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1984-85 1989 1992 1995
Incidence per 100,000 32.5-28.1 22.0 274 28.2
TT/TF* ratio 0.54 0.57 0.78 0.95
Mortality during two post-operative months
among unilateral amputees
TF 32% 28% 32% 28%
L 17% 16% 19% 17%
Mortality of all the amputees during the first 39% 36% 37% 40%
postoperative year
*TT=trans-tibial
TF=trans-femoral
Cause of 1984- 1989 1992 1995
ampulation 1985
(%) (%) (%) (%)
Diabetes mellitus 407 425 47.7 492
Arteriosclerosis 431 36.2 30.7 30.1
Embolism 38 26 49 2.7
Tumour 24 22 1.2 19
Trauma 24 6.4 6.6 4.4
Frostbite 44 1.5 23 05
Miscellaneous 35 8.6 6.6 11.2
Total 100 100 100 100
71 70 70 71

Age (yrs)




Type of amputation Number of Per cent
amputations
Hemipelvectomy 4 1
Trans-femoral 106 29
Trans-tibial 101 28
Ankle* 4 1
Tmt+toe amputation 89 24
Bilateral amputations 62 17
Total 366 100

*Includes Chopart, Pirogoff and Boyd amputations

Age group 1985 1995
0-59 yrs
Number of amputees 68 67
Population 985,963 1,103,001
Number per 100,000 6.9 6.1
60-70 yrs
Number of amputees 70 78
Population 88,594 100,212
Number per 100,000 79.0 77.8
> 70 yrs
Number of amputees 190 221
Population 90,060 102,337
Number per 100,000 211.0 216.0
All age groups
Number of amputees 328 366
Population 1,164,617 | 1,305,550
Number per 100,000 28.2 28.0
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frequently associated with distal disease less
suitable for arterial reconstruction (Golledge,
1997). Better control of diabetes mellitus in
diabetic patients, paticnt education regarding
fool care, early recognition of foot lesions, local
care of lesions and aggressive treatment of
infection play important role in prevention of
amputations and can decrease lower limb
amputations. Smoking is the most important
actiological factor for peripheral arterial disease
(Golledge, 1997), In Finland, smoking habits
have changed and smoking is decreasing. These
factors may be explanations of why the numbers
of amputations have not increased although the
numbers of people in older age groups have
increased in the study arca.

After the earlier epidemiological surveys there
were increasing activities to inform medical and
rehabilitation staff about amputee problems. The
ratio belween trans-tibial and trans-femoral
amputations was 0.54 in 1984 and in this study
0.95 (Table 1). There is little positive trend
concerning amputation levels.

Survival figures showed that 60% of the
patients were alive after one year. The mortality
rate during the first postoperative year has not
changed (Table I). Patients undergoing lower
limb amputation for arterial occlusive disease
have multisystem medical problems that
complicate their care and contribute to mortality.
There is a very high prevalence of disability
associated with feet among persons aged 65 and
over (Williamson et al, 1987). Many foot
problems and abnormalitics are poorly reported
to physicians, and therc is also the possibility
that some doctors have managed to convey an
impression of low interest in these conditions
and little optimism about their ability to help
(Williamson er al., 1987). Limb ischaemia may
worsen and extensive necrosis, uncontrolled
sepsis and other complications increase the
postoperative mortality. Prophylactic foot care is
encouraged and medical personnel are taught to
give attention to arteriosclerotic and diabetic
feet.

Conclusions

The study shows that the incidence of lower
limb amputations has been relatively constant
over the last ten years. The current rehabilitation
and prosthetic services of lower limb amputees
can be planned in the south of Finland on the
basis of the incidence of 28 per 100,000

inhabitants.

The risk of becoming an amputee rises with
increasing age. The age structure of the
population should be taken into account with a
view to planning the rehabilitation of lower limb
amputees.

More efforts to activate both prcvention of
amputations and prosthetic rehabilitation should
be continuously emphasised. Diabetes has
become the most common cause of amputation.
Better control of diabetes and prophylactic foot
care of diabetics can make a positive
contribution in prevention of lower limb
amputations.

The low trans-tibial/trans-femoral ratio of
0.54 in 1984-1985 has improved but is not yet
satisfactory. More emphasis must be put on the
concept of preserving the knee joint and the
importance of preoperative assessment of
vascular patients.
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Interview site

Prosthetic Center Hanoi | Quang Tri | Vinh Phu Phy Ly | Bac Giang
Prosthetic Outreach Foundation, Hanoi 620 60 35 50
27th July Center Hanoi 620 60 35 50

Ba Vi 50 20 90
Thuan Thanh 40 100 40
Ninh Binh 85 120 120
Tam Diep 100 150 140
Hue 65

Da Nang

150




Category Whole group| Hanoi |Quang Tri| Vinh Phu | Phu Ly [Bac Giang
Number of patients 83 21 16 25 4 14
Urban 41% 86% 63% 0% 7% 7%
Rural 59% 14% 38% 100% 29% 93%
Height (cm) 161 + 10 161 158 162 161 163
Weight (kg) 50+9 54 48 49 48 52
Birth date 1950 + 13 1951 1947 1952 1948 1950
Male 949 86% 94% 96% 100% 100%
Date of amputation 1974 + 10 1973 1973 1975 1973 1975
Married 93% 81% 94% 100% 86% 100%
Amputation year - marriage year' -0.5 -2.6 0.4 0.3 -23 15
Hours prosthesis worn per day 127 +38 11.0 12.9 13.2 13.0 13.8
Comtort scale (0 low, 3 high)® 24+ 1.1 26 2.7 2.0 2.1 2.5
Pain scale (0 low, 2 high)" 0.61 0.67 0.38 0.64 0.43 0.86
Pressure sores 13% 5% 6% 20% 0% 29%
Assistance device for walking (0 low, 2 high)’ 1.2+09 08 0.9 1.6 1.4 L5
Walk up and down stairs step over step 93% 9% 88% 96% 86% 100%
Able to walk while carrying a load 78% 81% 63% 76% T1% 100%
Average load carried (kg) 20+ 12 21 13 25 - 19
Distance able to walk without resting (km) 23+29 3.1 1.9 2.1 2.8 1.8
Able to ride bicycle 87% 81% 81% 96% 57% 100%
Able to run 22% 38% 19% 16% 14% 14%
Participate in sports regularly 48% 76% 449 28% 29% 57%
Of sports, percent morning exercises 55% 36% 57% 57% 100% 43%
Collect Government pension 78% 76% 31% 92% 100% 100%
Working 83% 62% 94% 84% 57% 86%
Employed outside of house 49% 62% 69% 32% 57% 36%
Work is “same as before™ 58% 86% 75% 48% 57% 29%
Work is due to amputation 30% 14% 19% 48% 14% 50%
Work rigor scale (0 low, 2 high)* 0.80 057 0.63 0.92 0.86 1.07
Change in life after amputation (-1 low, +1 high) -0.6 0.4 -0.4 -0.6 -09 -0.8
Reaction of family and friends (0 low, 2 highy’ | 1.5+0.7 1.9% 1.6 1.6 14 0.9
Reaction of public (0 low. 3 high)* 191 243 2.13 208 .86 1.21
Years delay before care 47 5.8 89 3.0 45 1.8
Satisfied with prosthetics treatment 87% 95% N/A* 84% 86% 86%
Total number of legs from a center o5 49 29 10.3 7.0 6.1
Satisfied with surgery 73% 74% 86% 80% 43% 64%
Number of surgeries 1.9 1.8 1.7 1.8 26 2.1
Satisfied with real leg 75% 89% 56% 74% MN% 79%
Wear shoes usually 349% 55% 63% 16% 43% 0%
Wear sandals usually 66% 45% 38% 84% 57% 100%

* Score for Hanoi significantly (p<0.005) better than for the other sites combined.

' This value shows the difference between the year of amputation and the year of marriage. No data are included for those

never married.

The patient was asked to evaluate the comfort of his prosthesis. In analysis. a scale of 0 to 3 was used with the following

delineations: 3 = very comfortable; 2 = comfortable; 1 = OK; 0 = not at all comfortable.

* The patient was asked if he experienced pain in his residual limb. The following scale was used: 2 = yes; 1 = sometimes:
0 =no.

)




Number of Legs" Whole group| Hanoi |Quang Tri| Vinh Phu | Phu Ly |Bac Giang
Otol 23% 14% 38% 4% 0% 7%
2t03 17% 19% 31% 12% 0% 7%
4106 23% 38% 19% 8% 29% 36%
71010 23% 19% 13% 24% 1% 43%
111024 10% 10% 0% 40% 0% 7%

> 20 4% 0% 0% 12% 0% 0%
Occupations Whole group| Hanoi |Quang Tri| Vinh Phu | Phu Ly |Bac Giang
House farmer" 29% 4.8% 19% 52% 0% 50%
Farmer 14% 0% 6% 24% 14% 29%
Retired/unemployed 18% 29% 0% 16% 43% 14%
Business/skilled trade 17% 14% 44% 4% 43% 0%
Seller” 8% 19% 6% 4% 0% 7%
Government 5% 10% 13% 0% 0% 0%
Academics 2% 10% 0% 0% 0% 0%
Student 4% 10% 6% 0% 0% 0%
Other 2% 4.8% 6% 0% 0% 0%
Level of amputation Whole group| Hanoi |Quang Tri| Vinh Phu | Phu Ly |Bac Giang
Short TT 51% 52% 50% 44% 86% 43%
Long TT 23% 14% 31% 24% 14% 29%
Mid TT 16% 0% 19% 249 0% 29%
Short TF 4% 14% 0% 0% 0% 0%
Mid TF 4% 14% 0% 0% 0% 0%
Bilateral TT 2% 0% 0% 8% 0% 0%
Bilateral TF 1% 5% 0% 0% 0% 0%
Cause of amputation Whole group| Hanoi |Quang Tri| Vinh Phu | Phu Ly |Bac Giang
Mine 49% 24% 56% 64% 43% 57%
Bullet/projectile 19% 19% 6% 24% 43% 29%
Vehicle accident 17% 33% 25% 4% 0% 1%
Bomb 12% 19% 13% 8% 14% 0%
Infection/tumor 2% 4.8% 0% 0% 0% 7%

z

This scale includes: 2 = daily; 1 = sometimes; 0 = never.

This value is a subjective evaluation by the author as to whether the patient is participating in the same or similar work
he would have without the amputation.

The patient was asked to describe his type of work and the following scale was used in analysis: 2 = heavy; | = light;
0 = sedentary.

" The patient was asked how his family and friends responded to his amputation. The scale was: 2 = well; 1 = OK; 0 =
poorly.

This scale includes: 3 = well; 2 = “I ignore any problems™; | = OK; (0 = poorly.

Given that these patients were receiving their POF legs on the day of the interview, this question was not asked in Quang
Tri.

Prosthetic Outreach Foundation legs comprised 1.5 prostheses out of this total on average. Other types of legs in use
included those from the following centers: Ba Vi, Tam Diep, Da Nang, Thuan Thanh in Ha Bac Province, Handicap
Foundation, Hue Hospital, Ninh Binh, Ho Chi Minh City, 27th July Center in Hanoi. and homemade lfegs. The policy
of the Ministry of Labor, Invalids and Social Affairs is to provide | leg and 10 prosthetic socks every 3 years.
Number of legs the patient has reccived from a Prosthetics Center, whether one run by the Vietnamese government or
by a Non-Governmental Organisation.

* One who gardens, tends livestock and maintains the household of a farming family.

Purveyor of food, cigarettes, alcohol or lottery tickets.

Refers to both traffic and train accidents.



9k

-5 A R AN USRS SR e A (S LR e ) L S

1945 1955 1965 1975 1985 1995
Amputation Year

Delay in Fitting = 421.566 - .247 * Amputation Year; RA2 = 157






100 S. L. Matsen

such as farming. Furthermore, reaching
individuals living far from prosthetic litting and
repair centers continues to be an impediment.

Field data collected using standardized
assessment tools, such as that used in this study,
will help direct future efforts to improve the
quality of life for individuals with amputations
in developing countries.
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Appendix 1

Prosthetics Outreach Foundation
Patient Chart

DEMOGRAPHICS

Datc

Paticnt Name
Location (urban or rural)
Height

Weight

Birth Date

Gender

Occupation

Date of Amputation
I.evel of Amputation
Right or Left

Cause of Amputation

QUESTIONNAIRE

1. Have you had an artificial limb before the
one from POF? If so, where did you obtain it
and when?

2. At what date did you receive the prosthesis
from POF?

3, Is the prosthesis in need of repair? How and
when will it be repaired?

4. Have any components or has the complete
prosthesis been replaced? If yes, which?

5. Is the prosthesis comfortable? If not, what
hurts?

6. On an average day, how many hours do you
wear the prosthesis?

7. Do you have trouble with your residual
limb? (e.g. phantom pain, pressure sores...)

8. How has your lifestyle changed since your
amputation? (social life, employment...)

9. Has your lifestyle changed since receiving
your POF prosthesis? (social life,
employment...)

10. Are  you currently
Requirements:

11. Do you coliect a government pension?

12. Work:

(1) retired and stay at home

(2) part-time

(3) full-time

(4) able to work, but unemployed

(5) unable to work due to reasons other
than amputation (explain)

(6) presently working, but new job due
to amputation

(7) child, at school

(8) other (specify)

13. Type of work:

(1) do not work

(2) sedentary work

(3) stand mostly

(4) heavy lifting involved

(5) great deal of walking involved

(6) other (specify)

employed? Job




1 0H




Prosthetics and Orthotics International, 1999, 23, 102-106

An epidemiological study of war amputees and
the cost to society

C. P. U. STEWART and A. S. JAIN

Dundee Limb Fitting Centre, Broughty Ferry, Dundee, Scorlund

Abstract

The purpose of this study was to assess the
overall financial cost of the prosthetic care
which war amputees have incurred since the
injury occurred.

Records of 98 war veteran amputees who had
attended the Dundee Limb Fitting Centre were
scrutinised, they revealed 52 survivors and 46
who had died by 1997 and represented all the
records available at the time of the review. The
number and nature of visits, the number of
prusthetic limbs ordered were counted and using
today’s costs, the cost of these services
calculated.

The costs of stump socks, transport and social
security payments were not included.

The cost of the artificial limbs was calculated
at £(GBP)69 million with the recognition that it
is an undercstimatc and approximation. Despite
this it shows that the cost, allowing for the
underestimation,  has  been  relatively
insignificant in the total cost of a major war and
the war machinery.

The cost however to the individuals has been
considerable with a substantial disability
occurring at the prime of life resulting in a
signiticant handicap.

It is a continuing legacy that society is
responsible for, as a direct result of armed
conflict.

Introduction

In all armed conflicts there is considerable
advantage in maiming rather than killing one’s
foes. The injuries thus sustained occupy much

All correspondence to be addressed to Dr C. P. U.
Stewart, Dundee Limb Fitting Centre, 133 Queen
Street, Broughty Ferry, Dundee DDS 1AG, Scotland.

102

time and medical resources which if the
individual had died would not have been
incurred, tying up manpowecr that could be used
in a more “war effective” way.

Upper and lower limb amputees have been
one of the sequelae of war since man began to
become involved in conflict. They rcpresent a
significant number of survivors who, following
discharge from the services, continue to necd
clinical services to maintain their independence.

A clinical record review of all war pensioners
who are attending or those who have attended
the Dundec Limb Fitting Centre (DLFC) since
1945 was undertaken.

Records at DLFC consist of both a medical
file and a limb file.

Limb files of the survivors contain details of
the prosthetic activities since the injury.

Medical records from 1965 are still held for
both alive and deceased patients although Jimb
files for those patients who are deceased have
been destroyed. This valuable source of data has
been scrutinised and using the current costs for
limbs and clinical events an estimatcd overall
cost of the care has been calculated.

At the end of World War [ there were at least
29.400 British lower limb amputees and 1,600
upper limb amputees, and at the end of World
War II a further 12,000 amputees. The Falkland
conflict produced a further 32 limbless
servicemen. In addition there are amputees trom
other conflicts but the numbers are not available.
(Source British Limbless Servicemen’s
Association personal communication).

It is salutary to note that by the end of 1938 in
the United Kingdom there were only 3,400
amputees who had between them had 142,600
artificial legs and 31,600 arms (Ministry of
Pensions, 1939).




Upper limb:

Trans-radial 12
Trans-humeral 9
Hand 2
23
Lower limb:
Trans-tibial 40
Knee disarticulation 1
Trans-femoral 34
75 98 — Total all male

38 Left | 31 Right

19 side not recorded

Africa 11 Holland 1 Singapore 1
Belgium 1 Italy 16 Syria 2
Burma 2 Korea 2 UK 5
Falklands 1 India | Not recorded 22
France 17 Malta 1 World War [ 8
Germany 6 Palestine |

Those “not recorded™ appear to be from the WWII on account of their age




Age at amputation

25.9 years

Current age of survivors

(52) 74 years
(range 70-101)

Cost — Average at today’s prices — UK/Scotland
(Source: CSA Edinburgh)

Average age of those
deceased

(46) for whom records
were available (16) was
50 years

8 upper limb @ 48 384 visits
44 lower limb @ 72 3,168 visits

= 3,552 visits
@£50/visit
consultation fee

= £177,600

L}

New limb costs

8 upper limb patients
6 BE  x£960 x 7= £40,320
1 AE  x£960 x 7= £6,730
1 Hand x £500 x 7= £3,500
44 lower limb patients

20 TF
23TT
1 KD

x £803 x 7= £112,420
x £1,660 x 7 = £267,260
x £1,500 x 7= £10.500

Socket costs

Average age of deceased | (3) 81 years
upper limb amputees
46 had died by the time
of the study
52 survivors
Each patient had:
7 new limbs
4 socket changes
Trans-tibial 3 /patient
Trans-femoral 4 /patient
Each patient attended:
Upper limb 48 visits
Lower limb 72 visits
Trans-tibial 66 visits
Trans-femoral 80 visits

8 upper limb patients

6BE  x £450 x 4= £10,800
1 AE x £450 x4 = £1,800
| Hand x £500 x4 = £2,000
44 lower limb patients
20 TF x £400 x 4 = £32,000
23 TT  x £400 x4 = £27,600
1 KD x£400 x4=  £1,600
Total costs
Limbs £440,720
Sockets £76,800
= £517,520

(853,908 @ $1.65/£1)




Initial limb supplied
Trans-tibial Thigh corset leather socket
Trans-femoral Metal socket "H’ type

Current limb being used
6 patients have ~ Metal socket trans-femoral
9 patients have  Plastic (4 ICS; 5 Quad)

4 patients have  Thigh corset, leather socket
trans-tibial prosthesis

14 patients have ~ PTB
4 patients have  FI ‘below elbow worker’
7 patients have Bl above elbow prostheses
1 patient has Commuted arm
| patient has Partial hand

Accepting the approximations

Population of Tayside and North Fife, Scotland as
550,000

This is about 1% of UK population (55 million)
The costs of out-patient appointment for surviving
war pensioners since 1965

=£177,600 x 100 = £17,760,000

The costs of the service for the war pensioners from
1945 to date

is £51,752,000 + £17,760,000
= £69,512,000
($114,694,800 @ £1.65/£1)
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Socket/stump interface dynamic pressure distributions recorded
during the prosthetic stance phase of gait of a trans-tibial
amputee wearing a hydrocast socket

P. CONVERY and A. W. P. BUIS

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

Abstract

Force scnsing resistors (FSR) have been used
to measure dynamic stump/socket interface
pressures during the gait of a trans-tibial
amputee. A total of 350 pressure sensors were
attached to the inner wall of a hydrocast socket.
Data were sampled at 150Hz during
approximatcly 0.8 seconds of prosthetic stance
of gait. The dynamic pressure distributions
within a hand cast socket reported by Convery
and Buis (1998) are compared with those
monitored within a hydrocast socket for the
same amputee. The pressure gradients within the
hydrocast socket are less than that of the hand
cast Patellar-Tendon-Bearing (PTB) socket. The
proximal “ring” of high pressure in the hand cast
PTB socket is replaced with a more distal
pressure in the hydrocast socket.

Introduction

The characteristics of the Tekscan FSR
transducer, which incorporates 96 sensors, has
been previously reported by Buis and Convery
(1997). By adopling a strict test protocol, 4
transducers may be bonded to the inner socket
wall and calibrated in situ. This calibration
tcchnique minimises inaccuracies. When
subjccted to rcpeated pressures of 100kPa the
variation of the “average” pressure of a
transducer was +2% with a maximum variation
of +10% for any individual sensor in the
array of 96.

All correspondence to be addressed to Peter Convery,
National Centre for Training and Education in
Prosthetics and Orthotics, Curran Building, University
of Strathclyde, 131 St. Yames’ Road, Glasgow G4 OLS
Scotland, UK. Tel: (+44) 141 548 3525, Fax: (+44)
141 552 1283; E-mail: p.p.convery @strath.ac.uk
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The hydrocast socket is based on a system
developed by Murdoch (1968). One of the
uncertainties of pressure casting in general has
been to determine the pressure magnitude and
duration required in order to crealc a good
socket fit. Gardner (1968) recommended an
applied pressure of 13kPa. Kristinsson (1993)
proposed pressure levels of 23 to 34kPa,
commenting that applying pressures of less than
23kPa often resulted in a slack fit. Krouskop ef
al. (1987) stated that stump tissue is not
compressible which implics that tissue fluid will
migrate from the stump with the application of
constant pressure.

Method

Figure 1 illustrates the hydrocast procedure.
Weight transfer through the stump may be
supported if the stump i1s immersed in a sealed
water tank. Increasing or decreasing the volume
of water within the sealed tank raises and lowers
the stump. The Icecast pressure cylinder was
modified by introducing a flexible sleeve as a
barrier between the water in the cylinder and the
plaster of Paris (POP) covering the amputee’s
stump. A close fitting template was fitted to the
amputee’s thigh in order to ensure that, during
weight bearing, minimum support was being
provided by the sleeve. Immediately after
application of the POP, the stump was inserted
into the cylinder and the cylinder was raised
until the brim contacted the template on the
amputee’s thigh, The template was locked to the
cylinder brim and the cylinder was then filled
with water at body temperature. As the amputee
transferred full body weight through the stump,
the volume of water in the cylinder was
increased until the stump was lifted marginally
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Local area

No. of sensors

Maximum “average”

Maximum pressure

within local pressure of all of single sensor
area sensors within area within area
(kPa) (kPa)
Medial knee 12 11 121
Fibular head 8 126 148
(a)
Legend No. of sensors Maximum “average” Maximum pressure
within local pressure of all of single sensor
area sensors within area within area
(kPa) (kPa)
Patellar bar 12 244 417
Proximal popliteal 8 128 168
Posterior medial flare 10 119 132
Fibular head 9 103 114

(b)
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Static structural testing of
trans-tibial composite sockets

T. A. CURRENT?*, G. F. KOGLER** and D. G. BARTH*

*0rthotics Prosthetics Section, Southern [llinois University School of Medicine, Springfield, llinois, USA
**Orthopaedic Bioengineering Research Laboratory, Southern {llinois University School of Medicine,
Springfield, Illinois, USA

Abstract

The purpose of this investigation was to
quantify the structural strength of various trans-
tibial composite sockets. To conduct the study,
loading parameters and methods were developed
that emulate the International Standards
Organisation (ISO) standards for structural
testing of lower limb prostheses since specific
guidelines for the testing of the trans-tibial
socket portion of a prosthesis have not yet been
established. The experimental set-up simulated
the instant of maximum loading during the late
stance phase of gait. Ten trans-tibial sockets
were evaluated. Five different rcinforcement
materials and two resin types were used to
construct the sockets. A standard four hole distal
attachment plate was used to connect the socket
and pylon. Each sample was loaded to failure in
a servo-hydraulic materials test machine at 100
N/s.

None of the composites in the study met the
ISO 10328 standards for level A100, loading
condition Il (4025 N), as required for other
prosthetic componentry. All failures occusred at
the site of the pyramid attachment plate.
Ultimate strength and failure type were material
dependent. Load point deflection was
significantly different for the resin variable
(p<0.05). Statistical differences according to
reinforcement material were noted in composite
weight and strength-to-weight ratio (p<0.05).

All correspondence to be addressed 1o Géza F. Kogler,
Ph.D., Orthopaedic Bioengineering Research
Laboratory, Southern Ilinois University School of
Medicine, PO Box 19652, Springfield, Illinois, 62794-
9652 USA. Tel: (+1) 217 782-5682 (work); (+1) 217
523-3320 (home); Fax: (+1) 217 782-7323.

The fibre volume fraction was also estimated
and recorded. Reinforccment material type was
the primary determinant of performance for the
tested samples. Carbon reinforcements
performed better than fibregtass reinforcements
of similar weave type. The greatest ultimate
strength and strength-to-weight ratio was
observed with the unidirectional carbon
reinforcement.

Introduction

The use of fibre reinforced plastic (FRP)
composites in orthotics and prosthetics has
primarily involved the transfer of technologies
from the marine and aerospace industries. While
the application of these materials in prosthetics
is widely practised, specific information on their
structural properties as they relate to the unique
geometry of the trans-tibial socket is not
reported in the scientific literature. This has
resulted in a diversification of fabrication
techniques within the profession. The material
properties of composiles vary greatly and
depend on composition, lay-up, and processing
method (Hubbard, 1995). The predominant
processing method in prosthetics and orthotics is
the vacuum bag moulding lamination technique.
The type and amount of material applied
determines the composition while the sequence
in which they are applied dictates the lay-up.
More recently, the introduction of hybrid resins
has added to the variety of composite structures
available in prosthetics and orthotics.

Faulkner et al. (1987) evaluated the tensile
strengths of composites used in prosthetics and
orthotics utilising standard coupon test samples.
While this is valuable when the general
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mechanical properties of materials are needed,
these samples do not represent the geometry of
the clinical devices. This creates difficulties in
the translation of the data into socket design
criteria. Head (1994) states: “Material design
data are normally derived from the testing of
specimens. For maximum rehiability the
specimens and test conditions should represent
as closely as possible the materials and
conditions of use of the final product.”

The fabrication of FRP composites is riddled
with several points of debate. One issue focuses
on the use of reinforcement materials. Klasson
(1995) reports that when using carbon fibre (CF)
instead of fibreglass (FG) in equal amounts the
strength will be about the same. Roberts (1984)
states that using CF will result in a 30% to 40%
increase in strength. Berry (1987) reported
higher increases in strength, claiming that under
compression CF is twice as strong as FG. All
authors agree that replacing FG with CF will
result in a reduction in weight. Klasson (1995)
predicts a 10-15% lighter composite while
Roberts (1984) predicts about a 30% savings in
weight.

Excellent fatigue resistance can bc achieved
with the use of CF as compared to FG because
the CF are approximately three times stiffer than
FG. However, due to its high stiffness, CF is
more susceptible to impact forces. For this
reason both Berry (1987) and Roberts (1984)
recommend mixing CF with either FG or
Kevlar. Klasson (1995) recommends caution
when mixing fibre types due to possible
mismaiches in the strengths of the fibres.

Several authors have recognised the fact that
strength can be increased and weight reduced by
using unidirectional materials instcad of plain
woven cloths (Roberts, 1984; Luger, 1982;
Strong, 1989; Taylor, 1996). One of the
problems associated with plain woven fabrics is
that the fibres tend to bind or cut each other
when stress is applied. In contrast, alternating
layers of unidirectional fabric will provide
strength in two directions without binding
(Roberts, 1984; Luger, 1982; Taylor, 1996).
Another advantage of unidirectional composites
with regard to strength is that more fibres can be
packed into a given space, thus increasing the
fibre volume fraction (Roberts, 1984, Taylor,
1996). An interesting compromise can be reached
between the two types using satin or long-shaft
weave cloths (Strong, 1989; Humphrey, 1981;

Mohr et al., 1973; Taylor, 1996).

The last subject relevant to this study is the
minimum allowable inside radius (MAIR). The
MAIR= r(fibre)/r(curve) and must be less than
the fracture strain. Woven fabrics have a greater
MAIR than unidirectional fabrics due to the
initial bend applied to the fibres by the weave.
The tighter the weave the grcater the MAIR.
Mohr et al. (1973) and Sonneborn (1954) report
a MAIR of 6.35mm and 12.7mm respectively
while using the vacuum bagging lamination
technique. Taig (1972) claims that the MAIR
can be as small as lmm for fibreglass materials
and 11.6mm for large CF materials without
damaging the fibres. Klasson (1995)
recommends a2 MAIR of 40mm. Levan (1996)
states that in order to determine the MAIR the
fibres modulus and diameter must be known.
For this information he recommends contacting
the supplier or the manufacturer. All of the
authors agree that larger radii are preferred over
smaller ones though a measure of the optimal
radii for socket design is still in question.

Understanding the material properties of
composite design is importanl 10 ensure the
structural integrity of thc devices being
fabricated. The purpose of this investigation was
to quantify the strengths of various FRP trans-
tibial sockets utilising a four hole attachment
system. Techniques and materials used reflect
those currently in widespread use within the
United States of America. Testing was limited
to the static load test. The static load test is used
to reveal structural or design weakness
associated with severe loading conditions.
Ultimate strength, load point deflection curves
and failurc mode were adopted as the measures
to assess structural propertics of the trans-tibial
socket. Additional comparisons were made
between the sockets according to composite
weight, strength-to-weight ratio rankings. To the
authors” knowledge there are no studies
evalualing structural testing of trans-tibial
composite sockets.

Methods
Trans-tibial structural rest model

In order to produce identical test samples for
each composite type, a trans-tibial model was
developed using a prosthetic CAD/CAM
software package (Shape Maker, MIND Corp.,
Seattle, WA, USA). The model was created by
averaging the measurements of 25 definitive




Unidirectional Carbon Bock#616B2
Carbon-fibreglass stockinette Bock#616G14
Fibreglass stockinette Bock#616G13
Carbon fibre cloth Bock#616G12
Fibreglass cloth Bock#616G18







Load (N)

LOAD (N)

4000

3000

2000 -

1000

Average Load and Deflection to Failure
by Reinforcement Material Type

? S —
3160 / 3073
— mm— !
Unidirectional Carbon-
Carbon Fibreglass

Stockinette

Acrylic Resin

4000

3000

2000

1000

0 2 -4 6 -8 -10-12-14-16-18

E==lUltimate Strength(N)

Fibreglass
Stockinette

Carbon Acrylic Resin

unidirectional carbon

carbon fibreglass
stockinette

[ fibreglass stockinette I

carbon cloth

|fibreglass cloth

—e— Load Point Deflection (mm)

2218

1836

Carbon Cloth Fibreglass
Cloth

0 -2 -4 6 -8-10-12-14-16-18

O =N WA OO
0 O O 60 © G O
Deflection (mm)

——— r—r—T—T— 4000

3000

{ 2000

1000

LOAD (N)



Reinforcement Testing Strength: Weight ratio Fibre-volume Failure
material type weight (N) fraction mode
Unidirectional 3.56 34 2% Shear
carbon
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Fibreglass 4.41 32.4% Buckling
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Carbon cloth 3.28 28.7% Tension and
shear
Fibreglass cloth 351 .25 29.1% Tension and

shear
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pyramid attachment plate system instead of a
square one, prematurc socket failure might be
reduced. The focal stress point could be further
reduced by rounding the sharp edge of the
attachment plate in contact with the socket
surface, thus increasing the bend radius for the
tibre as it deflects.

Finally, the shape of the distal end may also be
a factor with regard to the blending of the
attachment plate interface at the distal end of the
positive model. If onc accepts that the geometry
of the distal end radii could change the strength
characteristics of the socket as some authors
have suggested (Klasson, 1995; Roff, 1956;
Taig, 1972). various sized radii could yield
different results from that which is reported
herein. Inspection of the strength characteristics
of differcnt attachment systems is also needed to
optimise the composite profile. In addition,
further study is necessary to establish the
amount of reinforcement needed at the distal end
of the sockel 10 maintain high Jevels of loading
for the trans-tibial composite prosthesis.

The primary factor shown by this study to
alfect ultimate strength is the choice of
reinforcing material. The 2 materials that
produced the greatest ultimate strengths were the
carbon-fibreglass  stockinette  and  the
unidirectional  carbon  wcbbing.  The
unidirectional carbon webbing appears to be the
best choice when considering all other
performance aspects.

Care must be taken when referring to the force
detlection curves as they differ from a stress
strain curve. A stress strain curve has normalised
the data by cross-sectional area. The stress strain
curve will be the same for different composites
made by identical methods and of identical
materials, it would nol matter if one composite
contained 6 layers of reinforcement and the
other 10 or 12 layers. However. using the load
deflection curve the difference in ultimate
strength between reinforcement material types
and/or between the total ply of reinforcement
used can be seen instantly. With this data long
mathematical calculations can be avoided when
trying to determine the proper lay-up needed to
obtain any given ultimate strength.

Force deflection curves indicate that the
carbon fibreglass stockinettc had the greatest
amount of deflection at the point of failure. By
calculating the area under the curve it can be
determined that thesc composites absorb a

greater amount of energy prior to reaching
ultimate failure than the othcr test samples
resulting in less rccovery. Because the
unidirectional carbon absorbed less energy than
the carbon fibreglass stockinette reinforced
composites, and due to the unidirectional
carbon’s failure mode, it was capable of better
recovery following removal of (he load. Both of
the carbon fibreglass stockinctte reinforced
composites and 1 of the 2 fibreglass stockinetie
reinforced composites were permanently
deformed upon removal of the load to the point
that they were deemed incapable of assisting the
amputee in functional ambulation.

Some of the test devices may be capable of
providing limited ambulation immediately after
ultimate failure, The load deflection curves of
the majority of the samples appear to plateau
shortly after failure (Fig. 3). The “plateau™ load
level of each respective composite tested
represents the maximum load these devices
could continue to function at on a limited basis,
The amoumt of detlection at the plateau load
following a load to failure will be slighlly
greater than the point at which it levelled off in
the graph.

Three (3) primary types of failure occurred.
(Figs. 4-6). All of the composites utilising the
stockinctte reinforcing material failed with a
buckling type of deflection at the transition from
the socket body to the distal end. Two (2) of the
4 cloth reinforced composites failed by fibre
breakage at the anterior edge of the 4 bolt
pyramid attachment plate. In this instance the
pyramid attachment plate appeared to act as a
focal point to increase stress on the fibres and
cause them to break under tension. The other 2
cloth reinforced sockets failed via inter-laminate
shear. The unidirectional carbon reinforced
composites also failed as a result of inter-
laminate shear. All of these failure modes were
correlated to the reinforcement material. These
mechanisms of failure have been reported in the
literature (Klasson, 1995; Humphrey, 1981;
Luger, 1982: Titterton, 1951). Coupon testing
can be used to contirm the failure mode. This
type of (esting can be very useful in helping one
decide on the composite profile. Complete
coupon testing includes tests of: tension,
compression, torsion and sharp beam. Although
these tests are important for engincering a
composite socket, coupon samples do not
represent the geomelry of a trans-tibial socket.
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The testing weight of the sockets was directly
related to the type of reinforcement material
used. When trying (o optimise for weight this
information is important. Carbon cloth, when
comparing equal plies of material, was notably
lighter than both types of stockinette
reinforcements tested. Also, when using carbon
cloth or carbon fibreglass stockinctte in place of
their corresponding fibreglass reinforcement
material types a 20.8% and 27.5% reduction in
weight was noted respectively. Even though the
carbon cloth produced the lightest socket it did
not produce the greatest strength-to-weight ratio
for the compostte profiles testcd. The greatest
ratio was produced by the unidirectional carbon
and was notably greater than all the other
materials tested except tor the carbon fibreglass
stockinette. The fact that the unidirectional
material produced the greatest ultimate strength
and the greatest strength-to-weight ratio is
consistent with the literature (Strong, 1989;
Robersts, 1984; Luger, 1982; Humphrey, 1981;
Mohr et al., 1973).

Determining the fibre volume fraction is an
expensive and time consuming process that
requires specialised equipment. Because of cost
and time constraints, a crude approximation was
made by carefully weighting the matcrials prior
to and after fabrication and then converting to
volumes wusing thc densities. Using this
technique some crror is cxpected in the values
reported, the extent of which is unknown. These
values seem Jow compared to the 70% ofien
reported as being the standard (Klasson, 1995;
Taylor, 1996). However, those composites
which approach the 70% level do not contain
any nylon or nylglass. The nylon and nylglass
tend to retain more resin and reduce the fibre
volume fraction. These materials weaken the
composite by reducing the inter-laminate shear
strength but increase toughness with their ability
to reduce crack propagation.

The acrylic based composites had a
statistically lower amount of local deformation
than the carbon acrylic ones. This may have
been a result of the additive the manufacture
added to the resin to provide better “wet-out” of
materials. However, better “wet-out” does not
necessarily mean greater strength. Three (3) of
the 5 differcnt reinforcement material types,
unidirectional carbon, carbon cloth, and
fibreglass stockinette, had a greater ullimatc
strength using the acrylic resin.

The data derived from this study is specific
unto itself. Any change in the design parameters
used herein may produce different results. Such
examples would include changes in the composite
profile, in the shape or leagth of the trans-tibial
structural test model, or in the socket-pylon
attachment system. The data is also limited by the
lack of cyclic or torsional loading. Future studies
are needed to determine the optimal lay-up of
fibre materials based on the patients’ pathology,
activity, and weight. The methods described in
this study could bc adapted to cstablish such
guidelines. A more diverse knowlcdge base of
composite fabrication principles for orthotics and
prosthetics is essential to meet the specific design
criteria for each clinical application.

Conclusion

A new method was developed for the static
structural testing of trans-tibial prosthetic
sockets. Loading parameters and proccdures
established by the International Standards
Organisation for testing lower limb prosthetic
componentry were adopted as the design criteria
for test apparatus and methods. The test protocol
produced consistent, reproducible results for
evaluating the performance of the trans-tibial
socket. Although there are no standards for the
testing of the trans-tibial socket portion of a
prosthesis, it is noteworthy that none of the
composite sockets in the study were able to meet
the specified parameters set for other prosthetic
componentry (ISO 10328 Standards for Level
Al100, loading condition II). All trans-tibial
socket failures occurred at the distal segment
near the anterior border of the pyramid
attachment plate. Three failure modes were
identified: inter-laminate shear, buckling, and
tension. Unidirectional carbon and carbon
fibreglass stockinette performed similarly with
regard to ultimate strength and strength-to-
weight ratio. In general, the carbon reinforced
sockets were lighter and stronger than their
fibreglass reinforced counterparts. Future
studies are needed to establish guidclines on
material lay-up and structural design features
that may incrcase the ultimate strength of the
trans-tibial socket for various clinical situations.
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force were measured on a fixed upper arm
prostheses by operating the open-close action
with a dynamic test rig using an AC motor. The
results are given in Figure 12. This experiment
shows the comparison of the pulling force
required for the same hook opening in the same
prosthesis with and without the housing and also
display chronological changes. These results
also show the use of pulley and liner (the full
line) decreases the force nccessary to obtain the
same opening force at the terminal device (f).
compared with the conventional method (the
broken line).

Discussion

It was shown that the pulley system
contributed to an improvement in efficiency
when the elbow was flexed. A pulley is therefore
ellective for working conditions at a desk. in
which the elbow is consistently kept tlexed. In
this system, the trunk actions can be used
effectively because the cable excursion for
elbow flexion is small. In addition, it was
confirmed that the use of a low friction liner
housing increased the transler efficiency by
10%. As for the prosthesis operation, it was
found through tests using measuring instruments
and patients that the combination of this
housing, the above pulley system and harness
system improved the operation ol the body-
powered prosthesis. A pulley is effective for a
body-powered prosthesis in the situation

mentioned above. But in casc the elbow is flexed
with the hook aripping something heavy, the
action cannot last indcterminately. Although a
liner housing is effective for iransfer efficiency,
some force is necessary to keep the hook open
because the force is directly transferred. It is
important,  therefore, to apply these
improvements selectively to suitable cases.

Conclusion

Various improvements and developments
were made to make a body-powered prosthesis
more operable. Their effectiveness  was
evaluated experimentally. The authors hope to
conduct further rescarch so that thc newly
developed system can be widely used.
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Effectiveness of prosthetic rehabilitation of children with
limb deficiencies present at birth
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Abstract

This study was performed to investigate the
efficacy of prosthetic rehabilitation in children
with congenital malformations, also to
determine whether there were any factors related
to family history and pregnancy which could
have affected the formation of such deficiencies.

Twenty-five (25) limb deficient children were
provided with prostheses and received
rehabilitation. A detailed family and pregnancy
history was researched through the records. The
ability of performing activities of daily living
was scored on a four point scale.

Thirteen (13) lower and 12 upper limb
deficient children with a mean age of 4.88+2.52
years were included in the study. Ten (10)
children had longitudinal and 15 transverse
deficiencics. Traditional marriages amongst
close cousins were observed in 31%. Five (5)
mothers used medications, 2 received
radiodiagnostic tests and 2 had bleedings during
pregnancy.

Some 84.7% of the lower limb group bccame
independent walkers without requiring walking
aids while 15.3% of them required Canadian
crutches for independent ambulation. A total of
61.5% of these children actively participated in
recreation with peers. In the upper limb group
41.6% were completely independent in self-care,
feeding and hand skills; 33.3% showed
independence with self-help devices while 25%
tended to use the prostheses for assistive
purposes. Participation in recreational activities
was 58.2%.
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Decpartment of Prosthetics and Biomechanics, School
of Physical Therapy Rehabilitation, Hacettepe
University, Samanpazari, 06100 Ankara, Turkey.
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The author’s results have shown that the
children gained a functional activity level
although the prostheses were provided in a late
period. It can be concluded that success in
rchabilitating thesc children is a true challenge.

Introduction

Congenital anomnalies are classified as being
either transverse, in which all the skeletal
elements distal to the level of loss are absent as
in an acquired amputation, or longitudinal in
which some distal skeletal elements remain
(Day, 1991; Krebs er al, 1991: Jain, 1996;
Esquenazi and Meier, 1996).

The prosthetic rehabilitation of children with
congenital limb deficiency differs little from the
acquired amputations, especially if the anomaly
is transverse. Usually the limb deficient child
not need pre-prosthetic care and is considercd to
be an essentially normal child who happens to
have limb deficiency. In the case of longitudinal
limb deficiency the prosthetic care may be
combined with amputation or surgical
reconstruction (Krebs et al., 1991; Rosenfelder,
1980; Czerniecki, 1996).

Appropriate prosthetic treatment, proper
rehabilitation, the family attendance and interest
in therapy are the key points leading the child to
independence. However, it is important to
separate the concept of function from that of
wearing a prosthesis. Each child is unique and
must be evaluated in a detailed perspective by
the orthopacdic surgeon, physiotherapist and
prosthetist. The anticipated functional benefits
or loss must be discussed before the prescription
and initiation of the treatment (Krebs er al,
1991; Rosenfelder, 1980; Jain, 1996).

Age of fitting is another important
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0.40£0.03
0.34£0.03
0.33£0.03
0.24£0.02
0.26+0.02

047+0.04
0.5540.02
0392002
040001
040£0.03
SSeant

0.50+0.05
0.58+0.02
0.43£0.04
0.39+0.04
0.45£0.04
0.37£0.03

0.45+0.03
0.58£0.01
0.44£0.03
0.32+0.03
0321001

058+0.02
057£0.02
0.52+0.04
0.580.03
0.50£0.03
051004

035£0.06
058£0.11
032£0.02
0.28+0.02
0312002

0382002
032+0.06
0.46£0.06
0.37£0.03
0.32:002
0321002

0.36£0.03
0.7520.06
047£0.08
029+0.03
0.32+0.03
037002

0.48+0.05
1.00£0.11
0.32£0.03
0.29£0.02
0.33£0.06
0.41£0.04

042+40.09
059+0.18
0.40+0.08
0.36+0.09
0.34+0.09
0.34+0.08

036+0.11

0.320.06

0424008

0.4520.08

0.54+0.05

0362006

04320.16

0.4720.25

0.42+0.14

Nylon

0.37£0.03
0.42+0.02
0.40£0.02
0.35£0.03
0.30+0.02
0.3320.02

0.30£0.02
0.38£0.03
032002
0312002
0.30£0.03
0.2610.02

043£0.03
0.49£0.04
0.38+0.05
0.30£0.02
0.4220.02
0412004

0.47£0.02
0.43£0.03
040001
0.33£0.01
0.32+£0.01
0.34£0.02

0412003
0.46+0.02
0.39£0.01
0.3410.02
0.36+0.03
0.29+0.02

045003
0.49+0.03
037002
043003
0.35+0.03
0.39£0.04

0.33+0.04
031004
0.28+0.01
0.2820.01

0294008
036+0.06
0321002
033003
023002
024004

0432002
058001
037002
029£0.02
027£0.02
0.27£0.02

0.31=0.03
0.70£0.08
0424007
0.34£0.01
0.3820.02
0.38+0.02

(:38+0.08
0.47+0.10
037+0.05
0.33+0.04
0.32+0.06
032+0.06

0.36+0.05

0.3120.04

0.40+0.06

0.380.06

0.38+0.06

042+0.06

0.3210.05

0.29+0.06

037£0.11

04240.14

0.37+0.09

Silicone

0.44+0.03
0.8010.04
0.48+0.02
0.38+0.04
0.39£0.04
0.46+0.04

0.40£0.03
0.67£0.05
0.4620.02
0.44+0.03
0.44:0.03
0.53£0.01

0.75£0.07
0.9820.05
0.65£0.03
0.50£0.03
0.46x0.04
0.440.03

0.660.04
0.98£0.04
0.61+0.02
051£0.05
0.68+0.02
051+0.03

0.54+0.02
0.8820.05
0.57+0.04
0.56x0.04
0.45+0.01
0.45+0.03

0.60£0.02
0.84£0.07
0584003
063003
0.59£0.02
0621003

086022
1262011
0.68+0.01
0.64£0.13
0.57£0.02
051£0.06

0.44+0 05
063003
0.41+0.02
0.60£0.04
0.40+0.06
041007

0.50+0.06
1.16£0.11
061£0.12
0432004
037£0.04
0.35+0.04

0511004
1.060.09
0472005
043£0.05
042£0.03
0.40£0.09

0.57+0.16
093+020
055+0.10
0.52+0.10
0.48+0.10
047+0.09

0.49:0.15

0.50£0.09

0.630.19

0.660.17

0.58+0.15

0.6410.10

0.75£0.27

0.4810.11

0.57£0.29

0.55+0.24

061+021
——

0.39£0.04
0.46+0.06
0.42+0.02
0432002
0.39+0.04
0.4840.02

0432004
0.4410.02
0.42+0.03
0.46+0.02
0.35£0.02
0.42+0.03

0.50£0.03
0.53£0.04
0.63+0.03
0.50+0.03
0.49£0.02
0.350.02

0.64£0,02
0,660.04
0.57£0.03
0.50£0.03
0.52+0.04
0.42£0.01

0.59£0.02
0.57+0.07
0.49£0.01
0.56+0.04
0.39+0.02
0.3420.03

056004
063003
050£0.04
0.58+0.03
052£0.04
0.53£0.05

042+0.05

0.50+0.08

0.55+0.09

0.49+0.10

0.55+0.06,

047009
0.5820.11
0552007
0.52+0.06
0.52+0.02
0.49:0.02

046001
0.42+0.03
0.49+0.02
0.44+0.03
041003
0430 04

0.57£0.03
0.72£0.03
0.66+0.08
0491007
042+0.05
042+0.04

0.5320.04
095+0.07
0.53£0.05
0.39£0.02
0.36£0.03
0.37£0.02

0.52+0.08
0.60+0.16
052+0.08
0.49+0.07
0.4440.07
0.43+0.06

0441004

05420.13

0524021

051+0.11

Pelite

0.4310.03
0.56+0.03
0.49+0.02
0.46:0.02
0.37£0.03
047£0.02

046002
0.56£0.04
0.50£0.04
0.43£0.02
0.42£0.03
051 :0.0.5_

0.46+0.06

0.48+0.06

0.44:0.03
0.49£0.02
0.52£0.02
0.45£0.02
0.43£0.03
0.38£0.03

0.45+0.05

0.410.02
0.47£0.01
0.39£0.03
0.4520.02
0.44£0.03
0.38£0.01

0.44+0.01
0.470.01
0.4420.01
0.42+0.02
0.42+0.02
0.391{!.‘0. l

0.42+0.02
046004
042+0.03
047005
040003
(.);45 +0.02

(42003
0.36£0.02
0.580.11
0.53£0.05
0.50£0.04

037002
0441002
0424003
044003
040003
0.38+0.02

0.49£0.05
0.54£0.05
0512003
0.39£0.03
0.38+0.02
0302002

046+0.03
0.65£0.05
0.48+0.08
041£0.03
042005
042+0.04

0444005
051+0.07
0.45+0.06
045+0.07
0.4240.05
043+0.06

0.42+0.04

0.43+0.03

(0441004

0.48+0.09

041004

0.45+0.07

0.47+0.09

0.45+0.07

0.42+0.11

0.4120.10

048:0.14

049:0.14

045:0.12

0.5210.10

0491021

0.40£0.09

0.47£0.18

0494020

0.460.15

Site

DH

PH

AF

PE

AL

PL

Coefficient

0.47+0.12

0.62+0.22

0.46+0.10

0.43+0.10

0.40+0.10

0.40+0.09

Material

Aluminium

Nylon

Silicone

Sock

Pelite

Coefficient

0.42+0.14

0.37+0.09

0.61+0.21

0.5120.11

0.45+0.07
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The second improvement was made on the
sensing surface, using a plane-ended annulus
instead of a solid plane or a hemispherical shape.
The pressurc distribution in the sensing surface
will affect the frictional torque — the product of
the force and the distance to the centre.

In practice, the pressure distribution on the
sensing surface varies with the geometry and the
stiffness of the soft tissues and the underlying
bone. An annular surface applying the load over
the annulus can eliminate the crror causcd by the
load distribution. In this study, all the probe
sensing surfaces were annular with an outer
diameter of 16mm and an inner diametcr of
10mm.

Five (5) materials, namely, aluminium, nylon,
silicone (soft liner material for trans-tibial
suction sockets), cotton sock (often worn with a
prosthesis) and Pelite (soft liner material for
lower limb prostheses) were measured. The
sensing surfaces of aluminium and nylon were
machined with fine turning. An annular disk of
silicone, cotton sock or Pelite was glued on the
tip of the metal probe.

Ten (10) normal subjccts, age from 19 to 40,
with no visible signs of skin diseases,
voluntarily participated in this investigation. For
each subject, 6 anatomical sites, namely the
palm of hand (PH), dorsum of the hand (DH),
anterior side of the forearm (AF), posterior side
of the forearm (PF), middle anterior leg (AL),
and middle posterior leg (PL) were investigated.
The skin was untreated but clean. Since the skin
frictional properties may be affected by the
ambient environment, all experiments were
carried out in a room with controlled
temperature of 20-24°C, and relative humidity of
55-65%. The subjects were required to enter the
test room for at least 20 minutes before the tests.
During the test period, they were asked to sit
down and stay relaxed.

For each test, 5 trials were repeated. The
coefficient of friction was calculated as the ratio
of frictional force to the normal force (u=F/N).
The mean value and standard devialion were
calculated with T-test statistical analyses.

Various normal forces were applied to
investigate the effect of load on the coefficient
of friction. Various probe rotation speeds from
25rpm to 62.5rpm were used to investigate the
effect of speed.

Results

Table 1 gives the coefficients of kinetic
{riction at 6 skin sites with 5 materials for 10
subjects. Each datum compriscs mean and
standard deviation obtained from the 5 tests. The
load applied was 100 grams (average pressure of
80kPa) and the probe rotation speed was 25rpm
(average linear speed of Im/min). The ‘Mean’
on the right column means the averagc
coefficient of {riction between one material and
one site of skin for all subjects. The ‘mean’ on
the bottom row for each material shows thc
average valuc of this material on all the
measured sites for each subject. The ‘MEAN’ on
the bottom row of the table means the average
coefficient of friction betwcen all the measured
sites and all materials for each subject.

In all the measurements, the coefficient of
friction ranged from 0.24 to 1.26, and the
average value for all tests was 0.46+0.15
(p<0.01). The cocfficients of friction with
different materials and at different anatomical
sites are shown in Tables 2 and 3. The highest
coefficient of friction of skin was found over the
sitc of the palm of the hand with the siliconc.
The palm of the hand has the highest coetticient
of friction in all the sites measured. Of all the
materials tested, the silicone shows the highest
coefficient of friction.

Figure 2 shows the change in coefficient of
friction with the normal force applied to the skin
surface in the 10 trials. The results show there is
a slight decrease in coefficient of triction with an
increase of the load. When the load increases
from 25 grams to 100 grams, the average
cocfficient of friction was decreased by 9.5+6%
(p<0.05).

Figure 3 displays the effect of the probe
rotation speed on the coefficient of friction in the
8 trials. The coefficient of {riction increases
slightly with an increase of the rotation speed.
When the rotation speed increased from 25rpm
to 62.5rpm, the coefficient of friction incrcased
by 7+2% (p<0.05).

Discussion

Skin frictional properties have been reported
by several groups, and the rcsults show they
varied with interface materials, subjects,
anatomical sites, ambient environment and skin
conditions (Naylor, 1955; Comaish et al., 1971;
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Subject | Mean gait cycle | Mean stance Stance: Swing Cadence Stride Walking
time (s) time (s) (%) (step/min) length (m) speed (m/s)
Baseline| Cast |Baseline| Cast |Baseline| Cast |Baseline| Cast |Baseline| Cast |Bascline| Cast
3 1.09 1.09 0.69 069 | 63:37 | 63:37 | 1103 | 109.7 | 1.32 132 1.19 121
4 098 | 0.99 0.61 0.61 62:38 | 62:38 | 122.7 | 121.7 131 144 133 146
5 1.09 1.10 0.71 0.69 | 65:35 | 63:37 | 110.1 | 1093 | 1.50 1.50 k37 136
8 1.08 | 098 0.68 0.61 63:37 | 62:38 | 1129 | 1122 1.36 1.27 1.26 1.29
Mean 1.06 1.04 0.67 0.65 1135 | 115.7 1.36 1.38 1.29 133
s.d. 005 | 0.06 0.04 0.05 6.1 72 0.10 0.11 0.08 0.11
Subject | Mean gait cycle | Mean stance Stance: Swing Cadence Stride Walking
time (s) time (s) (%) (step/min) length (m) speed (m/s)
Baseline| Cast |Baseline| Cast |[Baseline| Cast |Baseline| Cast |Baseline| Cast |Baseline| Cast
1 LO7 1.11 0.66 0.72 62:38 | 65:35 | 1126 | 1085 1.22 1.55 1.15 1.4
2 099 1.00 0.60 0.60 | 60:40 | 60:40 | 1210 | 1195 137 154 138 1.53
6 1.07 1.15 0.67 074 | 63:37 | 64:36 | 1124 | 1042 | 134 122 126 1.06
7 1.21 1.15 0.78 0.72 | 64:36 | 63:37 | 101.2 | 1042 | 145 1.48 1.22 1.28
Mean 1.09 1.10 0.68 0.70 111.8 | 109.1 135 145 1.25 132
sd. 0.09 | 0.07 0.08 0.06 8.12 725 0.10 0.15 0.10 | 020




Subject|  Average | Increasein han PCI (beats/m)
walking speed |rate during walkin
(m/min) (beats/min)

Baseline] Cast |Baseline| Cast |[Baseline| Cast

3 725 | 750 13.0 158 | 0.179 | 0.209
4 678 | 66.7 21,1 220 | 0311 | 033

5 738 | 66.7 289 305 | 0392 | 0457

8 808 | 785 30.6 321 0.383 | 0.408
Mean | 7373 | 71.73 | 2340 | 25.10 | 0316 | 0.35]

s.d. 537 | 6.60 8.07 7.62 0.10 | 0.11

p=0.022
Subject Average Increase in hcanJ PCI (beats/m)
walking speed |[rate during walkin,
(m/min) (beats/min)

Bascling] Cast | Baseline| Cast |Baseline| Cast
1 863 | 883 28.7 244 | 0325 | 0276

2 808 | 783 276 306 | 0342 | 0391

6 692 | 663 170 13.1 | 0246 | 0211

7 625 | 658 8.70 140 | 0.139 | 0202
Mean | 7470 | 74.68 | 2050 | 2053 | 0.263 | 0.270
sd. | 1081 | 1077 | 947 845 | 009 | 0.09

p=0.113




Subject Cast type Leg Forces Baseline Cast

(% bodyweight) (% bodyweight)

Mean SD Mean SD

1 Combicast Right Fz, 114.00 4.04 121.60 547
Fz, 111.80 2.05 111.00 5.70
Left Fz, 116.00 5.57 115.20 5.63
Fz, 109.50 2.05 113.00 5.54

2 Combicast Right Fz, 124.00 4.00 134.00 Sil
Fz, 112.20 3.11 113.90 4.24
Left Fz, 124.50 443 120.20 2.92

Fz, 106.25 1.71 106.60 331
6 Combicast Right Fz, 116.50 5.07 107.40 1.34
Fz, 113.25 1.50 108.60 0.89

Left Fz, 119.67 3.06 119.40 4.28

Fz, 110.33 2.08 104.60 2.61

7 Combicast Right Fz, 104.20 N2 106.50 2.08
Fz, 106.40 5.73 103.50 3.11

Left Fz, 104.25 3.30 108.75 7.37

Fz, 108.25 3.40 111.50 1.91
3 Scotchcast Right Fz, 103.39 4.75 115.33 4.16
Fz, 116.75 0.96 120.33 2.08
Left Fz, 103.18 2.45 102.60 2.70

Fz, 113.60 1.67 108.40 2.07
+ Scotchcast Right Fz, 112.40 3.21 123.40 2.07
Fz, 107.80 3.03 103.80 1.79

Left Fz, 115.00 5.21 109.40 3.05
Fz, 108.33 0.58 104.00 2.12
5 Scotchcast Right Fz, 115.40 4.04 125.80 2.39
Fz, 111.00 3.00 113.40 2.61
Left Fz, 110.00 3.94 107.00 4.00
Fz, 111.00 3.00 106.00 2.04
8 Scotchcast Right Fz, 107.00 292 116.60 7.02
Fz, 101.40 1.67 101.80 4.38

Left Fz, 112.67 493 116.20 3.11
Fz, 106.67 1.53 104.60 1.95

A BKWC was worn on the right leg in subjects 6 and 7 and on the left leg in the other subjects.




Mean SI SD Sk ()
Baseline (%) (%) (%)
Bz, -1.0 24 5.7
Fz, -0.7 3.0 7.1
Stance time 1.0 3.2 7.6
Step length 1.5 33 7.8
Stride length 1.2 3.7 8.7
Soft cast
Fz, 8.1 55 Greater
Fz, 3.0 43 OK
Stance time 45 33 OK
Step length 3.2 40 OK
Stride length 1.2 2.6 OK
Rigid cast
Fz, 10.3 6.9 Greater
Fz, 5.1 4.5 OK
Stance time 6.5 2.8 OK
Step length 1.3 4.2 OK
Stride length 09 2.6 OK
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The functional use of the reciprocal hip mechanism during gait
for paraplegic patients walking in the
Louisiana State University reciprocating gait orthosis

P. M. DALL*, B. MULLER¥, I. STALLARD**, ]. EDWARDS** and M. H. GRANAT*

*Bioengineering Unit, University of Strathclyde, Glasgow, UK
**Regional Spinal Injuries Centre, District General Hospital, Southport, UK

Abstract

Reciprocally linked orthoses wused for
paraplegic walking have some form of linkage
between the (wo hip joints. It has been assumed
that flexion of the swinging leg is driven by
extension of the stance leg. The aims of this
study were to investigate the moments generated
around the hip joint by the two cables in a
Louisiana State University Reciprocating Gait
Orthosis (LSU-RGO). Six (6) subjects were
recruited from the Regional Spinal Injuries
Centre at Southport, who were experienced
RGO users. The cables were fitted with strain
gauged transducers to measure cable tension.
Foot switches were used to divide the gait into
swing and stance phases. A minimum of 20 steps
were analysed for each subject. Moments about
the hip joint for each phase of gait were
calculated.

There were no moments generated by the front
cable in 4 of the subjects. In only 2 subjects did
the cable generate a moment that could assist hip
flexion during the swing phase. These moments
were very low and at best could only have made
a small contribution to limb flexion. The back
cable generated moments that clearly prevented
bilateral flexion, It was concluded that the front
cable, as used by these experienced RGO uscrs,
did not aid flexion of the swinging limb.

Introduction

Walking in a reciprocal manner with the aid of
an orthosis for people with a thoracic level
spinal cord injury requires bracing from hip to

All correspondence to be addressed to: Dr M.H.
Granat, Bioengineering Unit, University of
Strathelyde, 106 Rottenrow, Glasgow G4 ONW, UK.
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ankle, and often includes trunk support. A range
of devices is available, most of which consist of
bilateral knee ankle foot orthoses (KAFO) and a
trunk section. Knee and ankle joints are fixed
and hip joints provide a limited range of motion
in flexion and extension. Where options differ
most markedly is in the method of limiting
flexion and extension at the hip joint. These
orthoses generally fall into two categories,
reciprocally linked orthoses which have some
form of reciprocal linkage between the hip
joints, and free swing orthoses which allow free
hip movement in flexion and extension between
stops. Examples of reciprocally linked orthoses
include the Advanced Reciprocating Gait
Orthosis (ARGO) (Jefferson and Whittle, 1990)
which has a singlc cable link, the lsocentric
Reciprocating Gait Orthosis (IRGO) (Davidson,
1994) which has a rocker bar link. and the
louisiana State University Reciprocating Gaitl
Orthosis (LSU-RGO) (Douglas et af., 1983)
which has a dual cable reciprocal link. The LSU-
RGO was developed from previous designs by
Motloch (Durr-Fillauer, 1983). The ParaWalker
(Stallard er al., 1986) which has trunk support,
and the Walkabout (Middleton et al, 1997)
which has a pair of medially linked KAFOs , are
examples of free swing orthoses.

Walking in all of these orthoses is achieved
with the help of walking aids, cither a rollator or
crutches. The user inclines the trunk to one side
by pushing with their hands on the contralateral
side of their walking aid to producc vertical
clearance for the swinging leg. The trunk is then
moved forward over the stance foot using the
walking aid. While the trunk is progressing over
the stance foot, the swing leg moves from hip
extension to flexion. In reciprocally linked




Cuable forces in the LSU-RGO 153

orthoses it is reported that swing hip flexion is
driven by stance hip extension through the
reciprocal link. Additionally the reciprocal link
provides support for both hip joints during
double support periods (Beckman, 1987). In free
swing orthoses, hip flexion on the swing side is
achieved by gravity and inertia from the
previous step. The hip joints guide the path of
the hip joint in adduction and abduction, but
allow frec swing in flexion and extension
between stops (Moore, 1988).

The benefit of the reciprocal link in an
orthosis has been assessed indirectly by
comparing the energy expenditure of patients
walking in reciprocally linked orthoses and in
free swing orthoses. Hirokawa er al. (1990)
measured the energy expenditure per metre
walked in the LSU-RGQ (reciprocally linked
orthosis) over a range of walking speeds (0.1 to
0.4m/s) and compared this (o values from the
literature on the ParaWalker (free swing
orthosis). At tow speeds the cnergy expenditure
per metre for walking in the LSU-RGO was
lower than the energy expenditure per metre for
walking in the ParaWalker. The cnergy
expenditurc per metre for walking in the
ParaWalker became lower than that when
walking in the LSU-RGO at higher speeds. In
the double support phases of the gait cycle, the
reciprocal linkage of the LSU-RGO supports the
hip joints so that less energy is expended
resisting bilateral hip flexion. During the swing
phase the ParaWalker has a freely swinging leg,
the hip joint has lower friction and the swing leg
is not constrained by the action of the stance leg,
thus the leg requires less energy to be expended
in moving it forward. As the speed of walking
increases the double support phases of gait
decrease proportionally compared to the swing
phase. Therefore at slower speeds (where double
support is a greater proportion of the gait cycle)
walking in the LSU-RGO uses less energy, and
at faster speeds (where the swing phase becomes
more important) walking in the ParaWalker uses
less energy.

The ParaWalker differs from the LSU-RGO in
other areas besides the reciprocal linkage. It has
a higher lateral stiffness than the LSU-RGO
(Jefferson and Whittle, 1990), and the angle of
ankle fixation is often different (Isakov et al.,
1992; Stallard et al., 1986). The effect of those
differences means that it is uncertain whether the
relative changes in orthotic function shown by

Hirokawa er al. (1990) are entirely due to the
reciprocal linkage. Ijzerman et al. (1997)
addressed these problems by measuring oxygen
cost and speed of patients walking in the ARGO
(reciprocally linked orthosis) and walking in the
same orthosis with the reciprocal link replaced
by flexion stops (free swing orthosis). The
patients in the study with T4 lesions generally
walked slower than those with lower level
lesions (T9 - T12). In line with the findings of
Hirokawa er al. (1990) the oxygen cost of
patients with high thoracic lesions (slower gait)
walking in the ARGO was lower than in the {ree
swing orthosis, while the oxygen cost of paticnts
with lower level thoracic lesions (faster gait)
walking in the ARGO was higher than walking
in the free swing orthosis.

The most effective way of assessing the action
of the reciprocal link is to measure the use to
which the cable is put during gait. Petrofsky and
Smith (1991) attached load cells to both cables
of an LSU-RGO and measured the force in them
while spinal cord injured patients were walking.
The force measured in the cables was less than
230N during level walking. The distribution of
the cable force with respect to the phase of the
gait cycle was shown graphically, but the
beginning and end of the phases are ditficult to
determine precisely. Unfortunately no attempt
was made to distinguish between force patterns
in the two cables.

In order to assess the cffect of the reciprocal
link on the gait of a person with spinal cord
injury it is necessary to quantify the variation in
tension in each cable with time during gait. The
aim of this project was to measure the forces in
the cables of an LSU-RGO and the resultant
moments developed at the hip joints with respect
to the phases of the gait cycle during walking of
spinal cord injurcd subjeets.

Equipment

All the subjects in the study walked using a
dual cable Louisiana State  University
Reciprocating Gait Orthosis (LSU-RGO). The
LSU-RGO is shown in Figure 1.

At the hip joint Bowden cables were used
which would only transmit forces and motion
when in tension. Each cable consisted of an
inner cable attached to the lower section of the
hip joint, and an outer conduit, which is attached
to the trunk section of the orthosis. The lower
member of the hip joint was in the form of a T-
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Subject Sex Injury Complete/ Age Body | Time since RGO Walking Walking

level incomplete mass injury use Aid speed

(kg) (years) (m/s)

A M TS5 complete 37 54 15 17 months rollator 0.18

B M T12 complete 44 67 10 7 months rollator 0.17

€ M C5/6 complete 54 63 6 17 months | rollator 0.16

D M T4/5 complete 28 63 2 5 months rollator 0.18

E F TI11/12 complete 28 54 1 6 months rollator 0.17

F F T7 incomplete 40 84 15 11 years crutches 042
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tension were calculated. The moment arm of the
front and back cables at the hip joint of the
orthosis with the joint in neutral was measured.
The mean distance was determined and used to
calculated the moment produced about the hip
joint of the orthosis by the tension in each cable
during the gait cycle, The maximum moment
during a gait phase for each cable and patient
was calculated. To eliminate artefact caused by
noise a threshold of 10N (0.3Nm) wus chosen
and all outcome measures were only calculated
using data points that were above this threshold.

The average speed at which each patient
walked during a trial was calculated from the
video of those trials. The time taken for the
patient to walk between lines of known spacing
marked on the gymnasium floor was timed using
a stopwatch.

Results

Force cable data, for front cable and back
cable. translormed so that each gait cycle is the
samc length are shown in Figure 4 for 2 subjects.
From this information the mean and standard
deviation of cable force throughout the gait
cycle was determined. A plot of the mean value
is shown for all subjects in Figure 5. For most
subjects the front cable showed no tension above
10N (0.3Nm} at any point in the gait cycle.
Subject B had a peak in front cable tension at the
end of the double support phase (left leg back)
(Fig. 4). Two (2) subjects had peaks in the front
cable in swing phase, subject A for both swing
phases and subject E for the right swing phase
only. Typically the back cable force was high
during stance phase, and tailed off during the
first half of swing phase to risc again towards the
cnd of swing phase. The back cable force often
built up during double support to a maximum in
a serics of peaks during double support phases
(Fig. 4), but this detail was lost when the traces
were averaged.

The means and standard deviations of
percentage time above threshold and maximum
moment developed at the front cable, for all
subjects grouped by gait phase, are shown in
Figures 6 and 7.

During stance phase the percentage time that
the front cable was in use was less than 20% for
all subjects, and was close to 0% in both double
support phases for 4 subjects and in one double
support phase for 1 subject (B). The front cable
was in tension for 60% to 80% during swing

phase for 1 subject (A) and was in tension for
25% during the right swing phase for 1 subject
(E). For the other subjects and the left swing of
subject E, the front cable was not in tension
during the swing phase. For subjects C, D and F
the maximum force in the front cable during
stance and swing phases was ON and therefore
the effective moment at the hip was ONm
(underneath the 0.3Nm threshold). The
maximum hip moment produced by the front
cable by subject A was around 3Nm in both
double support phases and right swing, and 4Nm
in the left swing phase. For subject B the
maximum moment produced by thc front cable
during double support left leg back was 3Nm
and ONm for all other gait phases. There was a
maximum moment produced in the front cable
of 5Nm during the right swing phase of subject
E, and ONm for the other swing phase and both
double support phases.

For the back cable the means and standard
deviations of the percentage lime of gait phase
that the cable force was above threshold and
maximum moment for all subjects by gait phase
are shown in Figures 8 and 9, grouped by gait
phase. The back cable was in tension between
97% to 100% of stance phasc for all subjects,
During swing phase the back cable was in
tension for less than 100% of the phase in 4
patients. The other 2 patients had the back cable
in tension 100% of swing phase for one leg but
not for the other. Excluding these the back cable
was in tension from 40% to 90% of thc swing
phasc. The maximum moment in the back cable
during stance was greater than during the swing
phase for 5 out of 6 subjects. The range of
maximum moments was greater in the double
support left leg back phase than the double
support right leg back phase. The maximum
moment ranges from 35Nm to 12Nm during
double support. The maximum moment during
swing phase was more consistent hetween
subjects than for the doubie support phases with
little difference between right and left leg swing
phases. The maximum moment during swing
phase ranged from 8Nm to 14Nm, apart from the
left leg swing for subject F which produced a
maximum moment of 18Nm.

Discussion

The pattern of front cable use showed distinct
variations between subjects, although the pattern
was consistent within subjects. The pattern of
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Technical note

Preliminary clinical experience of a
contracture correction device
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Abstract

Joint contractures which do not respond to
conventional physiotherapy can be difficult to
treat. Serial plastering has been used cffectively
but is expensive, inconvenicnt to the patient and
does not permit daily hygiene or clinical
inspection. A mechanical device has been
developed consisting a hinged orthosis which
spans the alfected joint to which is attached a gas
strut to provide a corrective moment about the
anatomical joint. Such an arrangement enables
prescribed corrective moments to be applied
accurately following clinical assessment using
routine physiotherapy techniques. The inherently
low spring rate of a gas strut ensures that the
specified corrective torque is maintained as
correction oceurs.

Initial treatment experience under the control
of the developers had generated wider interest in
the system. A geographically distant indcpendent
orthotic supply centre was trained in the
techniques of application. They treated nine
elbow and three knee joints in patients who had
not respouded to physiotherapy treatment. All of
the patients experienced improvement. The
average for elbow joints was a reduction in the
contracturc of 25.6° with a corrective moment of
6.8Nm over a period of 3.9 weeks. For the knee
joints the averages were a reduction in
contracture of 10.7° with a corrective moment of
12.7Nim over a period of 4 weeks.

The results confirmed the practicality of
transferring the system to independent clinical
centres and provide cvidence to support funding
for a formal prospective clinical trial of the
All correspondence to be addressed to C. Peacock.
J. C. Peacock & Son Ltd, Friar House, Clavering
Place, Newcastle upon Tyne NE1 3NR, UK,
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treatment approach.

Introduction

The treatment of joint contractures which do
not respond to conventional physiotherapy
stretching techniques creates problems which
are sometimes difficult to overcome, Surgical
intervention is not always an acceptable option
and the inconvenience of serial plastering can
make it impractical for some patients.

Stretching a joint contracture is very
demanding of physiotherapy time and for some
patients the resources required to achieve a
success{ul ouicome are beyond that which it is
practical to make available. Orthoses with a
turnbuckle have been provided to achieve
stretching. Whilst these do apply a corrective
moment to the joint it is not normally possible to
control that with the sensitivity which a
physiotherapist is trained to provide. Such
devices are set in a fixed position until a decision
is taken to adjust the turnbuckle to increase the
stretch still further. Consequently any plastic
change in patient tissue achieved by stretching
the contracture with the turnbuckle diminishes
the effectiveness of the device until adjustment
to accommodatc the improvemecnt is made.
Lively devices employing conventional springs
across the orthotic joint have also been provided,
but these are usually more bulky than patients
would wish. The comparatively high rate of
springs which can provide sufficient force in the
limited spacce available also means that their
eflectiveness diminishes more quickly than is
desirable (with changes in spring length) as the
joint responds (o treatment.

To overcome these problems a design has
been developed which employs a gas spring to
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Where a patient has loss of sensation the CCD
allows regular inspection of skin in the arca
where the corrective moment is applied, so as to
ensure the pressure sores or other adverse effects
arc not developing.

Imitial clinical experience

Original development work was undertaken as
specialist rehabilitation enginecring for a girl
with arthrogryposis. Physiotherapists were
concerned that despite providing routine
stretching therapy of both knees and hips for as
long as practicably possible each day all of the
contractures were continuing to increasc. Her
status as an independent ambulator was
considered to be under threat as the increasing
contractures were making it progressively more
difficult to maintain that function. A device was
produced which applied corrective moments
simultaneously to knees and hips. This was used
regularly each evening under the supervision of
the child’s parents. The results (Moore et al.,
1990) were better than anticipated in that not
only were the contractures prevented from
increasing still further (the original objective),
significant correction in all trcated joints was
achieved.

Several additional ad hoc cases of knee
contractures were subscequently treated as part of
a routine clinical rehabilitation engineering
service. Corrections were achieved in every
case, but the improvement varied between
patients. The magnitude of the corrective
moments in all the cases treated within ad hoc
rehabilitation cngineering services varied from
7-10Nm. Successful local outcomes generated
increased clinical interest in the potential of the
device for patients with intransigent joint
contracturcs. As 4 rcsult a paticnt with an elbow
contracture was referred for provision of
rehabilitation cngineering services. Assessment
by the multi-disciplinary team ascertained that
bilateral elbow contractures had occurred from
unknown aetiology. The left elbow had
responded to routine physiotherapy treatment,
but the right elbow resistcd that clinical
approach and the patient was left with a residual
flexion contracture ol 105°. This severely
restricted routine function and the patient was
unable to perform many activities of daily
living. Some anxiety was experienced in
considering the potential of the CCD to achieve

a successful outcome. Previous devices had used
moments significantly higher than thc 2Nm
which was estimated as being clinically
acceptable for an elbow joint. The patient was
clcarly well motivated and keen to proceed with
treatment in the hope that she could undertake
additional activities 10 enhance her role as the
mother of a young family. As reported by
Keeping and Major (1999) a successful outcome
was achieved with a reduction of the contracturc
to 60° over a period of 18 months, after which
thc patient could undertake many routine
activities which were previously impossible (e.g.
pick up her young child, iron, tie her own shoe
laces).

A review of the ad hoc clinical experience in
supplying the CCD suggested that the technique
could usefully be applied in a wider context. A
decision was taken, therefore, to produce a
prototype system which could be applied in
different clinical environments and at distant
geographical locations. When this was
completed arrangements where made for a
prcliminary trial with a scparate United
Kingdom National Health Service (NHS)
orthotics contractor to establish whether or not
the initial experience could be replicated in an
environment independent of the developers.

The prototype CCD system

Measurement of the appropriate corrective
moment is an cssential clement of the system. A
force gauge with the relevant range, which could
be directly applied to the patient, and a tape
measure for establishing the moment arm
through which the clinician applies thc input
forces to identify the required moment was
specified. A range of gas struts with appropriate
force rating and length, and incorporating a
pressure relief valve were identified. Standard
orthotic hinges suitable for knees and elbows
and with a suitable section for mounting the
brackets for the gas strut to provide the
appropriate lever arm were indicated. Training
of orthotist staff from the participating company
was undertaken so that they could sclect
patients, monitor the required corrective
moment in collaboration with a relevant
clinician, specify the design of the CCD orxthosis
for manufacturc in thc workshop, venfy its
specification on delivery, fit the system and
adjust to accommodate the patient.



Patient Sex Age Pathology Joint Correction Moment Period

(yrs) (degrees) (Nm) (weeks)
A M 37 Trauma Elbow 27 6 4
B M 10 CP Elbow - left 20 7 4
Elbow - right 35 7 4
€ F 58 CVA Elbow 18 8 3
D M 63 CVA Elbow 43 7 5
E F 10 CP Elbow 10 7 5
F F 34 CcP Knee 12 14 4
G M 73 Trauma Knee 10 12 R
H M 27 Trauma Knee 10 12 4
I M 37 CVA Elbow 7 7 4
J M 41 Trauma Elbow 30 6 3
K E 8 CcP Elbow 40 6 3
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contractures had been considered a problem for
periods in excess of one year, whilst others had
been recognised as such more recently than this.

Discussion

The outcomes achieved in a variety of
conditions and patients over short treatment
periods in contractures which had existed over a
range of periods were encouraging. In nonc of
the patients was thcre failure to achieve
corrcction, though in one case the improvement
was only just outside the resolution of the
contracture measuring system. The preliminary
trial was undertaken with close clinical control
and paticnts were selected because it had not
becn possible to apply more conventional
physiotherapy. Previous ad hoc experience with
the system had suggested that success should be
achieved, so the results were to be anticipated.
particularly as the device merely provides a
more convenient means of applying long
established widely applied physiotherapy
stretching practices. The most likely explanation
for the success in patients for which it had not
been possible o achicve correction previously is
that the trcatment can be applicd over
considerably longer periods than is practicable
with a direct physiotherapy input.

It was noticeable that the torque applied to
elbow joints (6-8Nm) was higher than the 2Nm
previously reported {Keeping and Major, 1999).
No significance should be attached to this
difference which is a rcflection of particular
patient circumstances and individual clinical
opinions. It is significant that estimations of
appropriate  torque for elbow joints is
consistently lower than for knees.

There are some obvious parallels between the
CCD and senal plastering. Both seek to apply a
corrective moment by direct mechanical means.
However, serial plastering is unable to maintain
its corrective moment as contracture is reduced
and has to be re-applied with the joint stretched
to its new limit. This Js inconvenient in that it
requires the patient to re-attend the clinic, and it
ties up valuable resources at the Hospilal. Initial
cost of a CCD is likely to be greater than that of
a single application of a plaster. However,
successive re-applications of a plaster is an
expensive option, particularly if proper
consideration is given to overheads and staff
time. Lehmkhul (1992) reported that re-
applications of plasters on an approximately 3

day cycle over a 3 to 6 week period was
necessary to achieve effective correction. Re-
application of plasters required two staff
working for 1 to 1.5 hours. It is clear on that
basis that CCD would, in comparison, be an
economically viable option. The ability to
specify periods of treatment each day also
provides the possibility of the patient
maintaining functional activity involving the
limb with the affected joint when the device is
removed. Daily hygiene and clinical inspection
are also possible with a system which can be
removed. Patient comfort is also likely to be
enhanced by an ability to move the joint against
the corrcctive moment in order to relieve cramp
or cope with an unexpected functional
requirement.

Conclusion

The main purposc of the trial has been
vindicated in that similar clinical outcomes to
those demonstrated by the developers have been
achieved by a routine orthotic supply service
working in collaboration with clinicans faced
with difficult joint contracture problems. 1t was
not intended at the current stage of development
to establish a full prospective clinical trial of the
treatment system. The limited ambitions of the
project and the successful outcome are
nevertheless an important step forward in
providing the confidence needed to support any
future proposals for a full prospective (rial of the
system.

Physiotherapists who routinely  apply
stretching techniques will recognise that the
system does not propose radically new treatment
options, but merely provides a more convenient
mcans of maintaining their routines over longer
periods. Serial plastcring and the CCD are
clearly analogous and any clinical condition for
which serial plastering is contemplated is
equally appropriate for the CCD. The
consistency of the success achieved without
complications is greatly encouraging and
supports continuing clinical application of the
system in situations wherc more conventional
clinical options arc not possible, or may be
inappropriate.
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Technical note

RTYV silicone elastomers in hand prosthetics: properties,
applications and techniques
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Abstract

In this technical note, an overview of RTV
(room-temperature-vulcanising) silicone
elastomers is provided. The properties and
applications of 3 different types of RTV
silicones in producing prostheses for the hand
are discussed. Vinyl polysiloxanes are excellent
silicone impression materials that offer the
advantages of a rapid cure, near exact
duplication of fine details and ease of removal of
the cured impression without permanent
deformation. RTV-2 dimethy! polysiloxanes are
ideal for mould-making and fabricating
prostheses given their favourable qualities that
range from ease of pigmentation, adjustable
comsistency, manageable curing rate and
accuracy in recording fine details in the liquid
state to excellent stain-resistance, elasticity and
biodurability in the vulcanised state. RTV-1
dimethyl polysiloxanes are self-curing, rcady-
for-usc silicones that adhere adequately well to
most substrates and are useful for extrinsic hue
modifications and waterproofing of the
prosthesis. The basic techniques for each of
these applications are also discussed.

The cure-inhibition of addition-curing RTV
silicones by sulphur-. tin- and nitrogen-
containing contaminants and its damaging
conscquence is highlighted. A compilation of
known contaminating agents is provided so that
prior contact with these objects can be avoided
when working with addition-curing silicones.
The precautionary measures to prevent the
problem are also outlined.

All correspondence to be addressed to Professor
Robert W. H. Pho, Department of Orthopaedic
Surgery, The National University of Singapore, 10
Kent Ridge Crescent, Singapore 119260, Singapore.
Tel: (+65) 7724340, TFax: (+65) 7732558.
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Introduction

Silicone elastomers, because of their unique
combinations of qualitics, have expanded the
armamentarium available to prosthetists and
added to the quality of rehabilitation for many
patients. Silicone elastomers are now being used
to produce roll-on suction sockets for both lower
and upper limb prosthetics, prostheses for the
upper limbs and maxillo-facial region, in
addition to insoles in podiatry. However, many
practitioners arc inadequately familiar with
silicone materials and their fabrication
techniques, particularly as applicd to hand
prosthetics. There are several rcasons for the
unfamiliarity. Firstly, silicone products are
readily available from established manufacturers
without the need for the practitioner to be
directly involved with their fabrication.
Secondly, prosthetic programmes offered by
educational institutions worldwide do not
normally include laboratory instruction on the
fabrication of aesthetic upper limb prostheses
which must include silicone as a material of
choice. Thirdly, the number of published reports
on the exploitation of silicones in prosthetics did
not seem 10 match their application growth in
this field. However, the future will likely see a
continued widespread use of silicones in
prosthetics and present a challenge to the general
practitioners to broaden their scope of
capabilities to include silicone impression/
fabrication techniques.

The authors have worked with the various
grades of silicones over the past |1 years in the
course of developing and fitting hand and finger
prostheses (Lcow ef al., 1998, 1997 and 1996,
Pecreira er al., 1996). Despite their many
qualities, a sound understanding of the physical
properties and manipulative variables of silicone
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hollow mould which is then inverted to drain off
the excess material, leaving behind a thin layer
of silicone adhering to the inner surfaces. The
silicone layer is cured to a solid but supple
prosthesis and withdrawn from the mould.

A significant drawback of silicones lies in
their poor tear strength which. depending on
grades, ranges 14-27kg/cm, die B (Lynch,
1978). For prosthetic application, tear strength
can be increased by reinforcing the prosthesis
with nylon fabric where it is prone to tearing,
such as the proximal section which is subject to
repeated stretching during donning and dofling.
Reinforcement can be uchieved by Jamination of
the fabric between silicone layers. For a strong
reinforcement, thc moulding mixture must be
fluid enough to permeate the intricate mosaic of
fibres and pores of the fabric

RTV-1 dimethyl polysiloxanes — for finishing
prostheses

RTV-1 methyl silicones are ready-for-use,
self-curing silicones widely used in the industry
as sealants, adhesives and coating agents. The
time-consuming pracess of colour-matching that
would expose the material to atmospheric
moisture and trigger the curing process makes
them unsuitable as a base material for
fabricating prostheses. However, because of
their self-curing property and good adhesion to
substrates as varied us wood, glass, masonry,
metals, plastics and all types of silicones, RTV-
1 methyl silicones are useful when finishing a
prosthesis. The clear soft paste grades can be
pre-mixed with colour pigments and used to
render subtle shades extrinsically on a
completed prosthesis 1o camouflage minor
colour discrepancies. They can also be uscd to
seal and waterproof the [oamed material used to
fill the hollow segment of the prosthesis —
keeping a prosthesis dry at all times is important
in preventing fungal growth (Leow et al., 1997).
Another advantage is that small amounts of the
material usually needed for thesc thinly coated
finishings can be readily dispenscd and cured.

Cure inhibition of addition-curing RTV
silicones

A property peculiar to addition-curing RTV
silicones is their susceptibility to cure-inhibition
by sulfonatcs, amines, urethanes, unsaturated
hydrocarbon plasticisers, organometallic salts
and materials containing sulphur, tin and

nitrogen (Hechtl, 1991; Lynch, 1978). When
addition-curing silicones come into contact with
these materials, the curing process is inhibited,
lcaving an uncured or tacky surface at the
contaminated arcas. the cure-inhibition is caused
by the “poisoning” of the platinum catalyst by
the contaminants which impairs the crosslinking
process necessary for full vulcanisation.

Despite its detrimental effeet, documentation
on the subject of cure-inhibition of addition-
curing silicones has been scarce and brief, even
in textbooks on silicone technology.

More deserving attention was confined to
dental literature but these reports concerned only
vinyl polysiloxanc impression material, with
latex gloves being solely incriminated as the
contaminating agent (Browning et al, 1994;
Kahn and Donovan, 1989). The fact that RTV-2
methyl silicones, widely used for mould-making
and [fabricating prostheses, are equally
susceplible to cure-inhibition cannot be
overstated. A completed prosthesis so affecled
would have to be rejected as no subsequent
attempts can cure it into a resilient rubber.

Unfortunately, since it is frequentty not
possible to tell the chemical contents (e.g. as
sulphur-containing) of the objects around from
the outset, a contaminating agent is often
identified only after a cure-inhibition has
occurred. A beneficial contribution would
thereforc be a compilation of a list of known
contaminating agents so that prior contact with
these objects can be avoided when working with
addition-curing silicones. Muny commonly used
ileros are unsuspecling menaces that loor large
in a laboratory. Based on the authors” expericnce
and printed information from two leading
silicone  manufacturers, some  common
contaminating agents include:

(i)  soft PVC tapes (adhesive side);

(1) masking tapes (adhesive side);

(ifi) modeiling clay containing sulpbur;

(iv) neoprene;

(v) polyesters;

(vi) plastics containing residual plasticisers;

(vii) RTV silicones containing organo-tin
catalyst;

(viii) latex gloves;

(ix) vinyl gloves;

(x) rubber bands;

(xt) ink erasers and any such rubbery items.

New contaminating agents can be added to the
list as and when they are discovered. As an
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added insurance against a potential cure-

inhibition, the following precautionary measures

should be observed working with addition-
curing RTV silicones:

1. a pre-test to ascertain full care is
recommended whenever new modelling
malerial 1s to be used;

2. use a clean brush when applying release
agent on models or mouids;

3. use disposablc vinyl or polyethylene gloves
—latex and vinyl gloves are forbidden;

4. if bare hands are to be used to handle
models, be mindful of any prior contact with
known contaminating agents (¢.g. hands that
had prcviously worn latex gloves!);

5. as an added protection. wash hands
thoroughly with washing liquid;

6. discard any contaminated models or moulds
and start anew — do not wash and re-use.

When a cure-inhibition has occurred, it is
important to identify and eliminate the source of
the contamination so that it is not carried onto
the subsequent procedures. Although thorough
washing of the contaminated surfaces reduces
the extent of the problem, the contaminants arc
extremely stubborn and difficult to remove

completely. It certainly helps to know that just a

minute amount of contaminant is sufficient to

produce a damaging cffect.
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Technical note

Metamerism in aesthetic prostheses
under three standard illuminants — TL84, D65 and F
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Abstract

This study looks at the effect of metamerism
in colour-matching and the assessment of multi-
layered silicone rubber finger prostheses. The
aim was to identify the choice of illuminants for
colour matching the prostheses that would give
rise to the least metameric effect between the
prostheses and the human skin or the best colour
match. The prostheses were prepared and colour
matched to a fair-skinned subject under 3
reference illuminants — TI.84, D65, I and a
combination of illuminants — TL84, 1365 and F.
The prostheses were then measured for colour
using a spectrophotometer based on the CIE
indices L*, a* b* with cach prosthesis asscssed
separately against the subject’s index finger
under the reference illuminants — TL&4, D65 and
F. The prostheses were also assessed by a panel
of 50 observers and scored according to colour-
match. Colour differences between the skin and
prosthesis were measured in the illuminant
under which the prostheses were prepared and
then under the other reference illuminants. A
relationship was obtained between the measured
mean colour diffcrence, AE* and the mean
visual assessment score for cach prosthesis. This
paper points out the concerns related o the
optical phenomenon of metamerism with the
colour pigments used. This can affect the colour
match of the prosthesis as perceived by the
patient. The findings seem to suggest that this
metameric colour difference can be minimised it
the prosthesis is matched under a combination of
lights, which were {ound 10 give (he best-
perceived match.

All correspondence to be addressed to Professor
Robert W. H. Pho, Department of Orthopacdic
Surgery, The National University of Singapore, 10
Kent Ridge Crescent, Singapore 19260, Singapore.
Tel: (+65) 7724340; Fax: (+65) 7732558,
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Introduction

In the restoration of the upper limbs and
maxillofacial region with acsthetic prostheses,
an accurate colour reproduction is always crucial
to acceptance and use. However, the quality of
the colour match can differ when viewed under
different light sources. Most often a good colour
match between the prosthesis und the skin
obtained under one light source may not have
similar match under a different light source. This
is attributed to the difference tn the pigments
present in the skin and in the prosthesis. This
optical phenomenon, whereby the reflectance
spectrum of objects with dissimilar pigment
contents changes under different illuminant, is
known as metamerism (Judd and Wyszecki,
1975).

The colour of human skin is mainly
characterised by five pigments interspersed
within its stratified architecture {Anderson and
Parrish; 1981; Williams and Warwick, 1980;
Agache et al., 1989; Leow ef «l.. 1996). They are
melanin  (brown), melanoid (brown)., and
carotene (yellow 10 orange) in the dermis layers,
and the haemoglobin (purple and bluish-green)
and oxyhaemoglobin in the vascular system.
Prostheses are usually colourcd using synthetic
pigments, When a colour reproduction of a
prosthesis is matched against the skin of the
patient, the prosthetist attempts to adjust the
amount and type of pigments used with the
prosthetic base material until what he sces or, the
reflectance spectrum, is similar to that of the
skin. That is, under the illuminating light source,
a colour match would be reached when the same
wavelength of light is reflected from both
matching surfaces. When different illuminants
are used. the same prosthesis and skin surfaces
may give a different reflectance spectrum,







Prosthesis| Type of lighting Mean (SD) L*, a*, b* values Colour pigments used to obtain the ¥ a,b*
used for under D65 light source values
colour-matching (ml / 1kg of silicone rubber)
Layer ! o a* b* #] | H2 | #3 | #4 | #5 | #6 | #T | #8
| TL84 Outer | 79.00 (0.04) [ 9.56 (0.06)|24.71 (0.11)| § | 8 | 2 - - | - -
(White light) Inner | 56.44 (0.37) | 12.87 (0.08) | 23.06 (0.09)| 60 | 12 | 5 -2 -1- -
2 D65 Outer | 79.00 (0.04) | 9.56 (0.06)|24.71 (0.11)| 5 2 = e o=
(Daylight) Inner | 56.81 (0.09) | 7.91 (0.07)| 25.55 (0.03)| 50 - 40| 6 | - -
3 F QOuter | 79.00 (0.04) | 9.56 (0.06) | 24.71 (0.11) 8|2 -1 -1 - - -
(Yellow light) | Inner | 53.75 (0.13) | 20.33 (0.04)| 1147 (0.02)| - | = | = | = | 30 | 31 | 115 32
4 Combined Outer | 79.00 (0.04) | 9.56 (0.06)|24.71 (01| S | 8 | 2 -1 -1-1- -
(TL84-D65-F) | Inner | 57.98 (0.11) | 12.29 (0.09)| 21.18 (0.06)| 60 | - | 4 5 -| =17 -
Pigment used:
#1 -Basic Medium Brown; #2 -Basic Yellow:
#3 —Master Brown; #4 -Master Yellow;
#5 —Master Blue; #6 —Master Sienna;
#7 —Master White; #8 ~Master Red.
4

Difference in CIE colour Attribute characteristics
co-ordinates

AL* Increase Darker shade
Decrease Lighter shade

Aa* Increase More red
Decrease More green

Ab* Increase More yellow
Decrease More blue




Assessed under different illuminants

TL84 D65 F
L¥ a* b* L* a* b* L% a* b*
Standard - (subject’s dorsal | 58.81 14.71 21.78 | 57.83 1090 | 18.26 | 60.17 17.25 20.39
skin on the finger)
Prosthesis | (TL84) 57.36 1266 | 21.80 | 56.00 1244 | 19.09 58.55 14.94 2277
Prosthesis 2 (D65) 57.77 11.17 | 21.89 | 5642 1140 | 19.26 58.87 13.85 2281
Prosthesis 3 (F) 56.49 15.26 18.56 | 55.23 1478 | 16.11 5791 17.28 20.28
Prosthesis 4 (TL.84-D65-F) | 57.80 13.51 2158 | 56.38 13.28 18.85 59.03 15.67 22.76
Indices based on assessment under reference illuminants

TL84 D65 F
Prosthesis prepared under | £y« | Agx | Ap* | aE* | aL* | aa* | ab* | AE* | AL*| Aa* | 2b* | AE*
different illuminants
Prosthesis 1 (TL84) -1.45 | -2.05 | +0.02| 251 | -1.83 | +1.54| +0.83| 2.53 | -1.62| -2.31 | +2.38| 3.69
Prosthesis 2 (D65) <104 | -3.54 | 4011 3.69 | -1.41]+0.50( +1.00| 1.80 | -1.30| -3.40 | +2.42| 437
Prosthesis 3 (F) -2.32 | +0.55| -3.22| 4,01 | -2.60| +3.88 -2,15| 5.14 | -2.26({+0.03| -0.11| 226
Prosthesis 4 (TL84-D65-F) | -1.01 | -1.20 | -0.20| 1.58 | -1.45| +2.38| +0.59| 258 | -1.14| -1.58 | +2.37| 3.07




4 4 &,
4
Aggregate mean (SD) qualitative score

Prosthesis prepared under Visual assessment of prosthesis under the reference illuminants

TL84 D65 F
1 (TL84) 8.00(SD. 1.11)* 6.20 (SD, 1.74)* 5.73(SD, 1.81)*
2 (D65) 7.03 (SD, 1.58)" 7.55(SD, 1.41)" 293 (SD, 1.85) "
3(F) 5.90 (SD, 1.57)" 5.53(SD. 141)" 8.05 (SD, 1.18) *
4 (TL84-D65-F) 8.28 (SD. 1.22) * 733 (SD, 1.58)* 6.05(SD, 141)"

The superscript indicates the homogenous subsets (a-¢) from a Scheffe post-hoc multiple range test based on a ANOVA,
F=39.472, p<0.001.
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Calendar of Events

National Centre for Training and Education in Prosthetics and Orthotics
Short Term Courses 1999-2000

Courses for Physicians, Surgeons and Therapists

NC504 Lower Limb Orthotics; 22-26 November, 1999
NC505 Lower Limb Prosthetics; 24-28 January, 2000

NC510 Wheelchairs and Seating; 1-3 February, 2000

NC514 Management of the Diabetic Foot; 13-14 March, 2000
NCS11(A) Clinical Gait Analysis; 28-29 March, 2000

NC506 Fracture Bracing; 22-26 May, 2000

NC511(B) Clinical Gait Analysis; 29-30 August, 2000

Courses for Orthotists and Therapists

NC217 Ankle Foot Orthoses for the Cerebral Palsied Child: 1-3 December, 1999
NC224 Hand Trauma, 18 February, 2000

Courses for Orthotic Technicians

NC606  Orthotic Technician Training

Core Knowledge 6-7 December, 1999
NC604  Orthotic Technician Training

Module | 6-17 December, 1999

Module 2 5-14 January, 2000

Module 3 2-12 May, 2000

Module 4 15-26 May, 1999

Further information may be obtained by contacting Prof. J. Hughes, Director, National Centre
for Training and Education in Prosthetics and Orthotics, University of Strathclyde, Curran
Building, 131 St. James’ Rd., Glasgow G4 OLS, Scotland. Telephone: (+44) 141-548-3298,
Fax: (+44) 141 552 1283, E-mail: annette.hepburn@strath.ac.uk

8-13 August, 1999

17th Congress of the International Society ot Biomechanics, Calgary, Canada.

Information: Secretary General, 1999 ISB Congress, Faculty of Kinesiology, University of Calgary,
2500 University Drive N.W. Calgary. Alberta T2N 1N4, Canada.

12-15 September, 1999

4th Asian-Pacific Conference of Medical and Biological Engineering, Seoul, Korea.

Information: Sun L. Kim, Secretary General APCMBE 99, Dept. of Biomedical Engineering, Graduate
School Hanyang University,17 Heungdang-dong, Sungdong-ku. Seoul 133-791 Korea.

30 September-2 October, 1999
ISPO (Chilc) Seminar on Orthotics and Prosthetics of the L.ower Limb, Santiago, Chile.
[nformation: ISPO Chile, Av Lib Bdo O’Higgins No. 4620, Santiago, Chile.
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2000

6- 8 January, 2000

Intcrnational Conference on Rehabilitation Medicine, New Delhi, India.

Information: Dr. U. Singh, Conference Secretariat, IAPMRCON 2000, Department of Physical
Medicine and Rehabilitation, Aill India Institute of Medical Sciences, Ansari Nagar, New Delhi
110029, India.

13-14 January, 2000

OPSI XIV National Annual Conference, Mumbai, India.

Information: All India Institute of Physical Medicine and Rehabilitation, Haji Ali Park, Mahalaxmi,
Mumbai 400034, India. Tel: (+91) 22 4964331/2; Fax: (+91) 224962737, E-mail:
aiipmr @bom2.vsnl.net.in

1-4 March, 2000

ISPO Latin American Multidisciplinary Rehabilitation Congress, Curacao.

Information; ISPO Caribbean, Mauritslaan 8, Emmastad, Curacao, Neth. Antilles. Fax: (+599) 9 737
5985

15-18 March, 2000
American Academy of Orthotists and Prosthetists Annual Meeting, San Diego, USA.
Information: AOPA, 1650 King St., Suite 500, Alexandria, VA 22314, USA.

15-19 March, 2000
American Academny of Orthopaedic Surgeons Annual Meeting, Orlando, USA.
Information; AAOS, 6300 North River Road, Suite 727, Rosemont, 1L 60018, USA.

1-4 May, 2000
Annual Meeting of the Pediatric Orthopaedic Society of North America, Vancouver, Canada.
Information: POSNA, 6300 North River Road, Suite 727, Rosemont, 1L 60018, USA.

1-18 May, 2000

ISPO Course on Lower Limb Amputation Surgery and Related Prosthetics: Compound Fractures,
Sun City, RSA.

Information: J. Ginsberg, 8 Rosebank Medical and Dental Centre, 11 Swurdee Av., Rosebank 2196,
Republic of South Africa.

30 May-2 June, 2000
Orthopaedie and Reha-Technik World Congress, Leipzig, Germany.
[nformation: BIV. Pastfach 10 06 51, D-44006 Dortmund, Germany.

1 June -31 October, 2600

Health Futures, Expo 2000, Hanover, Germany.

Information: Ms. Monika Gehner, Office of the Director, Division ol Health Promotion, Education
and Communication, World Hecalth Organization, 20 Avenue Appia, CH-12I1 Geneva 27,
Switzerland.

7-10 June, 2000

50th Congress of the Nordic Qrthopaedic Federation, Tampcere, Finland.

Information: NOF 2000 K-Building, Room 307, Medical School, University of Tampere, PO Box 607,
FI-33101 Tampere, Finland,

21-28 August, 2000
ISPO Seminar and Workshop on Treatment of Poliomyclitis, Moshi, Tanzania.
Information: Mr. Harold Shangali, Director, TATCOT at KCMC, PO Box 8690, Moshi. Tanzania,
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27-30 August, 2000

12th Conference of the European Society of Biomechanics, Dublin, Treland.

Information: Dr. Patrick J. Prendergast, ESB 2000, Incentive Conference Ireland, 1 Pembroke Place,
Ballsbridge, Dublin 2, Ireland.

4-7 September, 2000

3rd Mediterranean Congress on Physical Medicine and Rehabilitation, Athens, Greece.

Information: Congress Secretariat, Triaena Tours, 24 Har. Trikoupi St., 106 79 Athens, Greece.

3-7 Octaober, 2000
American Orthotic and Prosthetic Association Annual Assembly, Washington, USA.
Information: AOPA, 1650 King St., Suite 500, Alexandria, VA 22314, USA.

5-7 October, 2000

Sth Nordic Orthopacdic Technical Congress, Oslo, Norway.

Information: Jarle Aga, Congress Secretary, Faculty of Health Sciences, Oslo College, Pilestredet 56,
N-0167 Oslo, Norway.

9-13 October, 2000

Annual Meeting of the European Spinc Society and European Spinal Deformity Society, Antwerp,
Belginm.

Information: R. Gunzburg, M.D., Neillonstr. 14, 2600 Berchem, Belgium.

10-14 October, 2000

Eurospine 2000: Annual Meeting of the Spine Society of Europe, Antwerp, Belgium.

Information: Robert Gunzburg, Eeuwfcesikliniek-Kliniek, Harmonicstraat 68, B-2018 Antwerp,
Belgium.

21-24 October, 2000

39th Annual Scicntific Mceting of the International Medical Society of Paraplegia, Sydney, Australia.
Information: International Society of Paraplegia. Conference Action Pty Ltd., PO Box 1231, North
Sydney, NSW 2059, Australia.

25-28 October, 2000

15th Annual Meeting of the North American Spine Society, New Orleans, USA,

Information: The North American Spine Society, 6300 North River Road, Suite 50§, Rosemont,
IL 60018-4231, USA.

3.5 November, 2000
39th Annual Meeling of the International Medical Society of Paraplegia. Sydney, Australia.
tnformation: ISP, Conference Action Pty Ltd., PO Box 1231, North Sydney, NSW 2059, Australia.

2001

1-5 July, 2001

10th World Congress of the International Society of Prosthetics and Orthotics, Glasgow, Scotland.
Information: ISPO Congress Secretariat, c/o Meeting Makers, Jordanhill Campus, 76 Southbrae Drive,
Glasgow GI13 1PP, Scotland. Tel: +44 (0) 141 434 [500. Fax: +44 (0) 141 434 1519. E-mail:
ispo@meetingmakers.co.uk

7-13 July, 2001

Ist World Congress of the International Society of Physical and Rehabilitation Medicine, Amsterdam,
The Netherlands.

Information: Eurocongres Conference Management, Jan van Goyenkade 11. 1075 HP Amsterdam,
The Netheriands.




