








I T ___% gl i i
._____E_E__F ;

i _E_L_g_




Prosthetics and Orthotics International, 1999, 23, 187

Editorial

The International Society for Prosthetics and Orthotics now has approximately 3000 members from
more than 80 countrics and has 33 National Member Societies. Through its activities such as
congresses, conferences, seminars and courses it brings people {rom different economic and cultural
backgrounds together where experiences and problems can be shared and openly discussed. Through
the Society’s consensus conferences different aspects of prosthetics and orthotics have resulted in
promoting good practice through publications and courses. The Society is presently running a series of
courses in different parts of the world on amputation surgery and related prosthetics, the team
managcment of cerebral palsy, and the treatment of poliomyelitis. It is the intention of the Executive
Board to enhance this programme by examining further aspects of practice through further consensus
conferences and offering new courses based on their outcomes. At present the Board is exploring the
possibilities of a consensus conference on congenital foot deformities.

In a world where conllict and disagreement scem to be the order of the day it has been a pleasure
working in the field of prosthetics and orthotics where friendship and collaboration have resulted in
posilive developments especially in those regions of the world wherc the need is the greatest. Over the
years the Sociely has endeavoured to play its part in creating a forum for individuals, international and
national agencies, and non-governmental organisations from all parts of the world to exchange ideas
and discuss mutual problems. This has gone some way to allow the field of prosthetics and orthotics to
develop in a cooperative rather than a competitive manner.

The Society has developed good working relationships with most of the major international and
national agencies working in this field. These include the World Health Organisation (WHQ),
Interbor, the International Committee of the Red Cross (ICRC). Handicap International (HI), World
Rehabilitation Fund (WRF), Deutsche Gesellschaft fiir Technische Zussammenarbeil (GTZ), and the
United States Agency for International Development (USAID). Collaboration has included mutual
participation in congresses, conferences and meetings, and participation and support in ISPO
consensus conferences and courses. These collaborations have helped to bring individuals and
agencies closer together working for the common good. A good example of this appears in this issue
(p.189), the joint ISPO/WHO statement on The relationship between prosthetics and orthotics services
and communiry-based rehabilitation.

The consensus confercnces that the Society has organised would not have been so successful if it
were not for the support that many other agencics gave in supporting and participating in them. Thesc
conferences, in turn, have also provided the means of bringing individuals and agencies together and
help promole the concept of collaboration. The best example of this was the consensus conference on
Appropriate prosthetic technology for developing countries which was held in Phnom Penh,
Cambodia in 1995. This conference was held in collaboration with WHO and USAID. Its funding was
provided by USAID, ISPO and some individual agencies that provided support for their
representatives. The Cambodia Trust and the Cambodia National School of Prosthetics and Orthotics
provided the local organisation. The conference brought together 93 individuals representing 33
different agencies or organisations. It was the first time that so many different parties had been under
the same roof talking about the same problems. Such openness in the discussions resulted in a very
positive conference. One of the major recommendations ol the conference was: In order to optimise
the use of resources cooperation between agencies working in the same country or region is strongly
encouraged. As a result there has been much closer collaboration amongst the different agencies
involved in providing prosthetics and orthotics services not only in Cambodia but also in the
neighbouring countries.

Over the years there has been a very evident move towards closer collaboration amongst all
individuals and agencies that are working in the field of prosthetics and orthotics and the work of the
International Society for Prosthetics and Orthotics has played an important part in this.

Norman A, Jacobs
President
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At district level, in matters related (o prosthetics and orthotics, primary health care services will:

s providc training to community health/rehabililation workers in rehabilitation, including basic
prosthetics- and orthotics-related issues (see duties of community health/rehabilitation workers
above). There is a great need to educate and train community health/rehabilitation workers for their
role in prosthetics and orthotics. This training should be based on a curriculum set centrally.
Supervision and advice on Ltheir work in prosthetics and orthotics will continue to be necded as there
is no tradition or depth of experience in this field;

+ provide suppert in rehabilitation issues to the community;

« tefer persons with disabilities to the appropriate support or service Jevel together with information
about the needs and expectations of the person;

« monitor and evaluate prosthetics and orthotics services and programmes of disability prevention
from a district viewpaoint;

+ provide information to the provincial service level on the numbers of people with disabilities, the
types of disabilities found and treated, the numbers and types of devices fitted, and outcomes of the
services.

Provincial support level
This intermediate support level is situated in a provincial institution and, apart from other medical

and patamedical professionals, may be staffed by all categories of prosthetics and orthotics

professionals up to and including Category 11
The intermediate support level will:

« provide general prosthetics and orthotics services, including repair and replacement of devices. The
services that il should offer must include the most commeon and most needed prosthetic and orthotic
devices, i.e. prosthescs and orthoscs for the lower limb. However, devices for other levels may be
fitted if there is a particular need and demand for such a service;

» tefer persons with less common disabilities for specialist treatment to the specialised service level;

« participate in the training of primary health care personnel in prosthetics- and orthotics-related
subjects so that all these staff, in turn, can include prosthetics and orthotics issues in the training
they provide for community health/rehabilitation workers. As in the case of training for community
health/rehabilitation workers, the training of primary health care personnel should be based on a
curriculum sct centrally;

= provide support in rehabilitation issues to the district level;

+ monitor and evaluate prosthetics and orthotics services and programmes of disability prevention
from a provincial viewpoint;

« provide information o the specialised service level on the numbers of people with disabilities, the
types of disabilities found and treated, the numbers and types of devices fitted, and outcomes of the
services.

Specialised service level
The specialised service level is situated in a central or national institution and should be staffed by

all categories of prosthetics and orthotics professionals up to and including Category I.

The specialised service level will:

« provide specialised prosthetics and orthotics services, i.e. the full range of prosthetics and orthotics
devices and services;

+ contribute to the development and coordination of a national policy with regard to prosthetics and
orthotics services and referral. The specialised service level is expected to provide help and advice
to government in the development of its policy on the planning, organisation and administration of
prosthetics and orthotics services and national policics related to people with disabilities. This is of
great importance if the concept of community-based rehabilitation in prosthetics and orthotics is to
be adopted by a country;

 comiribute to the development of a central policy for disability prevention in the field of prosthetics
and orthotics;

+ contribute {o the organisation of programmes of education and training for all personne! involved in
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part of an overall plan so that resources are used effectively;

* Awareness of community-based rehabilitation and its role in prosthetics and orthotics needs to be
increased. There is a need to make the public, existing prosthetics and orthotics professionals and
the government aware of community-based rehabilitation and how it can be used to improve the
prosthetics and orthotics care systeni;

+ A team approach is crucial. When possible, proper use must be made of all members of the team in
order to ensure a better quality of rehabilitation.

To sum up, this document attempts to describe the relationship between prosthetics and orthotics
services and community-based rehabilitation. Tt shows how the services offered by central, provincial
and district institutions and the community can work together in helping to provide a comprehensive
prosthetics and orthotics service. It should be noted that no definitive model of community-based
rehabilitation in prosthetics and orthotics is available; each country should develop its own system
according to its needs and the resources available.
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Author(s) Year of Country Incidence Period

publication /100,000
Hanson 1964 Sweden 6-17 1947-62
Hierton and James 1973* Sweden 11-17 1947-69
Christensen 1976Y Denmark 13 1961-71
Mandrup-Poulsen and Steen Jensen 19820 Denmark 30 1971-79
Liedberg and Persson 1983k Sweden 32 1979
Kald et af 19890 Sweden 46 1980-82
Larsson and Risherg 1988P Sweden 38-30 1984-86
Pohjalainen and Alaranta 1988+ Finland 33-28 1984-85
Jones 1990* Austrahia 23-24 1981, 1983-84
Lidperi et al. 19934 Finland 22 1989
Siitonen er al 19930 Finland 27 1978-84
Wahlberg ef al. 19942 Sweden 26-16 1987-91
Van Buskirk ef al 19944 USA 16 1985-87
Ebskov et al, 19942 Denmark 35,25 1983, 1990
Larsson er al. 1995¢ Sweden 16-4 1982-93
Semnbo et al, 19967 Sweden 42,22 1979, 1994

a = all causes of amputation included

b = peripheral vascular disease with or without diabetes
¢ = diabetic patients only

d = non-diabetic patients peripheral vascular disease
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Kolind-Sgrensen, 1974, Stewart er ol., 1992
Helm et af., 1986). Before discussing long lerm
survival for NDMVT it is interesting 10 compare
the curves with the normal population. For the
normal population (age correlated) the median
survival is about 8 years. Tibell (1971) analysed
the long term survival for patients with
arteriosclerosis obliterans or with DM (first
admission between 1949 and 1965). The 50%
survival in the arteriosclerosis obliterans group
was about 2.2 years. The 50% survival in the
DM group was a little higher averaging 3 years.
Comparison of the 3 different conditions: the
normal individual, the arteriosclerotic individual
(with or without DM) and finally the amputce
(with  or without DM) indicates thal
survival/mortality  after  amputation s
multifactorial and that the amputation as an
isolated factor seems to be less important than
the actiological cause of amputation i.c.
arteriosclerosis with its generalised
manifestations affecting the brain, heart and
kidneys.

Stewart e/ al. (1992) analysed long term
survival for DM patients versus non-diabetic
vascular insufficiency patients. They found a
significant (p<0.006) difference between the
groups in favour of the non-diabetic group. The
author has found the opposite with a
signiflicantly better survival for the DM group
even though the curves converge after about 7
years. On the other hand the 50% survival (i.e.
mean survival) found by Stewart e af, (1992) is
much better than the survival found in this study.
Actually the 50% survival for both NDMVI and
DM (total materials) is less than the 50%
survival among TF amputees in Dundee in the
period 1970 10 1979 found by Stewart er af
(1992). A survival which they actually have
doubled for the period 1980-%9 to about 6 years.
Bodily and Burgess (1983) found a 50%: survival
of about 3.5 years (n=55, combined NDMVI and
DM). Rasmussen e of. (1982) found a 50%
survival averaging 20 months (n=38. NDMV]),
Mandrup-Poulsen and Jensen (1982) found
{n=310. combined NDMV! and DM) a 30%
survival of aboul 2 years and 7 months. Helm et
al. (1986) found (n=257, combined material
with NDMVI, DM and 7 trauma) a 50% survival
of about 2 years. Larsson (1994) found a 50%
survival in diabetics (n=220) of about 3 years
{after major amputation). Hansson (1964) found
a 50% survival of about | year (combincd DM

and NDMVI).

Increase in survival over time has been
analysed by Harris et af. (1988) who compared
the period 1970-1979 (116 cases) with the
period [980-1989 (189 cases) (3 years 2 months
versus 3 years 11 months) and found no
statistically significunt improvement, even
though the tendency was positive. As mentioned
above, Stewart e/ al. (1992) found an impressive
improvement in long term survival, With the
more limited time interval the author could not
find the same positive tendency in Denmark: on
the contrary it scems that the survival has been
decrecased.

The literature review shows a quite clear
picture concerning survival after amputation.
The tendency is that specialised orthopaedic
centres scem to achicve better survival as
compared to figures from lurger areas where the
data include figures from departments with less
routing experience m amputation surgery. On
the assumption that the materials (Dundee
versus present) are comparable one of the
explanations for the better survival figures is the
superiority of centralisation and Stewart and Jain
(1993} belicved that an integrated approach 1o
amputation and subsequent rchabilitation is
obviously an advantage. This point of view is
supported by the {act that a significant difference
(log rank (est, p<0.00001) was found between
the 3 types of departments which actually are
engaged in amputation surgery in Denmark
(Ebskov, 1992),

As indicated by the Cox analysis and the log
rank test level of amputation is an important
tactor as regards long term survival. Level of
amputation is influenced by several factors Le.
the experience of the surgeon, the possibility to
perform level selection by paraclinical tests
(skin perfusion cie} und the impact of vascuclar
surgery. As regards the two first mentioned
factors it seems obvious that these factors are
enhanced by centralisation. The influence of
vascular surgery on the epidemiology of
amputations is well-documented  (Holstein,
1996; Ebskov er of . 1994; Eickhoff, 1993;
Pedersen er af.. 1994; Maues et @/, 1997) but the
epidemiological inteructions in relation to level
of amputation (and long term survival) are less
simple and are controversial (Burgess and
Marsden, 1974; Scthia er al . 1986; Tsang et al.,
1991: Gregg. 1985: Kazmers ef /., 1980; Evans
ef af . 1990: Dardik ef al., 1982). Stewart ef al.
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(1993) found that 54% of the vascular cases in
Dundee Limb Fitting Centre had a history of
vascular surgery prior to amputation and that
failed vascular surgery deteriorates the TT/TF
ratio. The frequency of post revascularisation
amputations is not higher than 50% in Denmark
{Thomsen et al., 1995). However the TT/TF
rativ in the Dundee Limb Fitting Centre is more
favourable (primary amputations 2.6, post-
revascularisation amputations 1.8) than n the
present study (1otal material 1.06).

The relation between long term survival and
level of amputation has been described by other
authors (Pohjolainen and Alaranta, 1988;
Larsson, 1994; Mandrup-Poulsen and Jensen,
1982).

SMR and long term survival are important
epidemiological factors. The present study
demonstrates that continuous surveillance s
important and should be performed to detect
differences between geographical areas with
differcnt organisations. The study indicates it
may be possible to improve survival after
amputation in Denmark.
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Prevalence and causal conditions for amputation surgery in the
third world: ten years experience at Dodoma Regional Hospital,
Tanzania

A.LORO and F. FRANCESCHI

The Orthopaedic Depariment. Dodoma Regional Hospital, Dadoma, Tanzania

Abstract

This is a partly retrospective study of 252
major limb amputations carried out in regional
hospital in Tanzania over a period of ten years
mostly by the authors.

The paper reports on the aetiology and levels
of amputation and identifies prevalence and scx
of the amputees. The causes of amputation -
classilied under tumours, vascular diseases,
trauma, inlections, burns, animal bites,
iatrogenic  causes, maduromycosis  and
miscellanea — are discussed with particular
reference to the influence of the environment,
cultural habits and local customs.

Introduction

This investigation was performed at the
Orthopaedic Department of Dodoma Regional
Hospital, one of the few orthopaedic centres
currently operating in Tanzania.

It scrutinises all the available data concemning
252 major limb amputations, which werc carricd
out from 1983 to 1992. The paper is an
epidemiological research aimed at investigating,
as accurately as possible, the field of amputation
surgery in a developing country.

It is a report tocusing on topics which were
raised or hinted at by a paper published a few
years ago (Loro et al, 1990}, to which the
rcaders are referred, because 1t offers still valid
general information about the Region, the
hospital, the working setting and the local
facilities. When comparing the resulting data
with those reported by similar studies conducted

All correspondence to be addressed to Antonio Loro,
Via Chiesa 28, 35044 Montagnana, Padova, Italy.
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in western countrics, one can easily appreciate
the peculiarities and the clear differences,
mainly when consideration is given to gencral
parameters, such as age and aetiology, or to
specific ones such as amputation level,

Looking at the different aetiological groups
(Table 1), one of the inost interesting points
concems their classification and their relative
percentages as regards the total, with tumours
topping the list, followed by vascular discascs.

Traumatic injuries was the third most
prevalent group, with injuries at work and a
rising number of motor and train accident
victims, a trend reported also by other African
countries during the last years.

Finally, there was a group of causes
representing almost 25% of the total number that
indicatc how the environment, cultural habits
and local customs may play a role as cause or
predisposing agents.

Materials and methods

In the period under revicw, 241 paticnts
underwent limb amputations of these, 8 lost two
limbs while one lost all four limbs. There were
172 males and 69 females, with a mean age at
the time of operation of 39.5 years (minimum 20
days, maximum 71 years). This parameter has
shown greal varation in relation to the specitic
actiological agents.

There were 214 amputations involving the
lower limbs of 207 patients (148 males and 59
females) and 38 upper limb amputations
performed on 34 patients (24 males and 10
females). Table 2 shows the distribution of
different types of amputation,

With the exception of a few cases, all
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Even the four patients with findings
suggestive of Buerger’s were all males, three
were older than 60 years and only one was an
active smoker.

Open questions and doubts remain when the
most consistent group included in this section is
addressed, because 1o date there is no
histological cvidence 1o support sure
classification. However, on the grounds of
prevalence of Buerger’'s disease, records ol this
group of thirty patients were reviewed and,
retrospectively, it was possible to separate 15
cases ol probable thromboangioitis obliterans,
four involving the upper limbs.

On the other hand no useful clues were found
for classification of five cases of foot gangrene
observed in three children aged 2 years, 2 years
and 6 months and 6 years, even if a coagulation
disorder was postulated. Parents denied
permission for antopsy examination in all the
cases,

No explanation was found for ten patients and
they were included into the general group of
“idiopathic peripheral gangrene” or “gangrene
of unknown origin” {Barr ¢f al., 1972; Steiner
and Hutt, 1972), Among them, one patient
reported that his hand became necrotic after
taking, three weeks carlier, a full course of
chloroquine for a malaria attack, while two other
patients reported a history quite similar to that
described by Gelfand (1947). Furthermore in
three cases histological examinations reported
inconclusive findings, because the pathologist
was unable to further classify the evident
vasculitis or to explain the simple venous
thrombosis.

Trauma

Out of 39 amputations included in this group,
10 were due to casual accidents, 4 1o injuries at
work, and 17 were due to motor and train
accidents.

Criminal actions were responsible for 8
amputations. Among them, six occurred during
cattle rustling; five were caused by pangas or
axes and one by a gun-shot. One alleged thief
lost both upper limbs after a rope was tied
around his arms and he was left helpless for
several hours in the bush (amputations were
performed seven days apart).

Infections
Chronic osteomyelitis required lower limb

amputation in four patients; three of whom were
children aged less than 15 years and all had been
repeatedly operated on before reaching the
authors’ institution.

Five amputations were due to gas gangrene,
all following an overlooked thorn prick injury;
three to the muscles of the calf region and two to
those of the forearm. All the interventions were
performed as emergency procedures in rapidly
evolving life-threatening conditions. Scven
ablations were due to severe limb infections
secondary 1o an inappropriately managed open
injury. In six patients, all but one coming from
other hospitals operating in the arca, it was
necessary to resort to an open type of amputation
in order to eradicate the infection,

Interestingly one upper limb amputation was
carried out for an extensive hand phlegmon
following an improperly managed human bite
that had occurred a few days earlier.

Burns

Fire and epilepsy arc considered together in
this section grouping 15 amputations, mostly
performed in young people and sometimes in
infants.

In villages, the custom to place cooking fires
at floor level predisposes to burns children who
craw! or play inside or around the hut, especially
when they are in custedy of young sisters.
Besides that, there seems to be a link between
fire and epilepsy, considering the relatively high
number of epileptic patients who got burnt when
left alone. In this series, this link was recorded in
six patients.

Although there is no satisfactory explanation
for this common observation, it is suggested that
fire, with its changing and flashing light, could
trigger epileptic crises.

On admission, the bumnt limbs were all in a
condition of dry gangrene or mummification,
with exposed beones and joints. Furthermore,
more than half of the patients were showing
additional scars from previous injuries in other
regions of the body, while two of them had
already lost one limb some years earlier.

Animal bites

Wild animal bites were the cause of 13
amputations.

The bite of the puff adder, locally known with
the name of “kifutu” (Matmu, 1982), whose
venom has haemolytic properties, was the cause
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Abstract

Clinically, it is hard to achieve and reproduce
prosthesis alignment at will during daily
prosthesis fitting. A new alignment jig was
designed and developed to facilitate
quantification and prescription of prosthesis
alignment for patellar-tendon-bearing (PTB)
trans-tibial prostheses. The alignment jig
provided instantaneous readings of the three-
dimensional orientation and position of the
socket relative 1o the prosthetic foot in
standardised units. The inter- and intra-tester
errors of the alignment jig in measuring
prosthesis alignment were evaluated and
demonstrated to have good reliability. The
alignment jig was recommended to be used
clinically aflter the conventional dynamic
alignment procedurc to document the prosthesis
alignment. Further application of the alignment
jig for systematic evaluation of the effects of
prosthesis alignment on gait for trans-tibial
amputees is suggested,

Introduction

The sequence of providing a lower limb
prosthesis includes the events of assessment and
measurement, assembly of  prosthesis
components, alignment procedure, final
finishing and fitting. Of these events, the
alignment procedure is the most critical and

All correspondence to be addressed to Dr. Daniel H.
K. Chow, Jockey Club Rehabilitation Enginecring
Centre, The Hong Kong Polytechnic University, ITung
Hom, Kowloon, Hong Kong Spccial Administrative
Region.
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time-consuming process. The alignment of the
prosthesis is defined as the three-dimensional
orientation and position of the socket relative to
the prosthetic foot. For the trans-tibial
prosthesis, this refers to 6 alignment parametcrs,
i.e. the anteroposterior (A/P) shift, AP tilt,
mediolateral (M/L) shift and M/L tilt of the
socket relative to the foot, length of the
prosthesis and the toc-out angle (Berme ez al.,
1978; Zahedi et al., 1986). Clinically, the
alignment at  which the amputee feels
comfortable and the resulting gait judged by the
prosthetist to be functionally acceptable is
regarded as an acceptable alignment. This
conventional alignment procedure is an
experience dependent process and relies on both
the prosthetist’s subjective judgemen! and the
amputec's feeling of the comfort level. Due to its
subjective nature, the alignment achieved may
not be optimal for the amputee resulting in the
increased possibility of tissue or skin damage
due to the resulting stress actions on the stump
during functional activities.

Different alignment devices like the Berkeley
Adjustable Leg®, the Winnipeg wedge disc
alignment units (Foort and Hobson, 1964), the
Proteor Algnment Device (distributed by
Fillaver Inc.), In-built One-point Alignment
(Kohler et al., 1988), the Cup Connector
(distributed by the United States Manufacturing
Company) are commercially available. There
are also commercially available jigs for
prosthesis alignment duplication such as the
Berkeley Horizontal Duplication lig, the
Vertical Fabrication Jig, the Otto Bock









Alignment parameter Prosthetist A Prosthetist B
352.6(18.4) 352.7(18.4)
Prosthesis height (mm)
324.7 - 369.5 3243 -369.3
6.3 (1.3) 6.4 (1.3)
A/P tilt (degrees)’
4.7-8.2 47-83
4.1 (0.4) 39(0.7)
M/L tilt (degrees)’
3.7-45 3.0-47
7.8 (1.6) 7.5(1.6)
A/P shift (mm)'
55-93 5.7-17.5
5.3(23) 53(24)
M/L shift (mm)?
4.0-97 32-98
15.1 (1.2) 15.1 (1.4)
Toe-out angle (degrees)’
13.8-17.2 13.8-17.3

! Positive for anterior tilt/shift, negative for posterior tilt/shift
* Positive for lateral tilt/shift, negative for medial tilt/shift

' Positive for toe-out, negative for toe-in




T . Prosthetist A Prosthetist B
ICC(3,1) p-value ICC(3.1) p-value
Prosthesis height 1.00 <0.001 1.00 <0.001
A/P tilt 0.86 <0.001 0.80 <0.001
M/L tilt 0.33 <0.001 0.47 <0.001
A/P shift 0.89 <(.001 0.87 <0.001
M/L shift 0.94 <0.001 0.95 <0.001
Toe-out angle 0.79 <0.001 0.85 <0.001
Alignment parameter ICC(2,1) p-value
Prosthesis height 1.00 <0.001
A/P tilt 0.84 0.001
M/L tile 0.26 0.301
A/P shift 0.94 0.001
M/L shift 0.91 0.001
Toe-out angle 0.74 0.038
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reliability analysis. The alignments of these
prostheses were prescribed by experienced
prosthetists  using conventional dynamic
alignment procedures. The alignments measured
using the new alignment jig were compared with
the acceplable alignment ranges reported by
Zahedi et al. (1986). It was found that A/P and
M/L tilts of the 6 prostheses fell within the
ranges delermined by Zahedi er al. (1986).
However, the A/P and M/L shifts and M/L tilts
of the prostheses were much smalier than those
reported by Zahedi et /. (1986) and the 10e-out
angles were larger than that reported by them.
This might be explained by fact that the results
by Zahedi er al. (1986) represented the extremes
of the maximum acceptable alignment ranges.
As there was no absolutely known prosthesis
alignment available, only the reliability of the
alignment jig could be studied. The intraclass
correlation coefficients of the alignment jig in
measuring all the alighment parameters were
high except that for the M/L tilt. The low
intraclass correlation coefficients for measuring
M/L tilt were thought to be due to lack of
variability among the M/L tilts of the prostheses
used (Portney and Watkins, 1993). As the range
of the measured M/L tilts was small (Table 1), it
is still reasonable to conclude that the alignment
jig has good intra- and inter-tester reliability for
measuring all the 6 alignment parameters.

With the development of the new alignment
jig, an individval's prosthesis alignment could
be recorded in clinical notes for future reference
and comparison and the recorded alignment
could then be reproduced whenever it is
necessary.

This may benefit those amputees who need to
change their prosthesis frequently. Moreover,
the alignment jig will be useful for both training
and research purposes. As there are multiple
variables related to the prosthesis alignment
combinations contributing to the efficacy of
prosthesis fitting, the alignment jig could
provide a systemnatic and objective means for the
control of individual prosthesis alignment and
consequently to facilitate the follow-up
evaluation.

It should be noted that the socket axis
determined using the socket axis locator might

not represent the axis of the tibia or any skeletal
structure. Therelore, further investigation is
necessary to deterrmine the correlation between
the defined socket axis with the anatomical
configuration of the stump so that the effects of
prosthesis alignment could be systematically
evaluated and compared among individual
amputees. Finally, the current alipnment jig
design is suitable only for the PTB trans-tibial
prosthesis with prosthetic foot with ankle-holt
attachment. Modification would be necessary
for a prosthesis that does not have ankle-bolt
attachment.

Conclusion

A simple alignment jig was designed and
developed. It can provide direct read-out of the 6
alignment paramecters for PTB trans-tibial
prostheses without any computation, It could be
used to measure and prescribe alignment for
trans-tibial prostheses with good reliability.
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Abstract

The influence of sagittal plane prosthelic
alignment changes on loads applied to the
ispilateral knee was investigated using 5 trans-
tibial amputee subjects. The goal was to
determine which prosthetic alignment results in
the most cnergy efficient standing and also
minimises stresses on knec structures during
standing.

The electromyogram, the external mechanical
loading of the prosthetic leg and the amputees’
posture were recorded for a wide range of
prosthetic alignments. The EMG of the vastus
lateralis and biceps femoris muscles was
measured bilaterally; the EMG of the
gastrocnemius muscle was measured only on the
contralateral side. The distance between the
anatomical knee centre and each individual’s
load line, as determined by the Ouo Bock
“L.A.S.A.R. Posture” alignment system, was
used as a measure of the mechanical load
applied to the knee joint.

Prosthetic alignment has almost no influence
on muscle activity of the contralateral lower
limb during static standing. On the other hand,
prosthetic alignment has a significant influence
on the load applied to the amputee’s ipsilateral
knee joint. The extermal knec moments applied
to the knee ligaments and knee muscles on the
amputated side change systematically in
response to different plantar flexion or
dorsiflexion angles of the prosthetic ankle-foot.
During standing the extensor muscles stabilise

All correspondence to be addressed o Dr. Siegmar
Blumentritt, Qtto Bock Orthopacdic Industry
Research, Max-Naeder-Strasse 15, 37115 Duderstadt,
Germany. Tel: (+49) 5527-8481476 Fax: (+49) 5527-
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the limb by contracting if the load line is located
less than 15mm anterior to the anatomical knce
centre. The biceps femoris muscle appears to
have little or no protective function against
hyperextension during standing cven if large
external knee extension momenis are caused by
excessive plantar flexion. Such extreme
alignments significantly increase the siresses on
knece ligaments and the posterior knee capsule.

When prosthelic sagittal plane alignment is
altered, the frans-tibial amputee compensates by
balancing the upper part of the body over the
centre of pressure of the prosthetic foot.

Biomechanically optimal alignment of the
trans-tibial prosthesis occurs when the
individual load line is approximately 15mm
anterior to  the anatomical knee centre,
permitting a comfortable, energy efficient
standing and minimising the mechanical loading
on the knee structures.

Introduction

Prosthetic alignment has long been recognised
as having a substantial-influence on the quality
of the trans-tibial (TT) prosthesis. As a
prerequisite  for daily aclivities with his
prosthesis, the TT amputee must be able to stand
comfortably.

Manufacturers’ guidelines for static prosthetic
alignment are not individualised for each
amputee. As a result, prosthetic alignment must
be optimised for each individual during iterative
dynamic alignment (Pinzur er al., 19935; West,
1987). In current clinical practice, optimisation
of prosthetic alignment is a time-consuming,
subjective process requiring many years of
experiecnce combined with feedback from the
amputee for the best result. Tt is ingvitable that
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this subjective method results in a wide variation
in acceptable definitive alignments, Differences
in prosthetic alignment have been documented
when the alignment procedure is repeated
several timcs, such as when different prosthetists
realign the same amputee using identical
components (Zahedi e al., 1986; Solomonidis,

1991).

A previous paper (Blumendritt, 1997) reported
on the results of posture measurement and
prosthetic alignment of 18 experienced TT
ampulees. The amputee’s load line served as an
objective, individual reference line. Results of
this investigation included:

l. the trans-tibial anatomical knce centre was
located between 8 to 40mm posterior to the
load line, with a mean value of 18mm
posterior to load line;

2. the distance between knee centre and load line
was independent of the type of prosthetic foot;

3. definitive alignment of a trans-tibial prosthesis
cannot be finalised during one fitting session
using the current subjective method.

Breakey (1998) has reported his clinical
experience using the Otto Bock “L.A.S.AR.
Posture™ system in the alignment of definitive
prostheses and has formulated a “Theory of
Integrated Balance” using the load line as
reference.

It is well accepted that sagittal plane
alignment changes to the TT prosthesis will
influence amputee comfort during standing. It
may be that the acceptance or rejection of a
tested prosthetic alignment by the amputee is
affected by the muscular or ligamentous forces
acting around the knee joint. The goal of this
study is to show the results of different sagittal
prosthetic alignment on the activity of knee
muscles during standing and (o propose
guidelines for a biomechanically optimal
prosthetic alignment.

Methods

The external load on the knee joint of the
amputated limb was determined using the Otto
Bock “L.A.S.AR. Posture” alignment system.
The posture of the amputee was also recorded
using this device.

The “L.A.S.A.R. Poswre” device determines
the vertical component of the ground reaction
forces acting on its sensing platform. When both
feet are on the force platform, the patient’s
weight and the location of the weight bearing

line can be mcasured. If only one side, e.g. the
prosthetic limb, is on the platform then the force
on that leg only and the resultant load line will
be measured. The horizontal distance between
selected anatomical reference points and the
load line can be determined be means of this
apparatus {(Blumentritt, 1997; Breakey, 1998).

The sagittal position of the anatomical centre
of the ipsilateral knee was delermined according
1o Nietert (1997), and the position transferred 10
the lateral side of the prosthetic socket and
marked.

The electromyogram (EMG) of the biceps
femoris and vastus lateralis muscles of the
ipsilateral leg, and the biceps femoris, vastus
lateralis and gastrocnemius muscles of the
contralateral side measured by surface
electrodes, were recorded using the
MYOSYSTEM 2000 (MNoraxon-Neurodata /
Vicnna, Berhin). The electrodes were located as
described by Noraxon’s guideline. The mean
amplitude of EMG defined by thc integrated
EMG divided by recording time was used as a
measure of myoelectric activity.

Prosthetic alignment was altered by changing
the plantar flexion anglc of the prosthetic foot at
the ankle.

After the foot alignment was altered. the
amputee stood with the prosthetic limb on the
“L.A.S.A.R. Posture” force plate, with the
contralateral leg standing on an adjacent
compensatory block whereby both ankle joints
werc in the same coronal plane. The amputee
was asked to load the prosthesis by half of body
weight. Once this was accomplished, EMG
readings were recorded for 5 seconds.
Simultancously, the sagittal distance from the
load line to the ankle adapter, knee centre,
greater trochanter and shoulder of the ipsilateral
side were measured. The prosthetic alignment
was then changed and, after a short break, the
parameters were re-measured. The plantar
flexion angle was varied randomly. Figure 1
illustrates thesc measurements.

Patients

Five (5) expericnced trans-tibial amputees
who had worn a prosthesis for many years and
could walk a significant distance were recruited
for this investigation. Consequently, amputees
with circulatory impairment were not included
in the study. All amputees reported their
prostheses to be comfortable and that they had
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Abstract

Function and prosthesis technical problems
were surveyed in 258 experienced paediatric
lower-limb prosthesis wearers. The two-part
survey form consisted of the modified
Prosthesis Evaluation Scale and the core module
of the American Academy of Orthopaedic
Surgeons/Courncil of Musculoskeletal Specialiy
Societies {AAOS/COMSS) Lower Limb
Outcomes instrument. Eighty-eight percent
(88%)} of these paediatric subjects were able to
wear their prosthesis more than 9 hours/day;
only 3 subjects (1%) were not able to wear their
limb at all. The average distance walked per day
was reported to be 5.24 kilometres. Sixteen
percent (16%) reported pain as “moderate” or
worse. A majority reported not having a problem
with perspiration, however, 20% had problems
serious enough to limit prosthesis wearing time
significantly. The most common reasons for
temporary loss of limb use were pain (62
responses) and prosthesis failure (59 responses),
followed by tissue breakdown (42 responses)
and perspiration (30 responses). In general, the
paediatric population achieves full use at a high
rate, is much more active than the adult
pepulation, and experiences less limb pain

Introduction

It is widely recognised but poorly documented
that children with lower limb deficiencies have
distinctly different clinical outcomes with
respect to surgical and prosthetic management
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Tel: (+1) 413 735 1214,

E-mail: wvannah{@shrincnet.org

239

than adults with comparable limb deficiencies,
Demographic studies have established the
preponderance  of congenital amputations
(approximately 2 to 1, congenital vs. acquired)
and male dominance of acquired amputations (2
to 1, male to female) in the paediatric limb
deficient population (Kegel er al., 1978,
Setoguchi and Rosenfelder, 1982; Krebs and
Fishman, 1984; Ashley et al., 1992). Only a few
studies have considered functional or
satisfaction outcomes in this group (Kegel et al.,
1980; Ashley er al., 1992; Pruitt ¢f al., 1997).
These studies, which for this comparison are
limited by size or by mixing of upper and lower
limb deficiencies, suggest that children are
generally more active and satisfied with their
circumstance than their adult counterparts.

The purpose of the current study was to
evaluate the performance of prostheses, and
functional status, of a large sample of children
with lower limb deficiencies, who have been
fitted with a prosthesis and are followed in the
outpatient Limb Deficiency Clinics at the
authors’ institutions,

Methods

The study design was observational and cross-
sectional, consisting of a two-part written
survey. The first part of the survey was based on
the Prosthesis Evaluation Scale (PES), originally
developed for adult analyses (Fishman, 1966)
and modified by the authors for paediatric use,
This questionnaire considered functional issues
such as time of use per day, distance walked per
day, recreational/sports activities performed,
days ol school missed per year due to prosthetic
problems, and problems related to pain,
perspiration, skin breakdown, and prosthesis
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wear their limb at all, as compared to 10-15% n
adult surveys. These results hold across
amputation levels as opposed to adult amputees
where non-use levels in trans-femoral amputees
are at 40-45%. It should be noted however, that
the paediatric data are very similar to those
reported for a  younger traumatic adult
population {Fishman, 1966).

Children are also very active, walking an
average of 5.2km/day (self-reported). The data
include 9 bilateral amputees walking more than
5km/day. The reported distance walked,
5.2kmy/day, is five times that reported for adults,
0.7 to 1.3km/day (Hoagland et al., 1983,
Pohjolainen e¢ af., 1990). Even allowing for
error and exaggeration in these self-reported
data, the level of mobility implied is remarkable
relative to adult experience. These results are
consistent with the Ashley paediatric survey
(1992), in which 95% of the children were
“community ambulators”™; and the paediatric
study by Pruitt et a/. (1997), where only 14% of
upper and lower limb deficient subjects reported
not using their prosthesis at all. Further, children
report pain at a much lower rate than adulls;
16% “moderate” or worse, versus 54-57% for
adults (Table 2). Finally, perspiration related
discomfort is also much lower in children than
adults, 20% versus 70%.

Ankle-level end-bearing limbs are more
commaon in children than in aduits. Half of the
limbs in this survey were ankle level; 113 (38%)
ankle disarticulations with otherwise full limbs,
and 37 (12%) disarticulations secondary to
PFFD. The incidence in adults has been reported
at 2% (Hoaglund er al., 1983).

What technical improvements do children
need in their prosthetic limbs? The most common
rcasons for temporary loss of limb use were pain
and component failure, followed by tissue
breakdown due to perspiration, pressure, and
chafing. Pain and pressure-related tissue
breakdown are functions at [east partially of
socket fit. Hence, improving it may be the most
relevant issue. Broken prostheses were common;
with [eet, knee components, and cosmetic foam
covers most often reported. Perspiration-related
problems do not occur in the majority of the
paediatric population, but there is a significant
minority (20%) in whom there are real prublems.
This appears to be a bimodal population with lew
subjects in the middle — either there is no
problem, or the problem is serious.

A shortcoming of this study is that it did not
separale out poor socket fits due to limb growth
from poor socket fits due to other causes.
Optimal socket fit in a growing child may
require prosthetic adjustment or replacement as
frequently as every 12-18 months, a rate that is
currently not supported by third party payers in
USA.

Conclusions

Children who wear lower limb prostheses
achieve full use status at a higher rate than the
adult population, and are much more active.
Markedly fewer children than adults experience
significant pain  (16% versus  54-37%).
Nonetheless, the most common reason for
temporary loss of use of the prosthesis is pain,
along with broken components. Tissue
breakdown, due to pressure, chafing and
perspiration  was the next most common
problem. The most relevant issues for research
may be improving socket fit, making
components with the durability nccessary for
pacdiatric use, and providing socket ventilation.
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Preliminary experiences with modified SACH feet
manufactured and used in a tropical developing world setting

J. STEEN JENSEN and S. HEIM

ISPO, Copenhagen. Denmark

Abstract
In a prospective study of polypropylene (PP}
prostheses for (rans-tibial amputees four
different modified SACH f(eet were used. These
arc identificd as:
1.BAVI from the national manufacturer of
componentry in BaVi;
2.HCMC a design initiated by the International
Committee of the Red Cross (ICRC) together
with the Army Factory in Ho Chi Minh City;
3. HI from Handicap International;
4. VI from Veterans Intemational, Cambodia.
Four (4) from 5 BAVI feet, 7 from 9 HCMC
feet and 4 from 10 HI feet failed after about a
year on average, whereas none of 10 VI feet had
failed after 19 months.
Dimensional differcnces in the ankle part and
in the height of the foot in the different designs
made interchangeability impossible,

Introduction

The prosthetic foot is a known problem in the
tropical part of the developing world (Day,
1995}, but no results on differences between feet
from clinical follow-up investigations have been
published. There are different designs and
fabrication methods for feet, ranging from the
Jaipur rubber foot, that has a good credibility in
India, to a number of SACH foot modifications
manufacturcd locally, in the best situation ar a
national level (Kijkusol, 1986). The SACH fool
is the most popular model in the developing
world, because it is easy to make from local
materials (Meanley, 1993).

In Vietnam two SACH fool modifications

All correspondence to be addressed to Dr J. Steen
Jensen, ISPO Head Office, Borgervienget 5, DK-2100
Copenhagen &, Denmark.
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have principally been in use. One is supplied by
the national manufacturer of componentry in
BaVi. Further to that ICRC initiated in 1989 a
development of a vulcanised foot (HCMC)
together with the Ammy Factory in Ho Chi Minh
City. When the Ministry of Labour, Invalids and
Social Affairs (MOLISA) in 1996 requested
ISPO to undertake an evaluation of the
application of polypropylene (PP) prosthetic
technology for trans-tibial amputees, 1SPO
decided together with the German technical
collaboration  project,  VIETCOT, the
Vietnamese Education and Training Centre for
Orthopaedic Technologists, that this was a good
possibility of field testing these two foot
modifications together with the HI (oot from
Handicap International which is nearly
universally applicd in Cambodia and the VI foot
from Veterans International Cambodia, which
also is somewhat vsed in the neighbouring
country,

Patients and methods

In two communities of the Vinh Phu province
wesl of Huanoi 32 patients with 34 trans-tibial
amputations were provided with PP prosthcses
at the BaVi orthopaedic workshop during the
period March through July 1997. The patients
were nearly all vetcran amputees from 1951-94
with an averagc age of 45 (26-73) years al
lollow-up. The patients were followed
prospectively after 10 and 19 months, and the
general results of the survey will be reported in
a separate paper,

The 4 different types ol feet were supplied by
random selection with bilateral amputees
receiving the same type of foot for each limb,

The BAVI foct has a large wooden keel,
rubber forefoot and a rubber foam heel cushion.




BAVI foot HCMC foot HI foot VI foot
(n=5} (n=9) (n=10) (n=10)
Failure OK Failure OK Failure 0K OK
(n=4) (n=1) (n=T) n=2) (n=4) n=6) (n=10)
Significance (p<value} 0.00005 0.00003 0.02
Time to failure (monthsy | 13 (2-19) 9{4-19) 12 (8-18)
Intensive use 3 5 1 4 3 8
Light/moderate use 1 l 2 | 3 2
Body mass. kg 51 (48-53) 52 50 (43-55) 57 (53-60) 50 (45-55) 47 (40-52) 52 (45-60)
Hours/day in use 14 (10-16) 18 14(12-15) 16 (15-16) 15 (15-16) 17 (15-18) 14 (10-18)
Walking distance
<500m 1 3 3
0.5-2km t 1 2 1 2 2
>2km 3 4 1 4 1 5
Foot dorsiflexed 1 2 1 2
Failed bolt |
Failed keel 3 4 |
Failed sole 1 3 2
Follow-up (19 months) 4 1 5 2 3 4 ']
Follow-up (10 months) 2 1 2 1
Wet rural area | | 2 4
Dry rural area 4 1 6 2 3 4 6
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live up to the anticipated life time of a trans-
tibial prosthesis, which is supposed by MOLISA
to be three years, as this is the time interval of
providing renewal of limbs to Vietnamese war
amputees. This problem was not realised,
probably because of the lack of repair service
and outreach follow-up systems. From the
information collected a similar problem seems to
relate to the outreach provision of POF, which
also docs not include any follow-up service.
This problem has been previously identified
(Kijkusol, 1986). It is an obvious suggestion to
the country that the prosthetic provision systems
should make service follow-up and repairs
available.

There is currently ongoing development of
new feet in different arcas of the developing
world. In Vietnam the HCMC foot is against the
background of results of the first assessment
visit in this study undergoing 4 radical change in
design  and  manufacturing. The BaVi
manufacturing plant is in collaboration with
POF developing a new rubber foot of sandwich
construction with layers of woven textile
reinforcement of the midfoot. The final model is
several generations younger than the V-M foot
tested in the latter part of this study, is now mass
produced and that latest version has been
provided to a significant number of patients with
AFMA prostheses,

The results of the presented study clearly
show the nced for independent comparative
surveys of new foot devices before such are
released for general use in higher numbers
without any cffective control and repair service.
It may also be appropriale to centralise
component production at a few places in a
country with the application of quality control to
ensure uniformity of the end product. The
production of terminal devices should not be left
to smaller local workshops that can not live up to
such demands.

Another significant problem identified in the
study was the lack of interchangeability of the
different types of feet. There are considerable
differences in the height ol the foot device, both
with and without heel height. Furthermore there

are  both  dimensional and geometrical
differences of the ankle profile. This makes it
impossible to achieve an acceptable cosmetic
result when changing to a foot design different
from that initially used, as we experienced with
the few patients in the current series. It is
recommended that these crucial dimensions
should be harmonised at least among the
manufacturers in a given geographical region,
and absolutely within the same country. It is
certainly essential if changing a worn foot
should become part of the service that can be
provided in a community-based rehabilitation
{CBR) programme sometime in the future,

Cummings (1996) had scrutinised 33 years of
technical publications before the 19935 consensus
conference and reported that there were few
outcome studies, and very few documented
component  production  techniques  for
developing countries; that there appeared to be a
significant need lor durable prosthetic feet than
can be manufactured in-country, and that many
facilities fabrication their own components
should collaborate to aid the quest for the ideal,
low cost, durable, locally manufactured system.
These statements still stand.
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Sample HCMC database
43 amputees 8,991 amputees
Mean age in years (range) 47 y (12 y-60 y) 80%: >40 y
Percentage male 81% 88%
Percentage war-wounded 95% 81%
Hours of daily use Total Mean
Load level 0 1-5 6-11 12-16 () hrs/day
(SD)
Low (mainly cosmelic, pensioner) 0 1 0 4 I 1 ()
Medium (office work) [§] 4 1 2 7 8 (6.0)
High (walks a lot, merchant) 0 2 1 5 8 11.3 (6.0)
Very high (farmer, fisherman) 4 5 3 1L 25 9.1(6.4)
Total 4 12 7 18 41 91.1 (6.3)




n | Mean life span in
months (SD)
Replaced prostheses 11 37.3 (8.6)
Replaced parts:
Suspension belts 32 1LO(LL1)
Sockets (welding seams) 2 11.5(9.2)
Sockets (fitting problems) 7 26.4 (12.7)

Hours of daily use Total Mean Mean life
Load level 0 -5 | 611 | 12-16 [ (M hirs/day span in
(SD) months (D)

Low (mainly cosmetic, pensioner) 0 0 ( 0] 0
Medwum (office work) 0 3 1 2 6 8.8 (6.0) 8.8 (10.8)
High (walks a lot, merchant) 0 2 0 ] 7 11,7 (6.3) 109 (9.1)
Very high (farmer, fisherman) 2 S 3 9 19 9.2 (6.3) 11.7(12.3)
Total replaced suspension belts 2 10 4 16 32 9.7 (6.2) LLO(LL.L)
Mean life span in months 12.5 6.6 21.0 Il
(SD) 9.2) (5.6) | (20.5) | (10.3)




Hours of daily use Total Mean Mean life
Load level 0 -5 | 611 | 1216 | @ i span 1y
(SD) months (SD)
Low (mainly cosmetic, pensioner) 0 0 0 0 0
Medium (office work) 0 2 1 2 5 9.8 (6.3) 8.4 (3.4)
High (walks a lot, merchant) 0 2 3 T 12 11.3 (5.2) 9.4 (7.5)
Very high (farmer, fisherman) 0 2 6 15 23 12,6 (4.3) 8.7 (5.3)
Total replaced feet 0 6 10 24 40 11.8 (4.8) 8.9 (5.7)
Mean life span in months 123 11.7 6.8
(SD) (9.1) | (6.3) (3.3)
- R o ]
|
\
1 5 9 12 15 19 23 27
3 7 d 1 13 17 21 25 29
months

H feet M susp.belts B socket welding [ socket fit



















2000



mailto:m.ijzerman@rrd.nl




Study aspects

Ctiterion

Abbreviations

Study sample

A.

Description of sample
* size

= gender m: male ; f: female
. age -
* level -
B. Previous walking experience Oyes: Dno
Intervention C. Standard system
D. New system
« orthosis O RGO : @ HGO : @ ARGO : @iRGO
« FES application a. Quads/hams ; b. Glut/hams ; ¢, Glut
E. Adequate training period (D gait training described
@ prior to measurements
Study design F. Design type (@ within group (AB)
@ within group (AB/BA cross-over)
@ between group
G. Measurement day (D same occasion

H.

Measurement sequence

@ different occasion
(D randomised
@ fixed

Outcome measure

1. Main outcome measures
J. Assessment speed

OVe; DExn;@v; @CFTI; ®CPF
(D self-selected ; @) standardised

Statistical analysis

K.

L.

Descriptive statistics

Inferential statistics

@ mean; @ SD

a. of differences ; b. for each system
(© parametric/non-parametric tests
@ analysis of variance







Study sample Intervention| Study QOutcome | Statistical
design | mecasures | analysis
A B(C D E|F GH | JI K L
Paper size  gender age level
Hirokawa er al., 1990 6 42 34782 TI-T10 |2 |1 la 12]L 7 ? k2 2| 2a -
Sykes er al., 1996 5 41 318(53) C2-T9 |1 |1 la 12(1 1 2| 1,23 1 [|la2a* -
Petrofsky and Smith, 1991 - i 20:35 T4-T12 |3 |1 1b 1211 ? ?| L,25 2|lb2b ?
Thoumi et al., 1995 6 6,0 35 T2T10 | 211 e 2|’k 2 2 3 111b2b 2
Beillot er al., 1996 4 4,0 k)| TETIL | 201 Qa2 200 L 1 12 2|1alb 1
Winchester et al., 1993 4 40 298(6.1) TS-TIO'|1 |1 4 12(1* 2 1| 1,23 1[Ib2b 2
Whittle and Cochrane. 1989 | 22 184 33.6(58) T3TI12 |2 |1 2 2 2 -|1,234% 1|lalb -
Lotta et al., 1994 4 40 238(38) T3-TI12|2|2 - 1,283 - - 3 1 [1a2a% 1
11 10,1 235(58) T3-T10 |2 |3 - 128 - = 3 1
13 103 253(86) T3-T12(2 |1 - 12¢ - - 3 1
McClelland er al., 1987 3 it ? T4-T7 |1 |2 2¢ 1,2|1 1 ?| 34 1|la2a* -
Nene and Patrick, 1990 5 50 27.6(1.8) T4T7 |1 (2 2¢ 12]1 1 2| 123 I |la2a* -
Uzeman er al., 1997 6 60 387(11) T4TI2|1 |3 32 12|17 2 2[1,2345 1[la2a* 1
Uzeman et al., 1997° 5 4.1 368600 T4-T12 |1 (3 32 1.2]2 2 —|1,2345 1 [la2a* 1.2

" two incomplete paraplegic patients, modified ARGO, “replicated before-after trial, ‘mean and SD available from original
publication, *unequal training among participating centres, ®crutch peak force estimated from ground reaction force.



a1




Hirokawa et al., 1990
Sykes er al., 1996

Petrofsky and Smith, 1991
Thoumi er al.. 1995

Beillot et al., 1996
Winchester er al., 1993
Whittle and Cochrane. 1989
Lotta er al.. 1994

McClelland et al.. 1987
Nene and Patrick. 1990
Dzerman et al., 1997
Uzerman ¢t al., 1997

Standard New Difference in Vo2 Power | Standard orthosis New Difference in v Power
orthosis orthosis (8(a)/p-value) orthosis (8(0)/p-value)
16% (MH? - - -
2.32 (0.83) 2.57(0.67) -0.25(0.24) / p<0.08° 43% | 0.225(0.10) 0.247 (0.12)  0.022 (0.02) / p<0.07* 47%
7(? / p<0.01 - - -
0.21 (0.02) 0.20 (0.02) 0.01 (?) /NS
0.73(0.16) 086(0.16) 0.13(7)/NS - - -
142 (1.8) 13.0(1.4) 1.2(?) /NS 0.211 (0.03) 0.225 (0.04) -0.014 (7) /NS
618 (1) 593 (D) 25(7) /NS 024 (7 023 (7 0.01(7)/ NS
s = = 1. RGO: 0.243 (0.09) 1-2: p=0.029
2. HGO: 0.119(0.14) 2-3: p=0.022
3. ARGO: 0.186 (0.1)
= - - 15.5 (4.24) 18.1 (4.49) -2.55 (0.91) / p<0.55°
259(0.25) 250(0.35) 0.09(0.17)/p<0.31? 15% | 0.233 (0.03) 0.24 (0.04) -0.007 (0.02) / p<0.53" 9%
18.0(3.2) 17.2 (3.1) 0.8 (1.1) / [-0.36, 1.96]' 31% | 024 (0.11) 0.23 (0.13) 0.01 (0.03) / [-0.028.0.045]" 9%
16.9 (3.6) 17.9 (3.2) -1.0(251)/[-4.1,2.14] 11% | 0.246 (0.11) 0.274 (0.1) -0.028 (0.03) / [-0.06,0.005]) 36%

! Confidence intervais as presented in IJzerman ef al., 1997° and 1997 were trasformed to absolute data rather than the relative difference with respect to ARGO. ? Significance
calculated using presented data and paired t-test.
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Internal validity

Eleven (11) out of 12 studies were within
paticnt comparisons, and one study was a
between patient camparison. One major issue in
judging the internal validity of parallel group
trials is the baseline comparability of study
groups (Meinert, 1986; Feinstein, 1985). Using
randomisation an attempt is made in order to
obtain baseline comparability with respect to
relevant prognostic lactors. However, Lotta ¢t
al. (1994) have not conducted a randomised
controlled trial and baseline incomparability is
present in their study. They allowed each of the
participating centres to define their own
selection criteria for each of the orthoses and
subsequently, each centre executed their own
training. As a result, HGO walkers (selected in
only one centre) underwent less gait training
than other patients in competing systems.
Although Lotta er al. {1994) have noted that
their data were not reliable, it must additionally
be concluded that this comparative trial between
HGO, RGO and ARGO to be internally invalid.

In judging the internal validity of a clinical
trial, the trial should have acknowledged that
there are specific and aspecific parts of a
treatment, i.e. difference between orthoses, A
control group provides a means with which the
aspecific parts of the difference can be assessed.
Any clinical trial which is conducted without
such a control group is considered internally
invalid beforehand, as the actual difference in
the study between orthoses may be caused by
various aspecific factors,

Aspecific effects which may be present in an
A-B  comparison of two orthoses are
measurement errors, test-cffects, history effects
and regression to the mean (Cook and Campbell,
1979). Test effects comprise all differences
which are caused by repeated use of the same
testing procedures (Cook and Campbell, 1979),
History effects are aspecific effects, caused in
the period preceding the second measurement.
For instance, if training in a new orthosis is
conducted in between measurements, the
difference can be partly explained by the level of
experience with walking in general.

In a repeated measurement, a coincidental
extreme (high or low} value in the first (A"}
measurement is likely to be followed (“B”
assessment} by a value closer to the mean, The
magnitude of this regression to the mean depends
on the reproducibility of the test-retest differences

(Feinstein, 1985; Cook and Campbell, 1979).

Since the seven publications which have vused
a simple before-after comparison did not
consider the need to control for these aspecific
effects which may cause a difference, they lack
internal validity. The observed dillerences
comprise specific as well as aspecific parts.

Randomisation of the measurement sequence
as performed by Winchester er al. (1993) and
Beillot et af. (1996) might be a solution to
average out the aspecific effects. However, if
randomisation of the phase order is propesed, it
is more appropriate to conduct a cross-over trial
which essentially offers all possibilities to
control and adjust systematic diflerences
{period-effects) and thus enhances internal
validity (Senn, 1993; Pocock, 1983).

Statistical conclusion validiry
Statistical power

Only two studies have teported statistically
significant results. Petrolsky and Smith (1991)
reported & significant decrease in Vi, (normalised
for walking distance) during the i mile walking
test (p<0.01) but, except for a graph, they have
not presented an average effect size. Lotta ¢f al.
(1994) presented significant difterences between
RGO - HGO and ARGO - HGO, but it is argued
it a previous section that this study was internally
invalid due to confounding by indication. Further
analysis of the data of McClelland et al. (1987)
showed a significant increase in walking speed in
the hybrid Hip Guidance Orthosis.

Interpretation of the p-values of the other
stindies included in this survey implies that there
is no statistical evidence of a difference.
Statistical power {1 - B) could only be culculated
in 4 “negative” trials and appeared to be between
10 and 50%. Although actual statistical power
could not be calculated for the other trials, it is
expected that, with the small differences in those
studies, the statistical power will not exceed
50%. Assuming that statistical power should be
between 80 and 90% (Lachin, 1981; Dupont and
Plummer, 1990; Carpenter, 1993), it is evident
that all comparative trials lack statistical power
and have an unacceptably high risk of type II
eTIors,

Interval estimation

A number of authors have acknowledged that
p-values are often erroneously interpreted as
evidence of a difference, but that they do not
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Mechanical efficacy of the MCSD 2717

hyperextension mechanism in car collisions.
However, further studies are needed to show the
performance of the device under substantial
applied forces.
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