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All patients look for a prosthetic foor that
provides true wearing comfort. Yet they don't
want to sacrifice a high degree of dynamic
response. Now there's a way to maximize
both benefits. Otto Bock's 1C40 C-WALK

is a unique carbon fiber foot that combines
comfort with dynamic response and multi-
axial rotation. First, the C-element
cushions the foot for a comfortable heel
strike. Then, the stored energy in the C-
element is released to facilitate a smooth
roll-over to mid-stance. As the forefoot
loading increases, again the C-element
and now the base plate spring begin to
load. This energy is returned at toe-off to
assist in initiating the swing phase. Finally,
regardless of the patient loading or activity
level, an integrated control ring that
connects the C-element to the base plate
regulates the spring characteristics during

the entire stance-phase of the gait cycle.
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A major advance in
pneumatic swing phase
control technology

The SERVO valve within the ‘
cylinder responds to any
increase in flexion rate above
the normal setting.

* The ‘open circuit’ design
reduces cylinder heating whilst
allowing the unit to '
automatically pump up to ‘
higher resistances

= Light weight 270 g

* Independent adjustment of
flexion and extension rates

* Responds immediately to changes
in flexion force

.+ Fully interchangeable within the
Endolite Universal shin range

|« Structurally tested to 1SO10328 |
- A100 load levels
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ISPO financial statements 1992-98

1992 1993 1994 1995 1996 1997 1998
Income 1,207.374 | 1,077,166 | 1,077,862 | 1,080,030 | 1.080,645 | 1,140,970 | 1,153.136
— members 1,151,504 | 1,045,108 | 1,050,147 | 1,055,700 | 1,053,760 | 1,125970 | 1,138,136
~ sponsors 55.870 32,058 27715 24,330 26.885 15,000 15,000
Education Committee 0 0 0 -21,298 -16.431 -30.821 124,044
Meetings, Other Org -195.948 | -220,534 -137.955 -17,648 -99.143 -2,756 -52.802
Conf., Work-shops -9.372 -12.983 -196.828 0 0| -645.310 -231,196
Courses 114,642 -54,982 | -273,949 -46,115 -187.026 | -132,243 -134,017
Congresses 1.521,233 466,355 -59.747 346.399 31501 0 781,229
POI Journal -72.504 -90,645 -3.648 4,493 54,111 137,649 118,282
- income 456.250 487,387 576.528 600,378 751,081 896,408 991,869
- expenses -528,754 | -578,032 -580.176 -595.885 -696.970 | -758.759 -873,587
Professional Register 0 -9.293 0 -25.067 -146.138 | -101,167 -88.692
Publications -29.880 22,391 -38.118 -2,940 13,868 7.365 19,877
— income 28,120 21,644 844 1,121 26,746 7.365 19.877
— expenses -58.000 -44,035 -38.962 -4,061 -12,878 0 0
Activity Result 2,535,045 | 1.091.,342 347,386 | 1.342.920 | 1218512 368,086 [ 1.530.485
Administration -854,293 | -864.659 |-1,049,634 |-1,287.383 -924962 | 956,468 -761,376
— secretarial -543,301 515,687 -549.019 -544,744 -493.336 |  -541.846 -497,560
— board -304.512 | -307, 621 -247,865 -715.570 -365910 | -274.934 -236,554
- meeting expenses -6.480 0 -22,206 -22,686 -28,495 -15.268 -16,534
- society promotion 0 -41,351 -45,255 -4,383 -37,221 -1.964 -10,728
— International Comm. 0 0 | -185.289 0 0] -122,456 0
Primary Result 1,680,752 268,034 -656,993 30.470 147.412 -585.924 -585.381
Capital Yield 412,633 614,754 -373.032 | 1,106,112 722,982 853,957 530,551
— interest, maturity yield | 419.025 614,754 438,275 412,964 495,302 562.831 417,502
— changes in value -6,392 0 -811,307 693,148 227,680 291,126 113,049
Years Result 2,093.385 882,788 | -1.030.026 | 1,136,581 870.394 268.576 | 1.227,504
Assels 6,215.429 | 7,029,128 | 6,037,788 | 7.053,168 | 8,064208 | 8,371.682 | 9.431.084




2 Editorial

The good capital yield has given ample room for the international activities of the Society. During
the past year these have been related to courses on Amputation Surgery and Related Prosthetics in
Victnam and Cerebral Palsy in Slovenia, together with a seminar on Prosthetics and Orthotics in
South-castern Asia held in Tokorozawa, Japan. Through competent and responsible steering by the
programme organisers, together with good collaboration and joint ventures with local professional
groups, the expenscs have been kept ut the most reasonable level for the Society. Representation at
meetings with other organisations has been kept at a modest expense level. The Society funded a
successful workshop on Quality Assurance in Prosthetics and Orthotics which will lead 1o a
publication on the topic during the coming year.

Education has always been a key issue and the largest area of activity for ISPO. Higher costs than
ever before have been accrued under this heading; in part because of involvement in recognition of
schools for Orthopaedic Technologists and in evaluation programmes of Appropriate Technology, but
most of these costs are to be recovered from the commissioning bodies. Another reason is the high
meeting costs because members of the Education Committee from outside the Executive Board have
been co-opted from school programmes in Canada, Japan, EI Salvador and Tanzania.

The Professional Register also this year has accrued a relatively high cost. Over the past three years
the costs add up to DKK 335,997 und will total about 400,000 DKK betore completion in 1999. This
15 the end of the linc of a 25 years old dream of having access to a professional profile (or the majority
of the Society's members, allowing it to formulate a sct of search profiles to identify individuals with,
for instance, certain language capabilities together with skill in specific areas, experience from work
for other organisations and be willing, and have time available, o serve for a specific task al a given
place. Further to that the efficacy of the membership register hus improved considerably allowing for a
nuiber of statistics related to membership recruitment and termination. The Professional Register is
built up on Access software, which is part of the Office package from Microsoft. However, most of
the costs are related to professional programming and amending the system to be simple and user-
friendly for daily operation as well as occasional statistics.

On the income side the Society can note that the journal, Prosthetics Orthotics International, has
again given a handsomc income.

The Society continues 1o enjoy office facilities sponsored by, and located in, SAHVA and also the
high commitment of the sole employee, Aase Larsson. With such a staffing structure it is only possible
to run the activities of the Society through the generous understanding and support irom the employers
of the core of hard working elected officers and board members who are lhe comer-stones for a
successful ISPO with a strong international profile.

January, 1999
Carsten Tarholm, Chairman of the Finance Committee
1. Steen Jensen, Hon. Treasurer




SUMMARY

Society membership fees (note 1)
Sponsorship (note 2)

Meetings with other organisations (note 3)
Conferences, courses etc (note 4)
Prosthetics and Orthotics International (note 5)
Publications (note 6)

Result of Activities

Administrative expenses (note 7)
Primary Result

Interest

Dividend

Change in market value of securities
Exchange rate variance

Financial Income

Net Income

1998
DKK
1.138.137
15.000
(52.802)
291.992
118.282
19.877
1.530.486
(833.534)
696.952
380.061
1.692
113.049
35.750
530.552
1.227.504

1997
DKK
1.125.970
15.000
(2.756)
(807.938)
137.649
7.365
475.290
(1.060.671)
(585.381)
422.908
1.504
291.126
138.419
853.957
268.576



4. ISPO Statement of Accounts, 1998

Balance Sheet as of December 31, 1998

1998 1997

DKK DKK
Cash 76.058 354.783
Accrued interest 106,825 106.753
Advertising receivable 311810 294,770
Prepayment, World Congress Amsterdam 1998 443,088 443.088
Receivable World Congress Amsterdam 1998 81912 0
Prepayment World Congress Glasgow 2001 332.569 131.331
Miscellaneous receivables 0 87.599
Other prepaid items 15.808 12.940
Receivables 1.296.012 1.076.481
Securities (note 9) 8.059.014 6.924.071
Office Equipment (note 8) 0 16.347
Total Assets 9.431.084 8.371.682
Liabilities
Accrucd cxpenses 149,930 370.759
Prepaid income 135.782 83.055
Short-term liabilities 285.712 4531.814
Equity
Equity January 1 7.917.868 7.649.292
Net result 1.227.504 268.576
Equity December 31 9.145.372 7.917.868
Liabilities and capital 9.431.084 8.371.682

Notes to the Financial Statements

1. Society membership fees
Membership fees consist of fee payments from members.

2. Sponsorship
SAHVA

o
=
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15.000
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ISPO Statement of Accounts 1998

3. Meetings with other organisations
Interbor

AQOPA

WHO Geneva

RI-ICTA

Miscellancous

Expenses

4, Confercnces, courses etc,
Education Committee

World Congress Amsterdam
NMS Education Support
ISPO Central Europc

Consensus Conferences and Seminars
Poliomyelitis
Quality Assurance
CBR Workshop
Tokyo Seminar
St. Petershurg

Courses — I[ndustrialised world:
Helsingborg

Courses - Developing world:
Cerebral Palsy
Ampurtation {Vietnam}
Amputation (India)

Income (expense)

5. Prosthetics and Orthotics International
Advertising
Subscriptions

Printing and mailing postage
Production cditor

Meeting expenses
Production secretary

Other direct expenses
Publications comrmittee

Net result

6. Publications
Booksales
Amputation Video

Net result

7. Administrative expenses
Executive Board and Officers:
Executive Board meetings

Officers representation
IC-mecting
POI publications committee

1998
(13.800)
(23.614)

(3,934)
(8.3061)
(3.154)

(52.802)

(124.044)

781.220
(10.500)
(8.248)

4.845
(128.669)
(7.243)
(31.859)
(7.247)

0

(42.255)
(134.017)
0

291,992

797.224
194.645

991.869

(570.646)
(40.275)
(16.666)

(116.000)
(20.000)

(110.000)

(873.587)
118.282

19.304
573

19.877

330.020
16.534

0
{110.000)

236.554

1997

Do O

(2.756)
(2.756)

(30.385)

0
0
0

(645.310)

oo o

447705

13.686
0

(190.634)
(807.938

687.073
209,335

896.408

(445.860)
(37.129)
(32.994)
(80.000)
(12.776)

(140.000)

(758.759)
137.649

5.895
1.470

7.365

414.934

0

122.456
(140.000}

397.3%0




6 ISPO Statement of Accounts 1998

Secretariat, Copenhagen:

Staff salaries 212,404 254411
Labour tax 20.216 11.672
Data service 1.175 1.107
EDP 835 3.349
Meeting expenses 14.145 14.231
Postage and bank charges 71.813 74.220
Telephone 12.518 12.304
Stationery 17.480 6.816
Office supplies 19.808 40.941
Auditing 31431 30.739
Bookkeeping 18.571 15.545
Consulting fees 24.048 22.273
Sundries (4.296) 27.218
Rental 15.000 15.000
Depreciation 14.824 13.000
Society promotion 10.728 8.000
Insurance 20.547 11.288
Fee Rehabilitation International 7.041 0
8.288 S562.114
Professional Register 88.692 101.167
Total §33.534 1.060.671
8. Office Equipment
Computer equipment, at cost 187.544 187.544
Office equipment. at cost 30.482 32.006
Cost 218.02¢6 219.550
Depreciation January 1 (203.202) (190.202)
Depreciation during the year (14.824) (13.000)
Accumulated depreciation (218.026) (203.202)
Net book value 1] 16.348
9. Securities
Nominal Original Year End
Value Cost Value
Bonds
6.75% Bayerische Vereinsbank 313.318 318.806 318.806
4% Nykredit 2006 2.333.000 2.302.671 2.302.671
6% Nykredit 2019 3.072.000 3.008.928 3.068.928
5% Nykredit 2009 2.114.000 2.117.171 2.117.171
7.832.318 7.807.576 7.807.576
Shares Units Cost or Year End
1997 Value Value
Eurostock 50 1.780 141.065 170.880
Den Danske Bank 04 72.560 80.558

Total §.021.201 8.059.014
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Report from the Executive Board

This report gives an update on Executive Board activities which should be of interest to most
members of ISPO. I have included some background information which I hope will be helpful,
particularly for new members. It there are other items you would like (o sce included in future reports,
please let me know.

Prosthetic/orthotic education

Over the last triennium we have seen the development of the Category Il {orthopaedic technologist)
and then the Category I (prosthetist/orthotist) educational packages. The Category II professional
would be trained to work in low-income countries where Category I training is not realistically
achievable in the short term. However, in he long term, all countries should aim to have Category |
professionals. For example, in Tanzania, where there has been a recognised Category IT course for
some years, a Category | course is now being introduced.

The educational packages contain a profcssional profile, code of ethics, learning objectives and an
indication of the content and procedures for final examinations. Thus they are valuable guidelines for
any new school and may prove helpful for existing schools. A school, which provides educalion and
training in accordance with the appropriate ISPO educational package, can seek ISPO recognition.
This involves a visit by two inspectors, normally at the time of the examinations, to study the course in
detail. The inspectors then report buck to the Executive Board which will decide cither to recognise
the course (possibly with recommendations for minor changes) or advise the school that the standard
is insufficient and suggest necessary improvements for recognition to be achieved. The cost ol the
inspection must be berne by the school. Any professional who graduales from a school at a time when
it is recognised by ISPO will be entitled to receive a certificate of ISPO registration. Schools, which
pass the inspection, are recognised for three years. In order for its graduates to obtain [SPO
registration it is essential that the school should apply tor re-inspection promptly. If ISPO recognition
is allowed to lapse for a period of time, students who graduate during that period will not be eligible
for ISPO registration. Recently, inspections have been carried out at the Cambodian School for
Prosthetics and Orthotics (Phnom Penh, Cambodia) and Don Bosco University (San Salvador, El
Salvador). Both schools achieved the required standard for [SPO Category II recognition.

Currently the Category HI educational package is being developed. The 1ISPO Category 111 refers to
the technician or bench hand who does not treat patients but is skilled in the manufacture and repair of
prostheses and orthoses.

Consensus Conferences

A consensus conference is a gathering of acknowledged experts and individuals with working
experience in the wopic of the conference. The conference would typically consist of invited papers to
cstablish a knowledge basc, syndicate discussions where groups discuss selected issues and seek to
identify areas of agreement and conflict, followed by plenary sessions in which the findings of the
groups are discussed. The aim is determine areas of general consensuvs in such matters as patient
treatment methods, organisation of services and appropriate materials and components.

Early in the last triennivm, in June 1996, there was a consensus conference on Appropridte
Prosthetic Technology in the Developing World held in Phnom Penh, Cambodia. This conference has
led to improved communication between the different non-governmental organisations working in the
region and evaluations of prosthetic systems designed for the developing world. It also set the scene
for a conference in Wuhan, China organised by the German agencies DSE and GTZ to plan GTZ
activity into the new millennium. Another consensus conference, this time on Poliomyelitis, was held
in Hammamet, Tunisia. The report of this conference is due to be published very soon. Already, as a
result of the conference, several courses on the management of poliomyelitis are being planned. The
Executive Board is currently examining possible topics for the next consensus conlerence.

7




R Executive Board Meetring

World Congresses

The Amsterdam World Congress was very successful with a total of 3428, of whom 1483 atlended
the scientific programrme while 1776 aitended the exhibition only. A preliminary verbal report was
given by the Secretary General, Hans Arendzen at an early stage and this should ensure that the next
World Congress benefits from the experience of the last.

The next World Congress is being planned for Glasgow, UK on 1-5 July 2001. The venue is the
Scottish Exhibition and Conference Cenure in Glasgow. This centre has excellent facilities and is
conveniently located for hotels, Preparations for this congress are progressing well but a great deal of
work remains to be done. Tt seems likely that the exhibition will be large and the programme excellent
although this is, of course, affected by the quality of papers submitted.

Bids for the 2004 World Congress are expected to arrive soon. The deadline for receiving these is
30 April 1999,

Executive Board (1998-2001)

The Exccutive Board is clected every three years. The first stage is the production of the slate of
nominations by the Protocol and Nominations Committee. The Committee is helped in this by
suggestions received from National Member Societies. There is a special form for this on which the
National Member Society should provide all relevant information about the individual suggested.
Once composed, the slate then goes before the Executive Board and tmay be approved or amended at
this stage. Once finalised, the slate is presented at the Interim Meeting of International Committee
Representatives and sent to all National Member Societies. At this stage any National Member Society
may add to the slate. 1f names arc added then an election becomes necessary. This takes the form of a
postal ballot of the International Committee. It is always hoped that the slate produced by the
Execuative Board will be accepted because a great deal of care has been taken to achicve a good
professional and geographical balance.

The incoming Executive Board for the triennium 1998-2001 was elected unopposed. The elected
members of this Board are as follows:

President Mr Norman A Jacobs UK Engincer
Immediate Past President Dr Seishi Sawamura Japan Orthopaedic Surgeon
President Elect Mr Sepp Heim Cermany Prosthetist/Orthotist
Vice Presidents Mr Gerhard Fitzlaff Germany Prosthetist/Orthotist

Dr Bjorn Persson Sweden Orthopaedic Surgeon
Members Mr John Craig USA Prosthetist/Orthotist

[Dr Jan Geertzen Netherlands Rehabilitation Specialist

Mrs Winnie Hessing Denmark Physiotherapist

Dr Juan Martina Caribbean Rehabilitation Specialist
Honorary Treasurer Dr J Steen Jensen Denmark Orthopaedic Surgeon
Honorary Secretary Dr Brendan McHugh UK Engineer

The Chairmen of the Standing Committees arc also members of the Executive Board. These are:

Education Prof John Hughes UK Engineer
Finance [Dr Carsten Torholm Denmark Orthopaedic Surgeon

The election process is now beginning for the Exccutive Board (2001-2004). Forms have been sent
to National Member Societies inviting suggestions.

Brendan McHugh
Honorary Secretary







Cause of amputation No. of amputees (%) No. of amputees (%) No of amputees (%)
15-60 years (N=50) 60 years + over (N=54) All ages (N=104)
Trauma 36 (66.6%) 20 (40%) 56 (53.8%)
PVD = DM 2 (3.7%) 23 (46%) 25 (24.03%)
Malignancy 1 (1.8%) 4 (8%) 5(7.8%)
Congenital 7 (12.9%) 0 7 (6.7%)
Others 84 (14.8%) 3 (6%) 11 (10.5%)

PVD = Peripheral Vascular Disease
DM = Diabetes Mellitus



Prosthetic episodes |All age groups over| Average for all ages| Age group 15-60 | Age group 60 years | Value

10 years per year over 10 years and over

(N=104) (N=104) (N=50) over 10 years

(N=54)

New prosthesis 5.04 0.5 5.68 44 0.003*
Refits 6.25 0.6 741 5.09 0.012%
Major repairs 2.28 0.2 2.61 1.95 0.17*
Day repairs 17.04 1.7 19.8 14.2 0.01

*=gignificant
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average number ol years of wearing prostheses in
the group was 13.9 years. This approach was
taken in an attempt to eliminate “untypical™ over
use or under use of prosthetic services,

The finding of less requirement of new
prosthesis, less number of refits and less number
of minor repairs for the older age group was not
surprising and it is assumed this is duc to a more
sedentary lifestyle for the older amputces.
Significantly higher figures for minor repairs for
the younger traumatic amputees compared (o the
older non-traumalic amputees probably reflects
the more active and adventurous lifestyle
younger trauniatic amputees tend to lead.
However 1this hypothesis has not been
specifically tested.

Prosthetic hardware and prosthetic expertise
are provided by an exiernal contracior but during
the study peried of 10 years all individual
prosthetists and  technicians  have remained
virtually the same, through their employers
changed once during this period. The expertise,
principals and policies of prosthetics service
provision has not altered during the study period.

Conclusion

Overall, the amputees in the study on average
needed about one new prosthesis and one new
socket every 2 years, one major repair every 5
years and about 2 day repairs per year. It is
however, accepted that the numbers would be

higher at the beginning of the prosthetic
programme due to change in the stump condition
and the patients’ continuing progress with the
rehabilitation programme until a plateau is
reached. The results presented here are un
overall average for a 10 year period,

This study has identified the pattern ol
prosthetic episodes in a defined group of trans-
tibial amputees. As this study is limited to a
relatively small number of ampulees in one
centre — its results cannot be accuralely applied
universallv. However the results could be used
as a buse line predictor for estimating an
ampulee’s prosthetic needs.
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Relaxed versus activated stump muscles during casting for
trans-tibial prostheses

M. LILJA, 5. JOIIANSSON and T. OBERG

Department of Biomechanics and Orthopaedic Technology, University College of Health Sciences,
Janképing, Sweden

Abstract

In prosthelic practice, the question often arises
ds to whether the hand cast should be made from
a contracted or from a non-contracted amputation
stump, To elucidate this question, the authors
have performed a study to quantity the volume
difference between these 2 conditions, and to
relate the differcnces to prosthetic fitting. Sixteen
(16) trans-tibial amputees participated in the
study. All of thern were fitted with an ICEROSS
silicone socket. Electromyographic studies, with
clectrodes attached to the anterior tibial and
medial gastrocnemius muscles, were carried out
to determine muscle contraction levels. Volume
determinations were made with the CAPOD laser
scanning systent. Measurements were performed
with and without the silicone liner on the stump.
Without a silicone liner, the volume of the stump
increased by 5.8% (SD=5.3) as the muscles
contracted. This increase was statistcally
significant. With the lincr donned the volume
increased 3.5% (8D=3.3). This increase was also
statistically significant. The volume of the
prosthetic socket was also compared with the
stump volume with a silicone liner on, For the
relaxed stump, the difference was 1.8%
(SD=10.1), and for the contracted stump -1.7%
(SD=11.3). Neither difference was statistically
significant. The importance of these volume
changes and how they influence stiffness of the
coupling between the stump and the socket are
discussed. It is concluded, that the observed
difference in volume between a contracted and a
non-contracted stump are large enough to be
considered by the prosthetist in his decision on
how to make a hand cast.

All correspondence 10 be addressed to Magnus Lilja,
Department of Biomechanics and  Orthopaedic
Technology. University College of Health Sciences,
PO Box 1038, $-351 11 Jonkoping, Sweden.
Tel: (+46) 36 324769, Fax: (+46) 36 324762,

Introduction

A major deficiency in some modern
educational programmes in prosthetics and
orthotics is the lack of theoretical knowledge for
the production of optimal prostheses and
orthoses. During training in prosthetics, onc of
several questions that arises from the students is
whether the patient should activate the stump
muscles during the casting process for a trans-
tibial prosthesis, or if the casting should be
performed on a relaxed stump. Generally. the
patient is asked to try to relax all stump muscles,
and, depending on which type of socket is to be
used, the patient is instructed to keep the knee
extended or slightly flexed. However, no
thecorctical basis for this procedure has been
found in the literature. Today, students (and
many practising prosthetists) demand a
theoretical basis for casting and other procedures.

It is well known that a muscle increases in
cross-sectional arca over the helly when the
muscle is contracted. If the muscles in the trans-
tibial amputation stump follow the same pattern.
and the prosthetist does not consider this
phenomenon, the socket fitting could be
jeopardised. The truth behind a well-fitted
socket is a total control over all the differem
parameters. Burgess e al. (1974) investigated
the possibilities of using trans-tibial muscle
activity to centrol socket suspension.

Radchifife and Foort {1961) described the
traditional way of manual casting for a patellar-
tendon-bearing  (PTB)  prosthesis,  They
introduced a complete technical procedure for
making a PTB prosthesis and their technique has
more or less become standard. Today, it is a
common opinion that prosthetic fitting should be
based on total contact and total weight-bearing
{Kapp und Cummings, 1992; Klasson, 1995).
One way to achieve this is to use silicone liners
together with a controlled hand casting
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technique (Kristinsson, 1993; Fillaver et of.,
1989). In order to improve total contact with an
ICERQSS liner, the ICEX technique can be
used, i.e. the socket is produced under hydraulic
pressure applied Lo the stump. This new concept,
however, puts ncw demands on the prosthetist
and histher knowledge and technique. Ever since
computer aided designfcomputer  aided
mranufacture (CAD/CAM) was introduced, it has
been seen ds a complement to the traditional
hand casting technique. The different CAD/
CAM systems on the market today can be
divided into 2 distinct groups: one using a
plaster cast negative as the starting point (e.g.
ShapeMakers) and the other using a non-contact
scanning technique, measuring directly on the
amputation stump (e.g. CAPOD Systems)
(Briissel, 1991). Both techniques have. when
correctly used, the potential of preducing total
contact and total weight-bearing prostheses. The
use of a non-contact scanning technique
eliminates the necessity 1o make a correct hand
cast. This technique, however, puts new
demands on the prosthetist’s skill at designing a
high quality socket.

The ultimate goal for the prosthetist, no matter
what casting technique is used, is always the
rehabilitation of the patient by means of a well-
fitted prosthesis. This goal cun be reached by
giving spccial attention to the interaction
between prosthetic socket and amputation stump
during prosthetic fitting. The properties of the
stump/socket interface depend on the initial
hand casting and the subsequent rectification of
the positive plaster mould. The aim is to
establish a flexible coupling between the stump
and the socket that is able to transfer ground
reaction forces from the prosthesis 0 the
skeleton (Klasson, 1995). If the stiffness of this
flexible coupling is low, the skeleton and the soft
tissues inside the socket will move during gait
and the patient will experience less stability
(Lilja and Johansson, 1993; Grevsten and
Eriksson, 1975; Eriksson and Lemperg, 1970).
If, however, the coupling is too stiff due to an
overly confined fitting, scvere problems can
oceur, for example decreased blood flow. Levy
(1983) describes several stump problems related
o blood circulation as well as problems related
to increased pressure between the stump and the
socket e.g. ischemic ulcers, stasis dermatitis.

Muscular activity patterns during gait are
dependent on walking speed, fatigue etc.

{(Whittle, 1991). In the amputation stump,
muscle activity during gait is similar to that
found during normal gait for non-amputees. This
activity can be described as a common activity
pattern, but there is a difference between
amputees and non-amputees with respect to
order of muscle activation, activity level etc.
(Whittle. 1991: Basmajian and De f.uca, 1985).
Grevsten and Stdlberg (1975) have described
this in electromyographic studics. Among
amputees, muscle activity not only accounts for
molion of the stump. but even contributes to the
suspension of the prosthesis (Burgess ef wl,
1974 Lilja and Oberg. 1998), With this in mind.
the guestion of relaxed versus contracted stump
muscles during casting is relevant and not trivial
from the prosthetist’s point of view.

The most rigid flexible coupling between the
prosthetic socket and the amputation stump
should appear when maximum forces are
transferred from the prosthesis to the skeleton. If
the movements of the skeleton inside the
prosthelic socket are not minimised, and if there
15 a discrepancy between the shape of the
amputation stump and the shape of the
prosthesis, severe stump problems can occur, for
example maceration, abrasion and blister
formations (Levy. 1983; Lilja and Johansson,
1983}, The volume of the amputation stump
fluctuates over time after the amputation (Lilja
and Oberg, 1997). The stump volume may also
vary due to changes in blood perfusion during
muscular activity. The volumes of the
amputation stump and the socket are closely
reluted to the fit of the prosthetic socket.
Significant differences between the volume of
the amputation stump and the volume of the
prosthetic socket reduce the possibility of a good
fit and thereby a successful rehabilitation,
Convetsely, a betler-litted prosthetic socket will
reduce stump problems and improve the
rchabilitation process. Patients”  opinions,
however, about a good fit do not always
correspond with the prosthetist’s, and this might
be a preblem during rehabilitation of the
amputee. It is important to stress that the
amputee and the prosthetist must share the same
goal with respect to prosthetic fitting and
rehabilitation.

Very few studies have been published on the
influence of muscle contraction on Lhe fit of the
prosthesis, and the existing studies are few, and
relatively old and incomplete in this respect.




Muscle activity during casting 15

Aim
The aim of the present study was to:
- quantity the difference in volume between a non-
contracted und contracted amputation stump;
— discuss such volume differcnces in relation
to prosthetic {iing.
The hypothesis was that the muscle activity
influenced swmp volume, and this must be
considered during hand casting for trans-libial
prostheses,

Material and methods
Subjects

Seven (7) men and 9 women, with & mean age
of 72 (57-83), were included in the study.
Thirteen (13} paticnts were amputated duc to
arteriosclerosis with or without diabetes mellitus
and 3 patients were amputated due to trauma,
Three (3) palients were amputated with a sagittal
flap technique and the remaining patieots with a
long posterior flap. Before and after amputation
all patients were able to walk with or without
crutches. Four (4) of the patients had used a
temporary prosthesis prior to being fitted with
the definitive prosthesis. The patients were
included in the study at least 6 months after
amputation. All patients were definitively fitted
with an ICEROSS silicone liner in their ordinary
rehabilitation and 14 ol 16 used their prosthesis
every day, between 2 and 16 hours a day. One
(1) of 16 patients used an ICEROSS silicone
liner with a lanyard kir, the others used the
ICEROSS with a bayonet coupling. Thirteen
(13) amputees used an Otto Bock single axis
foot, 2 used an Otto Bock Dynamic Foot and 1
used an Otto Bock Greissinger Fool.

Questinnnaire

All amputees were interviewed according to the
Prosthetic Profile ol the Amputee questionnaire.
Grisé et al. (1993). who also evaluated the
questionnaire according to validity and reliability
(Gauthier-Gagnon and Grisé, 1994), designed the
questionnairc. To the original questionaaire. a
second scction, designed for the present study,
was added and included questions pertaining to
the design and tunction of the prosthesis, from a
prosthetist’s point ol view. The number of
patients was too small Lo perform a statistical
analysis of the results [rom the questionnaire.

Muscle contraction
Eleciromyographic (EMG) electrodes were

attached epidermally over the anterior tibial
muscle and over the medial gastrocnemius
muscle. The electrodes used in the study were
Blue Sensor, Medicotest. The patients were
mstructed o activate both the anterior tibial
muscle and the medial gastrocnemius muscle
simultaneously 10 a sub-maximal (a4 much as
they could) level possible Lo contract for about 20
seconds. To guide the patient’s activity the EMG
signals were visualised as bars on a computer
screen, and the magnitude of the signal was
recorded, After some practice all paticnts were
able to activate both muscles simultaneously.

Measurement of stump and socker volumes

A black dot (6x6mm) was used as a reference
marker, placed on the middle of ligamentum
patellae prior to the scanning. The patients’
relaxed amputation stumps were scanned with a
CAPOD laser scanner, and the stump volume
from ligamentum patellae to the distal stump end
was calculated. After the first scanning, the patient
was asked to activate the muscles to the previously
stored EMG magnitude, and a new scanning was
performed while the muscles were contracted.
Each scanning was completed in 10 seconds.
Volume calculations from both scans were carried
out and comparcd. The same procedure was
performed with a silicone liner donned und with
the EMG electrodes still in place. Positive moulds
of all patients” prosthetic sockets were produced,
and the volumes ol these prosthetic sockets were
calculated with the CAPOD System. A
camparison between the volume of the socket and
the volume of the stump with the silicone limer
donned was then performed.

Statistical methods

Means, ranges. standard deviations and
student f-values were calculated according to
standard procedures (Armitage and Berry,
1987). The power of the study was calculated
both a priori and post-hoc with the soltware
GPower (Faul and Erdfelder, 1992).

Results

A ltmited number of the 168 variables (rom
the questionnaire are described in Table 1.
Fourteen (14) ol 16 patients were satislied with
the comfort of the prosthesis moderately or
better. None of the patients had any wounds on
the amputation stump at the time of the study.
None of the patients had constant stump pain bot
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{Winter and Sienko, 1988; Culham et ul., 19806
Grevsten and Sidlberg, 1975; Burgess er al.,
1974). However, only Grevesien and Stalberg
(1975) analysed the activity of thc amputation
stump muscles while the other authors
investigated the thigh muscles of trans-ubial
amputces. Among patients with a trans-tibial
amputation. fitted with a PTB prosthesis,
Grevsten  and  Stalberg  (1975) found a
simultaneous contraction of the anterior tibial
muscle and the gastrocnemnius muscle when the
load on the prosthesis was largest. The muscular
activity is closcly related to the different phases
of the gait cycle, and among amputees it may
contribute to the fit of the socket (Burgess er al.,
1974; Lilja and Oherg, 1998). The present study
focuses on volume changes of the stump when
the muscles of the stump are activated.

In trans-tibial amputees, as well as among
non-amputees, the maximum ground reaction
forces during gait exceed 100% of the body
weight (Winter and Sienko, 1988; Hermodsson
et al.. 1994; Hubbard and McElroy, 1994).
These forces have to be transferred from the
prosthetic socket to the amputation stump and
further to the skeleton. The possibility of
transferring these forces is influenced both by
the biomechancial properties of the amputation
stump and the physical properties of the
prosthetic liner (Silver-Thorn and Childress,
1996). The soft ussues of the slump have quasi-
lincar viscoclastic properties with respect to
stress and strain while the soft socket liner has
properties related to its specific material (Sonck
et al. 1970: Fung, 1993: Silver-Thorn and
Childress, 1996). These factors increase the
complexity of {orce transmission.

The mechanical relationship between the stump
and the socket is utilised to form a coupling,
which is able to transfer the ground reaction
forces from the prosthesis to the skeleton. The
efficiency of this coupling depends on its inherent
stiffness. The difference between the volume of
the socket and the momentary volume of the
stump is an important factor that contributes to
regulation of the internal pressute inside the
stump. Increased internal pressure results in
increased stiffness  of the coupling. One
consequence of an unsatisfactory coupling (ie. a
coupling with low stiffness) is increased tibial
displacement during gait resulting in a loss of
energy and influence on proprioception and
kinesthesis (Lilja and Johansson, 1993; Grevsten

and Eriksson. 1975). Equally important as
volume control is the shape of the socket. Tt is
essential to have a high congruily between the
socket and the stump, so-called surface maltching.
cspecially for non-voluminous amputation
stumps with bony prominences. The primary aim
of surface matching is 10 avoid tissue damage due
to localised pressure peaks over prominent bony
areas (Buis. 1997). Bader and Chase (1993)
discussed the mechanics of the patient-orthosis
intertace, but similar discussions can be applied to
prosthetics. They pointed out that tangential
forces combined with normal forces incrcasc the
risk of obliteration of capillary blood flow. This
emphasises the importance of a properly fitted
prosthesis and knowledge about volume changes
stressed in the present study.

If the prosthetic socket is fitted and the
difference in volume between the prosthetic
socket and the amputation stump is minimised
when the stump muscles are relaxed, the internal
pressure of the soft tissucs increascs as the
muscles contract due to the restricted expansion
of the stump volume. This results in increased
stiffness of the stump-socket coupling. However,
the opposite will occur if the volume difference is
minimised when the stump muscles are
contracted. Then the stiffness in the coupling will
decrease as the stump muscles relax, and an
inferior suspension of the prosthesis will be the
resull. When prostheses are fitted without soft-
liners the consequences of muscle contraction are
more pronounced, with the stiffness curve
showing a steeper slope. However, if a thin soft-
liner is used between the socket and the stump,
the increased stump volume during muscle
activity is compensated for through compression
of the liner, and the suffness curve will increase
more slowly as muscles contract. At the same
time the patient will expericnce a modcrate
increase in the stiffness of the coupling between
the amputation stump and the prosthetic socket
and a tightening of the fitted socket. The present
study indicates an increase in stump volume of
about 5% when contracting the stump muscles,
and many prosthetists have probably expericnced
the problem with a well-fitted socket as the
patient complains about the socket being too
tight during gait. This might be the result of an
overly tight fitting of the socket, increased
pressure inside the stomp and an excessively
increased stiffness in the coupling between the
stump and the socket during muscle activity.
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Interface pressures and shear stresses: sagittal plane angular
alignment effects in three trans-tibial amputee case studies

J. E. SANDERS* and . H. DALY **

Departments of Bioengineering * and Mechanical Engineering *¥,
University of Washington, Seartle. Washington, USA

Abstract

Interface pressures and shear stresses at
different  sagitia]l plane angular alignment
scttings were measured on 3 trans-tibial amputee
subjects ambulating  with patellar-tendon-
bearing total contact prostheses. Substantial
socket-shank angular alignment modifications in
the sagittal plane had minimal effect on stance
phase peuk interface pressures, though more
substantial effects on stance phase peak resultant
shear stresses, No consistent trend of a greater
stress at misaligned vs nominally aligned
settings was identificd. Changes in interluce
stresses from session to session tended to be
greater than those for different alignment
settings, suggesting that subjects compensated
well for misalignments but less well for session
differences,

Introduction

The sagittal plane angular alignment of a
lower-limb prosthesis, the angular position of
the foot relative to the socket in the sapittal
plane, influences the distribution of mechanical
stress at the stump-socket interface. Howcever,
data rcported in the literature vary as to the
degree of influence of the alignment on interface
stresses. Pearson et al, (1973) found that 10
degree llexion adjustments (with no translational
compensalton) on one subject resulled in
pressure  changes of 99% (285kPa), 51%
(135kPa). 26% {(26kPa), and 40% (21kPa) for
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PhD.  Associate  Professor, Departmemt  of
Bioengineering, Harris 309, Box 357962, University
of  Washinglon, Seaule WA 98195, USA
Tel: (+1)206 685-8296. Fax: (+1)206 543-6124
E-mail: sanders@limbs.bioeng.washington.cdu
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the anterjor distal tibia, patcllar tendon. lateral
tibial condyle, and medial tibial condyle sites
respectively. Ten degree cxtension adjustments
resulted in pressure changes of 42% (150kPa),
35% (83kPa). 0% (0kPa). and 40% (21kPa).
However, Appoldt et al. (1968) on 2 trans-
fernoral amputee subjects found only a small
reduction {complete quantitative data not
provided) at cvery test location for 5 degree
flexion and extension adjustments (with
translational compensation). Winarski and
Pearson (1987). on trans-tibial amputee subjects,
found 30% (67kPa) pressure changes for 1
subject and 30% (28kPa)} changes for a second
subject at a patellar tendon site when 10 degree
flexion adjustments were made (with no
translational compensation). Ten degrees of
extension produced changes of 53% (80kPa) and
54% (46kPa) in the same 2 respective subjects.
The purpose of this rescarch was to extend
from and add to this databasc of interface stress-
alignment investigations. An intent here is
inclusion of resultant shear stress data with
pressure in the analysis so as to determine if the
changes of interface resultam shear stresses to
alignment follow similar patterns to those for
pressures collected at the same site. It was also
intended to compare interface pressure sensitivity
to alignment with results reported in the literature
adding data to analysis of this important issue,

Methods
Subjects

All subjects were male unilateral trans-tibial
amputees who regularly wore total contact
patellar-tendon-bearing (PTB) prostheses with
sleeve suspensions and had been amputees (or at
least 1 year. Subject No.1 was 23 years of age,
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Site

Abbr.

Description of location

Anterior Lateral Proximal
Anterior Medial Proximal
Anterior Lateral Distal*
Anterior Medial Distal
Lateral

Posterior Proximal

Posterior Distal

ALP
AMP
ALD
AMD

L
PP
PD

at the level of the tibial tubercle, lateral side

at the level of the tibial tubercle, medial side

distal stump, anterior tibial border, lateral side
distal stump, anterior tibial border, medial side
femoral neck, ~2cm distal distal to the fibular head
mid-calf, on the posterior longitudinal midline

distal calf, on the posterior longitudinal midline

*for Subject No.3, this site was located in the mid-limb region because of excessive scar tissue more distally,




Subject Plantarflexion Dorsiflexion

1 -12 degrees 4 degrees
2 -9 degrees 5 degrees
3 -5 degrees 8 degrees
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Pressure

Subj. No.of AMP ALP AMD ALD L PP PD AX
Sess | Alig | steps | Mag COV | Mag COV| Mag COV| Mag COV| Mag COV| Mag COV| Mag COV | Mag COV
1.1 | zero [ 20 | 88.0 229%| 924 6.1% 1009 5.6% 119.4 10.2% 860.2 4.4%
dflex| 20 | 60.2 23.0%| 929 10.5% 97.7 54% 1114 69% 8133 52%
pflex| 19 | 89.7 16.0%| 889 7.5% 100.7 6.1% 1200 9.4% 8461 3.4%
1.2 | zero | 20 | 666 11.5%] 114.1 7.0% 87.7 4.6% 722 29% | 7969 3.2%
dflex| 20 | 670 13.8%| 1179 154% 88.8 7.2% 68.5 7.0% |792.1 25%
pflex| 20 | 78.2 15.0%[ 1129 79% 89.1 8.1% 69.4 38% |7749 2.5%
21 | zero | 16 57.4 10.0% 98.0 6.2% 922 9.1%| 839 99% |784.8 3.0%
dflex 17 60.0 84% 980 5.1% 939 6.1%| 79.7 54% |758.3 3.5%
pflex| 16 731 13.9% 85.3 8.3% 97.6 4.8%| 932 4.1% |822.7 39%
22 | zero | 10 534 21.2%| 98.6 3.7%| 1011 33%|101.2 4.5% 798t 3.4%
dflex | 12 532 15.6%| 953 6.2%| 1060 54% | 1123 49% 784.6 2.3%
pflex | 11 525 95%| 934 98%| 1059 6.0%|103.1 3.2% 8394 3.5%
23 | zero | 19 [ 916 90%| 97.7 2.8% 1085 5.0%| 829 39% |783.3 3.0%
dflex| 23 | 982 12.2%| 975 4.8% 1119 8.1%| 795 5.0% |778.6 3.2%
pllex| 26 | 73.5 100%| 91.7 5.3% 1110 2.9%| 1024 3.5% |862.1 2.8%
3 zero 5 580 5.2% 1248 6.7% 1835 3.2%| 990 21% 926.1 3.4%
dflex 51701 68% 1249 2.6% 1665 4.1%| 932 33% 9297 3.5%
pflex| 13 | 514 43% 130,11 3.7% 1859 5.6% | 1040 2.4% 9500 1.8%
32 | rero 8 23.7 26.7% 1119 2.2% 783 1.9%| 79.1 34% (9309 2.6%
dflex | 25 28.2 28.9% 1055 2.9% 788 2.8%| 775 2.7% |9050 2.3%
pflex 7 25.9 ¥1.1%| 121.7 6.2% 851 1.6%| 834 2.8% |933.2 14%
33 | sero| 16 331 20.3%| 154.1 6% 1643 9.4% 82.0 3.0% |9504 2.4%
dflex| 16 29.9 17.9%| 1340 5.1% 1564 48% 76.0 3.9% [882.1 2.6%
pllex| 17 31.2 30.3%| 1410 58% 1712 85% 894 3.2% (9698 3.3%
34 | zero| 16 | 528 5.0%| 359 204% 1593 4.2% 1073 2.0% 9313 2.2%
dflex| 16 | 59.1 65% | 38,1 23.8% 1483 4.7%| 993 2.0% 8755 2.7%
pflex | 20 | 489 55%| 36.6 14.5% 167.0 4.5% | 1108 2.2% 9466 2.2%
Resultant shear stress
Subj. No, of| AMP ALP AMD ALD L 13 PD
Sess | Alig | steps | Mag COV| Mag COV| Mag COV| Mag COV| Mag COV| Mag COV| Mag COV
L1 | zero | 20 77 33.0%| 135 103% 37 95% 40.7 39%
dflex | 20 80 157%| 13.7 8.7% 331 6.3% 380 6.2%)
pflex| 19 8.2 234%| 13.0 12.5%| 326 9.5% 398 3.6%
1.2 | zero | 20 82 30.6%| 189 17.0%| 29.2 16.1%j 81 6.6%
dflex | 20 64 31.5% 206 18.3% 290 122% 77 13%
pflex| 20 [ 10.8 328%| 174 18.7% 217 204% 85 94%
21 | zero | 16 22,1 18.7% 299 12.9% 359 6.8% 215 46.7%
dflex| 17 227 24.2%| 293 17.3% 404 9.6%| 160 59.6%
pflex| 16 196 16.8%| 396 9.7% 364 103%| 154 41.8%
22 | zero| 10 207 20.1%| 16.7 12.1%{ 110 7.4%| 166 7.3%
dilex | 12 220 15.2%| 18.7 10.6%| 11.3 99%| 186 6.3%
pflex| 11 222 88%| 22.1 109%| 123 13.3%| 165 7.1%
23 |zero| 19 | 113 24.9%| 222 12.1% 197 52% 118 22.0%
dflex | 23 [ 122 25.9%( 20.7 10.3%) 208 47%| 13.2 158%
pflex| 26 8.5 22.1%| 348 17.9% 162 63%| 174 314%
3.1 | zero 5 57 139% 403 9.0% 438 44%| 107 78%
dflex - 96 20.9% 36.2 13.7% 444 5.6%| 104 B.0%
pflex | 13 58 23.8% 404 16.0% 457 74%| 112 12.1%
32 | zero 8 140 24.2% 9.2 10.7%| 82 78%| 50 368%
dflex| 25 126 18.3%| 7.2 14.0% 84 6.6% 82 192%
pflex 7 133 27.3%| 13.7 43.8%| 82 10.5% 7.2 208%
33 | zera| 16 78 13.5%| 390 144% 318 10.2% 68 10.0%
dflex | 16 9.7 155%| 37.6 14.1% 330 6.2%) 6.3 14.0%
pflex | 17 6.2 14.6%| 473 15.3% 339 85% 86 13.5%
34 |zero| 16 | 56 15.5%| 108 13.9%| 362 3.7%| 135 6.1%
dfiex| 16 68 13.2%| 106 1L0% 343 3.5%| 130 72%
pflex| 20 63 14.6%| 115 11.1%| 374 11.2%| 131 6.0%




Pressure

Subj AMP ALP AMD ALD L PP PD AX
Sess | Allg | Mag FrMn| Mag FrMn| Mag FrMn| Mag FrMo| Mag FrMa| Mag FrMn| Mag FrMn| Mag FrMn
1.1 dfiex |-278 -37.6%| 05 0.5% 32 2% B0 -6.9% 469 -5.6%
pllex | 16 1L8%| -35 -3.8% 02 02% 06 05% 141 -L7%
1.2 | dflex | 04 06% 39 33% 1.2 1L3% 38 -5.3%| 47 -0.6%
pflex | 115 159%| -12 -10% 14  L6% 28 -39%|-220 -2.8%
2.1 | dflex 25 4.3% 00 0.0% L7 19%| 42 -51%| 265 -34%
pllex 157 24.1% <127 -13.8% 53 5.6%| 93 105%| 378 4.7%
22 | dflex 02 03%| -33 -34%| 49 48%| 111 104% -13.5 -1.7%
phlex 09 -L6%| -52 -54%| 48 47%| 1Y 19% 413 5.0%
23 [dilex| 66 T7.0%| 02 -0.2% 33 3.0%| -34 42%| -46 -0.6%
pflex [-18.1 -21.9%| -6.0 -6.4% 25 22%( 195 21.0%| 788 9%.6%
= 5] dflex [ 121 189% 01 1% 169 97%| 58 -6.0% 6 04%
pllex | 0.6 -12.1% 53 42% 24 13%| 50 49% 219 2.5%
3.2 | dflex 45 17.4% 65 -59% 05 0.6%| 1.6 -21%|-259 -2.8%
pflex 23 92% 97 83% 67 B83%| 43 53%| 22 02%
33 | dflex 232 -10.1%|-202 -14.0% 19 -49% 6.0 7.7%|-68.3 -1.5%
pflex -19  -58%(-13.1 -8.9% 69 4.1% 74  8.6%| 194 20%
34 | dflex | 64 114%| 22 59% -109  -7.1%| -80 -7.8% -55.7 -6.2%
pflex | -38 -7.6%| 07 19% 78 48%| 35 32% 153 1.6%
Resultant shear stress
Suby. AMP ALP AMD ALD L PP PD
Sess | Alig | Mag FrMn| Mag FrMn| Mag FrMn| Mag FrMn| Mag FrMn| Mag FrMn| Mag FrMn
L1 | dflex | 02 26%| 02 14% 14 44% 27 -69%
pflex [ 05 58%| -05 -37% 09  2.7% 09 -2.2%
1.2 | dflex | -19 -25.6%| 1.7 B8.5% 02 -08% 04 -5.0%
pflex | 26 27.2%| -15 -8.2% 15 -52% 04 45%
2.1 dflex 07 29% 05 -18% 45 118%| -7.6 -38.3%
pflex -25 -120% 98 28.1% 05 15%| -8.2 -41.9%
22 | dflex 13 62%| 20 113%| 03 28%| 20 1L1%
pflex 15 67%| 54 245%| 13 105%| -0.1 -0.7%
23 |dflex| 09 78%| -15 -6.8% 1.1 83%| 14 1L1%
pflex | -2.8 -28.8%| 126 44.2% 35 -197%| 56 384%
31 dflex | 4.0 52.0% -4.2 -10.9% 06 13%| 03 -31%
pflex [ 0.1  2.6% 00 0.1% 19 42%| 05 42%
3.2 dflex 13 -99% 2.0 -24.1% 03 3.2%| 32 48.0%
pflex 06 -45% 45 392% 01 0.6%| 22 363%
33 | dflex 19 21.3%| -1.4 -38% Ll 34% 05 -78%
pflex -l.6 -22.3%| 83 19.2% 21 63% 1.7 224%
34 |dflex | 1.3 205%| -02 -2.1% 20 -56%| 06 -43%
pflex | 0.7 125%| 07 6.6% 12 33%| -04 -29%
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Pressure

-
Subj. ;l:: AMP ALP AMD ALD L PP PD AX
Sess | Sess (d) | Mag Fr Mn| Mag Fr Mn| Mag FrMn| Mag FrMn| Mag Fr Mn| Mag Fr Ma| Mag Fr Mn| Mag Fr Mn

Llv12 0* | 214 27.7%|-21.7 -210% 132 140% 634 T7.6%

21v22 12 06 -0.6% 90 -9.3% -133 -1.7%

22v23 19 13 70% 148 -19%

21v23] 131 -40.3 -51.9% <163 -163%| 10 12%| 16 02%

dlv32 5 207 23.3% 48 -0.5%

3.1v33 9 -294 -21.0%] 192 11.0% 243 2.6%

31v34 9 52 94% 242 14.1%( -83 -B0% 52 -0.6%

32v3j3 4 -94 -33.2% 29 -36%|-195 -2.1%

32v34 4 -123 -41.2%) <290 -31.2% 03 00%

33v3id 0 28 -B.3% 50 31% 191 20%

**0 days indicates that morning and afternoon session were conducted on the same day

Resultant shear stress
Time

Subj. brwn AMP ALP AMD ALD L. PP PD

Sess | Sess (d)| Mag FrMn| Mag FrMn| Mag FrMn| Mag FrMn| Mag Fr Mn| Mag Fr Mn| Mag Fr Mn
L1v12 0 05 -6.0%| -54 -33.1% 25 82%
21va22 12 13.2 56.5% 192 73.3%
21v23 19 00 -0.5%| 162 58.2%| 117 66.3%
22v23] 31 3.1 -16.9%
3lv:32 3 26 271%
31v33 9 13 33% 120 31.6%
31v34 @ 0l 1.9% 76 19.0%| -28 -229%
32v33 4 6.1 56.4%| -18 -31.2%
32v34 4 32 257% 53 -49.2%
33v34 0 3.0 -31.9% -44 -12.9%




Stress (kPa)

140

120

100

80

60

40

20

session 1
| session2 | |

Lnumiuin lifl I || I I

zero dfiex pflex zero dflex pflex zero dflex pflex zero dflex pflex zero dflex pflex zero dflex pflex
AMP press AMP res shear ALP press ALPresshear ALD press ALD res shear

Alignment, Location, Stress Direction




Interface stress and alignment 29

consistent pressure values than resultant shear
stress values,

Though not part of the original study design,
analysis ol session to session differences showed
that session changes had a greater impact on
interface stresses at a greater proportion of sites
than did alignment changes within a session,
Diflerences from session 10 session were not
accompanied by greater changes in shank axial
force. Possibly, changes in stump shape or
material properties were responsible for the
session to session differences. To investigate
their relative influence, further studies need to be
conducled in which stump shape and/or material
properties as well as interlace stresses arc
measured. Appoldt er al. (1968) also noted
significant session to session differences bul he
reported for the 2 subjects tested that only in
sessions weeks or months apart were the effects
signilicant. Day to day varialions were typically
within the larger of £7kPa or +20%. It is clear
from Appoldt’s results and those presented here
that the relative influence of session to session
effects compdred with alignment changes or
other modifications to the prosthesis is an area
worthy of further investigation, If session to
session changes were shown to be more
influential on interface stress magnitude
changes, then more intensive design and fitting
concentration on techniques 1o overceme shape
changes would be warranted.
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digital modifications can be transferred (o a
CAD system as a template or overlay. A
template will allow the user to apply an
individual’s modification technigue to a shape in
1 step. Custom modifications can then be made
to the averaged modification pattern. This
process should improve the efficiency and
effectiveness of moving from traditional 1o
computer socket design.

This document describes a project for
quantitatively  defining  manual  socket
modifications and then using  these
modifications to produce a template for
CAD/CAM socket {abrication. Template
validation invoives comparing CAD/CAM
produced sockets with manually manufactured
sockets.

Methods
Subjects

All subjects were recruited through the
Prosthetics and Orthotics Service at the
Rehabilitation Centre, Ottawa, Canada and the
protocols for the investigation were approved by
the Centre’s ethical committee. These trans-
tibial (TT) amputees used their patellar-tendon-
bearing (PTB) prostheses with supracondylar
suspension as their main ambulatory assistive
device. If the person agreed to participate in the
study, they were informed of the project
protoco! and asked to complete a consent form.
Each subject's stump was evaluated by a
prosthetist before starting the project to ensure
that there were no tissue problems that would
affect socket fitting.

Seven (7) subjects with TT amputations were
recruited to define the standard medification
pattern. These people provided a good
representation of the prosthetist’s typical clients.
An additional 4 experienced prosthesis wearers
were recruited for a pretest ol the CAD/CAM
rectification pattern. Long term prosthesis users
were chosen 10 assist in refining the standard
modification pattern since they should be better
at communicating their concerns to the clinician
and providing informed feedback. Thirteen (13)
subjects with TT amputations, who were more
than | year postoperative, were recruited for the
project’s validation phase.

Equipment
All CAD/CAM software and hardware were
available in the Prosthetics and Orthotics

Service of the Rehabilitation Centre. The
average modification pattern shapes were
digitised with the CANFIT-PLUS CAD system.
The Shapemaker software package was used o
produce all test sockets, Both CANFIT-PLUS
and Shapemaker usc a cast digitiser for shape
input and are capable of generating output for a
variety of numerically controlled carvers. An
IPOS carver was uscd to produce the positive
models.

Each socket consisted of a polyethylene inner
sockel (liner) and a polypropylene outer socket,
An Otto Bock thermoplastic socket attachment
plate and pylon were used to connect the socket
to the subject’s foot/ankle unit. A soft, Pelite
liner was used for 2 subjects. Gait testing
facilities at the Rehabilitation Centre included 1
AMTI force platform (AMTI, 176 Waltham
Street, Watertown, MA, 02172, USA), an Ariel
Performance Analysis System {APAS - video
kinematic/kinetic analysis), electrogoniometers,
and a proprietary EMG data collection system.

Modification pattern

To develop a quantitative approach for
defining prosthetist-specific socket modification
patterns, new software routines were added to
the CADVIEW programme (software for
viewing and analysing CAD sockets {Lemaire,
1994})) to compare original and modified stump
shapes. By entering a series of pre- and post-
modification socket shapes into CADVIEW,
common modification areas could be averaged
to produce a generalised rectification pattern
suitable for use with a CAD/CAM system
(Lemaire and Johnson, 1996).

To define a personal modification pattern for
the research prosthetist, 7 people with TT
amputations  were  fitted using manual
maodification techniques. After a cast was taken
of a subject’s stump, a mandril was placed inside
the cast and the cast was filled with plaster. The
mandril was visually aligned to the middle of the
longitudinal section that was distal to the mid-
patellar tendon (MPT) region. Afier the plaster
had set, the cast was stripped off the model and
residual plaster outcrops were trimmed. A nail
was driven into the model at a right angle to the
mandril and at the MPT landmark location (i.e.
the main reference point). This model was
digitised into the computer using CANFIT-
PLUS and a Seattle Digitizer. A special
mounting adapter was used to hold the mandril
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¢ similar outlines (i.e. outlincs from the same
arca on cach socket) were selected and
averaged to generate | typical modification.
All selected modifications and the averaged
modification were displayed on-screen for
visual confirmation;

= the peak difference values were averaged and
recorded on the data sheet;

« after all modification outlines had bheen
processed, the averaged outlines were
rendered on 1 subject’s original socket (using
CADVIEW). The same socket shape was
loaded into the Shapemaker CAD/CAM
soltware;

= using Shapemaker, the averaged
modifications were redrawn 1o maich the
images in CADVIEW. Since each prosthetic
CAD/ICAM system has its own outline
definition idiosyncrasies, the size of each
modification and the amount of overlap
between modifications were defined to suit the
Shapemaker programme. The average
modification shapes and modification
magnitudes  were consistent  between
Shapemaker and CADVIEW. When all
modifications had been redrawn, the set of
modifications was saved as a lemplate;

+ the size and position of the modification
outlines were adjusted by applying the new
template to 3 of the original socket shapes,
saving the resulting socket, and using
CADVIEW to compare the results to the
related modilied socket file.

The standard modification pattern was used for
all CAD/CAM produced sockets in this study.
Since CAD systems can be used to make fine
meodifications to the socket shape, software
modifications were allowed after applying the
template. These modifications were divided info
minor and major groups. Minor modifications
were expected since most sockets will require
shape customisation to accommodate the
subject’s characteristics. These meoedifications
include depth/height changes over a modification
area, volume changes, length changes, relocation
of modification areas, and modification surface
shape changes on modification areas. Major
maodifications included extensive modification
outline reshaping, creating ncw modification
areas, and point editing.

Clinical evaluation
Before formally validating the CAD/CAM

technique, a pre-test was performed involving 4
experienced users of TT sockets. After each
subject was fitted with a CAD/CAM produced
socket, the prosthetist and the end-user assessed
the success of the standardised modification
pattern. The success was hased on elinical
criteria and whether major modifications were
required. If the rectification pattern was found to
he unsatisfactory, the “Modilication Pattern
Development” stage would have been repeated
with additional subjects.

Validation

Thirteen (13) validation subjects were fitted
with a CAD/CAM produced socket and, if their
current socket was unsatisfactory, fitted with a
new conventional socket (mean age 55.9 years —
s.d=14.7. mean height 1.78m — s.d=0.1, mean
mass 82.1kg — 5.d=13.9). The same components
were used for both prostheses. The subjects
wore their new prosthesis for at least 2 weeks
before completing a questionnaire and having
their gait evaluated.

A clinician questionnaire and a subject
questionnaire were used to assess satisfaction
with the conventional and CAD/CAM produced
sockets. The clinician questionnaire recorded
information on the prescribed device, the time
requircd to fit the subject, clinician satisfaction
with the manufactured socket, the number and
type of modifications required for final fitting,
and a qualitative assessment of walking gait.
This questionnaire also recorded the subject’s
personal data; such as, date of birth, occupation,
gender, height, weight, amputation site, dare of
amputation, medical conditions, date of last
prosthesis, number of years of prosthetic use,
and mobility aids. Before gait testing, 1
questionnaire was completed for each socket.

The subject questionnaire inquired about
comfort, security, ease of gait, pain and pressure
problems, general satisfaction, and general
comments. This questionnaire was administered
2 weeks after the device had been dispensed.

Quantitative gait analysis was used to ensure
that no significant walking pattern differences
were produced by wearing either a CAD/CAM
or a conventional socket. Examination of the
ground reaction forces was considered an
acceptable means of quantitatively assessing the
ditferences between the 2 test cases (Prince et
al., 1992; Seliktar and Mizrahi. 1986: Yang et
al., 1991).
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All gait testing took place in the Gait and
Motion  Analysis  Laboratory at the
Rehabilitation Centre. APAS was used to
collect/filter all analogue data and digitise video
clips of the subjects. Post-processing was
completed on a Quattro Pro 7 spreadsheet. An
additional software programme was written 10
display APAS force output and culculate
impulses.

When a subject arrived in the laboratory, the
test procedures were re-explained and reflective
markers were attached at the toe, ball, heel,
ankle, knee, hip, and shoulder locations. While
only the loe marker was used for this study, the
other marker data were collected as part of a
standard data collection procedure. After all the
markers were attached, the subjects walked at a
natural cadence along a 10 metre walkway until
they felt comfortable in the laboratory and
consistently stepped on the force platform.

For the first 3 subjects, data were collected
from the amputated side. The subject walked in
the same direction for all 12 trials. For the other
10 subjects, data were collected from both sides
of the body. In these cases, the subjects walked
back and forth along the walkway while data
were collected on the side that was closest to the
video camera, Twelve (12) trials were collected
for each side of the body (total of 24 trials per
session). For each trial, 2 seconds of ground
reaction force data were sampled at 200Hz.

Following each data collection session, the
force data were digitally filtered at 12Hz (dual
pass 4th Order Butterworth filter) and
transferred to the data processing computer. The
APAS system was used to capture a digital video
clip of ecach trial and digitise the 2D marker
positions. After the data had been transformed,
most marker data were digitally filtered at 10Hz.
In a few instances, 6 or 8Hz filter settings were
required to smooth the data. The APAS graphing
utility was used to obtain stride length, stride
time, and walking speed by subtracting toe
marker positions and times al successive toe-off
events. Stance time was calculated from the
ground reaction force data.

Force post-processing involved importing a
subject’s filtered data into Quattro Pro so that all
12 trials could be averaged. Each trial was
normalised Lo 100% of stance using linear
interpolation. The average and standard
deviations were calculated at 1% intervals. Peak
forces for each trial were calculated from the

filtered data (i.e. data not normalised and not
averaged). These peaks included the maximum
mediolateral force {Fx), the maximum value of
the decelerating force (Fy-brake), the maximum
push-off force (Fy-push), and the maximum
vertical forces (Fz-brake, Fz-push). Impulse
values for Fx, Fy-brake, Fy-push, Fz-brake, and
Fz-push were calculated using a separate
Microsoft Windows programme and then copied
into Quattro Pro for statistical analysis. The
force and impulse ratio measures were
calculated by dividing the braking value by the
push-off value,

Data analysis

All questionnaire data were analysed using
descriptive statistics. Below average client
satisfaction with the CAD/CAM sockets, as
compared to a satisfactory response with the
conventional sockets, would contra-indicate
continued use of the new modification pattern.

Force and impulse values obtained from the
gait analyses were compared between sockets
using a paired t-test (p<0.05). The average
ground reaction force curves were also
compared using Pearson product moment
correlation coefficients and root mean square
error (RMSE) statistics. Since ground reaction
forces are sensitive to increases in walking
speed, the walking speed data were analysed to
cnsure that any differences were not due to a
faster gait.

If no differences were found between gait
results for the 2 fabrication methods, or if the
results for the CAD/CAM produced leg were
clinically different but closer to gaii results for
normals, the CAD/CAM template generation
procedure was considered appropriate for
clinical use.

Results
Pre-test

While each subject’s socket required specific
modifications, some common changes were
required for all 4 pre-test subjects, To
accommodate  individual  variations  in
anatomical structure, modification locations
were change for each subject. For the samc
reason, apex poinl positions were changed for
some modifications. The size of certain
modifications also had to be changed due to
Shapemaker’s inability to adequately scale the
template for long or short shapes. Creation of a
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the most variable within-subject measure and
had the largest relative RMSE values.

Discussion

The reliance on hand-sculpting techniques in
the field of prosthetics has contributed to the
development of prosthetist specific methods for
socket design. Since the optimal method for
designing a functional and comfortable socket
has yet to be discovered, the patient must rely on
an individual prosthetist’s clinical judgement to
design and fit a TT prosthesis.

Though a prosthetist can modify a socket
successfully, many are unable to define exactly
what was done to the positive model. During
modification, the original shape is lost as
material is added and removed. Because
modifications are made over the entire shape and
not as a series of individual changes, picking out
exactly how the stump shape was medified is
difficult. The inability to define how individual
prosthetists modify a socket can impede the
transition from manual techniques to
CAD/CAM. To address this issue, a Microsoll
Windows sottwarc programme was writlen to
display, analyse, and compare manual and
CAD/CAM socket shapes.

CADVIEW was used to generate a CAD
modification template that was specific to the
prosthetist’s manner of working. The variability
in prosthetic modification styles made it
essential that this template produced a shape that
was visually acceptable to the prosthetist.
otherwise, the clinician would likely reject the
template. Averaging a series of moedifications
from 7 subjects produced an acceptable and
functional design.

The averaged modifications varied in size and
shape. Even with these variations, it was
observed that the averaged modification shapes
conformed well with theoretical modification
procedures. This variability also supported the
idea that | template ts not sufficient to fit all
amputees without some fine-tuning. By
analysing a large database of prosthetic socket
maodifications, a series of templates could be
developed to better accommeodate the wide
variety of stump contours.

Some operalor experience was necessary fo
translate the averaged modifications into a
Shapemaker, CANFIT-PLUS. or ipoCAD
template because all these software packages
differed in the way they applied overlays and

blended outlines into the socket surface. Since
Shapemaker was used for the validation portion
of this study, only Shapemaker lemplates were
produced.

It was necessary to fine-tune the Shapemaker
template for different socket lengths and to
blend modifications into the surface.
Unfortunately, current template functions are
not able to retain inter-modification
relationships when accommodating various
socket lengths, accommodating some socket
volumes, and maintain blending between
overlapping areas. Currently, these problems are
corrected by the prosthetist aller a template is
applied.

Most of the template fine-tuning occurred
during the initial pre-test trials. The pre-test
trials were alse beneficial for identifying areas
that could be expected to differ between
subjects. While examining socket modifications
for the template generation subjects, it became
apparent that the fibular head and tibial crest
regions were more variable than other areas on
the socket, The variability in fibular head
position, shape. and orientation was supported
by the lemplate changes that were made during
the pre-test. While the new template gave a good
starting point, it was unrcasonable to assume
that the prosthetist would not have to change the
fibular head meodification in some manner to
provide a proper fit.

The tibial crest modification did not require as
many changes since variations in orientation and
position were accommodated by the template.
Since the template was linked to the proximal
and distal tibial landmarks, Shapemaker skewed
the tibial crest modification to correspend to the
current landmark positions. While using
multiple landmarks helped, Shapemaker had
difficulty scaling the tibial crest modification for
length.

Even though the clinician was satisfied with
the syslem, it was unfortunate that major
template modifications were required for 62% of
the sockets. In all but | case, the major
modifications only involved reshaping | or 2
modification boundaries. Many of the boundary
changes were required to compensate for
Shapemaker’s inadequacies in maintaining the
relationship between modifications on different
limb shapes. The adjustments were done to
maintain the template shape, rather than make
alterations.
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Some boundary reshaping was also needed 1o
accommodate the individual’s anatomy. In |
case, the dislal portion of the lateral tibial crest
maodification was expanded to conform 10 the
bulbous distal end of the subject’s stump. For the
3 subjects with long stumps, the medial tibial
flare modilication was extended posteriorly so
that it overtapped the popliteal modification.
This change was needed for soft tissue control.
Supracondylar modification changes were
required in 2 other cases to provide relief for the
lateral tibial condyle.

Since the same major modifications were
necessary to fit the subjects with long stumps, it
may be necessary to create a long stump
template to accommodate these shapes properly
without making major changes to the socket
modifications, A bulbous stump template may
also be required: however, more subjects would
have to be evaluated to determine if the template
modifications were related to individual
characteristics or general trends. A larger sample
would also be needed to determine the long and
bulbous template shapes,

It should be noled that most of the template
modifications did not require major changes (a
typical socket design will have 14 discrete
modifications). In fact, 7 of the R sockets that
had major modifications only required that |
template modification be reshaped. Since the
same maodification was not changed in each
instance, this type of reshaping may be an
expected  occurrence  due  to  individual
differences. Another possible explanation is that,
as mentioned in the previous paragraph, a series
of general templates are likely required to
accominodale different stump types.

From a functional point of view, the amount
of time savings that would be gained by
providing a large number ol different templates
and individual modification shapes must be
considered. Contemporary prosthetic CAD
software has been designed to allow a prosthetist
to complcte boundary point changes very
quickly {a few minutes per modification). If only
I modification is being altcred, it may be more
efficient for the clinician to use 1 familiar
template and customise thc modifications as
needed.

It was encouraging that heat gun
maodifications were not required in 42% of the
cases. This indicated that almost half of the
sockets produced with the CAD template were

able to be fitted directly on the subject. Since
minor socket adjustments are often reguired
during the fitting process, this result is at least as
good as the results during manual fittings.

One area that was not accommodated by the
CADICAM systern was the socket’s distal end.
Since the cast digitiser’s tracking wheel does not
rcach the bottom of 4 cast, the distal end is
mathematically closed by the CAD software.
Unfortunately, the penerated shape does not
necessarily conform to the subject. The CAD
cndcap was often 100 [lat and, as a result,
produced a socket that was too short. In these
cases, the prosthetist used the CAD programme
to lengthen the socket before carving a positive
model. He would then manually modify the
distal end to produce the correct shape. This
complication was not related to the template but
to current, cast-based, prosthetic CATVCAM
systems. Progression to more sophisticated
digitising methods should eliminate this
problem.

The posierior shelf was unother region that
was defined by the CAD programme and caused
some difficulty for the prosthetist. While the
shape of this modification was usually
acceptable, the posterior shelf height was
occasionally ditficult to set. More experience
with the Shapemaker programme was required
before the prosthetist could consistently set the
correct shell height.

The people who preferred their manually
produced  socket  had  specific  filling
requirements. For the case where the subject and
prosthetist agreed that the manual socket was
superior, the client had a short stump and walked
with excessive knee hyperextension. When these
factors were combined with excessive soft tissue
in the posterior popliteal region, it became
ditficull to control the tissue while maintaining
the appropriate poslerior shelf height. This
subject also required extra work on the fibular
head region. Upon discussion with this subject’s
regular prosthetist, it was found that months of
trial and error were necessary to fit this person
successtully with a prosthesis (using manual
methods). This person is also very stoical and
will put up with some discomfort before asking
for an adjustment. Even though the CAD/CAM
socket was not as good as the subject’s usual
device, the level of success was considered
Lypical for this client. Although this does help to
explain the results, it does not change the fact
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that the socket [itting was unsuccessiul,

The second subject had a trigger point distal to
the fibular head that made fitting this region
difficult. The subject was also very sensitive Lo
pain. It took more than § modification sessions
totally to relieve pain associated with his
manually produced socket. This person also
indicated that the hard CAD socket was too
different from his old, Pelite lined, socket. To
correct this, a second socket was made that
incorporated a soft liner. The subject felt more
comfortable with the soft liner; however, he was
unable to explain why he still preferred the
manual socket. [1 was inleresting to note that this
subject was the only person that did not return
for adjustments after the initial fitting. This may
have meant that the socket did not require
adjustments or that the subject did not want to
make the effort to have an optimally fitting CAD
socket.

‘The third subject had a very bony stump (i.¢,
very light subcutaneous tissue)., He also had a
scar in the medial patellar region that
camouflaged pressure problems since the skin
did not discolour after wearing the prosthesis.
Unfortunately, the subject did not report any
medial patellar discomfont o the prosthetist until
returning for post-evaluation. The prosthetist
could easily have corrected this problem with a
heat-gun modification. Since this discomfort
was not present when ambulating with his
regular prosthesis, it is understandable that the
subject would assign higher ratings (o his
manually designed socket. There were no
special stump characteristics for the people who
preferred their CAD/CAM socket.

Questionnaires

Since  the prosthetist and  subject
questionnaires produced similar results, the
opinions rendered in these questionnaires can be
considered valid. The results indicate that the
prosihetist and the subjects considered sockets
designed using the CAD/CAM technique to be
at least as good as the manually designed
sockets.

The questionnaire data from individual cases
provided insight into the clinical realities of
using a CAD modification template. Of the 13
test cases, 1 socket fitting can definitely be
considered unsuccessful since both the
prosthetist and client had lower ratings for the
CADICAM socket. In 2 other cases, fitting

success was not as clear. These 2 subjects
preferred the manual socket over the CAD/CAM
socket; however, the prosthetist considered the
CAD/CAM sockets 1o be as good as the
manually produced ones.

In 4 cases, the client considered the
CAD/CAM socket superior. The prosthetist
concurred on 3 of these cases — he considered
the fourth case to be as good a fit as the previous
socket. This consensus between the subject and
the prosthetist suggests to the authors that the
new CAD/CAM modification technique is
capable of creating a prosthetic socket that is
better than a person’s current device. Although it
was clear that some subjects preferred the
CAD/CAM socket, the reasons for this
preference were diverse.

In 1 case, the subject was experiencing some
pain when walking with the old prosthesis. This
pain was not present when the subject was re-
tested with the new prosthesis. The resolution of
this pain may have been related to the new socket
or the pain may have resolved itself over the 2
week inter-test interval. For the second and third
cases, the new socket required 3 to 4 ply fewer
socks than the manually produced socket. The
reduction in socket volume may have led to
better prosthetic control during gait. A tighter
socket may alsa have felt more comtortable since
it would have had to conform to the subject’s
anatomy. [t was difficult to identify one factor
that could describe why the last subject preferred
the CAD/CAM socket. Since the fitting session
was extremely easy, it may be concluded that the
prosthetist made the correct choices to produce
an optimal socket for this patient.

Since each CAD/CAM prosthesis was
compared with the subject’s current prosthesis,
it was not possible fo blind the subject or the
prosthetist as o what device was being tested.
The novelty of using a new socket may also have
contributed to a superior raling; however, bias
against a new device may also have contributed
to the inferior ratings.

Both manual and CAD/CAM methods
sometimes require that more than 1 socket be
fabricated before a successful fit is achieved. For
this study, the average of 1.5 iterations was
comparable with CADJ/CAM results in the
literature and falls within the expected clinical
range (i.e. -2 sockets). It was not surprising that
the subject who was not successfully fitted
required 3 iterations before an acceptable socket
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was designed. There were no visible trends
between satisfaction with one type of prosthesis
and the number of iterations that were required
to obtain an acceptable result.

Gait analysis

The gait analysis results supported the
hypothesis that there was no difference between
the CAD/CAM socket group and the manually
produced socket group. In almost all cases
(Tables 1-3), there were high correlations and
small between-mean differences. These results
were consistent for discrete measures and for
ensemble averaged curve comparisons.

The stride parameter results from this study
were comparable with similar results in the
liwerature (Torburn et al, 1990; Winler and
Sienko. 1988; Barth ef al., 1992; Robinson et al.,
1977). These results were also very similar when
comparing the 2 groups. Since the stride length,
stride time, and walking speed results werc 50
close, between-group gait comparisons should
not be substantially aflected by variations in
walking speed.

Between-group  ground  reaction  force
comparisons produced the only significantly
dilferent measurcs. On the amputated side,
vertical ground reaction forces from the manual
sockel trials were significantly higher than
vertical forces from the CATIVCAM socket trials.
The average vertical peak forees were also lower
on the non-amputated side; however, these
results were not  significant. Since the
differences in vertical impulse values were
sinall, it can be concluded that the verticul lorces
on weight acceptance and push-off were
redistributed over each of these phases.
Lxamination of the average forceftime curves
for cach subject supported this idea since curves
with lower peak {orces compensated by having a
lower slope, and hence a more equal srea. Other
methods for achicving similar vertical impulses
included a reduced unweighting phase and a
more abrupt push-off (thereby increasing the
area under the force-time curve).

The  medial-lateral  horizontal  lorce
component was the most variable measure. This
is not an uncommaon finding when testing people
with. or without, a lower limb amputation. Even
with the high variability, each curve had the
sume general shupe. There were no clinically
identifiable between-group differences for the
medial-lateral ground reaction force curves.

It was interesting to note that people who
preferred the CAD/CAM socket had the largest
reduction in peak vertical ground reaction
forces. No such trend was apparent for the
people who preferred their manually designed
socket. The people who liked their CAD/CAM
prosthesis also had lower Fx impulse values,
higher Fy braking impulses, and larger push-off
impulse values. While these results were not
significant, they may help explain the success of
these new prostheses. Lower Fx impulses may
have indicaled that there was less total body
centre of gravity rmovement away from the
midline. This could improve the subject’s
perception of balance. The higher braking and
push-off impulse values could indicate that these
subjects were making beller use of their
prosthesis ~ for reducing  their  forward
acceleration. Improved force wansfer from the
prosthesis to the ground should result in overall
improvements in walking gait and, as a result, in
improved client satisfuction.

The averaged force/time curve shapes were
similar in almost all cases, Some of the
difterences that were observed by examining the
ensemble averaged data included the following:
« CAD/ICAM  rials  produced some Fz
lorce/time curves that were closer to typical,
non-amputee walking resulls. These changes
usually involved improved symmetry and
similar peak forces at early and late stance;
smoother horizontal braking and push-off
curves. There was no relationship between this
measure and the type of sockel:

* morc symmetrical braking and push-off
periods. There was no relationship belween
this measure and the type of socket;
perturbations in the lforce/time curves in early
stance were present for the poorer walkers in
both groups. Whilc the use of 8 CAD/CAM
sockel usually changed the shape ot these
curves, the new socket did not necessarily
minimise these perturbations,

Even with these documented variations, the
force/time curves from the CAD/CAM (rials
were usually within 1 standard deviation of
similar data from the manual trials.

Except for the dilferences in peak vertical
forces, there were no clinically or statistically
relevant differences between gait paramelers
wilh the manual socket and CAD/CAM socket
groups, This resull supports the use ol the
modification outline generating process to
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develop a clinically viable CAD/CAM template.
The modification outline generating process may
also help prosthetists make the transition from
manual socket design to computer-aided design.

Conclusion

This document has described a process for
defining manual socket modifications and, by
averaging these modifications over a series of
TT prosthetic sockets, generating a personal
CAD/CAM template, Test results confirmed that
this method produced sockets as good as sockets
designed by traditional methods.

Since the CAD/CAM manufacturing process
can be more efficient and more consistent than
the manual modification process, this study
supports the use of CAD/CAM in some clinical
environments. By using CADVIEW 1o help
define a CAD design strategy, the process of
moving from traditional design methods to
computer design methods should also be more
efficient. The process of making a modification
template that is specific to an individual
prosthetist can ease the transition from hands-on
socket design to computer aided methods.

Other beneficial side effects are suggested by
this study. Educators could use the socket

comparison feature 1o examine student
medifications. The students could use
CADVIEW to compare their socket

modifications with the instructor’s
maodifications. CADVIEW could also be used in
orthotics to examine the progression of spinal
deformities over time or to chart the changes in
head shape when applying a head orthosis to a
client with cranial plagiocephaly. Further
rescarch would be required te confirm these
advantages.

This study has led to the other yuestions
regarding prosthetic fitting. The CAD/CAM
modified socket was not exactly the same shape
as the subject’s previous socket; however, the
majority of subjects were successfully fitted
using both design methods. These results
suggest that there is a certain tolerance within
which a prosthetist can work. This tolerance
might be expected when you consider that a
person with a TT amputation walks with a
mechanical device fixed, or strapped to their leg.
Part of the fitting process is helping the patient
adapt to a socket shape. It would be
advantageous to know what this tolerance is so
that decisions can be made regarding CAD

approaches (i.e. measurement or limb digitising)
or manual modification accuracy (i.e. can the
manual modification time be reduced by
working within, and not beyond, ihe tolerance
range). The CADVIEW programme could be
used to document inter-clinician variations when
fitting the same subject. These data would help
in an investigation to document prosthetic fitting
styles and to define fitting tolerances.

Since people accommodate to a prosthetic
socket, it is understandable that long term
prosthetic users prefer their existing socket
shape. The socket comparison functions could
be beneficial when a prosthetist is having a
problem fitting a new socket on a subject who is
only satisfied with a certain style and feel. By
using CADVIEW 1o examine the differences
between the old socket and the new socket, the
prosthetist could refine the design to better
accommodate the individual’s previous
preferences.

While looking at future applications is
important, the main application of note from this
project is the successful implementation of a
quantitative method for defining and averaging
manual prosthetic socket modifications. These
results are both academically and clinically
relevant.
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The efficacy of physiological cost index (PCI) measurement
of a subject walking with an Intelligent Prosthesis
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Abstract

The Intelligent Prosthesis may enable lower
limb amputees 1o walk faster than with
conventionally damped prostheses and as a
result the physical burden involved in walking
could be expected to be considerably higher.
The aim of this study was to investigate whether
or not physiological cost index (PCly is
applicable as an indicator for monitoring the
amount of exercise load involved in walking
with an Intelligent Prosthesis. The method used
a treadmill and monitored gas exchange,
ventilation and heart rate (HR) in 6 unilateral
trans-femoral amputees, ages were between 17
and 34 with an average age of 23.1. The exercise
protocol was as follows: for each person speeds
at 0.8 times the subject’s free level walking
speed, 1.0 times, 1.2 times, 1.4 times and for
some 1.6 times were applied. In each case the
index of correlation between PCI and oxygen
uptake in responsc to walking speed was
calculated. A significant correlation was
observed between PCI and oxygen uptake in
each case, which indicated a close relationship
between cardiopulmonary factor and energy
consumption while walking. These results
suggest that PCIL is of use as un indicator for
ascertaining the amount of cxercise load in
walking with an Intelligent Prosthesis.

Introduction

The, so called, Intelligent Prosthesis is
electronically controlled to dynamically regulate
the degree of opening of the needle valve of a
pneumatic damping cylinder at the prosthetic
All correspondence to be addressed to Dr T. Chin,
Hyogo Rehabilitation Centre, 1070, Akebono-Che,
Nishi-Ku, Kobe, 651-2181, Japan.
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knee joint in response to walking speed. A
microcomputer is used for swing phase control.
The Intelligent Prosthesis may allow lower limb
amputces to walk faster than was possible with
conventionally damped prostheses (Zahedi.
1993). The authors’ centre offers an additional
Intelligent  Prosthesis  walking  training
programme to teach amputees the techniques of
walking rapidly. In this circumstance the
exercise load involved in prosthetic walking can
be expected to be considerably higher than
normal. Consequently the exercise load while
walking with the prosthesis must  be
appropriately monitered to muake walking
training safer. In many cases in clinical
situations physical therapists arc responsible for
training and their work would be facilitated by a
simple, convenient and real-time meoenitoring
method.

PCI is one of the cardiopulmonary factors
suggested by MacGregor as an indicator of
energy cost. (MacGregor, 1979; MacGregor,
1981). This indicator is the value of the hean
rate (HR) at rest subtracted from the HR under
load and divided by the walking speed, which is
comparatively simple to measure. The research
reported here aims 1o investigate whether or not
PCI is applicable as an indicator for monitoring
the amount of exercise load involved in walking
with an Intelligent Prosthesis.

Subjects

The subjects were 0 unilateral trans-femoral
amputees (5 male, | female) aged between 17
and 34 with average age of 23.1 who had been
hospitalised in the authors’ centre and completed
the Intelligent Prosthesis walking training
programme. The amputees had been well trained




Case no. 1 20003 | 4 5 6 |
Sex FIM|[M|M[M]|M
Age (yr) 19 | 23 | 20 | 26 | 34 | 17
Mass (kg) 478 66.0 [ 57.0[64.0 [ 70.0] 585
[ Height (cm) 168 | 175 | 172 | 176 | 170 | 176 |
}Imputaiio;f — T T T T =T T T
cause
Ambulatory aid| no | no | no no | no | no
FWS (kmhr) | 40 | 45 [ 40 [ 35 [ 30 ] 4.0 ]
FWS: free level walking speed T: trauma
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case there was a significant correlation between
PCI and oxygen uptake as they varied with
walking speed, which indicates a close
relationship between cardiopulmonary factor
and cnergy consumption factor while walking.
PCI can be measured easily in a clinical
environment while it makes it potentially useful
as an indicator for ascertaining the amount of
exercise load involved in walking with an
Intelligent Prosthesis and monitoring the
cardiopulmonary function under exercise load.

Conclusion

The applicability of PCI measurement as an
indicator for monitoring the amount of exercise
load involved in walking with an fntelligent
Prosthesis has been established. This study
indicated the feasibility of the clinical
application of PCI in Intelligent Prosthesis
walking training for amputees.
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Bilateral lower limb amputations as a result of landmine injuries
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Abstract

Landmine explosions cause most of the war
injuries in the battlefield. Amputations resulting
from severe injuries reveal serious problems
despite the improvements in surgery. Bilateral
lower limb amputations have more impact than
unilateral on social life.

Some 29 cases with lower limb amputations
due to landminc imjuries were treated in the
Department of Orthopaedics and Traumatology,
Gilhane Military Medical Academy between
January 1992 and December 1996, Amputation
levels were as follows: 1 case had hip
disarticulation and a trans-femoral amputation, 6
had bilateral trans-femoral amputations, 6 had
trans-femoral and trans-tibial amputations, 12
had bilateral trans-tibial amputations, 1 had
trans-femaoral and Chopart amputations and the
remaining 3 cases had trans-tibial and Chopart
amputations.

The initial treatment was done for all cascs in
the first 6-8 hours after injury at the field
hospitals. Aggressive debridement. excision and
primary closure were performed. None of the
stumps teguired reamputations and/or revision.
No casc had gas gangrene or tetanus.

Postoperative,  pre-prosthetic training
programme which ranged between 30-120 days
with an average 48 days: and prosthesis fitting
and  adequate  post-prosthetic  training
programume which ranged 32-126 (average 94)
days was applied. All the cases were [ollowed-
up with a mean of 38.5 months (14-72 months).
Nine (9) cases (319%) returned 1o their previous
occupation, while 20 (69%) cases had to change
their jobs.

All correspondence to be addressed to A. S. Atesalp.
Department of Orthopaedics and Traumatology,
Gilhane Military Medical Academy, 06018, Etlik,
Ankara, Turkey.
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Intreduction

The trade of weapons and explosive materials
is a huge market where much investment is
made. Since there are conflicts in dilTerent parts
of the world, money and time is spent in treating
the complications of resulting injuries, instead of
on human welfare.

Surgeons have learned new (reatment
techniques and would care on the battlefield
(King and Rne, 1969; Coupland and Howell,
1988). Landmines cause mosl war traumas.
They are often used since they are explosive,
easily installed and effective in discouraging
personne! on  the balllefield (Baise and
Baumgartner, 1990). Amputation for war
wounds is difficult and different (Coupland and
Korver, 1991), Failure to appreciate the
disparities between amputation in war surgery
and civilian practice resnlt in unhealed stumps,
bone exposure and serial proximal amputations.

Lower limb traumatic amputations andfor
severe limb injurics result from landmincs.
Therefore, the treatment and rehabilitation of
cases with bilateral lower limb amputations is
important in social life.

Material and methods

A total of 29 male patients with bilateral lower
limb amputations due 1o landmine injurics were
treated and followed up at the department of
Orthopaedics and Trauwmatology, Giilhane
Military Medical Academy between January
1992 and December 1996.

Age average was 22.4 (21-23.5) vears old.

Paticnts were divided into 6 groups in lerms of
amputation level and are presented in Table 1.

First aid and prophylaxis for tetanus were
applicd in all cases with evaluation at the field
hospitals of Mangled Extremity Scverity Score
(MESS) (Robertson, 1991} within the first 6-8
hours following the injury. Appropriate
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Table 1. Amputation levels of the cases

1 Group C';m:_]
number Amputation level number
1
1 | Trans-tibial and Chopart 3
2 |Tran\-libml and trans-tibial 12
3 Trans-femoral and Chaopan L
4 Trans-femoral and trans-tibial f
5 Trans-femoral and trans-femoral 6
6 Hip disarticulation and trans-femoral 1
Total 29

amputation level was determined after
aggressive excision and debridement of the
contaminated, contused and dead tissues under
tourniquet control; then the wound was closed
with primary myoplasty technique. Antibiotics
were given for 5 and 7 days. (Crystallized
Penicillin 5x4.10° U, iv. + Aminoglycoside
80mg 2x1im).

One (1) case with bilateral trans-femoral
amputation had a perineal wound, one (1) with
bilateral trans-femoral amputation had upper
limb trans-humeral amputation, one (1) with
bilateral trans-tibial amputation had tibia
diaphysis fracture which was treated with
internal fixation at the same time as the
amputation. All cases were referred to
physiotherapeutic training immediately and
transported from the field hospital to the
authors™ hospital between 2 and 8 (average 3.4)
days after operation.

An intense training programme including
postoperative and pre-prosthetic exercises, was
initiated for all cases. This programme
comprised  contraction  prevention  and
strengthening. Bandaging and pain treatment
were also used.

Prosthetic fitting was applied between 30 and
120 (average 48) days. Three (3) Group-l
amputees were provided with PTB (patellar-
tendon-bearing) prostheses and Chopart
prosthesis. Group-2 amputees had PTB
prostheses. One (1) Group-3 amputee was
provided with a suction socket prosthesis with
free knee motion and a Chopart prosthesis. All
of Group-4 amputees had a suction socket
prosthesis with free knee motion and a PTB
prosthesis. A suction socket prosthesis with free
knee motion and the same socket type prosthesis
with knee lock were applied to Group-5
amputees. One (1) Group-6 amputee was

provided with a total contact socket hip
disarticulation prosthesis with knee lock and a
suction socket prosthesis with free knee motion.

After prosthetic fitting. a training programme

Fig. 1. Above: the appearance of the patient with
bilateral trans-tibial amputation before prosthetic fitring

Below: same patient after prosthetic fitting and training.
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including standing, balance training and walking
training were also initiated. Post-prosthesis
training period was 32-126 (average 94) days.
Samples from the cases are presented in
Figures 1 and 2.
The average follow-up period was 38.5 (14-
72) months.

Fig. 2. Above: the appearance of the patient with bilateral
trans-femoral amputation before prosthetic fitting.
Below: same patient after prosthetic fitting and
traming.

Results

No early complication such as bleeding
and/or infection was encountered in any case.
One (1) case with trans-femoral and trans-tibial
amputation had skin necrosis on the stump and
was treated with skin graft. Six (6) cases had
phantom pain.

No case had neuroma, protrusion, or limitation
in range of motion or joint contracture.

Revision or reamputations were not performed
in any case.

All of the patients used their prosthesis every
day. Group-1,2,3,4 amputees were able to put on
their prosthesis by themselves. As for the
Group-5 amputees, 4 managed to put on their
prosthesis without any assistance, while 2
required assistance from others, The Group-6
amputee also required assistance from others.

For determination of the outcome in relation
to the objective for amputees supplied with
prosthesis various definitions were established:
bad result, fair result, and good result
(Christensen et al., 1995) as outlined in Table 2

The result of the evaluation of the functional
level of the patients is stated in Table 3.

Group-1,2,3 amputees were able to walk
without any aid. Group-4.5 amputees used | or 2
canes. The Group-6 amputee used 2 canes.

All the patients thought that the training
period was adequate. As to the quality of the

Table 2. Definition of bad. fair and good resull
[

Bad Fair Good
-does nol use -indoor walking | -does not use
prosthesis wheelchair

-mainly indoor
walking but also
shght outdoor
walking

-uses prosthesis -goes for walks
for cosmetic

purposes

-uses prosthesis
for transter

-walking on stairs| -leads an active,
outgoing life

Table 3. Functional level - result

F Result

Group

number Good Fair Bad
I 3 -
2 8 4
3 1 -
4 3
5 2 4
6 | -
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training 20 patients thought it was good. Nine
(9) patients found that it was acceptable.

At follow-up it emerged that 9 cases (31%)
returned to their previous occupation while 20
cases (69%) had to change their jobs.

Discussion

For amputation surgery, the preservation of
the joints during the urgent intervention is of the
utmost importance for rehabilitation and
prosthetic fitting (Atesalp er al., 1995). The
amputation level should be determined
according to the extent of the wound (Bowen
and Bellamy, 1988). Reamputation will be
inevitable when the surgeon tries for too low a
level where there is an infection risk (Coupland,
1989).

Amputation in war surgery must eliminate all
dead, contaminated and contused tissue. The
stump should be covered with enough soft tissue
using the myoplasty technique. In trans-tibial
amputation medial gastrocnemius myoplasty
technique should be preferred (Coupland, 1989).

Most authors recommend delayed primary
closure of the wound in order to prevent
infection. (Trong, 1972; Bowen and Bellamy,
1988; Coupland, 1989; Simpler, 1993). In case
of early wound closure, there is a high risk of
anterolateral compartment syndrome in lower
limb amputations (Coupland, 1989).

In open amputation, muscle edema and/or
proximal skin retraction within 4-5 days may
cause problems for delayed primary wound
closure, and even may result in reamputation.
(Baise and Baumgartner, 1990).

In the authors’ clinical experience, the wound
may be closed primarily following aggressive
excision and debridement within the first 6-8
hours in the treatment of traumatic limb
amputations as a result of landmine injuries. The
wound should be left open for 3-7 days after
excision, and debridement; then delayed primary
closure should be applied if the patient is
transported more than 8 hours after the primary
impact.

Two hundred and ninety-eight (298) (78.2%)
patients out of 381 with lower limb amputation
transported to the authors’ department within the
first 6-8 hours between 1989 and 1994 were
treated by primary closure and 83 (21.8%)
patients who arrived more than 8 hours after
injury had delayed primary closure. Only 24
cases (8%) out of 298 with primary closure had

superficial infection, which was treated in a
short period by daily wound care, dressing, and
antibiotic therapy. None of them had severe
stump infection, toxemia septicemia and gas
gangrene. Some 7 cases (8.4%) out of 83 with
delayed primary closure had muscle edema and
skin retraction and required reamputation. These
patients are usually distressed in the expectation
of a new operation (Atesalp et al., 1995).

Surgical intervention should be gentle since
the disability ratio is 80% in cases with bilateral
lower limb amputation. In addition to the
orthopaedic surgeon, plastic and microsurgery
specialists should be in the operating tcam.

The bilateral amputee has specific problems
during the rehabilitation process. Not only does
the patient have 1o train with two prostheses but
also the increased energy requirement needs
special attention (Rommers et al., 1996).
Improving technique in fitting, improved
availability of sizes and types of sockets and
appropriate patient selection should decrease
failure or rejection rate (Kerstein er al., 1975).

Tt is recommended that the bilateral amputee
should be trained and encouraged in self-
strengthening exercises for the muscles of the
amputated limb. Stronger muscles will improve
standing balance and quality of gait, especially
among those with a short stump (Kerstein et al.,
1975). Training of the bilateral amputee consists
of 4 periods: preoperative, postoperative, pre-
prosthetic and post-prosthetic periods (Millstein
et al., 1985; Thornhill er al., 1986).

Preoperative period; since all the amputations
were unplanned and resulted from landmine
injuries a preoperative rehabilitation programme
could not be initiated. Postoperative period,
appropriate position of the stump should be
maintained. For trans-femoral amputees flexion,
abduction, and external rotation and for trans-
tibial amputees a flexion position should be
avoided. The programme should include upper
limb muscle strengthening, breathing exercises,
paravertebral and abdominal muscle exercises.
Active exercises for stump muscles for
contraction prevention and strengthening is also
necessary. No contractures were observed in this
series.

Pre-prosthetic period; in addition to the
postoperative exercises, bandage application in
order to relieve edema and give a suitable
position to the stump is necessary. Post-
prosthetic period; includes muscle
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strengthening, standing, balance and walking
training.

Suitable prosthetic fitting and training
including the rehabilitation periods described
above may provide free walking without aids in
yvoung bilateral amputees as resulted in this
study group.

Conclusion

Intense physical therapy at the postoperative
and pre-prosthetic periods, proper prosthetic
fitting with postoperative training programme
offers the young traumatic bilateral amputee
patients mobility and often the possibility to
return to their previous occupation as soon as
possible.
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Patient compliance and effect of orthopaedic shoes

A. B. PHILIPSEN, N. ELLITSGAARD, M. R. KROGSGAARD and S. SONNE-HOLM

Department of Orthopaedic Surgery, University Hospital in Hvidovre, Hvidovre, Denmark

Abstract

Orthopaedic shoes are individually handmade
after a prescription from an orthopaedic surgeon,
hence relatively expensive. Bad compliance is
mentioned in the literature but not investigated.
In order to evaluate patient compliance and the
effect of orthopaedic shoes, 85 patients who
were prescribed orthopaedic shoes at the
authors’ department during a 3 year pcriod
received a questionnaire concerning relief of
symptoms and daily use of the shoes. The
answers from 74 patients were correlated to the
prescription procedure and the degree of medical
follow-up.

Only 60 of 74 patients used their shoes. Some
51 patients had some benefit while 23 had no
effect or even warse symptoms. Some patients
even used their shoes despite no symptomatic
relief. However, patients who felt they were well
informed about the purpose and function of their
shoes had more benefit than the rest. Only 12
patients of the 74 were checked by the
orthopaedic surgeon after delivery of the shoes.

In conclusion the authors believe there is a
great need for information to be given to the
patients about the functions and limitations of
orthopaedic shoes and that every patient should
be offered a control check-up by the surgeon,
Further investigations of the effect of
orthopaedic shoes should be camied out to
optimise the use of these expensive devices.

Introduction

Orthopaedic shoes are individually made
which makes them expensive. If the shoes are
uncomfortable or do not have the desired

All comrespondence to be addressed to Anders Boye
Philipsen, Godthibsvej 36, 4300 Hoibak, Denmark.
Tel: (+45) 53444078,
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subjective effect, minor corrections are possible
after the shoes are manufactured. McDermott ef
al. (1987) found that response to shoe
modifications often varied among patients with
the same foot deformities and Brodsky et al
(1988) emphasised the lack of literature dealing
with objective evaluation of inserts for
orthopaedic shoes.

Patient compliance with prescribed regimens
is well investigated in chronic diseases such as
diabetes (Friedman, 1988). Bad patient
compliance with orthopaedic shoes is mentioned
by several authors (Wickstrom and Williams,
1970; McDermott et al., 1987; Hollingshead,
1991; Sauvain et al., 1991) but no literature was
found investigating this problem,

The aim of this study was to evaluate the
compliance and effect of orthopaedic shoes.

Patients and methods

All patients (in total 100, 30 males and 70
females) who were prescribed orthopaedic shoes
in the authors’ department, during the period of
1.1.90 - 31.12.92, were included in the
investigation. At the time of the inquiry 15 were
dead, thus 85 patients received a questionnaire
concerning relief of symptoms {defined in 5
degrees ranging from total relief of symptoms to
worsening), and daily use of the shoes (every
day, occasionally, never). These questions, were
correlated to disease and other circumstances in
connection with the prescription and
manufacturing.

Information about the doctor’s prescriptions
was taken from the hospital files and
prescription forms. Information about the
manufacturing of the shoes was taken from the
orthopaedic shoemaker’s files. The value of the
written prescriptions was assessed as detailed,
fair or with no details. Median age of the 85




Effect Use of shoes | Prior experience| Written prescription  [Control by surg. | Information®
+ - Not
Use |Nouse| No Yes |[Detailed] Fair | None | conirol | conirol |Informed|informed
Excellent 10
Benefit Good 38| 50 1 30 20 30 15 6 6 43 35 L0
some 3
None 3
No benetit 10 13 17 4 15 6 2 6 19 5 16
Worsening 20
Nao. 74 6(} 14 47 27 45 21 8 12 62 40 26
p-value (Fisher) 0.25  (chi-square test for trend) 1.0 (Fisher} 0.33 (Fisher) <001
4 8 patients did not answer this question
No Too Pain Bad Developing Difficult Other
complaint heavy from shoes look of ulcer handling complaints
No. of patients 23 27 21 17 13 9 11

26/74 patients had 2 complaints or more
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Technical note

Analysis of body-device interface forces in the sagittal
plane for patients wearing ankle-foot orthoses

B. McHUGH

National Centre for Training and Education in Prosthetics and Qrthotics,
University of Strathclyde, Glasgow, Scotland, UK

Abstract

An ankle-foot orthosis (AF() is employed
principally to treat musculoskeletal disorders of
the ankle and/or subtalar joints although,
occasionally, it may be prescribed to provide
stance phase control of the knee. In order to
function satisfactorily, an AFQ must apply
appropriate forces to the lower leg in a manner
which does not cause local tissue damage or
discomfort, Equally the leg will apply forces to
the AFO which it must be capable of
withstanding without breakage or loss of
function. Thus it is useful to know where the
body-device interface forces act during walking
and to be able to estimate their magnitudes. This
is not well understood and has not been
satisfactorily documented. This paper explains
the force actions between the AFO and the leg, in
the sagittal plane, where there is absence of
muscle power. Furthermore, it explores the
possibility of estimating the magnitudes of these
forces. It is found that the forces are greatest
whcn orthotic assistance is needed to compensate
for plantar flexor insufficiency in late stance
phase. On the other hand, where the AFQ is used
to support the foot, in the absence of dorsiflexion
power in swing phase, the forces are relatively
small. Understanding these force levels is
relevant to the design of the AFQ in terms of
choice and use of materials and components.

Introduction
The AFO may be employed to treat musculo-
skeletal disorders at the ankle and/or subtalar

All correspondence to be addressed to Dr B. McHugh,
National Centre for Training and Education in
Prosthetics and Orthotics, University of Strathclyde,
131 St. James” Road, Glasgow (G4 OLS, Scotland, UK.
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joints. In this analysis, the specific case of
insufficiency of the plantar flexors and of the
dorsiflexors will be considered and the analysis
of forces and moments will be confined to the
sagiital plane. The aim is to show that the
configuration of body device interface forces
can be determined and their magnitudes
estimated for key points in the gait cycle (early
stance phase, late stance phase and swing
phase).

In analysing AFO body-device interface
forces, it is important to understand the function
of the AFQ and this, in turn requires a
knowledge of the functional deficit that the AFQ
is intcnded to correct. An AFO may be
prescribed to treat one or more of a number of
different pathological conditions which have
been described previously (Sarno and Lehneis,
1971; Rubin and Dixon. 1973; McHugh and
Campbell, 1987). It will be helpful to boefly
describe the function of an AFO which is
prescribed to provide assistance for two of these
conditions: dorsiflexor insufficiency and plantar
flexor insufficiency.

AFO function in dorsiflexor and plantar
flexor insufficiency

Firstly, reduced or absent dorsiflexion power
will be considered. The dorsiflexors contribute
significantly to ankle joint control in swing
phase and early stance phase of walking. During
swing phase they exert the small dorsiflexion
moment required to support the weight of the
foot. In early stance, between heel strike and
foot-flat they control the plantar flexion of the
foot induced by the ground reaction force acting
posterior to the ankle. Weakness of this muscle
group can result in rapid plantar flexion in early
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to a range restriction of 57° at 20 months when
many of the desired functions were achievable.

With regard to restoration of function the
patient is now able to lift her young son from the
flour; tie her own shoe laces and undertake a
range domestic tasks, including ironing. all of
which she had previously been unable to do. She
has found these activities extremely important to
her lifestyle and continues 10 use the device in
the hope of achieving yet further improvement
in her condition.

Discussion

The successtul outcome of this intervention is
quite surprising given the very low torque
applied by the orthosis. This orthotic solution
was only attempted since other conservative
methods had failed and the clinic team was not
very optimistic. Indeed with no change after two
months use the decision had been taken to
withdraw the orthosis if no change was seen by
month three. The improvement at month three
continued until the available range started to
decrease for a period. On discussion with the
patient, this was thought to be due to the fact that
she was then in the late stages of pregnancy and
found the orthosis rather tiring and unhelptul.
After the birth of her child she continued once
more to wear the orthosis and the improvement
shown is clearly visible.

The extension of this technique to other
conditions must be approached with caution

since the original aetiology is unknown but the
results are encouraging and suggest there is
merit in using low torque devices where the
action can be carefully controlled. An important
implication of this work is that low torque
applied in a consistent manner may be able to
achieve correction of intransigent contractures.
It therefore suggests that it may be possible to
apply the techniques at the ankle.
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