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Editorial

The fiscal year, 1997, again cnded with a profit, and the President, Seishi Sawamura, can look back
on a tricnnium that added more than 2.2 million DKK to the Society’s assels. This has been possible,
in spite of a high activity level, only through suceessful capital gain, The interest rate in 1997 has been
low in Denmark, which influenced the market value for bonds and sccurities. The Executive Board
through the Finance Committee continuously monitors the market to secure a maximised outcome
with the minimum risk of losing on the market rate of the bonds.

The Executive Board has strived in the past to run the Society, on the income from membership fees
Le. using the fees to meet the Administration and Publications costs. The Board has successiully
managed to accomplish this over the past two triennia (Table 1), apart from 1993, in spite of the rather
costly educational activities and the Interim Meetings of the International Committee. In Congress
years three meetings of the Executive Board are required. The costs of running the Sccretariat have
been fairly constant. In 1997 ISPO published the first issue of the Information Package on Education
of the Category Il Professional, the Orthopaedic Technologist. and the work is continuing on a similar
description for the Category 1 Protessional, the Prosthetist-Orthotist.

The income from membership has been rather constant over more than & years. From 1998 it will be
necessary (o collect membership fees from the National Member Societies before the end of March in
order lo ensure an adequate cash tlow tor the daily operations, and the Journal.

The Sociely has made a considerable investment in the Professional Register. It has sent out trial
application / membership forms to UK and Germany to lest out the function before block mailings o
the membership at large.

The big cost item for 1997 was the Consensus Conference on the Treatment of Poliomyelitis.
Financial support from external sources was limited, but the topic was deemed 10 be sufficiently
important to wuarrant the magnitude of the costs. The conference turmed out successfully with
exchange of expericnees from both the indusinialised and the developing world leading to impoertant
agreements about treatment programmes to the benefit of the many polio vietims. Another course on
Lower Limb Amputation Surgery, Prosthetics and Rehabilitation for the Developing World took place
in Jaipur, India. After two courses in two years in India the membership has increased there
considerably, and the Natonal Member Society is under reconstruction to meet new goals and
objectives. These two activities could just about be financed through the capital yield of the year. The
revenue of the Society’s could cover one consensus confcrence every triennium, and al least one
course yearly in the developing world. A further two courses, giving profit, took place in Helsingborg,
Sweden on Lower Limb Amputations: and in Toronto, Canada on Cerebral Palsy.

ISPQO has over the years spent a handsome sum of money on the Journal, Prosthetics and Orthotics
International, which has become established as one of a few on the world scene devoted to prosthetics,
orthotics, and treatment of the severely disabled. Thanks to the efforts of the Editors the number of
advertisers have increased markedly over the past couple of years, making the Journal an income
generator for the Society.

The Society has over the past 6 years used significant funds on promotion of the Society and the
Journal without visible effect on the membership or subscription, but beyond any doubt adding
significantly to the credibility of the Society, as has truly also been the outcome of the cxpenses for
liaison with international agencies and organisations,

The Society has moved office facilities within the house of SAHVA, and has now entered into a
formal rental agreement with SAHVA. The Board is happy to announce the continuous support from
SAHVA, which has decided to let its companies underwrite the rental costs for 1997, and it looks
forward to the continual collaboration with mutual benefits. The Society also acknowledges the
financial contributions from all its sponsoring members.

ISPO still has only one employee, Aase Larsson, who has served the Society loyally and faithfully

i
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ISPO Statement of Accounts, 1997

AUDITORS REPORT
We have audited the financial statement as of December 31, 1997 prepared by the officers of the
International Society for Prosthetics and Orthotics.

Audit Performance

We planned and performed our audit in accordance with generally accepted auditing standards as
applied in Denmark so as to obtain rcasonable assurance that the financial statements arc free from
material errors or omissions.

During our audit we asscssed the materiality and risk in order to verify basis and documentation of
the amounts and other information disclosed in the annual accounts. Further, we considered the
accounting practice and estimates applicd by the Board of Directors and the Management. and we
evaluated the overall adequacy of the presentation of information in the (inancial statements.

Our audit did not give rise to any qualification of opinion.

Conclusion

The Financial Statements have been prepared in accordance with statutory requirements, and the
conslitution of the Socicty and generally accepted accounting policies. In our opinion, the financial
statements give a true and fair view of the state of the affairs of the association as of December 31,
1997, and of the result for the year.

January 10, 1998
RevisionsGruppen A/S

Sgren Wonsild Glud

State Authoriscd Public Accountant
ACCOUNTING POLICIES
Securities

Bonds have been stated at market value at year end and shares have been stated at market value at
year end.

Office Equipment

Computer and olfice equipment have been stated at cost less accumulated depreciation computed
straight line over 5 years.

Accrual Concept
The accrual concept of accounting has been used in these Financial Statements.

Income Statement for the Year 1997

SUMMARY 1997 1996
DKK DKK
Society membership fees (note 1) 1.125.970 1.053.760
Sponsorship (note 2) 15.000 26.885
Meetings in other organisations (note 3) (33.141) (117.323)
Conferences, courses etc (note 4) (777.553) 178.84%
Prosthetics and Orthotics International (note 5) 137.649 (70.888)
Publications (note 6) 7.365 22.236
Result of Activities 475,290 1.093.518
Administrative ¢xpenses (note 7) (1.060.671) (946.106)
Primary Result (585.381) 147412
Interest 422.908 476.833
Dividend 1.504 1.504
Change in market value of securities 291.126 227.680
Exchange rate variance 138.419 16.966
Financial Income 853,957 722 983
Net Income (loss) 268.576 870.395
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Balance Sheet as of December 31, 1997

1997 1996

DKK DKK
Cash 354.783 6350118
Accrued interest 106.753 93.816
Advertising receivable 204.770 141.171
Prepayment, World Congress Amsterdam 1998 443.088 433.245
Prepayment World Congress Glasgow 2001 131.331 0
Miscellancous receivables 87.599 0
Other prepaid expenses 12.940 4]
Receivables 1076481 068.232
Securities (note 9) 6.924.071 6.716.512
Office Equipment {note 8) 16.347 29.347
Total Assets 371.682 8.064.209
Liabilities
Accrued expenses 370.759 184.054
Accrued printing cost 0 153.000
Prepaid membership fees 0 18.273
Prepaid subscription income 83.055 39.590
Short-term liabilities 453.814 414917
Equity
Equity January 1. 7.049.292 6.778.897
Net result 268.576 870.395
Equity December 3] 7.917.868 7.649.292
Liabilities and capital J371.682 8.064.209

Notes to the Financial Statements

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

2. Sponsorship

Contribution from:

The War Amputations of Canada
SAHVA

26.885
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3. Meetings in other organisations
Education Committee

Certification

WHO Geneva

World Orthopaedic Concern
Hungary

Wuhan/GTZ/DSE

RI-ICTA

VO

Miscellaneous

Expenses

4. Conferences, courses etc.
World Congress

Consensus Conferences
Appropriate Technology
Cercbral Palsy
Polio

Courses — Industrialised world
Helsingborg

Courses — Developing world
India

Income (cxpense)

5. Prosthetics and Orthotics International
Advertising
Subscriptions

Printing and mailing
Production editor
Meeting expenses
Production sccretary
Other direct expenses
Publications committee

Net result (loss)

6. Publications
Booksales
Amputation Video

Net result (loss)

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

[C-meeting
POI publications committee

1997
(30.385)

Eoocoooo

2
(34.141)

0
13.686
(645.310)

44.705

(190.634)
(777.553)

687.073
209.335

$96.408

(455.860)
(37.129)
(32.994)
(80.000)
(12.776)

(140.000)

{7158.759)
137.649
5.895
1.470
7.365

414934
122.456
(140.000)

397.390

5

1996
(46.703)
(16.431)

(7.053)
(5.514)
(1.750)
(17.495)
(19.386)
(2.992)
0

(117.323}

315.01)

57477
(21.392)
(33.508)

(138.339)
178.849

545.105
205.977

751.082
(543.518)

(35.434)

(35.418)

(82.600)
0

(125.000)

(821.970)

(10.888)
16.251
5.983
22.236

363.910
0
(125.000)

240910
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Report from the Executive Board

The most recent Executive Board Meeting was held in Kobe, Japan on 27-28 January 1998 The
following report is a summary of selected points which may be of interest to you.

Finance

The level of the annual membership fee was considered. It was felt that in view ol the healthy state
of the Society’s finances the fee should not be raised. It was agreed that this would he the Executive
Board’s recommendation to the International Committee.

International Conferences and Courses

Two signilicant events which had taken place since the last Executive Board meeting were the
Conscnsus Conference on Poliomyelitis in Hammamet, Tunisia and a course in Amputation Surgery
and Related Prosthetics in Jaipur, India. In spite of their complexity, both of these events had been
kept within the approved budget. The Consensus Conference had addressed the problems of acute
polio, still prevalent in a number of countrics and post-polio syndrome. Consensus was sought on the
best surgical and orthotic approaches to treatment and on the relationship between these approaches.
The report, expected this summer, should prove to be a valuable document for alf those who are
professionally concerned with orthotics, surgery and rehabilitation related to poliomyelitis. The course
in Jaipur was one of a series of such courses held over the years. The most recent had been in Madras,
India and Helsingborg, Sweden. It was unprecedented to hold two courses in one country within one
year of each other but in this cuse the country was immense and the infrastructure was in place after
the lirst course (and this proved o be a great asset to the organisation ef the Jaipur course).

Education

Issue 1 of the Category Il Information Package (including professional profile, code of cthics,
learning objectives and description of examination content) had been completed and distributed in
October 1997. This package should prove to be of great value to all schools offering or wishing to
introduce a Category TI (Orthopaedic Technologist) course. Tt is now intended that a similar package
be developed tor Category 1 (which includes prosthetist/orthotists and orthopaedic meisters).
Two events in Japan were being organised under the auspices of the Education Committee. These
were: An Educational Seminar in Prosthetics and Orthotics (commemorating the mid-point of the Asia
and Pacific Decade of Disabled Persons) in Makuhari, Jupan (30 January - 1 February 1998) and an
Asian Prosthetics and Orthotics Workshop (2-4 February 1998). These events have since occurred;
they were very successful and have helped to promote ISPO, and the principles for which it stands, in
Asia.

Publications

An offer had been received from John Michael of the US National Member Society to organise
translation of articles from Prosthetics and Orthotics International into Spanish for the benelit of
members in Central and South America. There was a pool of native Spanish speaking veolunteer
translators including orthopaedic surgeons, physiatrists and trauma surgeons.. The Executive Board
approved this initiative, subject to confirmation that the translated articles would be distributed only to
ISPO members.

Professional Register

The Honorary Treasurer had created a new membership application form which combined the
previous application form and professional register form. Following a limited trial distribution,
responses had suggested that the form was generally satisfactory with some amendments.

2
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Appropriate Prosthetic Technology

The Society had been invited to carry out an evaluation of the International Committee of the Red
Cross (ICRC) Polypropylene System a low cost prosthetic system for low-income countries. ISPO
would be represented in this by Sepp Heim and the Honorary Treasurer.

Congresses

Preparations for the next world congresscs (Amsterdam, The Netherlands: 28 June — 3 July 1998
and Glasgow, UK: 1-3 July 2001) were going well. The cxhibition in Amsterdam would be the largest
ever at a world congress. Indications had been given by Argentina and Germany that they intended to
bid for the 2004 World Congress.

Executive Board 1998-2001

A slate of nominations had been prepared by the Executive Board assisted by suggestions from
National Member Societies. This slatc was then presented to the interim meeting of International
Committee representatives and finally sent to all National Member Societies for consideration. The
National Member Societies had the option to either accept the proposed slatc or ofler further
nominations, All accepted the slate of nominations. As a consequence, the Executive Board for the
trienniwm 1998-2001 will be:

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

Dr Bjorn Persson Sweden Orthopaedic Surgcon
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 Stecn Jensen Denmark Orthopaedic Surgeon
Honorary Secretary Dr Brendan McHugh UK Engineer

The new Executive Board will take office at the World Assembly during the World Congress in
Amsterdam.

Brendan McHugh

flonorary Secrerary
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Ten-year survival of Finnish lower limb amputees

T. POHJOLAINEN* and H. ALARANTA**

*Rehabifitation Unit, Jorvi Hospital. Espoo. Finland
==Natipnal Associution of the Disabled in Finland, Kipyli Rehabilitation Center, Helvinki, Finland

Abstract

Data on mortality for the ten years following
lower limb amputation were obtained from all
the 16 surgical units in Southern Finland and
the National Social Insurance Institution. In
Southern Finland during the period 1984- 1985,
amputations of the lower limb were performed
on 705 patients, of whom 382 (54%) were
women and 323 (46%) men. The majority of the
amputations, 47%, werc performed for vascular
discases and 41% were performed for diabetes
mellitus. The overall survival was 62% at onc
vear after amputation, 49% at two years, 27% at
five years and 15% at ten years. The median
survival alter amputation was 1 yr 5 mth for the
women and 2 yr § mth for the men. Of the
arteriosclerotics.  43%  died  within - one
postoperative year while 43% lived longer than
two years and 23% longer than five years. The
mcdian survival of arteriosclerotics was 1 yr 6
mith. The corresponding figure for patients with
diabetes was 1 yr 11 mth. Of the diabetics, 38%
dicd within one postoperative year while 47%
lived longer than two yecars and 20% longer
than five years. Of the trauma patients, 86%
lived longer than five years and 71% longer
than ten years, Of the trans-femoeral amputees,
54% lived longer than one year. 36% over two
years, 8% over five years and 8% over len
years, The corresponding figures for trans-tibial
amputees were 70%, 53%, 21% and 4%. Many
clderly  vascular  and  diabetic  patients
undergoing amputation have a reduced
physiological reserve and high mortality. The
mote proximal the amputation, the greater the
risk that the patient will never be able to walk or
that the duration of use of the prosthesis will be

All  comespondence to  be  addressed to
Timo Pohjolaincn, Rehabilitation  Unit, Jorvi
Hospital, Tarunce 150, 02740 Espoo, Flnland.
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short. T a prosthesis scems 1o be a reasonable
option for the clderly amputee, any delays in
prosthetic titting should be avoided in older age
groups.

Introduction

About 1500 lower limb amputations are
performed  annually in  Finland. Most
amputations involve geriatric  patients with

peripheral vascular disease (Pohjolainen and
Alaranta, 1988). Ths disability following limb
amputation is permancnt, and in many cascs
amputees arc made dependent on other people.
Elderly amputees often have changes in organs
other than limbs: they have heart diseascs, brain
disorders and. in diabetics, eye. Kidney and
neurological disorders. Arteriosclerosis  and
diabetes associated lower limb  amputations
especially represent a major socioeconomic and
health  problem. The amputee needs
considerable in-patient and out-patient care and
frequently makes demands uwpon social and
welfare services,

According to  the estimate ol Finnish
statistics. the age structure of the Fionish
population will continue to shift upwards
causing a twofold increase in the proportion of
over 60-year-olds during the next 30 years. The
majority of lower limb ampurtations performed
in western society are on elderly people. The
main condition Jeading to amputation is
periphcral  vascular  disease and  diabetes
mellitus (Ebskov, 1996; Finch er al., 1980,
Kolind-Sorensen.  1974; Pohjolainen  and
Alaranta, 1988 Stewart et ¢/., 1992). In Finland
trauma accounts for 2% (Pohjolainen and
Alaranta, 1988) of lower imb amputations, in
Denmark for 4% (Ebskov, 1988) and in Britain
for 9% (Coddington, 1988). The major cause of
lower limb amputations in children is trauma,
which accounts for 75-80% of cases




Amputees

Mean age (years)

Diagnosis Women Men Total Per cent Women Men All
Arteriosclerosis 149 155 304 43.1 79.6 71.0 75.0
Diabetes mellitus 187 100 287 40.7 74.8 66.9 720
Frostbite 4 27 31 44 475 513 50.8
Embolism 19 8 27 38 73.1 67.4 714
Tumour 8 9 17 24 50.4 294 39.3
Trauma 5 9 14 20 43.6 394 409
Deformity 6 3 9 1.4 71.8 54.0 65.9
Burger’s disease - 3 3 0.5 - 44.0 44.0
Miscellaneous 2 4 6 0.8 380 50.5 443
Total 382 323 705 100.0 757 68.1 722,




Type of amputation n Per cent
Unilateral

Trans-femoral 288 41
Trans-tibial 156 22
Toe amputations 110 15
Foot amputations 19 3
Hip Disarticulation T !
Hemipelvectomy 1 0
Bilateral

Trans-femoral/trans-femoral 41 6
Trans-tibial/trans-tibial 25 4
Trans-femoral/trans-tibial 2 3
Tmt/tmt or toe/toe* 2
Others 2 3

*Tmt = transmetatarsal

ey
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with lower limb amputations, since a majority
of limb amputations are performed on these
patients.  Arterial  occlusive  disease  is
pansystemic in its manifestations, and thus
amputation of the lower hmb carries an
associated risk that is different from the
lechnical considerations of the operation. These
patients have often had previous vascular
operations, and failed revascularisation
{Lambert, 1986; Mills, 1993). Vascular
operations followed by amputation may cause a
higher risk of mortality in elderty patients than
does amputation alone. The high mortality rawe
during the first postoperative months among
amputees  with  vascular  diseases  bears
testimony t¢ the advanced state of the disease.
In this study, the rate of death within three
months of initial surgery (27%) was higher than
that in Denmark (16.6%) (Ebskov and
Josephsen, 1980). In view of thosc figurcs, it
may be that some of the elderly, severely il
paticnts with arterial gangrene or infection and
sepsis should have been treated conservatively.

Trauma and neoplasia constitute a different
clinical problem. The mortality during the first
two years after amputation was high for
amputees with ncoplasia; on the other hand
none of those patients died after five years from
amputation. Most of the frosibite patients were
alcoholics. The health of alcoholics may be
poor but still only two of them died during the
first postoperative year.

The survival rate was higher in the trans-tibial
than in the trans-femoral amputation group
during the six postoperative years. The highest
survival ratc  was rccorded for paticnts
amputated at the feet, transmetatarsals or toes.
The severity of the vascular discasc and the
ischaemia of the affected limb is probably the
main reason for the higher mortality of the
trans-femorat amputees. The five-year mortality
rates in the trans-femoral and trans-tibial groups
in this study are not different from those
reported in USA (Roon et al., 1977; Rush et al..
1981).

Hansson (1964) rcported from Sweden 45%,
58%, T1% and 76% mortality one, two, three
and four years postoperatively, respectively.
The above figures and the authors’™ two-year
mortality rates of 58% and 57%, respectively,
are worse than the figure of 19.2% from the
Danish  Amputation Register (Ebskov and
Josephsen, 1980} The Finnish four-year

mortality rate (Fig. 1) is better than the Swedish
ratc (Hansson, 1964) but ¢learly worse than the
Danish figure (22.5%) (Ebskov and Josephsen,
1980). In an earlier Danish study. Kolind-
Sorensen (1974} found a 50% five-year
mortality among amputees with different
diagnoses, which is also betler than the rate in
this study. The higher mortality rate of the first
postoperative years in Finland may be partly
due to the higher mecan age of patients
compared with other studies and the more
advanced state of the vascular disease. Elderly
vascular and diabetic patients undergoing
amputation have a reduced physiological
reserve and high mortality. In Finland. active
vascular surgery may delay amputation. The
high early mortality afler amputation may also
be due to postoperative rehabilitation and
ambulation being too passive.

In the British study (Finch er al, 1980) of 133
vascular amputees who survived at least one
year after amputation; 55% were alive at the
end of two years, 37% at the end of three years
and 25% at the end of four years. In their
studies, Kihn et al. (1972) and Huston et al.
(1980) reported a 59% survival at two years and
Couch er al. (1977) a 49% survival at three
years.

According to the predictions of the Central
Statistical Office of Finland the overall age
structure of the Finnish population will continue
to shift upwards causing twofold increase in
proportion of over 60-year-olds in the next 30-
40 years. It may influence the number of
amputations. However, the incidences ol lower
limb amputations have not yet increased in
Finland. In the authors™ threc surveys werc
32.5-28.1 in 1984-1985, 22.0 in 1989 and 27.4
in 1992 (Alaranta er al, 1995). The basic
epidemiological study in 1984-1985 emphasised
better appreciation and  application  of
preoperative and postoperative mobilisation,
better integration of prosthetic filling and the
total rchabilitation of the patient by his
admission from the surgical ward to a
residential rehabilitation unit and organised
regular  follow-up of amputees. Early
ambulation has been shown to be advantageous
for geratric patients (Ham, 1986. Condie,
1988). It a prosthesis seems to be a reasonable
option for the elderly amputee, any delays in
prosthetic fitting must be avoided particularly in
older age groups. The importance of this is that
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patients must be fited with prosiheses
whenever possible and offered comprehensive
rehabilitation so that the quality of lifc can be
maintained,
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Abstract

The aim of this study was to determine the
degree of pelvic tilt in three dimensions, the
trunk muscle strength and effects on gait in
trans-tibial amputated patients. This  study
comprised of 22 unilateral trans-tibial
amputated patients who were seen at the
authors™ Prosthetics and Orthotics Laboratory
for the purpose of prosthetic provision.
Mcasurements were made using plurimeter and
caliper and gait obscrvations were made by
video camera.

In the sagittal and horizontal planes
respectively the pelvic tilt was measured to be
12° and 5.73°, and such measurements in
relation to the trunk extensor and flexor muscles
were shown to be statistically significant
(p<0.05). On the contrary, the same could not
be said for frontal plane measurements. In
addition, in 9 cases excessive knee flexion was
noted during the stance phase having a direct
inluence on the pelvic tilt (p<0.05).

Introduction

Interactions between the trunk and the lower
limb are dircctly influenced by the adjoining
pelvic joints, ligaments and muscles. In
addition. posture, living styles and cultural

differences  also  atfect posture and  pelvis
(Steindler, 1970).
Mayer described three types of pelvic

obliquity, namcly infrapelvic. suprapelvic and

All  correspandence te be addressed 1o
Prof. Scrap Alsancak, Ankara University, Kikimevi
Suglik Hizmetrelh Myo, 06100 KikimevifAnkara,
Turkey.

pelvic (Crenshaw, 1992). The muscles affecting
the infrapelvic obliquity are the abdominals.
spinal crectors, abductors and adductors of the
hip which are given strength exercises for the
abdominal muscles and stretching excreises for
the spinal erector muscles and contracrure of the
hip muscles or are used by orthosis or prosthesis
wearers. The lumbosacral muscles, the
sacroiliac joints and the bony structures affect
the suprapelvic and pelvic obliquity. and they
usually necessitate surgery (Crenshaw, 1992:
Dontigny, 1985; Tachdjian, 1990; Lavignolle er
al.. 1983). In the present study measurements
were made using infrapelvic pelvises.

Until today. most measurements of pelvic tilt
(PTy were taken in the sagittal plane; such
results, though consistent, have not delinitely
illustrated the effecls of the strength of the trunk
flexors and hip cxtensors on the PT. To date,
photographic mcasurements, parallclograms,
spondylometers, pelvic inclinometers, standard
goniometers, gravity goniometers, calipers and
trigonometric measurements have all been used
(Otman und Alyun, 1991; Gajdosik er al., 1985
Clapper and Wolf 1988; Boone er al, 1978;
Low, 1976; Youdas et al., 1991; Alviso et al.,
1988; Mayerson and Milano, 1984; Sanders and
Stravrakas, 1981, Murray er al, 1970; Walker
et ul., 1987; Rothstein et al.,, 1983),

The angle formed by a perpendicular and
horizontul line passing (hrough the anterier
superior iliac spines (ASIS) and posterior
superor iliac spines (PSIS) gives the sagittal
plane measurements. If there is a reduction or
the angle is 180°, there is smd to be posterior
pelvic tilt (PPT); if the angle increases, it is






Case Age ROM Muscle Strength Pelvic Tilt Gait

No. Knee Hip Knee Trunk S H F Deviations

1 45 5° ex.Jim. f 4 4 3 13%7% 09 +
e 4 4 2

2 40 5° rec. f 5 4 5 10°0° 0°
e 5 5 3

3 29 15° rec. f 3 4 4 1193 02
& 3 3 5

4 14 4° ex.lim. f 5 4 3 125 07
¢ 5 4 4

-] 37 0° f 5 5 3 14° 10° 0° +
e 5 5 4

6 55 5% ex.lim. f 5 4 3 12°5° 0°
¢ 5 4 3

73 39 0° r 5 5 8 10° 0°
e 8 5 5

8 29 20° ex.lim. 3 5 5 3 13 8° (¥ +
e i} 4 3

9 19 5%rec. f 5 3 4 13° 10° 0° +
e 3 5 -+

10. 18 17° ex.lim. [ 4 4 4 11#:5% QP
¢ 4 4 -+

11 11 0° f 5 4 4 125 0F +
e 3 3 4

12 22 20° flex.lim. F ] 3 3 14* 11° 0° +
g 5 4 4

13. 29 0° f 4 4 4 13%10° g2 +
e 4 4 4

14, 19 0° f 5 5 5 10°0° 0°
¢ 5 5 5

15, 70 0° f 5 5 3 129788 )?
e -] 5 3

16 19 5% ex.lim. f 4 4 4 11°5 ¢
e 4 4 4

17 53 15° ex.lim. f 3 4 2 15° 10° ¢° +
[ 4 4 2

18. 13 15° flex.lim. r 5 5 4 11°5% 0°
e 5 5 4

19 25 5% ex.lim. f 3 5 3 14° 12° 0° +
[ 5 5 4

20. 26 0° f ] 5 5 10°0° 0°
e ] 5 4

21, 73 Q° f 5 5 3 1273 0>
[ ) ] 3

22. 26 0° f 5 5 5 11° 5> @°
e 5 5 4

S: Sagittal ex.lim.: extension limitation f.: flexor group 5: normal 3: fair

H: Horizontal flex.lim.: flexion limitation e.: extensor group 4: good 2: poor

F: Frontal rec.: recurvatum + gait deviation




Trunk muscle strength
PT N f e
horizontal plane
0% -3° 6 4.5 45
4°0-7° 9 37 36
87— 11 6 3.2 3.5
127~ 15 | 3 4
Table 2b.
Trunk muscle strength
PT N f e
sagittal plane
9°—11° 9 4.6 4.4
129 - 14° 12 3.3 3.5
15 -17° 1 2 2

f: flexor group
e: extensor group
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Hip Knee Trunk
t & t e f ¢
| PT v -0.260 -0.245 0.015 0373 -0.622 -0.429
horizontal plane N 22 22 22 22 22 22
p 0.242 0.272 0,948 0.088 0.002* 0.046*
PT fi -0.232 -0.200 0.007 -0.386 -(0.829 -0.600
sagittal plane N 22 22 22 22 22 22
p 0.300 0.372 0974 0.076 0.000* 0.003#
f: flexor group r: correletion coefficient p: probability
€1 extensor group N: case number *: significant
Prosthetic Stump
Age Mass use period length
PT r -0.118 -0.156 -0.018 -0.065
horizontal plane N 22 22 22 22
P 0.603 0488 0.940 0.774
PT r 0.147 -0.015 -0.005 -0.000
sagirtal plane N 22 22 22 2
ol 0.514 0,946 (1984 1.000
Excessive
knee flexion N XpT sD p
Crait deviation + 9 9.44 1.74 0.000*
horizontal plane - 13 315 230 0.000*
Gait deviation + 9 13.44 0.88 0.000*
sagittal plane - 13 11.00 0.82 0.000*

N: case number

Xpr: mean PT

SD: Standard deviation

p: probability

+: Excessive knee flexion existent

- : Excessive knee flexion non-existent
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cannol be discussed due to the absence of

previous studies.

Day et al. (1984), Kendal er al. (1993),
Christie et al. (1995) as well as many other
researchers have suggested that the trunk and
hip flexors and extensors play an important role
in pelvis control. In this study using the
Spearman  Correlation  Coefliciency, it was
concluded that the effects of the strength of the
trunk extensors and flexors on the sagittal plane
PT  wvalues were statistically  significant
(p<0.05). A similar conclusion was made for
the horizontal plane. In other words, increasing
strength of the trunk [flexors and extensors
results in reduction of PT in both planes.

However, in most of the cases studied (17
patients), the hip flexors and extensors were
normal. Consequently, it was not possible to
demonstrate such a relationship as above. Those
with exlension limitations of the knee (4-20°),
showed a direct effect on the APT. For
example, oul of the 8 patients with extension
limitations, 6 ol them demonstrated higher
sagittal and all demonsteated higher horizontal
PT values than the normal (9-11° sagittal; 0-3°
herizontal.

The relationship of gait deviations on the PT
values was also ¢valuated and it was concluded
that those patients with gait abnormalities
resulting from excessive knee flexion were
statistically  significant  (p<0.001).  This
evaluation was carried out after correction of
the deformity resulting from prosthetic usc
during the stance phase.

Youdas et al. (1996) have shown that aging, a
reduction in physical activity and abdominal
muscularity, resulted in an increase in PT;
Schenkman et al. (1996) noted a reduction in
axial rotation.

In this study age, sex, mass, amputation side
and prosthesis use time span, were compared
with the PT angle using the U lest, but were
shown to be statistically insignificant (p>0.03).

Despite the fact, that the values obtained
conformed closely to each other, the differences
observed are believed to result as a consequence
of racial differences. individual’s physical
characteristics and the researchers criteria.

Conclusion

Just as the trunk flexors and exiensors
influence the PT in the sagittal plane, in this
study, it was concluded that the same effect also

occurs in the horizontai plane. In addition, PT
angles are also affected when excessive knee
flexion compromises gait in the stance phase. In
order to verify and strengthen this finding,
further research is ongoing.
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propulsion. Resupination is delayed.
Hypothetically during the push-oli phasc the
pronation moment produced by the ground
reacuon foree flattens the arch by rotating the
subtalar joint. Thus the plantar ligaments have
o resist the excessive and prolonged 1ension
force caused by the abnormal range of
pronation and the delay of resupination.

In addivion to strewhing the plantar ligaments,
the cxcessive pronation of the subtalar joint
produces prolonged internal rotation of the leg,
This forces the patella laterally out of the paellar
groove of the femur (Ramig ef al.. 1980). In the
patellofemoral articulation the patella normally
slides smoothly over the groove in the anterior
femur. With subtalar pronation, the patalla rides
over the lateral aspect of the patellar groove and
the  patellar  cartilage  becomes  rritated,
Chondromalacia patellae, a painful condition of
the knee, can be caused by this extrinsic
hiomechanical factor {Beckman, 1980).

Conservative management of paticnts with
flexible flat foot is the recommended form of
treatment by Lovell er af. (1986). Basmajian
and Deluca (1985) concluded that muscle
activity is not needed to support the arch ol the
fully loaded foot at rest but only when stress is
applied, as at heel off, the aim of cxercise is to
strengthen the foot muscle only to prevent
injurics that may be caused by ligamentoos
laxity. However in the presence of heelcord
contracture. stretching exercises are prelcrred
and orthoses are rarely indiculed.

Various orthoses have been used in the
management of flexible flat foot. These include
a wide variety of comective shoes, arch
supports, and shoe inserts (Miller, 1990). These
orthoses are mechanical devices designed 1o
cotrect and maintain the foot near the oplimum
position so as fo increase the efficiency of foot
mechanics during walking or running and thus
encourage normal development of the foot
(Hellet. 1980). Based on static radiological
data. Bordelon (1980). and Bleck and Berzins
(1977) reported that signilicanl correction of
flexible flat foot deformity could be achieved
by the use of orthoses. In contrast, Penneau et
al, (1982} and Wenger ¢ al. (1989) suggested
that the use of orthoses could not make
permanent changes to the flexible flau foot.
However none of the above reporied on the
functional outcome of the orthotic reatment.

This study aimed to quantify the immediate

etfect of orthotic treatment for Nexible lat foot
before establishing a longitudinal study to
investigate lopg term outcomes. The specific
objective of this study was to compare the
kinctic and kinematic variables betwcen the
orthotic (with orthosis and shoe) and the shod
(with shoe only) conditions with a vicw to
evaluating the immediate biomechanical effects
of the influences of the orthosis on the ankle-
foot complex and the knee joint.

Method

Subjects

Eight subjects, 7 {emales and | male
participated in this study. They were between
the ages of 4 and ] ycars (mean age for all
subjects was 6.3 vears) and were referred from
the pacdiatric orthopacdic clinic of the Queen
Elizaheth Hospital, Hong Kong. Each subject
received a  lower limb  musculoskeletal
cxamination. Measurement of range of motion
of the ankle joint and subtalar joinl was
performed to ensure that they all had various
degree of bilateral flexible flat feet that were not
compensation of forefool deformities or other
confounding pathology.

Orthaosis

Each subject was litted with a pair of orthoses
commoenly uscd in Hong Kong based on the
UCBL (University of California Biomechanics
Laboratory) shoe insert design (Henderson and
Campell, 1967; Kogler er «f., 1996). Since the
partial weight bearing casting method suggested
by Henderson and Campell was not considered
ideal by the authors for obtaining a neutral cast
of the foot with the subtalar joint in the neutral
posidon, a non-weight-bearing pronc casting
method was employed (McPoil et al., 1989).
Following the application of plaster bandages to
the foot to form the negative impression the
orthotist used the thumb and index lingers 1o
palpatc the head of talus to ensure that the
subtalar joinl was in the neutral pasition. The
midtarsal joinl was fully locked by applying a
dorsifllexion foree through the thumb of the
other hand. placed on the plantar surface of the
fourth and {ifth metatarsal heads, which
dorsillexed and abducted the forefoot. The
negative impression was used to create a
positive cast,

Moudifications to the positive cast included




Subject 1 2 3 5 6 7 8
Sex F F F F F M F E
Age 11 11 I 9 4 5 4 5
Weight (N) 325 2774 270 341 165.8 170.5 i73 206
Arch Index 0.32 0.39 0.35 0.37 0.35 0.34 0.39 038




Arch Index (AI) = B/(A+B+C)




Medial

Lateral

Weight 1
mL A e W
5 1
2
[+] 50 100

Vertical force (1) First peak (Fig. 6) (2)  Second peak (Fig. 6)
(3) Average
Anterior-posterior force (4)  Peak anterior (Fig. 7) (5)  Peak posterior (Fig. 7)
(6) Average
Medial-lateral force (7)  First peak medial (Fig. 8) (8)  Second peak medial (Fig. 8)
(9} First peak lateral (Fig, 8} (10)  Second peak lateral (Fig. 8)
(L1} Average
Vertical torque (12)  Peak external (Fig. 9) (13)  Average
% Stance time at (14)  First peak vertical force (Fig. 6) (15} Second peak vertical force (Fig. 6)
(16) Peak anterior Force (Fig. 7) {17y Peak posterior force (Fig. 7)
(18)  Zero A-P force (Fig. 7) (19} First peak medial (Fig, 8)
(20)  Second peak medial (Fig. 8) (21}  First peak lateral (Fig. 8)
(22)  Second peak lateral (Fig. 8) (23)  Peak external torque
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(42) Maximum dorsiflexion (43) Heeloff




Mean Standard
Variables Description value deviation
2 second peak lateral force -1.8% 23%
11 average medial-lateral torce over the stance phase 1.5% 1%
23 stance time delay for the occurrence of the external torque peak 2.5% 2.7%
24 maximum eversion -37.1% 9.1%
28 total eversion -39.5% 10.8%
34 stance time delay for the occurrence of maximum eversion 16.2% 7.1%
29 rearfoot angle at maximum eversion 3.5% 1.1%
33 total rearfoot angular change -38% 11.8%
37 knee angle at maximum eversion 2.4% 23%
38 ankle angle at maximum dorsiflexion -28% t.6%
42 atance time delay for the occurrence of the maximum dorsiflexion 4.8% 7%
39 ankle angle at maximum eversion 13.4% 6.8%
43 stance time delay for the occurrence of heel off 83% 38%
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function and grow in appropriate alignment
with less stressful force on the soft tissuc. If the
growing foot develops and lunctions in the
shape in which it is held, in the long run, the
ligament laxity would be reduced and the
dynamic deformity would be corrected.

From the results of this experiment several
gail paramcters have been quantified that could
demonstrate  the immediate effect of the
modified UCBL shoe insert. The direction and
magnitude of the movement of the joints
collected by the iwo-dimensional system
suggested that the orthotic inlervention had
positive effects on the motions of the subtalar,
ankle and knee joints. These results suggest that
the use of a modified UCBL shoe insert for
flexible flat foot suhjects may reduce the
magnitude and duration of abnormal pronation
during the stance phase of gait and this may
reduce the abnormally high stress on the plantar
ligaments and lessen abnormal tibial external
rotation. The reduction of the abnormal motion
should also relieve the associated heel and knee
pain causcd by the pathomechanics. Particularly
even after heel-off, without the use of an
orthosis the subtalar joint continued to pronatc:
but with the orthosis carlier resupination of the
subtalar joint was encouraged.

The result of this within-subject single
measurernent  experiment  only  provided
information about the immediate effect of the
orthotic trcatment. The natural history of the
flexible flat foot has not heen explained.
Longitudinal studies with mulliple
measurements and use of a control group would
be necessary. The arch index (Canavagh and
Rodgers, 1987} used in this study to quantify
thc degree of flat foot is based on the
cumulative measure of plantar pressurc on the
foot. As flat foot induces a lot of dynamic
changes in the ankle-Tool complex during gait, a
measure of the transient pedobarographs during
certain specific instants should be a more
meaninglul iodicator  of  loot types. The
accuracy of the force platform was 22 Newtons.
Thus the force platform could not detect the
difference beltween the shod and the orthotic
conditions at less than this valuc. Devices such
ay in-sole pedobarograph system could be used
to investigale the plantar surface loading
distribution (Hennig et al., 1994). The proposed
method could also record data of multiple steps
instead of the ‘one step’ approach of the single

platform system (Chang er al., 1994), The (wo-
dimensional system has already detected some
kinematic and kinetic changes due to the
orthotic intervention. To  investigate  the
relationship among the sublle kincmatic
changes at different joints a three-dimensional
analysis system should be attempted.

A high degree of ligament laxity in the Hong
Kong population has been reported (Cheng et
al., 1991). The normal values of the parameters
that have been discussed may nol be applicable
for the Chincsce children in Hong Kong. In
parallel to this study, a project was starled to
develop the norm to classify fool shape by
investigating the dynamic foot prints of subjects
ranges from 4 10 18 years of age. Future work
will be the establishment of an indicator for
screening of the abnormal, flexible flat foot, and
an cvaluation of the efficiency and cfficacy of
the orthotic treatment in well defined flat foot
subjects through the study of the relationships
between plantar surface loading on the foot and
three-dimensional joint motion of the lower
limb, Since the plantar foot pad will not
diminish fully until the age of 4 years, taking
into account the development of the normal
loot. an ideal Tongitudinal study of orthotic
treatment involving subjects of at least 5 years
of age should be undertaken. A parallel control
group with no treatment should be established
to investigate the long term effeet of orthotic
treatment for flexible flat foot.
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Primary metatarsalgia: the influence of a custom
moulded insole and a rockerbar on plantar pressure
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Abstract

The cffects of a custom moulded msole and a
rockerbar on peak pressure and force impulse as
well as on pain scores in subjects with a history
of metatarsalgia were studied. In addition the
subjects’ preference for the type of intervention
was determined. Forty-two subjects with a
history of primary metatarsalgia were selected.
They were all provided with the same brand of
extra depth shoes with o ready made insole. The
effect of custom moulded insoles. a rockerbar
and the nteraction between  the  (two
interventions were studied by testing the four
possible  combinations: ready made insole
without a rockerbar, ready made insole wilh a
rockerbar, custom moulded insole withoul

tockerbar and custom moulded insole with
rockerbar.
At the most Important region, the central

distal forcfoot, a rockerbar caused a decrease in
furce impulse of 15.1% and a decrease in peak
pressure of 15.7%.

The custom moulded insole produced a
decrease of 10.1% in force impulse and of
18.2% in peak pressure.

Pain scores were significantly lower for
interventions with a custom moulded insole.
while the rockerbar showed no influence on
pain scores. Subjects with pain prelerred a
custom maoulded insole more often than subjects
without pain.

All  correspondence 10 be  addressed
K. Postema, Sint Maartensklinick Reasearch BV
Postbus 901, 6500 GM Nijmegen. The Netherlands.
E-mail: kp_aro@universal.nl
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Decrease of peak pressure or force impulse
was not correlated (o pain scores.

The usc of either a custom moulded insole or a
rockerbar produced an mportant decrease of
peak pressure and force impulse at the central
distal forefoot and, therefore, either is suitable in
any situation which a decrease of pressure is vital.

Introduction

Foot pain is a highly frequent problem in
older adults. Benvenuti et al. (1995) claimed a
prevalence of 83% in a survey of 439 subjects
65 years or older. In females the prevalence was
significantly higher than in males. They
suggested that this gender difference is related
to both biological characteristics and womens’
use of shoes with high heels and a triangular
shaped anterior portion. More specifically, pain
in the forefoot was the problem most frequently
mentioned in a survey of foot-shoe problems
among older adults in the Nethedlands, Sixty
percent of the females and 309 of the males
reported having foot problems in  general
(Herschel and Meel, 1978).

Reynolds (1988) described metatarsalgia as
‘pain in and around the head of the metatarsal
or the metatarsophalangeal joint and adjacent
soft tissue structures’. [t is thought of as a
syndrome wilth causes being described as cither
primary or sccondary. Primary metatarsalgia is
idiopathic and mostly due to degencrative
changes or (o ageing. Sccondary metatarsalgia
is associated with metabolic, neurologic,
postsurgical, or traumatic events. The pain
might also be related to plantar pressure at the
forefoot (Holmes, 1992).
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The treatment ol primary metatarsalgia
generally aims at redistributing the plantar
pressurc. The following methods to achicve
pressure  reduction  or redistribution  are
discussed: flat shoe inserts, metatarsal pads,
custom moulded inserts, and rockerbars.

« Flat shoe inserts. Ready made flat shoe
inserts have shock-absorbing capacities. With
a polymeric foam rubber of 6.5mm thickness
in the shoe, the loading peak of the ground
reaction force is [1% less than in the same
shoe without an insert (Shiba er af., 1995).
The level of comfort which subjects score for
shoe inserts is clearly related to the softness
and shape of the inserts (Chen er al, 1994,
Hennig er «f, 1993). Softer insert materials
result in lower peuk pressure at the metatarsal
head regions {(Hennig et «l., 1993).

» Metatarsal pads. An easy and frequently used
treatment for metatarsalgia is the application
of metatarsal pads (Silverskiold, 1991). The
pads can differ in shape, thickness, hardness,
and location. The use of pads results in a
considerable reduction of plantur pressure,
mainly at the heads of the metatarsalia 11, 111,
and TV and an increase of pressure at the
metatarsal shaft region (Chang ef al., 1994,
Flot et al., 1995; Holmes and Timmerman,
1950,

+ Custom moulded insert. A custom moulded
insert, made from a plaster cast, resulted in a
reduction in plantur pressure of’ 7% to 9% at
the region of the metatarsal heads (Bennetl ef
al., 1994). Total contact casting can result in
a large reduction of pressure at the region of
the metatarsal heads. Wertsch er af. (1995)
found values as high as 32% for metatarsal
head 5 (MTH-V) 63% for the MTH-TV and
69% for the MTH-1. Birke er al., (1985) even
found reductions upto 84%. Comparing the
effect between ready made flat inserts and
custom moulded inserts, Lord and Hosein
(1994) found statistically sugnificant lower
peak pressures with custom moulded inserts.

* Rockerbar. During normal roll off, in a
normal step, the line of gravity is shifted
from the heel to the metatarsal heads; then
the heel is lifted and the foot rotates over the
metatarsal heads. The progression of the line
of gravity is slowest during this rotation,
resulting in relatively long acting ground
reaction forces at the metatarsal heads. At
push off, when the line of gravity is applied

to the region of the metatarsal heads, the
ground reaction force shows a high peak. In
order to reduce the duration and the amount
of plantar pressure, the rotation point can be
shifted in the proximal direction by a
rockerbar fixed 1o the sole of the shoe. At the
rockerbar, two main aspects can  be
distinguished: the rotation point and the
height. The rotation point is the point around
which the shoe rotates forward. Nawoczenski
et al. (1988) described the position as the
distance in percentage of the total length of
the shoe with the distance to the rockerbar
being measured from the heel of the shoe.
The height is considered to be the
perpendicular distance from the front edge of
the sole to the floor. With a rockerbar
proximal to the metatarsal region, the rotation
point will, thus, also be proximal to the
metatarsal region. This position leads to
significant reduction of the plantar pressure
and impulse (intergral of pressure) at the
forefoot region. The tratitional rocker,
without curvature, is even more effective
than a rocker with curvature (Coleman, 1985;
Nawoczenski et af, 1988; Novick er al.,
1991b; Peterson er al., 1985; Schaff and
Cavanagh, 1990).

The specific aim of this study is to acquire
insight into the redistribution of pressure under
four regions of the forefoot in patients with a
history of primary metatarsalgia. All selected
subjects were provided with the same brand of
extra depth shoes with a ready made insole. A
custom moulded insole was also made, and on
both conditions a rockerbar was atso placed in
the sole. The second aim was to investigate the
effect of a custom moulded insole and a
rockerbar on pain at the region of the metatarsal
heads and to determine the subjects’ preferences
for these two treatment methods,

It was ecxpected that the most important
pressure points and the largest effects of the
interventions would be at the central distal
forefoot.

Materials and methods
Subjects

Subjects had a  history of primary
metatarsalgia and no other walking problems,
The inclusion and exclusion criteria for the study
were chosen to prevent inclusion of subjects




Mean (s.d.) miumimum | maximurm
age (years) | 58.6 (20.4) 41 81
height (cm) | 166 (8) 150 183
weight (kg) | 75.6 (10.4) 46.6 95.4
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(A-F) and a permanent length of the regions
(fixed proportion of the foot length) are
specified, as is seen in Figure 1. The regions
are, interactively placed over the insoles.

During the trial, the pressure under the foot
was measured with the Mikro-EMED system
with Pedar insoles. This system consists of an
insole with 99 capacitive pressure sensors. Dara
were collected with a frequency of 80 Hz and
were transferred to a datalogger which is worn
around the belt, Three insole sizes are available:
38, 40 and 42 (European sizing system). These
sizes correspond (o insole lengths of 245mm,
259mm, and 271mm respectively. The insole
has a thickness of 2mm. To avoid a volume
problem resulting from the measurement insole,
a 2mm layer ot courk is put under the custom
moulded or ready made insole. This extra layer
is taken out during the measurements.

The whole systemn is portable, and, therefore,
the measurements were catried out at scveral
locations to avoid long travel distances for the
subjects.

Subjects were asked to walk at comfortable
speed over a walkway of approximately 15
metres during the different measurements speed
differences up to 10% were acceptad,

For analysis of the data, 5 steps were selected
and data for these were averaged. 'Good’” steps
were assumcd to have approximately the same
stance time, to have comparable curves of the
vertical ground reaction force and to be
consecutive,

For every foot region, peak pressure and force
impluse were calculated. The latter yields the
force-time intergral which quantifies the *total’
load of the foot during the stance phase.

Results of the measurements {or one foot of a
subjeet could influence the results of the other
foot. To avoid this kind of dependency of
measurements, the results of only 1 foot were
processed, for all subjects. The results of the
foot for which the subject reported most pain
were used lor calculations. When no pain was
reported a random choice was made.

Statistics

To establish differences produced by the type
of intervention, either custom insole or
rockerbar, all measurements with a specified
intervention were compared with those
measurements without this intervention. For
analysis the paired T-test was used.

A repeatcd measures multivariale analysis of
variance with difference contrast was used to
determine possible interactions between both
interventions, and between the interventions and
the pain scorcs. The within-subjects factor was
the type of intervention. For analysing pain
scores, only subjects who reported pain for at
least one intervention were involved. To study
the relation between pain and intervention
preference. the one-sided Fisher exact test was
used. The applied level of significance for all
statistic calculations was 0.05.

Results
Gait analysis

Table 2 displays for a rockerbar and the
custom moulded insole the force impulse and
the peak pressure.

Type of rockerbar and force impluse: the
regions 1 and 4 show no statistically significant
difference for this variable. Regions 2 and 3
show statistically significant decreases of
15.1% and 10.5% respectively.

Type of rockerbar and peak pressure: again
the peak pressurc shows no significant
diffcrence in the regions | and 4. Regions 2 and
3 show a statisticalty significant decrease of
15.7% and 7.6% respectively.

Type of insole and force impluse: in the
proximal forefoot, region 4, where the custom
moulded insole provides extra support, there is
a statistically significant increase of the force
impluse of 82.3%. At the central distal forefoot,
region 2, there is a statistically significant
decrease of 10.1% while the lateral distal
forefoot. region 3, shows a statistically
significant increase of 13.8%. Under the medial
distal forefoot region 1. no significant
differences are measured.

Type of insole and peak pressure: the
influence of the type of insole on peak pressure
is statistically significant at the central and
lateral distal forefoot (regioms 2 and 3), where
the decrease is respectively 18.2% and 10.8%.
At the medial distal forefoot and the central
proximal forefoot there is no dignificant
difference.

Combination of interventions: custom moulded
insole and rockerbar

The effects of the combinations of both
interventions and their possible interaction was
examined for the central distal forefoot, region,



ROCKERBAR

force impulse (N.s) peak pressure (nfem’)
Region | with rockerbar without t-value | p-valve with without t-value | p-value
(s.d.) rockerbar rockerbar rockerbar
(s.d.) (sd.) (sd.)
1 39.0(12.9) 40.3(14.4) -1.3 20 298(9.2) 31.2(8.7) -1.24 22
2 534(164) 62.9 (20.7) -5.7 00 306(11.5) 363 (14.1) -6.49 00
3 20.5 (8.0} 229 (10.1) -1.2 003 194 (7.8) 21.0(8.3) -2.29 03
4 128(11.4) 11.2.(9.5) 1.6 A2 12.5 (5.6) 13.5(6.7) -145 16
INSOLE
force impulse (N.s) peak pressure (n/em’)
Region |[custom moulded | ready made t-value | p-valve custom ready t-value | p-value
(s.d.) (s.d.) moulded made
(s.d.} (s.d.)
1 40.2(12.8) 39.1 (15.5) 0.57 57 30.0(9.7) 31.0(9.5) -0.55 S8
2 55.1(16.2) 61.3(21.4) -2.97 006 30.1 (10.9) 368 (15.2) -4.68 <000
3 23.1 9.9 20.3 (8.5) 3.04 805 19.0 (7.8) 21.3(8.7) -2.35 03
4 15.5(11.7) 85(9.7) 5.34 <000 13.3(6.1) 12.6(7.3) 0.65 52




INSOLE

Pain Custom ready made no preferance total
moulded
present 19 0 25
absent 6 5 17
ROCKERBAR
with rockerbar without no preference total
rockerbar
present 12 9 4 25
absent 6 4 7 17
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Effect of a rockerbar

A rockerbar, proximal to the melatarsal
region, produced a statistically significant
decrease of peak pressure (15.7%) and force
impulse (15.1%) on the central distal forefoot
and 7.6% and 10.5% on the lateral distal
forefoot. This is in agreement with the resulis
which are described in literature by Coleman
(1985), Nawoczenski et al. (1988), Novick et
al. (1991b), Peterson et al. (1985). and Schaff
and Cavanagh (1990). These results do not
indicaie to what extent the decrease of force
impluse was due to decrease of pressure and to
what cxtent it was duc to shorter loading time.

Contrary to the expectations, there was no
statistically significant decrease at the level of
the medial distal forefoot. Two possible reasons
for this finding are the small number of subjects
and a slight external rotation of the foot, which
often occurs, The external rotation might alter
the effect of the rockerbar, which was placed
perpendicular to the sagittal plane of the shoe.
Probably it should have been placed
perpendicular to the roll off direction. The
rockerbar should shift the line of gravity during
the push off in the proximal direction.
Therefore, at the proximal central forefoot an
increase of peak pressure and force impulse
were  expected. However, there were no
statistically significant changes. Force impulse
tended 10 increase, while peak pressure tended
to decrcase. Possibly the smaller moment arm
{Moment = F of calf musculature x perpendicular
distance calf musculature to loading point)
during the push off leads to smaller push off
forces and a decrease of peak pressure. Two
opposite mechanisms, longer loading period and
decrease of pressure. can be responsible lor
eliminating changes in the force impulse.

Effects of a custom moulded insole

As expected, with a custom moulded insole
the peak pressure and the force impulse of the
central distal forefoot were bolth deceased,
18.2% and 10.1% respectively. At the lateral
distal forefoot only the peak pressure decreased,
while the force impulsce did not change. It is not
likely that the loading time increasés as a result
of the use of a custom moulded insole, and
probably therefore, the averaged pressure did
not decrease.

At the level of the medial distal forefoot there
were no changes in peak pressure and force

impulse. Two mechanisms might act in
opposition: the oval shape of the custom
moulded insolc and the metatarsal pad. The oval
shape of the insole is more likely to increase the
pressure at the medial and lateral distal forefoot
than to decrease it, while the metatarsal pad, on
the other hand. is likely to decrease the
pressure.

At the proximal central f{orefoot, the force
impulse increased by more than 804% while the
peak pressure did not change. This must be the
result of a longer loading period. There findings
support the idca that, due 1o the influence of
time, the force impulsc is an important
parameter with more impact than pressure.

Interaction between custom moulded insole and
rockerbar

No significat intcraction of the ctlects of the
custom moulded insole and the rockerbar were
found. For practical use this conclusion means
that the effects of the custom moulded insole
and the rockerbar on pressure distribution can
be added and therefore, in daily practice, it is
useful to  prescribe  both  interventions
simultaneously.

Peak pressure.  force impulse, pain  and
preference

Peak pressure and force impulse, at the
central distal foretoot, arc significantly lower
with the use of a custom moulded insole. Pain
scores are also significantly lower, It might be
assumed that the differences of peak pressure
and force impulse, with and without a custom
moulded insole, could be related to the
differences of the pain scores for both
interventions. In order to analyse this relation a
comelation  analysis was  performed for 18
subjects (from 31 subjects with usable data 18
reported pain), but no statistically significant
correlation was found (r-value varies from 0.06
to 0.26, p-value varies between .06 and .83).

Although there is no correlation between peak
pressure, force impulse and pain scores,
subjects who reported pain during the trial had a
clear preference lor the custom moulded insole
and subjects who did not report pain did not
have this preference.

The elfects of the rockerbar on the peak
pressure and force impulse are approximately
the same as the effects of the custom moulded
insole. However there is no effect of the
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rockerbar on pain scores. This means that
decrease of peak pressure and force impulse,
produced by a rockerbar, could not be related to
a decrease of pain scores, Hence, it is not
surprising that there is no relation between pain
scores and preference for rockerbar. The
patients who expressed a preference for the
rockerbar could possibly be influenced by such
aspects as comfoit, stability during walking and
the cosmetic appeance of the footwear.

In daily practice it is often presumed that
decrease of pressure is the most important
factor to prevent pressure sores and to provide
relief from pain. The results in this study do not
confirm this hypothesis. Several factors might
play arole:

* The subjects were asked 1o give a score for
pain  at the forefoot region, without
distingnishing between medial, central and
lateral forefoot. The values of peak pressure
and force tmpulse, used for the calculations,
are only for the central distal forefoot.
Therefore, some pain scores might not have
any relation to these values.

* The experience of pain is influenced by many
other factors, which are not likely to be equal
in all subjects. This might result in
confounding and masking the relationship
between pressure and pain.

+ The way in which pain is interpreted. Do the
subjects experience less pain when walking
with a custom moulded insole, or do they
expericnce more comfort, which they then
refer to as less pain?

* The increase of force impulse at the proximal
central forefoot could possibly provide a
sensation of comfort which suppresses the
pain sensation at the distal forefoot. This last
hypothesis  would be suppurted by the
findings of Chen er al. (1994) who reported
that a shift of pressure from forefoot (o
midfoot was found in the most comfortable
insoles.

OQverall it may be concluded that the custom
moulded insole and the rockerbar both result in
4 substantial redistribution of pressure, as
expressed by the peak pressure and force
impulse, in particular by decreasing the loud on
the central distal forefoot. Since there is no
interaction between the 2 interventions, both
should be used together. The subjects who
reported pain at the forefoot prefered the

custormn moulded insole more often, but showed
no preferance for the rockerbar, The custom
moulded insole and the rockerbar are important
tools in the management of foot problems.
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Abstract

Previous publications have reported on the
flexibility ol ankle-foot orthoses {AFQ) only in
the same plane as the applied load. This paper
reports on a lest apparatus developed to detect
the lexibility of an AFO in 5 degrees of freedom
when subjected to a plantar/dorsiflexion
moment, a medial/lateral moment or a torque, A
moment applied to an AFO in one plane induces
angulation and translation in ail planes.

Introduction

This work stems from an interest in relating
the resulls of clinical evaluations of AFQs by
Raschke (1997) o defined mechanical
behaviours of the prescribed ankle joints.

It was observed that AFO cross-coupled
delormation effects {motion in planes other than
the applied planc) may be influential upon the
clinical outcome. Raschke (1997) noted that by
selecting a pair of ankle joints with different
stiffness characteristics, the orthotic prescription
may be more appropriate in matching the
patient’s requirements, One of the authors has
observed that reinforcing an AFO  with
extremely sUff carbon fibre may produce a
superior eftfect to a typical thermoplastic AFQ as
far as improved pain relief is concerned. This
may be due to a reduction in cross-coupled
deformation cffects.

Rubin and Dixon (1973), Condie aund
Meadows (1977). Clark and Lunsford (1978)
and Miyazaki et al. (1993) have reported on the
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dorsal/plantar  flexibility of AFOs when
subjected o dorsi/plantarflexion  moments.
Chowaniee (1983) reported that when an AFQ
was subjected to an inversion or eversion
moment, load cells detected an apparent
dorsi/plantarflexion  moment,  Chowunice
commented that this was more noticeable with
an cversion moment but that applying a
dorsifplantarflexion moment did not create
significant cross-coupled cffects. Ward (1987)
refined to the test rig developed by Chowaniec
but did not investigate cross-coupled effects
Golay er al. (1989) studied the effect of
malleolar prominence on the flexibility of
polypropylenc AFQOs in dorsiflexion. Lunsford
er al. (1994) reported on the dorsal/plantar
flexibility of AFOs subjected to cyclic
dorsi/plantarflexion moments and commented
on the effect of the variation in wall thickness of
manually draped AFOs. Sumiya er al. (1996)
reported on the variation of dorsal/plantar
flexibility of AFOs with different trimlines when
subjected to dorsi/plantarflexion moments.
Yamamoto er al. (1993) studied the dorsal
plantar flexibility ol AFQs when subjected to
dorsal/plantartlexion moments and also the
inversion/eversion flexibility of AFOs when
subjected to inversion/eversion moments,

This  paper reports on  mechanical
measurement system to monitor 5 degrees of
freedom and therchy quantify cross-coupled
deformation in AFQs.

The motion of a solid body in a space may be
identified as the combined cffcer of three lincar
(translation) and three rotational (angulation)
degrees of freedom in any three-dimensional co-
ordinate system. The normal ankle joint system,
consisting of several identifiable axes, provides
mobility of one “solid™ body, the foot, in relation
to another solid body, the lower leg.
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not correlate exactly with previous studies due o
variations in the loading apparatus and the
contact area of the AFQO with the buse plate of
the test apparatus and the enclosed “calf model”.
The other graphs in Figures 6, 7 and B illustrate
the extent of angular cross-coupled deformation
displayed by this particular AFO.

Figure 6 graph (c) illustrates that when
subjected to dossiflexion moments the AFO
brim rotated internally relative to the soleplate .
Likewise applied plantarflexion moments were
accompanied by an exiernal rotation of the AFQ
brim relative to the soleplate. The magnitudes of
the cross-coupled rotations were approximately
half that of the magnitude of the
plantar/dorsiflexions. Figure 6 graph (b)
illustrates that cross-coupled deformations in the
frontal plane were sigonificantly less but did
follow a similar pattern.

Iigure 7 graph (c¢) illustrates that when
subjected o eversion (latcral bending) moments
thc AFO brim rotaled externally relative to the
solcplate. Applied inversion (medial bending)
moiments were accompanied by less internal
rotation of the AFO brim. The magnitudes of the
rotations  were similar to the degree of
eversion/inversion produced by the loading
condition. Figure 7 graph (b) illustrates that
cross-coupled deformations in the sagittal plane
werc significantly less bul did follow a similar
pattern. Figure 8 graphs (b) and {¢) illustraie that
when subjected to external/internal torques the
cross-coupled delormations in the sagittal and
frontal planc were significantly less as also were
the magnitudes of the applied torques which as
previously indicated were representative of
those encountered during gait.

Figures 9, 10 and Il illustratc that when
subjected to moments in any of the 3 planes
mediolateral translation of the AFQ was the
most prominent translation. When subjected to
dorsiflexion moments as in Figure 9 graph (a)
the magnitude of the anterior translation at ankle
joint level was greater than that of the posterior
translation when subjected to plantarflexion
moements, Figure 9 graph (b) displays large
mediolateral  translations  with  applied
plantar/dorsiflexion momenis. When the AFQ
was subjected to eversion (lateral bending)
moments as in Figure 10 graph (b) the
magoitude of the lateral translation at ankle joint
level was greater than the magnitude of the
medial translation when the AFO was subjected

to inversion moments. Figure 10 graph (a)
illustrates  corresponding  anteroposterior
translations when the AFO wuas subjected to
inversion/eversion moments. When the AFO
was subjected to internal torques as in Figure 11
graph (a) the magoitude of the anterior
translation at ankle joint level was greater than
the posterior translation which resulted when the
AFO was subjected to externat torques. Figure
11 graph (b) illustrates larger corresponding
mediolateral wranslations when the AFO was
subjected to internal/external torques.

The asymmetric trimlines of the medial and
lateral foot section of the soleplate of the AFO
would influence the cross-coupled deformation
displayed. The polypropylene AFO  was
manually draped and vacuum (ormed. There
would be some resulting inconsistency in wall
thickness of the AFFO which would intluence
some cross-coupled deformation  effects.
Examination of asymmetric trimlines and
variation in wall thickness will be investigated
and reported in future studies.

In this test apparatus the motion of the AFO
has been studied with a moment being applied in
a single plane. In clinical practice the AFO may
be subjected Lo combinations ol all 3 moments at
any instant. These combinations of moments
may influence cruss-coupled deformation
cttects,

Measurement of the sixth degree of freedom,
the proximal/distal wanslation, is not pessible
with this test rig, unless a further reference plate
and further gauges were added. If the calf is
pivoting about its lung axis, which may differ
from the instantaneous AFO axis, related
proximal/distal translation will occur between
the calf and thc AFQ. The recorded gauge
movements  allow  estimation of  the
instantaneous AFQ axis, to predict this relative
transtation (not presented in this paper).

Conclusions

This test apparatus provides a protocol for
applying moments in three planes and recording
reproducible angulations and translations wich 5
degrees of freedom.

When subjected to moments in the sagittal or
frontal plane, rotation is the prominent cross-
coupled deformation. When subjected to torques
there is no prominent cross-coupled
detormation.
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Biomechanical evaluation of the Milwaukee brace
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Abstract

Although, the history of orthotic treatment for
idiopathic scoliosis goes back more than fifty
years, the mechanism of curve control by spinal
orthosis s still controversial. Hypothetical
explanations have been provided but few, if any.
have been tested clinically. This siudy aims at
the biomechanical evaluation of a spinal orthosis
(Milwaukee brace) in order (o improve
understanding about the mechanism of curves
control in erthotic movement.

From the results of the study, the change of the
interface pressure between the patient’s body
and thoracic pad, and the tension of the thoracic
strap were highly correlated (r= 0.84) as patients
performed different lying postures and daily
activities. Lying on the thoracic pad is found 10
have the highest correctional force among
different lying postures that may be favourable
for preventing curve deterioration.

The findings indicate that an increase in
tension of the thoracic strap will increasce the
interface pressure on the thoracic pad and thus
increcase the resultant force exerted on the
patient’s body by the thoracic pad. Care must be
taken as an excessive strap tension will increase
discomlort and restrict body shifting exercises.
The tesults also suggest that in scoliosis with
thoracic lordosis, a short outrigger (small pulling
angle of the thoracic strap) should be used as it
will decrease the anteriorly directed force
componenl so as to prevent cxaggerating the
thoracic lordosis.

Introduction
The Milwaukee brace was designed by Blount
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and Moe in 1945, Tt is commonly used for the
non-operative treatment of the thoracic curve of
adolescent idiopathic scoliosis with moderate
severity (Cobb angle: 25°-45"). Clinical
experience with the brace has led to many
improvements, both in the design of the brace
itself and in the manner in which it is used.
However, little study had been devoted to the
relationship between the forces that the brace
elicits, either passively or through muscle action,
although it is accepted that these torces are a
major factor in whatever correction is obtained.
The Milwaukee brace is a mechanically
complex device which is ditferent from low
profile spinal orthoses such as the Boston brace
and New York Orthopacdic Hospital orthosis
which were believed to supply only passive
forces {Winter and Carlson. 1977: Laurnen et
al., 1983; Willner 1984; Wynarsky and Schmltz,
1990). The Milwaukee brace can apply
longitudinal as well as transverse forces (Blount
and Moe, 1980; Bradford e af., 1987; Winter ¢t
al., 1986) The shoulder sling. thoracic pad and
lumbar pad of the brace can apply forces of
different magnitudes, in different directions and
at different points. The brace may be used to
correct single, double and triple scoliotic curves
variously situated (Adriacchi er al.. 1976).
Howcever, the corrective {orces applied to the
spine will be limited by the nature of the areas
on the body’s surface through which force can
be transmitted. The spine cannot be directly
accessed by external forces but rather through its
corresponding ribs and soft tissues. These
forces, applied across specific contact areas,
may be sufficient to produce substantial stress
and strain within the soft tissues, which can
impair the blood supply and lymphatic drainage.
It these interface conditions are prolonged, celi
necrosis will result and may lead to the eventual
development  of  tissue  breakdown and
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ulceration. Therefore, the contro! of the interface
pressure distribution in orthotic treatment is very
important especially beneath the thoracic pad
and pelvic girdle where the pressure is likely to
be highest.

A possible method of objectively defining the
action of the brace is to study the forces exerted
by the brace on the patient. Knowledge of the
range and characteristics ol these forces could
then be used to evaluate the accuracy of fit,
cfficiency of support and effectiveness of any
design madification. [t could also lead to a better
understanding of the mechanisms of correction
involved.

The study of the forces excrtcd on the
patient’s body by bracing may be accomplished
by mcasuring the forces in all major brace
components such as throat mould, occipital
pads, shoulder ring, uprights, thoracic pad,
lumbar pad and hip girdle but the measurements
involved [lor all the above components are very
complicated and need many  brace
modifications, and as a result the brace may be
too greatly modified to allow the patient to
perform normal activities. [t is better to simplily
the methods of measurement., have the fewest
brace modifications and collect those dala with
greatest clinical value. Therefore, the
force/pressure on the thoracic pad and the
tension of the thoracie strap were investigated in
this study. The thoracic strap is used to fit over
and exert forces on the thoracic pad. The
variation of the tension and direction of pull of
the thoracic strap with have an effect on the
magnitude and direction of the correctional
forces exerted on the body by the thoracic pad.
These are among the most important variables in
obtaining optimum performance from a brace
(Andriacchi er al., 1976; Winter and Carlson,
1977; Bunch and Patwardhan, 1989).

The objectives of this study are to measure the
changes which occur in the interface pressure
distribution and the net correctional force of the
thoracic pad on the paticnt’s body hy altering the
posture. activity, thoracic strap tension and
pulling direction of the thoracic strap. The
cortelation between the change of the thoracic
strap tension and the pressure on the thoracic
pad will also be studied.

Material and methods
Patient source
Scoliotic patients were selected from those

attending the Spinal Clinic which is held twice a
month in the Duochess of Kent Children’s
Hospital at Sandy Bay, Hong Hong. The paticnts
attending this clinic were mainly referred from
the out-patient clinic of the same hospital or
from doctors in private practice.

Each patient had a full clinical evalnation
including a dctailed medical history (patient’s
spinal deformity, general health, family history
and maturity status). The physical examinations
included anthropometric measurements, range
of motion of the spine, forward bending test,
neurology assessment, cardiorcspiratory system
and the sccondary sexual characteristics. All
paticnts had the following radiographs of the
spinc: standing anteroposterior, standing lateral,
supine anteroposterior and supine bending.
From these radiographs, data related to the
skeletal maturity, curve pattern and curve
magnitude were oblained,

Patient selection criteria
The following criteria were used for selection

of patients as subjecrs within this study:

l. progressive adolescent idiopathic scoliosis
(according to Lonstein and Carlson, 1984);

2. age 10-14 years;

3. Skeletally immature patient {Risser sign 4 or
less): and

4. Cobb angle ranged from 25 to 40 degrees and
undergoing orthotic treatment.

Methods of measurement

There were two measured parameters, strap
tension and interface pressurc. The measurement
methods were as follows:

a) Meusurement of thoracic strap tension

A purpose designed buckle force-transducer
(Fig. 1) is used to measurc the tension in the
thoracic strap and may be used in other straps
such as the shoulder strap. The device is small
(35 x 35 x 5mm). The tension in the strap can be
measured in sitn without modification to the
brace or strap. It is simple to install - by taking
out the removable pin and placing the transducer
on the thoracic strap then inserting the
removable pin to the original position.

With the buckle torce-transducer placed on
the strap, the longitudinal tensile force along the
strap gencrates a bending moment on the central
beam of the frame. The relationship between the
tensile strap force and the amount of moment
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Mean pad pressure Mean strap Correlation
Case no. sensors on horizontal axis tension coefficient
(mmHg) (N) r
| 7532 3316 0.76
2 5519 28+ 8 0.80
3 S8+ 18 237 091
4 64+ 20 48+ 12 0.74
5 68 + 21 29+ 8 0.89
6 86 + 25 52x12 0.90
7 5x23 44 =11 0.85
8 68 = 20 25 %7 0.84
9 77+ 28 43+ 19 0.88
Mean 70+ 10 36+ 11 0.84
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Supine = Supine lying
[-side = Left-side lying
R-side = Right-side lying
Prone = Prone lying

S1 - S8 = sensors

Sit (N) = Sitting with normal breathing
Sit (D) = Sitting with deep breathing

Sta (N) = Standing with normal breathing
Sta (D) = Standing with deep breathing

Shift = Shifting



Activity Strap tension (N)
Mean SD
Supine lying 38 10
Left-side lying 23 7
Right-side lying 35 11
Prone lying 13 5
Sitting (N) 37 9
Sitting (D) 66 18
Standing (N) 38 16
Standing (D) 66 23
Shifling 4 2
Overall 36 15
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DN2: deep breathing 66 60 176 55
NN3: normal breathing | 49 60 15y 56
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Activilies Medial force Anterior force Derotational force

N (%) N (%) Nm (%)

Supine (S) 48 (68) 86 (89) 10 (69)
Left-side lying (L.) 58 (82) 60 (62) 10 (63)
Right-side lying (R) 82 (115) 82 (84) 15 (94)
Prone lying 40 (56) 37 (38) 7 (44)
Small tension (NN1) 53 (75) 51 (53) 8 (50)
Small tension (DN1) 76 (107) 79 (81) 12 (75)
Medium tension (NN2) 71 (100) 97 (100) 16 (100)
Medium tension (DN2) 101 (142) 144 (148) 23 (144)
Large tension (NN3) 105 (148) 156 (160) 19 (19
Large tension (DN3) 126 (177) 180 (186) 22 (138)
Small angle (N1) 76 (107) 76 (78) 11 (69)
Small angle (D) 105 (148) 117 (121) 16 (100)
Medium angle (N2) 71 (100) 97 (100) 16 (100)
Medium angle (D2) 101 (142) 144 (148) 23 (144)
Large angle (N3) 59 (83) 99 (102) 15 (94)
Large angle (D3) 108 (152) 155 (160) 19 (119)

+%* Use the medial force, anterior force and derotational torque at the NN2 or N2 condition (standing with normal
breathing, medium strap tension and medium pulling angle) as force references and torque reference respectively.
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disturbance of the original interface so that
additional stress is built up on the bulbs before
the body and the thoracic pad totally conformed
to the sensor bulb surfaces; 2) the artefact
produced by the lack of compliance of the
body/pad interface to sensor bulb surfaces.
Thesc two kinds of artefacts are due to the large
uncven thickness (3 to 3.5mm) of the sensor
bulbs. Therefore, the primary manufacturing
improvement would be sensor bulbs with sinall
and even thickness (<2mm).

Galante ¢t al. (1970} reported that there were
significant forces through the compression pads
in the recumbent position and the presencc of
these forces was suggested to be still effective in
the sleeping hours. From the present study, the
resultant forces of the thoracic pad in the four
lying postures: supine. left-side, right-side and
pronc lying have been investigated and found to
have different magnitudes, directions and points
of application. Based on the biomechanical
analysis, the right-side lying posture offers the
best “corrective” effect on the right thoracic
curve. Conversely, the prone lying posture offers
the least effect. It seems that the patient lies on
the convexity of her scoliotic curve, the
gravitational reaction force becomes a corrective
force.

It was tound that a large resultant force might
not exert a large derolational torque on the
vertebrae as the line of action is an important
factor to be considered. The average resultant
foree increases 45% and the average derotational
torque increases 35% from the normal breathing
to deep breathing. According to this finding, the
patient should be advised to take deep breathing
exercises.

In this study, it was found that the pulling
angle of the thoracic strap does affect the
interface pressure distribution on the thoracic
pad. thus altering the resultant force exerted on
the patient’s body. These findings match partly
with the postulation of Winter and Carlson
(1977). On the other hand, the findings indicate
that the derotational torque changes greatly with
a small pulling angle but slightly with a large
pulling angle of the thoracic strap. This means
that the small pulling angle of the thoracic strap
will give a larger medial force but a smaller
derotational torque on the spinc.

In the treatment of scoliosis with rib hump >
1.5cm and thoracic kyphosis < 20° (thoracic
lordosis). great care must be taken to treat the

scolinsis without aggravating the thoracic
lordosis (Winter and Carlson, 1977). The
resultant force should be almost entirely medial
in direction. To do this, it is suggested that the
thoracic strap is attached anteriorly with a short
outrigger (i.e., small pulling angle, 35-40°) and
with moderate strap tension, 35-40 N (a high
strap tension will medially shift that point of
application of the resultant forces and this may
aggravatc thoracic lordosis. and will also
increase discomfort and restrict body shifting
exercises.

[n scolio-kyphois with a kyphetic curve of
more than 40°, it is suggested that a long
outrigger (large pulling angle) should be used so
as to increcase the antertorly directed force
component in an attempt to decrease the
kyphotic deformity. Deccision in the area
between 20° and 407 thoracic kyphosis, is bascd
on the patient’s clinical appearance in the
orthosis and lateral in-brace rudiographs.

During the trunk shifting exercise, the patient
will try to move away from the thoracic pad as
far as possible (bending to the convex side). This
manoeuvre is claimed to help 10 reduce the
lateral curvature. The pressure on the thoracic
pad and thus the thoracic strup tension will
decrease at the same time as shifting. Therefore,
the tension of the thoracic strap may be used as
an indicator to the performance of the shifling
exercise; the smaller strap tension. the better the
shifting cxercise being performed and, thus
arguably the more the reduction is being
achieved in spinal curvature. The value of strap
tension measured by the buckle force-transducer
could be transformed into either an audible or
visible output as the basis of a biofeedback
system for assisting the physiotherapist to train
scoliotic patients in performing the in-brace
shifting exercise.

Additionally, the purpose-designed buckle
force-transducer can be combined with a data
logger to carry out measurements over a long
period (one week or more) of patient’s daily
activities. Patient’s compliance can also be
recorded at the same time.,

The operation of the Milwaukee brace is
supposed to be a three-point force system, thus,
the tension of the thoracic strap and shoulder
strap arc assumed to decrease as the patient
performs  the in-brace shilting exercise.
However, it was found in this study that the
tension of the shoulder strap increased as the
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patient shifted the body away from the thoracic
pad. This raises the question as to whether an in-
brace shifting exercise just moves the patient’s
body away from the thoracic pad and the forces
generated by the hands on the anterior upright
are transmitted 1o the trunk through the
shoulders at the level of the shoulder strap, i.e.,
list to the concave side rather than attempt to
decrease  spinal  curvature? A further
investigation is required to evaluate the
contribution of the in-brace shifting exercise in
the treatment of scoliosis.

Conclusion

A biomechanical analysis of a conventional
spinal orthosis, Milwaukce brace, was carried
out. This invelved direct and indirect
measurements of the forces transmitted 10 the
body and an analysis of the corrective effect they
exerted on the spine. The principal
measurements were related to thoracic strap
tension and the interface pressure distribution
between the thoracic pad and the patient’s body.
There is a high correlations between changes in
the thoracic strap tension and the interface
pressure of the thoracic pad in different lying
postures and during various aclivities. The
change in iension and pulling angle of the
thoracic strap can vary in magnitude, direction
and line of action of the resultant force which the
thoracic pad exerts on the patient’s body. A
knowledge of the magnitude, direction and line
of action of the resultant force can be used to
evaluate the accuracy of fit and the efficiency of
support, the progress of treatment and the
effectiveness of various design modifications.
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and may be as low as 26% (Evans ef al., 1987).
Quality of life is thus a major issue for those
without functional ambulation, particularly
when wheelchair use is restricted due to
problems arising from lower limb loss.

Where standing or ambulation is not an
option, consideration should be given to a
prosthesis designed entirely for function in the
sitting position. The seated popliteal weight-
bearing prosthesis described here is a prototype
designed to increase function, independence and
quality of life.

Acknowledgments
R. Herbert CPO, Repatriation Artificial Limb

and Appliance Centre, Sydney for construction
of the prosthesis.

REFERENCES

DE FreTeEs A, BoonsTRa AM, Vos LDW (1987).
Functional outcome of rehabilitated lower limb
amputees. Prosther Grihot Int 18, 18-24.

Evans WE, Hayes JP, VEeErRmuIoN BD (1987).
Rehabilitation of the bilateral amputee. J Vasc Surg 5,
589-593,

VaN DE VEN CMC (1981). An investigation into the
management of bilateral leg amputees. Br Med J 12
September. 707-710.



Prosthetics and Orthotics International, 1998, 22, 71

Book Review

Congenital Liinb Deficiency: Recommended
Standards of Care

Amputee Medicat Rehabilitation Society;
T.ondon, 1997,

Copies available from:

Amputee Medical Rehabilitation Society
c/o Royal College of Physicians

11 St Andrew’s Place

Regents Park

London NW14LE, UK.

Price: £5,00.

These recommended standards of care for
persons with congenital limb deficiencies were
developed under the aegis of the London-based
Amputee Medical Rehabilitation Society by a
panel of medical experts well-qualified in the
management of persons with these uncommon
but often complex conditions. Tn addition, the
major associations in Britain whose members can
be cxpected to encounter these problems have
commented on this report, thus endorsing  its
value and enhancing its validity. These included
medical, surgical, therapy, prosthetic/orthotic and
CONsumer Support organisations.

The format is concise and easily read. The
sketetal deficiencies are described on an
Anatomical Basis per 1SO Standard 8548-1,
published in 1989. This widely adopted standard
replaces the confusing array of descriptive

7

systemns based on classical roots, substituting the
easily understood and translatable terms,
transverse and longitudinal, to describe the basic
skeletal deficiencies.

The first sections of the text review normal
and abnormal limb development and the known
ctiologies of limb deficiencies as well as
demographics with emphasis on the general
needs of the client group over the life span.
Specific treatment options for upper and lower
limb deficiencies are then concisely described. It
is cimphasised that treatment should be managed
by a dedicated, cxperienced team in a Limb
Deficiency Centre with an adequate client
population to allow acquisition and maintenance
of the requisitc skills. Recommendations for
data collection to enhance research and
development are given. An adequate reference
list iy provided as well as useful appendices.

The Amputee Medical Rehabilitation Society
has done a great service in making this
information  readily  accessible in a
comprehensive form to all interested parties,
including parents, clients and policy-makers as
well as providers of care.

John H. Bowker, MD

Professor, Department of Orthopaedics and
Rehabilitation

Universily of Miami School of Medicine
Miami. Florida, USA.



Prosthetics and Orthotics International, 1998, 22, 72

ISPO Publications and Videotapes

Standards for Lower Limb Prostheses
Report of a Conference, Philadelphia 1977
%25 (US)

The Deformed Foot and Orthopaedic

Footwear

Report of the ISPO Workshop in Stockholm

March 1977

Edited by B. Klasson

Co-Editors A. Forchheimer, . Hughes,

G. Murdoch ISPO Members $235 (US)
Non-Members $40 (US)

Prosthetics and Orthotics International

August 1983

Special Issue — Through-Knee Amputation

and Prosthetics

Edited by J. Steen Jensen $45 (USH

Prosthetics and Orthotics in the Developing

World with Respect to Training

Education and Clinical Services

Report of an ISPO Workshop, Moshi, Tanzania

Edited by N. A. Jacobs, G. Murdoch

Published 1985 ISPO Members $20 (US)
Non-Members $30 (US)

Planning and Installation of Orthopaedic

Workshops in Developing Countries

Edited by S. Heim (Co-ordinator), W.

Kaphingst. N. A. Jacobs

Published 1986 ISPO Members $15 (US)
Non-Members 520 (US)

Training and Education in Prosthetics and

Orthotics for Developing Countries

Report on an ISPO Workshop, Jonkoping,

Sweden

Edited by K. Oberg, G. Murdoch, N. A. Jacobs

Published 1987 [SPO Members 825 (US)
Non-Members S40 (US)

Up-Grading in Prosthetics and Orthotics for

Technicians in Developing Countries Trained

on Short Courses

Reporl on an ISPO Workshop.

Glasgow, Scotland

Edited by G. Murdoch, N. A. Jacobs

Published 1989 ISPO Members $25 (UUS)
Non-Members $40 (US)

72

Above-Knee Fitting and Alignment

Report of ISPO workshops held in Miami.

Florida, USA and Chicago, Ltlinois, USA
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Edited by R. M. Davies,
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Published 1996 ISPO Members $3¢ (US)
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There will bc a $10 (US) postage and handling
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Calendar of Events

20-23 May,1998

l6th World Congress of Podology, Gothenberg, Sweden,

Information: Congrex Bokning Gothenberg AB, Massans Gata 18, PO Box 5078,402 22 Gothenberg,
Sweden.

20-23 May, 1998

2nd Mediterrancan Congress of Physical Medicine and Rehabilitation, Valencia. Spain.

Information: Scientific Secretariat, 2nd Mediterraneun Congress of Physical Medicine and
Rehabilitation, 214 Avda. del Puerto, E-46023 Valencia, Spain.

31 May-4 June,1998
6th European Congress on Research in Rehabilitation, Berlin, Germany.
Information: Mr.H.Kirsten, c/o BAR, Walter-Kolb-Str.,9-11, D-60594 Frankfurt/M, Germany.

3-6 June, 1998

49th Congress of the Nordic Orthopaedic Federation, Copenhagen, Denmark.

Information: DIS Congress Service Copenhagen A/S, Herlev Ringvej 2C, DK-2730 Herlev,
Copenhagen,Denmark.

4-6 June, 1998

2nd Central European Orthopaedic Congress, Budapest, Hungary.

Intormation: Prof. Tibor Vizkelety, Orthopaedic Dept., Semmelweis University of Medicine, H-1113
Budapest, Karolina u.27, Hungary.

9-13 June, 1998

25th Annual Meeting of the International Society for the Study of the Lumbar Spine, Brussels,
Belgium.

Information: Dr. E. Hanley. Secretary ISSLS, Sunnybrook Health Science Centre, Room A 401, 2075
Bayview Ave., Toronto M4N 3MS35, Canada.

18-20 June, 1998

37th Annual Scientific Meeting of the International Medical Society of Paraplegia, Sao Paulo, Brazil.
Information; Prolessor Tarcisio EP Barros, Chairman, IMSOP, Chief Physician, Spinal Injury Unit,
University of Sao Paulo, Sao Paulo, Brazil.

27-30 June, 1998

12th Congress of the International Society of Electrophysiological Kinesiology, Mentreal, Canada.
Information: ISEK Secretariat, Conference Office, McGill University, 550 Sherbrooke Street West,
West Tower, Suite 490, Montreal, Quebec, Canada H3A 1B9.

26 June-1 July,1998

RESNA 98, Minncapolis, USA.

Information: Susan Leone, Meetings Director, RESNA, 1700 North Moore St., Suite 1540,Arlington,
VA 22209, USA,
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