measuremen t s showed a difference of 6.5° 
be tween the single axis foot and the S A C H foot 
measurements . T h e design of the single axis 
foot permits a greater range of plantarflexion 
a n d dorsiflexion around a transverse ankle axis 
with the range limited by posterior and anterior 
rubbe r bumper s . The S A C H foot permits a 
l imited range of plantarflexion through the 
compression of the posterior rubber heel insert. 
T h e remaining statistically significant lower limb 
jo in t angles were not considered clinically 
significant since a measurement difference of 4° 
or less was obta ined. 

T h e percentage of t ime of gait cycle for stance 
and swing phase of the prosthetic leg fell within 
the repor ted normal ranges of 60 and 40 per cent 

Table 1. Statistically significant variables 

Table 2. Velocity of centre of mass 



(Drillis, 1958) and 62 and 38 per cent (Peizer et 
al. 1969) for stance and swing phases. Although 
the difference obtained was statistically 
significant, once again it was not felt to be of 
clinical significance. 

Conclusion 
In this s tudy, interchanging the prosthetic foot 

on a prosthesis did not appear to have a 
significant effect on the gait patterns of unilateral 
below-knee amputees . The ankle of the 
prosthet ic foot during the foot flat phase of gait 
showed a significant statistical and clinical 
difference. 
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Abstract 
F o u r aids, developed by the Depar tment for 
Research and Development from existing ideas 
a n d being used in Revalidatiecentrum " D e 
H o o g s t r a a t " by patients with a spinal cord 
injury, are described. These aids are: a dynamic 
e lbow extension orthosis; a modified flexor hinge 
splint; a rolling writing aid, and a urinary device 
for females. 

In t roduct ion 
Disabled people are confronted with many 

p rob lems resulting from the loss of various 
functions. Solutions are sought for the problems 
they mee t in everyday life and these may be 
found in surgery, physiotherapy or in the use of 
technical aids. 

W h e n developing aids, it is important to keep 
the user 's abilities and needs in mind. To obtain a 
simple bu t functional aid, the basic requirements 
should first be outl ined and then the aid designed 
to fulfill these requirements . This approach 
results in useful aids and with more experience 
may also be applied to the development of more 
complex aids. 

Methods : 
Criteria 
T h e aim of development is to tackle the heart of 
t he p rob lem. In making an aid, one strives for 
t he following goals: 

lightweight 
as small as possible 
preferably without external power supply 
silent 
acceptable form 
easy fitting 
anti-allergy material 

aesthetic value. 
S o m e practicalities are: 

use of standardized par ts ; 
possibility of adjustment; 
simplified assembly. 

Fitting 
User acceptance of an aid depends on a good 

fit, therefore at tention should be paid to the 
following: 

T h e distribution of pressure (force) on the 
body. T h e force must be perpendicular to the 
skin; the pressure on the skin must be lower 
than the systolic blood pressure in the 
capillaries ( < 0.5 N / c m 2 ) . 
T h e posit ioning of the par ts on the body: the 
axes of movement of the aid must correspond 
with those of the joints of the body. 
Comfor table fit: i.e. snug fit, allowance for 
venti lat ion, easy to clean/hygienic, cosmetic. 
T h e aim is to make a device/aid with 
adjustable and easily fitted parts . 

Material 
T h e material used for the devices described is 

thin-walled stainless steel tubing. This material 
has several advantages: sufficient strength, 
lightweight (and slender of structure) , easily 
assembled and disassembled by brazing. 
There fore , fitting adjustments and maintenance 
are easy to carry out . 

Results 
In general , the problems have been 

approached from a basic mechanical point of 
view as well as considering the importance of 
cosmetic aspects. Advanced techniques have not 
b e e n used. 

The address of Dr. H. J. Blanken is now 
Frambozengaard 35, 3962 JT WIJK BIJ 
DUURSTEDE, Holland. 



Elbow extension orthosis 
Pat ients with a C5 or C6 spinal cord injury 

have only active elbow flexion and no elbow 
extension. It is therefore ra ther difficult to 
prevent flexion contractures of the elbows, 
especially shortly after the spinal cord injury 
(Bedbrook 1981). Various methods are used to 
prevent these contractures e.g. maintaining full 
passive range of movement and (the use of) 
splinting. A year ago fitting of the elbow 
extension orthosis began. This is derived from an 
elbow flexion orthosis, designed for patients with 
a brachial plexus lesion, which was developed at 
the University of Technology in Delft (Cool, 
1976). In the extension orthosis a spring provides 
the necessary extension force. The orthosis is 
easy to apply and may be fitted in the acute phase 
soon after the spinal cord injury to prevent 
flexion contractures . 

T h e physiotherapist tries to teach the patient 
to consciously relax the flexors, thus reducing the 
flexion force. This allows the spring to pull the 
e lbow into extension. 

Therefore , by consciously contracting or 
relaxing his biceps, the patient is able to flex or 
ex tend his elbow which increases his abilities in 
activities of daily living. 

Description 
T h e orthosis (Fig. 1) is made so that with 

increasing flexion of the elbow, the pull in 
extension also increases. It is also possible, 
technically, to keep the extending force constant 
or to decrease it with increasing flexion. 

Wi th this me thod of achieving extension, 
there is some chance of causing an increase in 
spasm. However , by using the maximum force of 
the rubber band , possible in extension, the 
e lbow can be kept in extension for better 
advantage . In this position spasm does not occur 
so readily. 

It is not certain whether the orthosis causes an 
increase in muscle strength in biceps, thus not 
achieving the required result (Abrahams et al, 
1979). 

T o achieve extension one can use a single 
hinge joint . If active pronat ion is also required, it 
may be necessary to use a hinge on both sides of 
the a rm for additional strength. The fitted parts 
of the system were developed at the University 
of Technology in Delft. It consists of adjustable, 
hinged plastic fittings which provide an adequate 
distr ibution of pressure on the skin surface. 

T h e plastic fittings are perforated to allow for 
venti lation. Normally they do not require 
padding and being plastic, they are hygienic. 

A s the orthosis is maintained in its correct 
posit ion by spring tension, no straps are 
requi red . The tension of the rubber band is 
adjustable . The usual value of the torque of the 
spring is 1 N m in 90° flexion. The maximum value 
is limited however by the acceptable pressure on 
the skin surface and the possibility of oedema. 

This orthosis has only been used in seven 
cases. F rom this limited experience it has been 
learned that the orthosis should not be used for 
pat ients with a spastic paralysis as it causes 
increased spasticity in the elbow flexors. 

O n the o ther hand it seems a good solution for 
cases with flaccid paralysis, especially in the early 
phase . 

Fig. 1. Elbow extension orthosis. Weight 120 g; 
material, stainless steel and polyethylene; 
construction time 5-10 hours. Number issued 7, 

cervical lesions 5, others 2. 



Flexor hinge splint 
Various types of flexor hinge splints are 

available. The many publications concerning this 
subject and the amount of research done in this 
field indicates the importance of prehension of 
the hand . T h e flexor hinge splint is used to obtain 
a pinch-grip between the thumb, in opposition, 
and the second and third finger. By extending the 
wrist, both fingers are passively flexed towards 
the t h u m b by means of a dynamic splint 
mechanism. In this way the patient is able to grip 
and release objects (Malick and Meyer 1978; 
Nichols et al. 1978). 

A new splint of simple design and construction 
is described. 

Description 
If prehension occurs between thumb and 

fingers and the initiating movement takes place 
from the forearm, it must be sufficient to support 
the fingers, t humb and forearm only. 

With the splint (Fig. 2) made as described, it is 
evident that with dorsiflexion of the wrist the 
fingers are passively flexed towards the thumb— 
immobilized by the splint. In this way a useful 
pinch grip is achieved by the use of minimum 
force. Yet , with strong dorsiflexion of the wrist, 
the fingers may slip out of the fittings. A s the C6 
lesions usually do not have a strong wrist 
dorsiflexion this will not happen. Thus this 

results in a flexor hinge mechanism which leaves 
the metacarpals free. 

A n accurate fit is obtained because the small 
fittings on the fingers and thumb are separately 
adjustable . A future consideration may be the 
introduct ion of self-adjustable fittings. Velcro 
straps keep the fingers in the required position. 
A s the straps are not very aesthetic, a better 
solution e.g. "clip o n " fittings is being sought. 

A s the surface area of the fittings of the fingers 
and t h u m b are small, the corresponding areas of 
suppor t on the forearm must also be small. As 
this splint fits snugly, there is no need to pad it, 
which improves its cosmetic appearance and is 
more hygienic. 

Dur ing fitting the arm is placed on a special 
armrest which allows easy access to the required 
areas of the forearm and hand. Thus the 
construction time is about four hours. It is 
possible to use a spring assist consisting of one or 
more elastic bands , if the dorsiflexion of the wrist 
is too weak. 

The new flexor hinge splint has been issued in 
5 cases. T h e most important advantage of the 
orthosis is that it is easily fitted and therefore can 
be assembled soon after referral. 

It is a well-known fact that the earlier splints 
are supplied, the bet ter they are used. Another 
advantage is that this flexor hinge splint is more 
aesthetic than the old type and therefore more 
readily accepted. 

Rolling writing aid 
Writing is a tiring activity for patients who lack 

sufficient muscle power to lift the hand, due to 
the friction of the hand shifting over the paper . 
T h e rolling writing aid (Fig. 3) has been 
developed in order to decrease this resistance. 
D u e to the wheeled support of the hand, the 
person is able to write legibly using shoulder and 
uppe r arm movements . The hand is placed on 
the suppor t , which rolls by means of two ball
bear ing fittings at tached to the support . The 
bal lpoint-pen provides the third support , thus 
forming a stable base. The ball-bearing fittings 
are placed in such a position that the hand can be 
tilted in order to lift the ballpoint-pen off the 
paper . The advantage of this aid is that the 
pat ient can rest his hand on the splint and 
therefore need not support his whole arm and 
hand with his own muscle power while writing. 
This aid has been supplied in 12 cases. N o 
pressure sores have been observed. 

Fig. 2. Flexor hinge splint. Weight 90 g; material 
stainless steel; construction time 4-8 hours. Number 

issued 5. 



Urinary device for females 
W i t h th is u r i n a r y d e v i c e , f ema les are able t o 

v o i d w h i l e sea ted i n t h e w h e e l c h a i r . W i t h o u t th is 
a i d , t h e p e r s o n w o u l d h a v e t o t r a n s f e r t o the 
t o i l e t o r use a c a t h e t e r w i t h i ts a t t e n d a n t 
i n c r e a s e d risk o f i n f e c t i o n . 

I f t h e p a t i e n t uses t h e l a v a t o r y , i t s h o u l d 
a l w a y s b e accessible f o r a w h e e l c h a i r - b o u n d 
p e r s o n , w h i c h is n o t a l w a y s t h e case. D u e t o the 
e f f o r t m a d e w h e n t r a n s f e r r i n g t o the l a v a t o r y , 
t h e p e r s o n m a y v o i d s p o n t a n e o u s l y . 

I f t h e u r i n a r y d e v i c e is u s e d , t h e p a t i e n t avo ids 
a l l t h e a b o v e m e n t i o n e d p r o b l e m s . 

Description 
T h e u r i n a r y d e v i c e ( F i g . 4 ) has t h e advantage 

t h a t i t is r e l a t i v e l y s m a l l a n d easy t o h a n d l e . T h e 
o n e t h a t is b e i n g used at p r e s e n t is b e i n g 
d e v e l o p e d a n d is s t i l l u n d e r g o i n g m o d i f i c a t i o n . 

T h e u r i n a r y d e v i c e consists o f a p las t ic t u b e 
w i t h a n o v a l o p e n i n g at o n e e n d , a n d a plast ic 
u r i n a r y b a g a t t a c h e d t o t h e o t h e r e n d . T h e 
u r i n a r y b a g c a n be c l o s e d a f t e r use. 

W h e n u s i n g t h i s u r i n a r y d e v i c e , t h e p e r s o n has 
t o s l i p f o r w a r d i n t h e w h e e l c h a i r so t h a t she is 
h a l f - l y i n g . I n o r d e r t o k e e p t h e u r i n a r y dev ice 
s l o p i n g d o w n w a r d s , a r e m o v a b l e c e n t r e p iece is 
m a d e i n t h e w h e e l c h a i r c u s h i o n . 

I n s t e a d o f h a v i n g t o t a k e o f f t h e t r o u s e r s , the 
p a t i e n t uses a n e x t r a l o n g z i p . U s u a l l y the 

u n d e r p a n t s h a v e e n o u g h s t r e t c h t o a l l o w use o f 
t h e u r i n a r y d e v i c e , b u t i f n o t , the u n d e r p a n t s 
m a y b e a d a p t e d w i t h z ips o r V e l c r o . T h e u r i n a r y 
d e v i c e is t h e n p l a c e d u n d e r t h e b o d y a n d pressed 
d o w n w a r d s w i t h o n e h a n d , w h i l e t h e o t h e r h a n d 
is u s e d t o s t i m u l a t e t h e b l a d d e r ( b y t a p p i n g o r 
c o n s t a n t p r e s s u r e ) t o v o i d . 

T h i s d e v i c e has b e e n used i n a b o u t 30 cases. I t 
is v e r y u s e f u l because i t m e a n s t h a t f e m a l e 
p a t i e n t s n e e d n o t be d e p e n d e n t o n a c a t h e t e r 
w i t h i ts risks, i n a d d i t i o n t h e y are also n o t 
d e p e n d e n t o n a w h e e l c h a i r - a d a p t e d t o i l e t . 

Fig. 3 . Rolling writing aid. Weight (with pen) 45 g; 
material stainless steel. Number supplied 12. 

Fig. 4 . Urinary device. Weight 4 0 0 g; material PVC 
tubing 5 0 x 4 5 0 mm. Number issued 30 . 
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Abstract 
It is suggested that a major source of discomfort 
for above-knee amputees during the swing phase 
of walking, is the thigh axial torque (TAT) 
transferred at the s tump-socket interface. The 
relation between TAT and variations in its six 
relevant alignment adjustments, has been in
vestigated. A computerized routine has been 
established which indicates opt imum choice of 
alignment setting, based on minimal TAT peaks. 
Feasibility for attenuating swing phase TAT has 
been demonstrated in three simulated patterns of 
amputee gait. As a conclusion, it is suggested 
that a useful clinical tool could be based on 
the presented alignment optimization procedure 
and may be expanded to include other factors 
associated with swing and stance phase comfort 
and performance. 

Introduction 
Dynamic effects which occur during the swing 

phase of walking, of above-knee (AK) amputees 
frequently cause a sensation of discomfort which 
is closely related to the thigh axial torque (TAT) 
transferred at the s tump-socket interface, and to 
the associated shear stresses and angular dis
placement between the socket and the femur. 
Time characteristics of the TAT is a function of 
leg kinematics, mass properties of the prosthetic 
shank, and of knee-bolt and shank alignment 
with respect to the socket. The susceptibility of 
the amputee to TAT during swing phase is higher 
than during the stance phase due to inertia and 
gravity loosening the s tump socket at tachment 
while the prosthetic leg is swinging forward. 

The kinematics of the prosthetic leg during 
swing phase is governed by the amputee so as to 
fulfil functional requirements, such as cadence 
and ground clearance control. Because his ability 
to compensate for discomfort associated with 
TAT is limited, due to loss of voluntary knee 
control, it is the responsibility of the prosthetist 
to align the shank and knee-bolt in an optimum 
manner satisfying both comfort and functional 
considerations. 

New York University (1979) and Radcliffe 
(1955,1968), relate to the kinematic phenomenon 
associated with the TAT, namely, the internal or 
lateral "whips". Radcliffe states that an artificial 
leg must usually have the axis of its knee bolt 
rotated externally about the thigh axis by as 
much as 5 degrees to compensate for the tendency 
of the s tump to rotate internally during the swing 
phase and to minimize whip. Two other adjust
ments which are referred to by Radcliffe (1968) as 
critical for proper alignment are the amount of 
abduction of the shank with respect to the socket, 
affecting both stance phase medio-lateral stability 
and swing phase TAT, and the inset and outset of 
the foot which is mainly concerned with whip at 
the beginning and end of the stance phase. Clinical 
experience indicates that these guidelines are in
applicable in some complicated cases where final 
settings are arrived at after many trials. These tire 
the patient, and moreover, the end result may not 
fully satisfy the patient and the prosthetist. The 
source of the problem is mainly due to vari
ability in amputees ' gait pattern and in stump 
musculature as well as the intricate spatial motion 
of the prosthetic leg, which make achievement of 
an alignment opt imum too complicated without 
the assistance of quantitative measurements and 
assessments. Objective measurements via approp
riate tools or models may be useful in the clinic 



only if they determine the magnitude of kinetic 
variables most closely related to discomfort level 
and performance in walking, as well as indicate 
the desired changes in the alignment adjustments. 

A previous study (Ishai and Bar, 1981) estab
lished a mathematical model, representing the 
relation between alignment setting and TAT, 
known to be one of the major causes of discomfort 
during swing phase. In the present work, TAT 
characteristics were investigated as a function of 
gait pattern, and an optimization routine was 
developed to indicate an alignment setting. 

Determination of T A T 

Mathematical model 
A mathematical model of the swinging pros

thetic leg (Ishai and Bar, 1981) determined TAT-
time variations. The principle of operation of 
the model is shown in Figure 1. The values of 
the alignment variables together with the in
stantaneous knee flexion angle, determine shank-
thigh position at each instant of time. These 
relative positions together with the measured 
absolute kinematics of the thigh, are used to 
determine shank spatial kinematics. The force 
and moment exerted on the shank by the thigh, 
at the uppermost point of the shank axis, is 
calculated using the shank equations of motion. 
The resultant solution is the torque transferred 
from the shank to the thigh about the thigh axis 
(—TAT). 

Alignment variables 
A set of six alignment variables has been 

defined, representing the relevant adjustments 
which affect the swing-phase TAT (Fig. 2). An 
{X, Y, Z} system of coordinates is attached to the 
socket of the prosthesis. The Y-axis is the socket's 
central axis and the Z-axis is parallel to the 
instantaneous flexion-extension axis of the thigh, 
referenced to the pelvis. A {1,2,3} system is 
attached to the prosthetic shank with the 2-axis 
coinciding with the shank axis. In the "zero-
alignment" state (Fig. 2a), where all alignment 
variables are set to zero, the two systems of co
ordinates are coincident. 

The alignment variables are: 

a and b which define knee centre location in 
the X - Z plane: a represents the location along 
the X and b, along the -Z direction (Figs. 2b 
and 2c) 
α and ß which define the orientation of the 
knee bolt relative to the thigh system (Figs. 2d 
and 2e): α represents the external rotat ion 
angle of the knee-bolt about the Y-axis, and ß 
the angular inclination of the knee-bolt with 
relation to the X - Z plane. 

Fig. 1. The mathematical model used to determine 
thigh axial torque (TAT) characteristics during swing 

phase. 

Fig. 2. Definition of alignment variables which affect 
the swing phase thigh axial torque (TAT). 



c and y define the position of the shank with 
respect to the thigh system (Figs. 2b and 2f): 
the c adjustment is achieved by shifting the 
shank forward with respect to the knee bolt. 
The angle y is formed by the shank axis relative 
to the X-Y plane while standing (thetaK = 0). 

It should be noted that some alignment systems 
do not allow the adjustment of all the 6 para
meters mentioned, and that each alignment para
meter does not necessarily correspond to a single 
degree of freedom in the alignment device. 

Leg kinematics and mass properties of the prosthesis 
Due to the unavailability of spatial kinematic 

data of AK amputees' gait, the kinematic inputs 
introduced to the model were based on normal 
gait data published by Lamoreux (1971). In cases 
where amputees ' typical gait patterns were in
vestigated, the normal data were modified: to 
simulate a case where the amputee has an ab
ducted stump, a constant abduction was added 
to the normal abduct ion-adduct ion angle be
tween thigh and pelvis, at each instant of time. 
The simulation of circumducted gait was carried 
out by multiplying the normal thigh abduc t ion-
adduction data by a constant factor. 

Geometrical dimensions and mass properties 
of the prosthetic shank are similar to a U S M C 
AK prosthesis type U.S. Universal Multiplex 
Mark V. 

TAT optimization 
The TAT simulation based on the mathe

matical model in Figure 1, may be used in the 
clinic in the search for an optimum alignment 
setting which causes minimal peak values in 
TAT characteristic during swing phase. Using 
measured leg kinematics and mass properties of 
the prosthetic shank, the mathematical model 
may be used to estimate the time change of the 
TAT for all possible combinations of alignment 
setting. The setting which results in minimal peak 
values of TAT is chosen as optimum. The fore
going procedure was found to be time consuming 
and impractical for clinical use, because it de
manded excessive computer time to determine 
TAT at each alignment setting. In the search for 
a shorter optimization procedure the relation 
between TAT and the alignment variables was 
investigated. 
The TAT at zero alignment in the normal, 
abducted and circumducted gait patterns, are 
shown in Figure 3. TAT sensitivity to unit varia

tions in the alignment variables about the zero 
alignment state (1 degree in α , ß , γ and 1 cm in 
a, b, c), is depicted in Figure 4, for each of the 
walking patterns. There is a fundamental differ
ence between the effects on the swing phase TAT 
of changes in the γ and b adjustments and of 
changes in α and ß. γ and b cause the shank axis 
to lie outside the X-Y plane during walking. 
Both the orientation of the shank axis and the 
distance of the shank centre of mass from this 
plane remain constant during the whole walking 
cycle. On the other hand, α and ß cause the 
orientation of the shank axis with relation to 
the X - Z plane to change as a function of the 
magnitude of knee flexion. The greater the knee 
flexion, the larger the angular deviation of the 
shank axis relative to the X - Z plane. This differ
ence is expressed in TAT characteristics at the 
beginning and end of swing phase where TAT 
values are noticeably higher for a change in γ and 
b as compared to those obtained by changes in α 
and ß. It should be noted that a numerical filter 
with a 7 Hz cutoff frequency was used to smooth 
the kinematic information during data processing 
and may have filtered out the expected high 
frequency contents at knee full extension impact 
near the end of the swing phase. It is expected 
that contributions to TAT of the γ and b devia
tions from zero adjustment, would be even larger 
than those obtained by the simulation. 

It is evident that while the sensitivities to α, ß, 
γ and b variations are practically invariant with 

the investigated walking patterns, the sensitivity 
of TAT to variations in the a and c adjustments 
is largely influenced by the investigated gait 

Fig. 3. Thigh axial torque (TAT) during the swing 
phase in normal gait and in simulated abducted and 
circumducted amputee gait, at zero-alignment setting. 



patterns. This is explained by the a and c adjust
ments affecting the antero-posterior (X-direction) 
placement of mass elements of the shank relative 
to the thigh, thus influencing the magnitude of 
the moment-arm about the thigh axis, and of 
medio-lateral (Z-direction) "inertia-forces" acting 
on the shank. Since the walking patterns men
tioned above differ in medio-lateral character of 
motion, and subsequently in the characteristics 
of medio-lateral inertia force acting on the shank, 

the TAT sensitivity to variations in the a and c 
adjustments is largely affected by the walking 
patterns. Conversely, since α, ß, γ and b adjust
ments influence the positioning of mass elements 
of the shank in the Z-direction, the TAT sensi
tivity to these alignment variables is practically 
unaffected by the changes in the walking patterns. 

TAT sensitivity to alignment variations was 
investigated in a wide range of simulated alignment adjustments: α, ß and γ, -8 to + 8 degrees, 

Fig. 4. Thigh axial torque (TAT) sensitivity to unit variations in the alignment variables (1 degree in a, ß, γ and 

1 cm in a, b, c) about the zero-alignment state. 



a and c -5 to + 5 cm, and b from -8 to + 8 cm. 
By introducing unit variations to the alignment 
variables within these ranges, it was found that 
deviations of the α, ß, γ and b sensitivities from 
the respective zero-alignment sensitivities, were 
less than 5 %. Conversely, the sensitivity to unit 
variations in a and c was found to vary signifi
cantly within the alignment range. Since the 
values of the a and c adjustments are usually pre
determined from stance phase considerations (as 
they play an important role in achieving knee 
stability), their values may not be changed in the 
optimization of swing-phase TAT. 

TAT (denoted by T) is a function of time t and 
of the six alignment variables : 

The total differential of T for constant t is given 
by: 

Since the sensitivity of TAT to variations in α, ß, 
γ and b is practically constant throughout the 

alignment range and as a and c are constrained 
by stance-phase considerations and are kept 
constant in the optimization process: 

where Sa(t), etc., denote the sensitivity charac
teristics of TAT to unit variations in α, ß, γ and b, 
which are independent of the values of the align
ment variables. The TAT, therefore, may be 
determined by: 

The meaning of equation 4 is that the TAT 
for any combination of the alignment variables 
(α',ß',γ',a,b',c) may be estimated from a given 
TAT and its sensitivities at another setting 
(α, ß, γ, a, b, c), providing that a and c are kept the 
same at the two settings. This equation replaces 
the mathematical model of Figure 1 in the iterative 
process of TAT optimization. As a result, the 
optimization procedure is significantly shortened 
(only a few minutes), because the lengthy calcula
tions involved in the mathematical model are 
carried out for just the determination of TAT 
sensitivities and characteristic at the initial setting. 

Results 
The TAT-simulation of Figure 1 and the opti

mization routine of equation 4, were used to test 
their feasibility in optimizing prosthetic align
ment in three cases, each representing a different 
simulated gait pattern. 

Case 1. Normal hip and knee kinematics; 7 cm 
effective shank valgus 

In the conventional alignment procedure, 
adjustment of y and b both serve to control the 
medio-lateral position of ground reaction relative 
to the hip joint during the stance phase of walking. 
These control medio-lateral stability and regulate 
load transfer characteristics to the stump. The 
result of the b and y deviations from the zero-
adjustment is, therefore, an "effective valgus (or 
varus)", defined as the resulting medio-lateral 
shift of the foot from the X-Y plane. An effective 
valgus may be achieved by an alignment device 
located immediately above the knee bolt ("lower-
thigh device"), or alternatively, by a device located 
just below the knee ("upper-shank device"). For 
the former, in addition to shin abduction (γ), the 
knee bolt is angularly tilted by ß = γ; in the 
latter, the knee bolt remains perpendicular to the 
thigh axis (ß = 0). For example, an effective 
valgus of 7 cm may be achieved by a lower-thigh 
device, having ß = γ = 1.2 degrees, at a shank 
length of 55 cm. Stance requirement for knee 
stability usually dictates a negative setting of a, 
while the shank axis coincides with the thigh axis 
at standing, i.e. : c = -a. In the present example 
a and c were -1.5 and +1.5 cm, respectively. 
The resulting TAT, which is depicted in Figure 5, 
shows peak values of +2.31 and -1.61 N-m. 
The same effective valgus may be obtained by 
setting ß = 0 and γ = 7-2 degrees, using an upper-
shank device. It is clear from Figure 5 that the 
upper-shank device is preferred, as it gives a 
markedly lower positive peak value of 0.82 N-m 
(in the direction of outward rotation about the 
thigh axis). Using the optimization routine based 
on equation 4, the setting of α = -2 degrees, 
ß = -7 degrees, γ = 7.2 degrees and b = 0.0 cm, 
gave even lower peaks. In the optimization pro
cedure α, ß and γ were varied in 1 degree incre
ments over a range of ± 8 degrees, b was deter
mined by the constraint equation : 

where EV is the effective valgus of 7 cm, and l the 



shank length of 55 cm. b was limited to the range 
of ± 5 cm. 

Case 2. Abducted stump 
A typical case often met in the clinic requiring 

special attention, vis-à-vis TAT attenuation, is 
that of the abducted stump amputee. For example, 
a 12 degrees of abduction was simulated as 
previously described where a and c were set to 
-1.5 and + 1 . 5 cm, respectively, to fulfil stance 
requirements. Figure 6 is the resulting TAT, for 
the case where all other alignment variables are 
set to zero. Unfortunately, this setting is usually 
unacceptable for both stance and swing phase 
considerations, and it being necessary to medially 
shift the foot with respect to the thigh. A 7 cm 
shift results by making γ = -7 degrees utilizing 
the upper-shank alignment device. The resulting 
TAT (Fig. 6), has peak values of + 2 . 2 and -1.45 

N-m. Using the lower-thigh device, instead of the 
upper-shank device, to obtain the same medial 
shift of the foot, i.e., ß = γ = -7 degrees, 
results in a TAT peak reduction to + 1 8 and 
-10 N-m (18% and 2 8 % attenuation in the 
positive and negative peaks respectively). Further 
attenuation of the positive TAT peak to 1 5 N-m, 
which occurs at the end of the swing phase, is 
obtained by using optimization routine, as in 
case 1. Nevertheless, it should be noticed that the 
further reduction of 14% in TAT peaks (having 
the γ = -7 degrees as reference) causes a sig
nificant increase of TAT magnitude near mid-
swing. 

Case 3. Circumducted gait 
Another pattern of amputees ' gait associated 

with high TAT magnitudes, is circumducted gait, 
e.g., the exaggerated medio-lateral movements of 
the leg in this gait pattern were simulated by 
multiplying thigh abduction by a factor of 2.0. 
The resulting TAT (Fig. 7), demonstrates high 
peak values of + 1 . 8 and -3.5 N-m, at the 
reference setting of α = ß = γ = b = 0.0, a = -1.5 
cm and c = + 1 . 5 cm. In this case the high TAT 
magnitude cannot be significantly reduced by the 
limited available adjustment range of α, ß, γ and 
b, because of low TAT sensitivity to these para
meters. The peak values can be attenuated by 
shifting the knee centre forward, together with 
the shank, i.e., by making a more positive and 
setting c to zero ; as depicted in Figure 7, by setting 
α, ß, γ = 0, a = 5 cm, b = 3 cm and c = 0 cm, a 
2 2 % and 3 4 % attenuation is obtained in the 
positive and negative peaks, respectively. This 
alignment is unacceptable in commonly used 
prostheses, because it contradicts the stance phase 

Fig. 5. Thigh axial torque (TAT) during the swing 
phase, for normal thigh and knee kinematics and with 
a 7 cm effective valgus of the prosthetic shank. In all 
settings a and c have the same values as in the reference 

state, i.e. a = -1.5 cm and c = +1.5 cm. 

Fig. 6. Thigh axial torque (TAT) during the swing 
phase, in a simulated gait of an amputee with a 12 
degrees abducted stump. In all settings a and c have the 
same values as in the reference state, i.e. a = -1.5 cm 
and c = +1. 
+5 cm. 

Fig. 7. Thigh axial torque (TAT) during swing phase, in 
circumducted amputee gait. Circumduction was simu
lated by multiplying normal thigh abduction angle by 

a factor of 2. In the two settings α = ß = γ = 0°. 



stability requirement. However, it may be bene
ficial for amputees with circumducted gait to 
have a knee mechanism which allows a positive 
a-setting. One possibility is a control system 
which ensures knee locking during the weight-
bearing phase, even for a positive a-setting. An 
alternative is a polycentric knee design having a 
negative a-setting at full extension which becomes 
positive with knee flexion. 

Discussion and conclusion 
1. A mathematical model estimates the thigh 

axial torque (TAT) during the swing phase 
of walking, for measured leg kinematics and 
alignment setting. The model, together with 
the optimization routine, potentially form a 
clinically efficient "tool", quickly predicting a 
final optimum alignment setting. 

2. Where determination of TAT may be accom
plished by a "pylon transducer" (Berme, 1976) 
installed in the prosthetic shank and knee 
goniometer, alignment optimization is made 
simpler. The reference TAT and the four sensi
tivity curves (S α , Sß, Sγ and Sb) are obtained 
from five successive gait trials. The required 
changes in alignment are subsequently pre
dicted by the optimization routine, using 
equation 4. It should be noted that, in this 
case, the initial alignment setting is not in
volved in the optimization process and, there
fore, need not be measured. 

3. The results obtained in cases 1 and 2 indicate 
that both lower-thigh and upper-shank align
ment devices should be used to achieve 
opt imum setting. 

4. Because of an absence of rigorous definition 
of the interaction between TAT and patient 
comfort, the present paper bases optimum 
alignment in terms of TAT peak reduction. 

When defined, an expanded form of optimiza
tion criteria, presumably involving parameters 
such as TAT derivatives and integral, may be 
incorporated in the optimization procedure. 

5. Modified simulated kinematics for normals 
were introduced to the model of the swinging 
leg. The optimization procedure will be verified 
in clinical alignment routines, using measured 
amputee data in the model. The procedure 
will be expanded to include other swing and 
stance phase considerations. 
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Abstract 
T h e plastic quadrilateral socket has a high 
anter ior brim which can cause considerable 
discomfort in some patients, especially when 
seated . A simple modification to the anterior 
br im is described allowing a female patient with a 
huge abdominal hernia a considerable degree of 
comfort when both sitting and standing. The 
creat ion of a large radius producing a wide area 
for adequa te pressure relief proved valuable. 
This might be considered for patients with less 
pendulous abdomens who find conventional 
me thods inadequate . 

Problem 
A 58 year old lady with peripheral vascular 

disease had an above-knee amputat ion. The 
healing of a cholecystectomy operation was 
modified by concurrent steroid therapy and a 
huge ventral abdominal hernia resulted. 
Convent ional prosthetic management did not 
accommodate the problems generated by the 
hernia . 

Prosthetic management 
This pat ient had a particular problem with the 

above-knee prosthesis, caused by her pendulous 
a b d o m e n . W h e n seated, she experienced great 
discomfort from the anterior brim of the 
quadri lateral socket. The standard solution to 
this would be to increase the anterior flare of the 
br im. This solution proved unsatisfactory as a 
wide enough flare was not easily attained at cast 
rectification due t o subsequent laminating 
difficulties, so an alternative solution was sought 
to redistr ibute the pressure. Several layers of 
Plastazote were built up externally on the 
anter ior aspect of the socket, extending over the 

socket br im, then shaped to increase the radius 
of the anter ior flare. This, as shown in Figure 1, 
greatly increased the pressure bearing area and 
thus spread the load from the pendulous 
a b d o m e n and reduced the discomfort. 

Discussion 
T h e amputee populat ion is an aged one . In 

D u n d e e 7 6 . 1 % are over 65 years old and of 
these , 2 7 . 8 % are at an above-knee level. The 
pat ients are less active than their younger 
counterpar ts and spend increasing periods of 
t ime seated. Many patients wearing above-knee 
prostheses with a quadrilateral socket have 
discomfort over the high anterior brim, in 
particular during the stance phase and on sitting. 
Dur ing the stance phase considerable force is 
passed through this area of the socket and in 
pat ients with pendulous abdomens considerable 
problems arise at the interface between the brim 
of the socket and the anterior abdominal wall. 
While seated these forces are greatly increased 
when the abdomen and anterior br im are in close 
proximity. In some cases, this discomfort is 
relieved by flaring the brim to allow a greater 
area for pressure redistribution. T h e anterior 

Fig. 1. Quadrilateral socket with anterior Plastazote 
build up. 



brims are generally suitable for standing patients 
and are biomechanically sound, however, when 
seated considerable discomfort can arise. 
Pat ients who sit for long periods frequently 
complain of pain which is often not completely 
relieved by simply flaring the brim. In the case 
described discomfort occurred both when 
standing and when seated and it was found that a 
large area was necessary to redistribute the 
pressure and this could not be achieved by 
conventional means . The construction of a built 
up Plastazote flare provided a large enough area 
to achieve satisfactory relief of discomfort 
allowing the patient to walk independently and 
sit in comfort . The patient described had a fairly 
severe problem caused by the incisional hernia. 

However , many patients with less pendulous 
abdomens do not get satisfactory relief from the 
simple conventional method of flaring the 
anter ior brim of the socket. The design of the 
quadri lateral socket does not adequately take 
into consideration the problems of the seated 
pat ients and the solution described above might 
well be applicable to many other patients, in 
particular the elderly, for whom comfort has not 
been achieved. 
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Center for Orthotics Design Inc, Redwood City, California 
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Abst rac t 
There is a need in Physical Therapy 
Depar tments o f hospitals for an inexpensive 
ergometer wh ich can be used to gauge the 
improvement i n the physical performance o f a 
wheelchair occupant in his or her own chair. This 
technical note describes such a device. 

I n t roduc t ion 
I n response to a request from the staff o f the 

Physical Therapy Depar tment o f the Ralph K. 
Davies Rehabi l i ta t ion Center in the Frank l in 
Hosp i t a l , San Francisco, for an inexpensive 
ergometer for use by patients in their own 
wheelchairs, the authors of this article devised 
and made the device here described. 

T h e requi rement was for an ergometer which 
cou ld be used to make a quant i tat ive judgement 
o f the improvement w i t h t ime o f the power 
ou tpu t o f each pat ient whi le operat ing his or her 
wheelchair . T o prepare patients fo r the hi l ly 
te r ra in o f San Francisco, the fore and aft 
inc l ina t ion o f the chair whi le on the ergometer 
was to be variable so as to simulate operat ion on 
slopes ranging from 6° upwards to 6° downwards. 

O the r requi red features were continuous 
read-outs dur ing the test o f the equivalent 
distance t ravel led by the wheelchair, and of the 
pulse rate o f the pat ient. 

T h e mechanical system 
A t the f ron t o f the ergometer is a short steep 

r a m p (F ig. 1) up which the wheelchair must 
t rave l backwards, the aid o f an attendant usually 
be ing requ i red . The main wheels o f the chair 
come to rest between two pairs o f rol lers 15 cm (6 
i n ) i n d iameter , wh ich are mounted on two 

paral le l hor izonta l shafts supported on self-
a l igning ba l l bearings. The attendant locks the 
chair i n this posi t ion by clamping the castor 
wheels between two restraining bars and then 
t ightening w ing nuts wh ich ho ld the ends of these 
bars d o w n o n the ramp (F ig . 2) . 

W h e n the occupant o f the chair pushes 
f o rwa rd on the ma in wheels or their hand r ims, 
the rol lers and their support ing shafts rotate. 
T h e front shaft revolves freely in its bearings, 
and the ro ta t ion o f the rear shaft is resisted by a 
closed hydraul ic system consisting o f a reservoir, 
a p u m p and a regulator valve. By rotat ing the 
va lve, the resistance to the rotat ion o f the rollers 
can be var ied over a large range. 

T o save expense, the hydraul ic system f rom a 
commerc ia l exercise cycle was used in its 
ent i re ty . The dr ive from the rear rol ler shaft to 
the p u m p is by way o f a polyurethane t im ing belt 

Fig. 1. Front view of the ergometer. 



and a lumin ium sprockets. The gear rat io was 
chosen so that one complete revolut ion o f the 
wheelchair ma in wheels produces the same 
number o f revolut ions o f the pump axle as d id 
one complete revo lu t ion o f the bicycle pedals. 
Th is qu i te arb i t rary choice was un impor tant , as 
indeed was any cal ibrat ion o f the system, since 
the wheelchair ergometer is to be used only to 
compare the performance o f each pat ient w i th 
his o r her o w n performance on successive days. 
L ikewise i t was considered unnecessary to take 
any account o f the inert ia and resistance o f the 
ro l lers and thei r axles, and o f the addi t ional tyre 
resistance due to indentat ion by the rol lers. 

T h e fore and aft inc l inat ion o f the wheelchair 
may be var ied between the l imits ± 6° by altering 
the angle o f the ramp o n which the castor wheels 
rest. T h e ramp is hinged at its top edge, and a 
mechanical jack beneath the ramp enables the 
r a m p to be ro ta ted up about this edge. W h e n the 
r a m p is hor izon ta l , so is the wheelchair under 
test. T h e castor wheel lock ing device should be 
released f r o m the ramp whi le a change is made in 
the angle o f the ramp. T o make the ergometer 

more compact fo r storage purposes, the ramp 
can be raised past the vert ical , where i t rests 
against a s top, and the arm carrying the 
ins t rument display can be rotated inwards. 

T h e equivalent distance travel led by the 
wheelchair du r ing the test is determined by the 
ro ta t i on o f a small wheel wh ich rests on one o f 
the suppor t ing rol lers. Th is device was also part 
o f the exercise cycle equipment . 

The display console 
T h e hydraul ic system includes a gauge which 

registers the power ou tput o f the chair occupant 
i n the uni ts o f k i l opon metres per minute. Since a 
k i l o p o n is the weight o f a mass o f one k i logram, 
this power un i t is a gravity-dependent one; i t is 
approx imate ly equal t o 1/6 wat t . Because o f the 
in te rmi t ten t nature o f the ef for t appl ied to the 
wheels o f a chair by the occupant, the power 
gauge reading also pulsates; i t is easy, however, 
to observe the peak value o f the power at each 
s t roke , and this is a suitable measure for daily 
comparisons. T h e gauge o f the regulator valve 
carries marks l isted as '30,60,90,120,150 pedal 
revolut ions per m inu te ' ; the pointer o f the valve 
is tu rned to the number appropriate to the 
capacity o f the pat ient ; the smaller the number, 
the greater the resistance. 

T h e inst rument console gives a digi tal display 
o f the equivalent distance travel led by the 
wheelchai r , and o f the pulse rate o f the patient. 
T h e lat ter in fo rmat ion comes via a colour-
sensing l ight cel l wh ich is cupped to the ear lobe 
o f the pat ient , and is also part o f the exercise 
cycle equ ipment . 

Conclusion 
T h e wheelchair ergometer here described is 

very simple i n concept, and because i t is based on 
the hydraul ic and electrical components o f a 
commerc ia l exercise cycle i t is inexpensive. A 
final verdict o n its value must wait on the results 
o f a p rogramme o f pat ient testing by the hospital 
staff w h o are using i t , bu t i t appears promising 
enough to be repor ted at this stage. 

Fig. 2. Side view of the ergometer, ramp raised to 
horizontal position. 
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B o o k R e v i e w 

Symposium on total joint replacement of the 
u p p e r extremity. A. E . Inglis (Ed.) American 
Academy of Orthopaedic Surgeons. Published by 
C . V. Mosby Co . , 1982. 

This clearly set out book is divided into four 
par t s ; par t one summarizes the therapy of 
rheumato id disease, describes basic anatomy 
and surgical approaches to the shoulder and 
e lbow; indications, technique, limitations and 
danger points are emphasized. 

Par t two is devoted to the shoulder. The 
biomechanics behind prosthetic replacement of 
t he gleno-humeral joint preceeds description of 
the Trispherical and the Neer non-constrained 
prostheses detailing their structures, indications, 
surgical techniques and results. 

Par t three deals with the elbow. Evolution of 
the m o d e r n Amer ican total elbows, e.g. the 
semi-constrained metal to polyethylene Mayo, 
Pr i tchard-Walker , Tri-axial, Coonrad , Voltz 
and Schlein; total unconstrained metal to 
polyethylene resurfacing implants such as the 
Ewald and the London is described. The Mayo 
and Vol tz prostheses include a radial head in 
their design. The Stevens-Street hemi
arthroplasty resurfacing the lower humerus is 
men t ioned . 

A series of papers illustrates the development, 
b iomechanics , surgical use, complications and 
results of each. In addit ion to the usual implant 
complicat ions, triceps muscle rupture and ulnar 
palsy pose additional problems in some series. 

Some interesting suggestions on revision 
surgery after failed elbow arthroplasty are made . 
Hopefully the new era implants will not require 
these measures . E lbow arthroplasty has been 
regarded as a salvage procedure . Perhaps the 
disease is being t reated too late; future 
prostheses capable of use at an earlier stage of 
the disease may be more therapeutic . 

In an interesting chapter on biomechanics, 
compression loading of the radio-humeral joint, 
its enhancemen t by the hand musculature and its 

relevance to implant design is perhaps under 
emphasized. 

Part four reviews the hand and wrist. There is 
an excellent section on the production of the 
ulnar drift. T h e Steffee, Shultz and Swanson 
metacarpo-phalangeal joint replacements are 
presented . Detailed post-operative 
rehabil i tat ion programmes for the metacarpo
phalangeal and the proximal interphalangeal 
flexible implants are given; stress is laid on 
dynamic bracing with illustrations of orthoses. 

T h e developments of the Meuli, the Spherical-
tri-axial, the Voltz total wrist prostheses and the 
M a y o metacarpo-t rapezio arthroplasty are 
given. The value of even a limited range of wrist 
movemen t over the rigidity of an arthrodesis is 
stressed, e.g. perineal toilet. The lower rate of 
dislocation encourages one to persist in the 
future development of such prostheses. 

Finally the hypothesis underlying the Swanson 
flexible radio-carpal arthroplasty and the 
technique of insertion is discussed; being 
cementless makes revision easier. Such revision 
may be needed , e.g. recurrent synovitis; no 
ment ion is made of hypersensitivity to silicone 
implants . 

Summary 
A n excellent book for those trainee and 

established or thopaedic surgeons with a special 
interest in the upper limb. It is presented by a 
distinguished group of surgeons of recognized 
expert ise in their respective fields. The problems 
discussed suggest that perhaps only those with 
special experience or undergoing training in such 
surgery should involve themselves in it. For such 
surgeons the detail , wealth of knowledge and 
experience presented in this book will enhance 
their ability to utilize the various ingenious 
devices to the full benefit of the patient . 

J . H . Miller, F R C S , 
Glasgow, Scotland. 
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C a l e n d a r o f e v e n t s 

New York University Medical Center 
Prosthetics and Orthotics Short Term Courses 1983 

Courses for Physicians and Surgeons 

7 5 1 C Lower-Limb and Spinal Orthotics, 9-13 May, 1983. 
744B Upper -Limb Prosthetics and Orthotics, 6-10 June , 1983. 

Courses for Therapists 

752 C Lower-Limb and Spinal Orthotics; 9-13 May, 1983. 
742 C Lower-Limb Prosthetics; 16-27 May, 1983. 
757 Upper -Limb Orthotics; 20-24 June , 1983. 
745 Upper-Limb Prosthetics; 27 J u n e - 1 July, 1983. 

Courses for Orthotists 

758 Upper -Limb Orthotics; 31 May-10 June , 1983. 
753 Lower-Limb Orthotics; 5-22 July, 1983. 

Courses for Prosthetists 

743 Above-Knee Prosthetics; 13 June -1 July, 1983. 

Fur the r information may be obtained from Ms. Sandy Kern, Registrar, Prosthetics and Orthotics, New 
Y o r k University Post -Graduate Medical School, 317 East 34th Street, New York, N Y 10016. Tel: (212) 
340-6686. 

8-13 May , 1983 
10th Wor ld Congress on the Prevention of Occupational Accidents and Disease, co-sponsored by 
Internat ional Labor Office and International Social Security Association, Ot tawa, Canada. 
Information: Canadian Organizing Commit tee , 500-300 Slater Ot tawa, Canada K I P 6A6. 

28 M a y - 5 J u n e , 1983 
11th Paediatr ic Or thopaedic International Seminar, Chicago, Illinois. 
Information: Mihran O . Tachdjian, M . D . , Marriott Hotel , 540 North Michigan Avenue , Chicago, 
Illinois. 60611. 

30 M a y - 7 J u n e , 1983 
VI Advanced Course on Arthrit is Surgery, Edinburgh. 
Information: Mr . W. A . Souter, Princess Margaret Rose Orthopaedic Hospital, Fairmilehead, 
Ed inburgh E H 1 0 7 E D . 

20 J u n e - 1 July , 1983 
N A T O Advanced Study Institute on the Biomechanics of Normal and Pathological H u m a n Articulating 
Joints . Sintra-Estoril Hote l , Estoril , Portugal. 
Information: Prof. Necip Berme , The Ohio State University, 206 West 18th Avenue , Columbus, Ohio 
43210, U S A or Dr . Kelo M. Correia da Silva, Laboratorio de Fisiologia, Instituto Gulbenkian de 
Ciencia, A p a r d a t o 14, 2781 Oeras , Portugal. 
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26 J u n e - 1 July 
X E u r o p e a n Congress of Rheumatology, Moscow. 

Information: Secretary General , Institute of Rheumatism, 25 Petrovka Street, Moscow, USSR. 

2 -5 Ju ly , 1983 

15th Congress of the World Federat ion of Hemophil ia, Stockholm. 
Information: SCB, Jacobs Torg 3 , S-11152 Stockholm, Sweden. 
24-29 Ju ly , 1983 
4th Internat ional Conference of European Association for Special Education (EASE) Theme "Special 
Educat ion and Social Hand icap" Tel Aviv, Israel. 

Information: Dr . E . Chigier, Kenes , P . O . B . 29784, Tel Aviv 61297, Israel. 

August , 1983 
Internat ional Sports Festival for Paraplegics, Vienna-Strebersdorf. 
Information: Verband der Querschit tgelahmten (Association for Paraplegics), Liechtensteinstrasse 6, 
A-1090 Vienna , Austr ia . 
7-12 August , 1983 
9th Congress of the International Society of Biomechanics, Water loo, Canada. 
Informat ion: Mrs. J. Karger, Depar tment of Kinesiology, University of Water loo, Water loo, Ontar io , 
C a n a d a N 2 L 3 G 1 . 

5-9 September , 1983 
I . S . P . O . Four th World Congress, London . 
Informat ion: Conference Services L td . , 3 Bute Street, London. 

5 -9 September , 1983 
3rd. Medi te r ranean Conference on Medical and Biological Engineering, Portorz, Yugoslavia. 
Informat ion: Mrs . Dar je U d e , J. Stefan Institute, Jamova 39,6100 Ljubljana, Yugoslavia. 

9-11 September , 1983 
5th A n n u a l Conference of the I E E E Engineering in Medicine and Biology Society; Frontiers of 
Engineer ing and Computing in Heal th Care . Columbus, USA. 
Information: Dr . G . Gerhard , Dep t . of Electrical Engineering, University of Arizona, Arizona 85721, 
U S A . 

12-13 September , 1983 
Internat ional symposium—Biomaterials in Artificial Organs. 
Information: Professor J. P. Paul , University of Strathclyde, Bioengineering Unit , Wolfson Centre , 106 
Ro t t en row, Glasgow G4 0NW. 

21-23 September , 1983 
British Or thopaedic Association, Au tumn Meeting, Nott ingham. 
Information: British Orthopaedic Association, Royal College of Surgeons, 35-43 Lincoln's Inn Fields, 
L o n d o n W C 2 A 3PN. 

22-24 September , 1983 
Internat ional Congress on Sports and Heal th , Maastricht, The Netherlands. 
Information: D e p t . of General Surgery, University of Limburg, At . Annadal Hospital , P . O . Box 1918, 
6201 B X Maastr icht , The Netherlands. 
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5-7 October , 1983 
11 Simposium de Inginieria Biomadica, Madrid, Spain. 
Information: 11 Simposium de Ingenieria Biomadica, E .T .S . I . Telecomunicacion, Ciudad 
Universi taria, Madr id 3 , Spain. 

5-9 October , 1983 
1st E u r o p e a n Congress on Scoliosis and Kyphosis, Dubrovnik, Yugoslavia. 
Information: " A T L A S " Congress Depar tment , Zrinjevac 17, YU-41000, Zagreb , Yugoslavia. 

25-30 October , 1983 
Amer ican Academy of Orthotists and Prosthetists ( A O P A ) National Assembly, Hyatt Regency, 
Phoenix , Arizona. 

Information: Mr . Norman E . McKonly, A O P A , 717 Pendleton Street, Alexandria, V A 22314, U S A . 

7-10 November , 1983 
VI I I Congress Brasileiro de Engenharia Biomedica, Brazil. 
Information: E E L - U F S C , P . O . Box 476, Florianopolis-SC88000, Brazil. 
13-18 November, 1983 
2nd Internat ional Symposium on Design for Disabled Persons, Tel Aviv, Israel. 
Information: Dr . E . Chigier, K E N E S , P . O . B . 29784, Tel Aviv 61297, Israel. 

1984 
15th Wor ld Congress of Rehabili tation International, Lisbon. 

Information: Rehabil i tat ion International , 432 Park Avenue South, New York, N Y 10016, USA. 

3 -5 Apri l , 1984 

Canadian Association of Prosthetists and Orthotists Biennial Convention, Vancouver. 
Informat ion: John Girling, Chairman Foreign Liaison Convention Committee, 813 Darwin Avenue , 
Victoria, B .C . V8X 2X7i Canada . 
11-13 Apri l , 1984 
British Or thopaed ic Association, Spring Meeting, Aviemore, Scotland. 
Information: British Orthopaedic Association, Royal College of Surgeons, 35-43 Lincoln's Inn Fields, 
L o n d o n , W C 2 A 3 P N . 

27 Apr i l -1 May, 1984 
Second Wor ld Congress on Biomaterials, 10th Annual Meeting of the Society for Biomaterials and the 
16th Annua l Biomaterials Symposium, Washington D . C . 
Information: Samuel F . Hulber t , Chairperson, Society for Biomaterials, 6220 Culebra Road , San 
A n t o n i o , Texas. 

7-11 May , 1984 
15th World Congress of Rehabili tation International, Lisbon, Portugal. 
Information: Rehabili tat ion International , 432 Park Avenue South, New York , New York 10016, 
U . S . A . 

13-19 May , 1984 
9th Congress of the International Federat ion of Physical Medicine and Rehabilitation, Jerusalem, 
Israel. 
Information: Prof. Joshua Chaco , Chairman, Israel Society of Rehabilitation Medicine and 
Rheumato logy , P . O . B . 29784, Tel Aviv, Israel. 



56 Calendar of events 

2 6 - 2 8 SEPTEMBER, 1 9 8 4 
BRITISH ORTHOPAEDIC ASSOCIATION, AUTUMN MEETING, BARBICAN CENTRE, LONDON. 
INFORMATION: BRITISH ORTHOPAEDIC ASSOCIATION, 3 5 - 4 3 LINCOLN'S INN FIELDS, LONDON W C 2 A 3 P N . 

1 7 - 2 2 OCTOBER, 1 9 8 4 

A O P A - I N T E R B O R INTERNATIONAL CONGRESS AND GENERAL ASSEMBLY, FONTAINEBLEAU HOTEL, MIAMI 

BEACH, FLORIDA. 

INFORMATION: MR. NORMAN E . MCKONLY, A O P A , 7 1 7 PENDLETON STREET, ALEXANDRIA, V A 2 2 3 1 4 , U . S . A . 

1 9 8 5 

7 - 1 3 JULY, 1 9 8 5 
14TH INTERNATIONAL CONFERENCE ON MEDICAL AND BIOLOGICAL ENGINEERING, HELSINKI, FINLAND. 
INFORMATION: D R . HIILO SARANUMMI, FINNISH SOCIETY FOR MEDICAL PHYSICS AND MEDICAL ENGINEERING, P . O . 
B O X 2 7 , 3 3 2 3 1 , TAMPERE 2 3 , FINLAND. 



T h e ffip M o d u l e (60 x 110 x 45mm) (350g) 
incorporates the hip joint with adjustable 
buffer stop and stride limiter. 
Socket alignment device is fully adjustable. 

T h e K n e e M o d u l e (40 x 100 x 60mm) 
(300g) is basically a polycentric mechanism 
giving good knee stability at heel contact without 
influencing the swing phase mode of control, a 
simple adjustable non linear friction damper 
controls the latter. A friction alignment device 
can also be incorporated. 

easy to 
assemble 
The Hanger 25mm modular system is ideal for patients 
requiring a really lightweight limb. Based on a strong 
structural tube, and incorporating the proven Hanger 4-Bar 
linkage knee, it is compatible with all systems from other 
manufacturers. The innovative use of the Hanger friction 
alignment device fitted to the socket fixing unit, and knee 
and ankle units, makes adjustment at trial fittings simple 
and easy to control. 

The system meets all appropriate international standards 
and can be used for an amputation on any site including 
knee disarticulation and Symes amputation. And it can be 
fitted with SACH or articulated feet. 

If you would like full information on this system please 
write to us at the address below. 

H a n g e r — first i n t h e field 
o f r e h a b i l i t a t i o n 

T h e Socke t A t t a c h m e n t M o d u l e 
(45 x 40 x 45mm) (150g), which will only be 
required for below knee amputations and short 
to medium above knee cases, consists of a 
simple casting fined with the friction 
alignment device. Several fixtures are available 
to enable many types of sockets to be fitted 
including vacuum formed or laminated plastic, 
leather, metal and wood. 

T h e A n k l e M o d u l e (45 x 40 x 70mm) 
(250g) (SACH 80g) incorporates the 
well proven design of the Hanger 
uniaxial joints and is also titled with a 
friction alignment device. This 
comprises a Steel Investment casing 
wit)i concentric spherical surfaces and 
extended jacking lugs, the attachment 
casting and a clamp ring, all held 
together with clamp screws. 

\ 

Hanger 
PLEASE SEND ME YOUR NEW CATALOGUE WITH DETAILS 
OF THE MODULAR SYSTEM. 

J.E. Hanger & Co. Limited, 
Roehampton I-ane, Roehampton, 
London SW15 SPL 
Telephone: 0 1 - 7 8 9 6 5 6 5 
Telex: 8 9 6 9 8 3 

p NAME. 

POSITION.... 

ADDRESS 

POI 1/83 
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e l e c t r i c a l ? 
Steeper's unique choice 

of prosthetic hands for children 

F o r f u r t h e r i n f o r m a t i o n a b o u t S t e e p e r ' s r a n g e o f p r o s t h e t i c s 
c o n t a c t H u g h S t e e p e r ( R o e h a m p t o n ) L i m i t e d 

2 3 7 - 2 3 9 R o e h a m p t o n L a n e , L o n d o n S W 1 5 4 L B E n g l a n d T e l : 0 1 - 7 8 8 8 1 6 5 T e l e x : 2 6 1 7 8 7 



the professional force plates 
from <ISTLER 

over 375 systems at leading institutions 
in 28 countries around the world 

Standard: plates 400x600 mm and 600 x 900, available from stock Special: 4 glass plates 500 x 1000 mm (Wakakusaen Rehab. Ctr., Hiroshima) Special: 4 aluminium plates 400 x 2000 mm (Saitama Rehabilitation Center near Tokyo) 

Professional performance through state-of-the-art quartz technology: • high natural frequency in all 3 force axes • extremely low cross talk under centric and eccentric loading • virtually overload proof yet sensitive enough to measure your heartbeat • ultrastable: owing to the quartz elements the factory calibration is valid forever. 

Professional calibration with a unique custom-built 3-component calibration system (shown left) designed for calibrating all the multicomponent dynamometers and force plates that KISTLER supplies to the machine tool, automobile and tire industries and - for biomechanics. 
Professional service and support through representations in over 40 countries. 

N e w 8-channel charge amplifier unit which can be completely remote controlled (even selection of measuring ranges). Ideally suited for direct interfacing with a computer. M. Also designed to connect directly into the professional motion analysis systems VICON and SELSPOT. 

A d v a n c e 
i n f o r m a t i o n 
L a t e s t n e w s 

KISTLER is about to introduce a profes- erful yet mobile in-field data aquisition sys-
sional microcomputer system tailored to tern and may serve as a main computer (ex-fully exploit the performance of the force pandable to meet almost any requirement in plates. Real time data processing, functions biomechanics), as transient recorder, storage scope, pow-
The capacitive Semperdyn force plates (made by Semperit AG, Wien, Austria) are now available as KISTLER-Semperdyn systems. 

Measuring the vertical force only they offer sub-millisecond response even with sizes up to 1000 X 2000 mm. 

Piezo-lnstrumentation 

Please ask for detailed information. 

< I S T L E R 
Systems will be shown at: 
IX ISB Congress Waterloo, August 1983 
Kistler Instrumente AG Eulachstrasse 22 CH-8408 Winterthur, Switzerland Tel (052) 831111, Tx 76458 

v i i 



clURn-FuauER mEDical , inc . 

ARM 
A B D U C T I O N 

O R T H O S I S 
i n two sizes 

NEW LINING 

A R N A B D U C T I O N O R T H O S I S C A T A L O G N U M B E R 

With PE-LITE and Vinyl Lining With VELFOAM II Lining VELFOAM II Lining Replacement Kits 
Large 
4847 4838 4863 

Small 
4846 4836 4862 

THE DURR-FILLAUER ARM ABDUCTION ORTHOSIS IS NOW AVAILABLE IN TWO SIZES AND WITH TWO DIFFERENT LININGS. IN 
ADDITION TO THE ORIGINAL LINING OF VINYL AND PE-LITE IT IS NOW POSSIBLE TO ORDER IT WITH A LINING OF SOFT COMPRESSIBLE 
VELFOAM II. THE VELFOAM II LINING IS READILY REPLACEABLE AND PREPACKAGED REPLACEMENT KITS ARE AVAILABLE. 

THE ORTHOSIS CAN BE EASILY ADAPTED TO THE RIGHT OR LEFT ARM AND IS ADJUSTABLE FOR LENGTH IN THE FOREARM, ARM, AND 
THORACIC SECTIONS. JOINTS AT THE ELBOW AND SHOULDER PERMIT FLEXION AND ROTATION OF THE ARM AND FOREARM WHILE 
HOLDING THE GLENOHUMERAL JOINT IN THE PRESCRIBED POSITION OF ABDUCTION. OR, MOTION AT THE ELBOW MAY BE LOCKED AT 
9 0 ° IF DESIRED. CHAFES ARE MOUNTED FOR AN OPTIONAL IPSILATERAL SHOULDER STRAP IF ITS USE IS WARRANTED. 

INDICATED FOR: 
• DISLOCATIONS OFVOR OPERATIONS ON THE GLENOHUMERAL JOINT 
• NERVE INJURIES • MUSCLE INJURIES • HUMERAL FRACTURES 

SOLD THROUGH LOCAL ORTHOTIC AND PROSTHETIC 
FACILITIES ONLY. PLEASE CONTACT YOUR NEAREST FACIL
ITY FOR PRICE AND DELIVERY. 

* Original Design by Heath Harvey, C O . J 
P.A. BOX 167A 
CHATTANOOGA. TN 3 7 4 0 1 
2 7 1 0 AMNIC0LA HIGHWAY 
CHATTANOOGA. TN 3 7 4 0 6 RLL J P > R F = 1 I L F H 1 E R I T I E D İ C A L . I D C 

PHONE 6 1 5 - 6 2 4 - 0 9 4 6 
1 - 8 0 0 - 2 5 1 - 6 3 9 8 

(TNI 1 - 8 0 0 - 5 7 2 - 7 6 5 0 
TELEX 5 5 8 4 2 2 



ere are 12 good quest ion 
^serving 12 good answer 

Tick off, and t ry us. 

• A r c h S u p p o r t S h e l l s 

• A c c e s s o r i e s f o r A r c h S u p p o r t S h e l l s 

• O r t h o p a e d i c P r o d u c t s 

• R a w M a t e r i a l s 

• G e n e r a l S u p p l i e s 

• R e s i n C a s t i n g S u p p l i e s 

• C l i n i c a l O r t h o p a e d i c s 

• W o r k s h o p F u r n i s h i n g s 

• E q u i p m e n t 

• T o o l s 

• A p p l i a n c e s 

• M a c h i n e r y 

Orthopädie 
service 

SCHEIN ORTHOPÄDIE SERVICE KG 
P O BOX 11 0 6 0 9 
D - 5 6 3 0 REMSCHEID 11 

P 
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M e d i c a l l y t w o - w a y - s t r e t c h e l a s t i c s t o c k i n g s , 
o f w o r l d r e n o w n . 
JUZO - medica l lv c o r r e c t elast ic s t o c k i n g s have b e e n 
lead ing in t o p qual i t ies f o r m o r e t h a n 7 0 years . 
T h e y c o m b i n e t h e r a p e u t i c e f f e c t i v e n e s s a n d 
w e a r i n g c o m f o r t as wel l as c o s m e t i c a n d f a s h i o n a b l e 
e legance . 
T h e i r o p t i m u m c o m p o n e n t s s u c h as c o m p r e s s i o n , 
e last ic i ty a n d sheerness are c o n v i n c i n g . 

Julius Zorn GmbH 
8890 Aichach/West Germany 
P.O. Box 1280, Tel. 0 82 51/30 61,Te!ex 5 39 405 

S i MASCHINEN-SCHMID 
A long and successful 

tradition in machinery for 
Orthopaedic Supplies 
• R O B U S T 
• S T E A D I L Y I M P R O V E D 
• D U S T E X T R A C T I N G 

Machinery and tools 
made in Germany 

by specialists for specialists 

NEW! 
SOCKET ROUTER 

T I T A N 1 2 0 E 
• P R O V E N IN P R I N C I P L E 
• I M P R O V E D D E S I G N 

Please ask for more 
information 

For detailed information please write to: Q 

M a s c h i n e n - S c h m i d , M o r e n a s t r 3 , D 8 0 0 0 M u n i c h G e r m a n y 
T e l e p h o n e 0 8 9 / 8 3 2 5 1 0 

İSCHMID] 
X 



(Quality-you can count on... ft O r t h o p e d i c P r o d u c t s 
F l a M a n C o O r t h o p e d i c P r o d u c t s a r e m a d e t o e x a c t i n g 
s t a n d a r d s u s i n g t h e f i n e s t q u a l i t y m a t e r i a l s a n d 
m a n u f a c t u r e d in o u r p l a n t b y s k i l l e d c r a f t s m e n u s i n g 
m o d e r n p r e c i s i o n e q u i p m e n t . O u r d e d i c a t i o n t o t h e 
o r t h o p e d i c f ie ld h a s e a r n e d u s a w o r l d - w i d e r e p u t a t i o n . 

EXO-STATIC Col lar 
W i t h or W i t h o u t 

Chin Cup 
Stabilizes 

EXO-STATIC 
O v e r h e a d 

Tract ion Unit 
For Quality and Convenience 

V 

n FlaManCo 
FLORIDA M A N U F A C T U R I N G 

\MBWm CORPORATION = 
\rl3M3πCO/ P O BOX 2324 - DAYTONA BEACH. FLA. 32015 

(904)767-2372 
EXO-BED 

Tract ion Unit 
When 

Bed Traction 
is Best 

CERVE-EASE Col lar 
Gentle but Firm Fitting 

C a t a l o g A v a i l a b l e 

O T H E R P R O D U C T S 
• Exo Overhead Traction Unit 
• Exo-Foam - Soft Cottar 
• Diskard - Head Halters A V A I L A B L E THRU O R T H O P E D I C S U P P L Y D I S T R I B U T O R S 
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Information for Contr ibutors 
Cont r ibut ions should be sent to Prosthetics and Orthotics International, National Centre for Training 
and Educa t ion in Prosthetics and Orthotics , University of Strathclyde, Curran Building, 131 St. James ' 
R o a d , Glasgow G 4 0LS, Scotland. In the meant ime considerable difficulty and delay is entailed in 
processing contr ibutions in languages other than English. Authors are asked to provide three copies of 
text , tables and figures. Papers are accepted on the understanding that they may be subject to editorial 
revision and that no substantial par t has been , or will be published elsewhere. Subsequent permission to 
reproduce articles must be obtained from the publishers. Manuscripts should be typewritten in double 
line spacing on one side of paper only with margins of 25 mm. Papers must commence with an abstract 
not exceeding 250 words . O n a separate sheet must be: 

(1) Title and short title. The short title should appear at the head of each page and should not 
exceed forty-five characters including spaces. 

(2) A u t h o r s ' names , initials and titles. The present address of any author if different from the 
place where the work was done , may be shown as a footnote. 

(3) D e p a r t m e n t s ) in which the work was done . 
(4) T h e name and full postal address of the author to whom correspondence and requests for 

reprints should be directed. This will appear as a footnote. 

I l lustrations 
All illustrative material should be lightly marked on the back in pencil with the figure number in arabic 
numera l s , title of paper , au thors ' names and a clear indication of the top of the figure. The approximate 
location in the text should be marked. Figure captions should be typed on a separate sheet. Tables 
should be used only when necessary to clarify important points. Each table should be typed on a separate 
sheet and numbered consecutively in arabic numerals. 

References 
References in the text should follow the author/date system, for example Peizer (1971). If there are more 
t han two authors etal. should be used as in Solomonidis et al (1974). References cited in the text should 
be listed on a separate sheet alphabetically by first author. All authors should be listed and journal titles 
given in full. 

Reference to an article in a journal 
Should include Au tho r ( s ) ; Year of publication; Article title; Journal title; Volume number; First and 
last page numbers . 

Newcombe, J. F., Marcuson, R. W. (1972). Through-knee amputation. British Journal of Surgery, 
59, 260-266. 

Reference to a contribution in a book 
Should include Author ( s ) of contribution; Year of publication; Title of contribution (followed by ' In : ' ) ; 
A u t h o r ( s ) , Editor(s) of book ; Book title; Edit ion; Place of publication; Publisher; Volume number ; 
First a n d last page numbers . 

Cruickshank, C. N. D. (1976). The microanatomy of the epidermis in relation to trauma. In: Kenedi, 
R. M. and Cowden, J. M. (eds). Bedsore biomechanics, London, MacmiUan Press Ltd, p. 39-46. 

Repr in t s 
T e n reprints will be supplied free of charge to the first named author. Additional reprints may be ordered 
from the publishers at t ime of acceptance. 
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P R O S T H E T I C 
S O C K 

% OF SHRINKAGE 
(LENGTH PLUS WIDTH) 

/ 
/ / 

y 

y 

SUPER SOCK, 100% fine grade, natural virgin wool 
with the PLUS of, consistency, easier care, prolonged 
flexibility, and freedom from shrinkage and felting. 

Comparison of Super Sock & Old Style Sock 

SHRINKS LtSS 

MEASURED THICKNESS 

© 5 Ply, Super Sock 
(Ş) 5 Ply, Super Sock 

•©5 Ply, Old Style Sock 
•® 5 Ply, Old Style Sock 

New 
275" 
275" 
275" 
.275" 

After 30 
Wash/Dries 

.285" 
265" 
368" 
.334" 

© 0LDSTYLE SOCK —MACHINE WASH WARM WATER GENTLE AGITATION AIR DRIED NO BLEACH 
@ OLD STYLE SOCK—MACHINE WASH WHITE LOAD WARM WATER NO BLEACH MACHINE DRY 
@ DIFFERENT BRAND REGULAR SOCK - MACHINE V\ASH WHITE LOAD WARM WATER NO BLEACH MACHINE 0RY 
© SUPER SOCK" — MACHINE WASH WHITE LOAD WARM WATER NO BLEACH MACHINE DRY 
© SUPER SOCK" - MACHINE WASH WARM WATER NO BLEACH GENTLE AGITATION AIR DRIED 

j SUPER SOCK IS CONSISTENT 4 > 5 FLAT LINES | 
Different tests on the same type of knitted product will give 
slightly different statistical results, but the trend is constant 

F R O M T H E B E G I N N I N G . a n d s o m e f indings 
Research on the Super (wool) Sock began in the summer of 1977. Nine 
months passed, with many socks produced, before a sock worthy of 
wearing resulted Laboratory tests preceded wear tests. 
Washability tests indicated Super Sock could be machine washed and 
machine dried 30 times with 5% or less shrinkage. When machine washed 
in Ivory and air dried, the shrinkage was less than 3%. Increase in thickness 
fluctuated at less than .025 inch. 
The Old Style socks shrank 17% when machine washed and dried 15 
times. They shrank 9% when machine washed in Ivory and air dried 15 
times. Thickness increase averaged .060 inch. This thickness increase is 
more than the thickness difference between a 3-Ply and a 5-Ply sock 
None of the Old Style wool socks were wearable after 30 wash, dry cycles 
using either care method of 1. machine wash, machine dry, or 2. machine 
wash with Ivory and air dry. 
If the average amputee purchased twelve socks and wore a clean sock 
after each wearing, he would need approximately 30 wash-wears, from 
each sock, to service him for one year. 

In 1978 wear tests with a small group of individuals was underway. Partici
pants were a cross section, including office workers, farmers and profes
sionals. They wore the test socks. We laundered the socks and kept the 
data. At the end of 1981, some of these socks are still on test! Socks 
became more pliable in the wear situation than in the laboratory test 
situation. Wear tests with this small group of amputees preceded develop
ment of production techniques. Testing and development continued 
through 1979. 
By spring of 1980 Super Sock was being tested on a broader scope in the 
field. Several prosthetic facilities made Super Socks available to their 
amputee clients. These individuals were asked to evaluate the socks a year 
later. 
82% of the field test group preferred the Super (wool) Sock; 12% preferred 
the Old Style wool sock; 6% preferred the Orion/Lycra sock (also machine 
washable). 
Of those using the Super Socks, 85% washed them in the machine, half 
drying them in a dryer and half air drying them. Even the 15% who 
continued to wash their socks by hand, and air dry, were quite generous in 
their praise. 

MORE THAN 3 YEARS OF RESEARCH 
And a 100% Natural Virgin Wool Sock with the Super Plus was ready! 

Super Sock was introduced In September 1980 at the National Assembly of the American Orthotic and Prosthetic Association. It is now available in 3-ply, 5-ply 
and 6-ply stock sizes and in all special sizes. Consult your prosthetist for the sock best suited to your individual needs 

KNIÏ-RITEj 
OUR NEW NUMBER IN MISSOURI: 1-816-221-5200 

K N I T - R I T E , I N C . 
BOX 208 / KANSAS CITY, MO 64141 U.S.A. / PHONE: (816) 221-5200 

TWX: #9107710513 / CABLE CODE: KNIT-RITE 

'An Exciting New Company Over 6 0 Years Old' 



T h e L e r m a n M u l t i 4 i g a m e n t a s K n e e C o n t r o l O r t h o s i s . 
The Lerman Multi-Ligamentus™ 

Orthosis controls knee motion with 
metal polycentric joints that closely 
simulate motion of the anatomical 
knee. The knee joints are completely 
adjustable and may be used to inhibit 
knee flexion or extension to any 
desired degree. 
Medio-Lateral Stability 

Medio-Lateral stability is provided by 
plastic posterior femoral and tibial 
bands which are attached to the metal 
knee joints with enough separation to 
provide a desired amount of leverage. 
Anterior-Posterior Stability 

Anterior-Posterior stability is 

Size Calf Cir. Thigh Cir. 

Small 12"-14" 15"-17" 
Medium 15"-17" 18"-20" 
Large 18"-20" 21"-23" 
X-Large 20"-22" 24"-26" 

controlled by total contact floating 
condyle pads which also control the 
lateral and medial displacement of the 
patella through a full range of knee 
motion. Supra and inferior elastic 
patella straps, which secure the 
condyle pads to the knee joints, 
prevent distal migration of the orthosis. 
Derotational and Rotational Control 

Derotational and rotational control is 
provided by total contact gum rubber 
straps which encircle the thigh and calf. 
The straps create a pull force or torque 
in opposite directions which works to 
derotate the knee joint. Pull force 
directions may be changed to control 

United States Manufacturing Company 
180 North San Gabriel Blvd., P 0 Box 5030. 

Pasadena, California 91107 US A (213) 796-0477 
Cable: UMBRACE, TWX No : 910-588-1973 

tibial rotation, either medial to lateral 
or lateral to medial. 
Total Knee Control 

Total knee control is the ultimate 
effect of the Lerman Multi-Ligamentus1 

Knee Control Orthosis. It's also easy 
to fit, apply or remove and may be 
adjusted to allow any desired amount 
of knee flexion and extension. 
Product Numbers: 
Small — Right — A16-6RS-M000 
Small — Left — A16-6LS-M000 
Medium — Right — A16-6RM-D000 
Medium — Left — A16-6LM-D000 
Large — Right — A16-6RL-G000 
Large — Left — A16-6LL-G000 
X-Large — Right — A16-6RX-L000 
X-Large — Left — A16-6LX-L000 

Patent Pending 


