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Abstract

QOutcome measures are becoming increasingly
important in health care. Functional outcome
measures are of particular importance for lower
limb amputees since much of the rehabilitation
process is concerned with increasing mobility
and personal independence,

The Scottish Physiotherapy  Ampulee
Research Group (SPARG) has used three
measures of functional outcome: the Barthel
Index, Russck’s <classification and the
Locomotor Index. The review reported here
involves 938 patients having a primary
amputation at the transtibial or trunsfemoral
level between October 1992 and July 1997.
Differences in function due to age and level of
amputation are well known clinically and the
measures were compared by looking at their
ability to detect these differences.

The Barthel Index lacked sensitivity because
of ceiling effects and should not be considered
as a suitable functional outcome measure for
amputee patients, Russek’s classification does
detect significant differences but requires a large
number of patients making it unsuitable for
single hospital investigations. The Locomotor
Index demonstrates significant differences due
to age and amputation level despite fewer
patients being assessed by this measure during
the period covered by this paper. The range of
the Locomotor Index can be extended to cover
more active amputees by considering its
‘advanced activities’ subscale separately.

The Locomotor Index is a promising measure
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Education in  Prosthetics and  Orthotics,
University of Strathclyde, 131 St. James Road,
Glasgow G4 OLS, Scotland, UK.
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and should be considered by rehabilitation teams
looking for a valid, reliable and sensitive
functional outcome measure for use with lower
limb amputees.

Introduction

Clinicians involved in the rehabilitation of
lower limb amputees increasingly need to usc
outcome measures to demonstrate that they are
providing a clinically effective service.
Functional assessment measures are of particular
importance for this group of patients since much
of the rehabilitation process is associated with
improving mobility and personul independence.

Recognising that physiotherapy is a central
component of all amputee rehabilitation
programmes, the Scottish Physiotherapy
Amputee Rcsearch Group (SPARG) was
established in 199] to evaluate current
physiotherapy  practice  concerning the
management of amputees and to disseminate the
results (see Physiotherapy 79, p.649). The group
comprises every senior physiotherapist in
Scotland (population approximatcly 5.5 million)
with a clinical responsibility for amputee
patients; at present, 26 physiotherapists fall into
this catcgory. In addition, SPARG has members
representing  the British  Association of
Chartered  Physiotherapists in  Amputee
Rehabilitation, the British Association of
Prosthetists and Orthotists and the David Murray
Foundation (a Scottish charitable organisation
working with amputees). SPARG also works
closely with the Scottish Vascular Audit Group
whosec membership comprises all consultant
vascular surgeons in Scotland and with the
Information and Statistics Division at the
Scottish Office Department of Health.

One of SPARG’s core activities is to conduct
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a regular, nationwide audit of the rehabilitation
care received by lower limb amputees in
Scotland (Condie et al., 1996). The audit is
based around a document known as a Discharge
Summary Farm (DSF) and custom software that
allows data collected on the DSFs to be stored
and subscquently analysed. The DSF was first
used in October 1992 and a DSF is now
completed for virtually all lower limb amputees
in Scotland. Physiotherapists at ten amputating
hospitals use the custom software to enter and
analyse their own data. Other hospitals return
their DSFs to the SPARG Coordinator where
they are dealt with centrally. Analysis for the
whole of Scotland is done by merging each
hospital’s data into a single database.

As part of this audit work, SPARG has
attempted to measure the functional abilities of
lower limb amputees at the time of discharge
from hospital by including a functional
assessment section on the DSF. This would
provide an additional, standardised outcome by
which to compare the rehabilitation programmes
in use throughout Scotland. Since 1992, SPARG
has used three outcome measures: the Barthel
Index (Kuliman, 1987; Mahoney and Barthel,
1965), Russek’s classification (Kullman, 1987;
Russek, 1961) and the ‘Locomotor Index’ part
of the Prosthetic Profile for Amputees
(Gauthier-Gagnon and Grisé, 1994, Grisé er al,,
1993). Nonc of these measures was used for the
whole period covered by this paper (1/10/92 -
31/7/97). The Barthel Index was used bctween
1/10/92 and 30/9/95, Russek’s classification
between 1/10/92 and 30/4/97 and the Locomotor
Index from 1/10/96 onwards. As is clear from
these dates, the functional assessment section of
the DSF generally contained two measures.
Completing the functional assessment part of the
DSF took the physiotherapist lcss than five
minites.

The Barthel Index was originally developed as
a means of assessing the level of independence
in  patients with  neuromuscular  or
musculoskcletal disorders. It consists of ten
itemns, each of which is rated in terms of whether
the patient is able to perform a particular task
independently (see Appendix, Table Al). Scores
for the ten items are summed to give an overall
score out of 100. The validity of the Barthel
Index is well documented (Shah and Cooper,
1993) and the Index has also been found to be
reliable (Collin er al., 1988). Although not

developed for amputees, some authors
(Kullman, 1987; Goldberg, 1984) have used the
Barthel Index with this group of patients and
found it to be a useful indicator of functional
abilities and rehabilitation outcome. Further, the
Barthel Index is widely used and the Royal
College of Physicians (1992) and others (Wade
and Collin, 1988; Shah and Cooper, 1993)
recommend its use as a ‘gold standard’ for
measuring rehabilitation outcomes. For these
reasons, and because some SPARG members
had used Barthel with elderly (non-amputee)
patients, SPARG chose the Barthel Index as onc
of its functional outcome measures in 1992,

The Russek’s classification, unlike the Barthel
Index, was developed for use with lower limb
amputees. It is a six-point scale (see Appendix,
Table A2) used to assess a patient’s functional
abilities when using his/her prosthesis. A score
of six is awarded when the prosthesis provides
full restoration of function and a scorc of one
means that the prosthesis offers no advantage to
the patient. In addition to the basic six-point
scale, Kullman {1987) used the positive and
ncgative factors concerning the patient, the
stump and the prosthesis listed by Russek (1961}
in his original publication. The number of
positive and negative factors was used to
correlate walking ability (as measured by the
six-point scale) with prognosis prior to receiving
the prosthesis. Russek found, for example, that
the presence of one negative factor usuvally
decreased walking ability by one point on the
scale. SPARG, however, was not concerned per
se with prognosis at admission, but in assessing
in a simple way functional abilities at discharge
and so used only the six-point scale. Altner ef al.
(1980}, for example, used Russek’s
classification in this way to assess the pre- and
post-amputation functional abilities of blind
lower limb amputccs.

To the best of the authors’ knowledge, there is
no published work concerning the validity and
reliability of Russek’s classification. However,
Kullman  (1987) considered  Russek’s
classification, to be a useful method of
evaluating an amputee’s walking abilities and,
because of this, SPARG considered it
worthwhile to try this measure with amputee
patients in Scotland.

The Locomotor Index is part of a more
detailed assessment measure known as the
Prosthetic Profile for Amputees (PPA)



Patients assessed using:

Number of patients
% PVD

% diabetic + PVD
% transtibial

% male

Average age

Barthel Index Russek’s Locomotor Index
546 772 195
56 57 58
32 31 27
WX 72 85
64 62 66
66 67 67




median 95% Ci n
TT 95 90 - 95 387
TF 95 90 - 100 159
TTvTF p=035
Score by age: TT
<40 100 100 - 100 24
>40 95 90 - 95 360
TT<40 v TT>40 p < 0.007
Score by age: TF
<40 100 95 - 100 11
>4( 95 95 - 100 146
TF<40 v TF>40 p=021

median 95% C1 n
TT 4 4-4 554
TF 3 3-3 218
TT v TF p < 0.001
Score by age: TT
<40 3 5-5 35
>40 4 3-4 519
TT<40 v TT>40 p < 0.001
Score by age: TF
<40 5 4-5 17
>4() 3 3-3 20
TF<40 v TF>40 p<0.001

median 95% C1 n
T 34 31-35 166
TP 24 17 -28 29
TT v TF p = 0.002
Score by age: TT
<40) 42 40 - 42 13
>40) 33 28 - 34 152
TT<40 v TT>40 p <0.001




=

Whole locomotor index

Advanced subscale

median % max score medium % max score
TT 34 8l 14.5 69
TF 24 57 9 43
TT v TF p =0.002 p = 0.009
Score by age: TT
<40 42 100 21 100
>40 33 76 13 62
TT<40 v TT>40 p=0.001 p=0.001
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fuiled to replicate the results seen in Table 3. The
number of patients assessed via the Russek’s
classification in these annual studies was around
330 which does not appear to be enough for
differences due to level of amputation to reach
significance. The situation for a single hospital
conducting a local study of functional outcome
is even worse since the number of primary lower
limb amputees per year is often less than 30. The
cffect of age is, however, clear and has been
seen in previous work (Treweek and Condie,
1996). The poor sensitivity ol Russek’s
classification led SPARG to stop using it in
1997.

The Locomotor Index (Table 4) demonstrates
significant differences due to age (for transtibial
amputees) and level of amputation despite the
much smaller number of patients that have
currently been assessed using this measure. It is
also likely that the Locomotor Index would have
shown significant differences due to age with
transfemoral amputees had more of these
patients been available for assessment. These
results suggest that the Locomotor Index is more
sensitive than both the Barthel and Russek’s
classification. There is, however, a tendency for
the median values to be at the higher end of the
Locomotor Index’s scale, the most striking
example of this being the median score for
young transtibial amputces. The original authors
of the Locomotor Index calculated mean scores
and obtained similar values to the medians
presented here: mean Locomotor Index score of
30.7 (out of a possible 42} for 396 amputees of
mixed amputation level (Gauthier-Gagnon,
1995, personal communication). Their mean
score for the advanced activity subscale was
13.0 out of a possible 21.

By considering the advanced activity subscale
separately, it is possible to reduce the median
value as a proportion of the maximum scorc
without losing sensitivity. This extends the use of
the Locomotor index to more active, but elderly,
amputees although no improvement is seen for
younger active ampulees. Perhaps it is too much
to expect the same functional outcome measure
to be suitable for a fit, 25 year old traumatic
amputee and a 73 year old amputee with
peripheral vascular disease and diabetes.
Although the seven-point advanced activities
subscale gives similar results to the full 14-paint
Locomotor Index, the tempiation to drop the
seven items of the basic activities subscale

should be resisted since only the full measure has
been validated. The use of the complete measure
is the approach recommended by the onginal
authors and shounld be used until the subscales are
found to be valid and reliable when uscd alone.

Conclusion

SPARG has gained a great deal of experience
with functional outcome measures during the
five year period covered by this paper. Had
SPARG the benefit of this experience in 1992,
the Barthel Index and Russck’s classification
would not have been chosen as f{unctional
outcome measures, The Barthel Index has very
poor sensitivily and although Russek’s
classification does demonstrate significant
differences due to age and level of amputation,
this six-point scale requires a large number of
patients  to  achieve this. Differences in
functional outcome having more subtle
cxplanations than age and level of amputation
are likely to require even more patients.
Conversely, the Locomotor Index gives
significant results for smaller numbers of
patients and the advanced activities subscale
allows the range of the measure to be increased
o include some of the more active amputees.

The Locomotor Index is a promising measure
of functional outcome for lower limb amputees
and this is the only measure SPARG currently
uses, A sysiem of post-discharge functional
assessment based around the Prosthetic Profile
for Amputees and including the Locomotor
Index is now being developed. This will allow
monitoring of long-term functional ability and
raises the prospect of being able to link elements
of acute rehabilitation care to long-term
functional outcome, This will provide some
much needed information about long-term
clinical effectiveness and give a more evidence-
based foundation to some aspects of amputee
rehabilitation,
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With help Independent

1 Feeding (if food needs to be cut up = help) 5 10
2 Moving from wheelchair to bed and return (includes sitting up in bed) 5-10 15
3 Personal toilet (wash face, comb hair, shave , clean teeth) 0 5
4 Getting on and off toilet (handling clothes, wipe, flush) 5 10
5 Bathing self 0 5
6 Walking on level surtace 10 15
(or if unable to walk, propel wheelchair) 0 5

7 Ascend and descend stairs 5 10
8 Dressing (includes tying shoes, fastening fasteners) 5 10
9 Centrolling bowels 5 10
10 Controlling bladder 5 10

Score Characteristics

Not feasible (the prosthesis offers no advantage to the patient)

Self-care minus (help needed in varying degrees-fatigue)

o B W —

Full restoration (not disabled by impairment)

Cosmetic plus (only short distances walking indoors, insecurity, discomfort)

Self-care plus (complete independence, job alterations may be necessary, regular activities)
Partial restoration (restriction of only certain activities-dancing, sport etc.)




Get up from a chair

Pick up an object from the floor when standing*
Get up from the floor (e.g. if they fell)*

Walk indoors

Walk outside on even ground

[= S I R P I

Walk outside on uneven ground (e.g. grass, gravel,
a slope)*

7 Walk outside in bad weather (e.g. rain, snow)*

8 Go up the stairs with a hand-rail

9 Go down the stairs with a hand-rail
10 Step up a kerb

Il Step down a kerb
t2 Go up a few step without a hand-rail*

13 Walk down without a hand-rail*

14 Walk while carrying an object®

The scale is scored according to whether a patient can
perform the activity:

0= No, | = Yes if someone helps,

2 = Yes if someone is near, 3 = Yes alone.

Items marked with a **” form the advanced activity
subscale.
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Acrylic pole
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Silicone sheet
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Region 1

Region 2

Region 3
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Mean Mean ) Peak Meunr Peak ALO0D AS80 A60
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MKAP 34 45 48 34 57 60 60 60
Nm (50 jap*) | (58 jap*) (normal) (ramp)
MHAP 82 117 110 83 110 110 95 75
Nm (84 jap*) (downstairs)| (normal)
MKML 68 87 87 68 116 80 80 65
Nm (normal) (grass)
MHML -81 -115 -98 -82 -118 -100 -100 =100
Nm (gravel) (ramp)
Torsion 23 27 as 23 35 30 30 30
Nm (normal) (normal)
Compression 1030 1312 1243 1050 1350 1280 1050 900
N (grass) (grass)

*' Japanese data (ISO/TL 168, 1996)
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true value, as the amplifier of the measurement
system went into overload by this patient (95
kg). The value was reached while walking on
grass and downstairs by a patient whose body
weight was 68 kg and whose prosthesis had no
lateral offsct.

Conclusions

The data clearly indicates that the
determination of test values cannot be based on
the supposition that the heaviest patient will
automatically generate the highest stress is the
prosthesis. Many factors which are dependent on
the individual habit of each patient and therefore
not predictable have an effect on the stress level
and, hence on the lifetime of a prosthesis.

Of significant influence is the personal
attitude of the patient to her/his prosthesis, Docs
she/he see it as an aid for locomotion or as a
cosmetic device just comtributing to less
CONSPICUOUS appearance.

On one side it would be advisable to
determine a standard alignment for the
prosthesis, but on the other side it should be the
goal to adapt the prosthesis optimally to the
patient and not the other way round.
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An evaluation of the use made of cosmetic and functional
prostheses by unilateral upper limb amputees

C. M. FRASER
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Abstract

There is currently a distinction drawn between
a prosthesis considered to be provided for purely
cosmetic reasons and a functional prosthesis
provided to enable the amputee to achieve basic
hand function. Using video analysis the study
reported in this paper demonstrates that for non-
manipulative actions cosmetic prostheses are
actively used in the performance of everyday
tasks as frequently as functional prostheses. The
study provides evidence for a cosmetic
prosthesis to be presented to an amputee as a
realistic initial prosthesis and not as the option of
last resort if a functional prosthesis is rejected. It
is also recommended that training is provided in
the use of cosmctic prostheses in two-handed
tasks.

Introduction

Rehabilitation of upper limb amputees is
usually considered successful if the amputee
wears a functional prosthesis, is observed using
it appropriately during clinic based training and
assessment sessions, and reports wearing it for a
substantial period of the day at home and in
work and social situations. Wearing a prosthesis
for purely cosmetic reasons can result in the
wearer being classed as an unsuccessful user of
a prosthesis (Roeschlein and Domhoeldt, 1989;
Muilenburg and LeBlanc, 1989). There is little
understanding  of use made of cosmetic
prostheses in the everyday life of the wearer or
of the actual role of functional prostheses in
situations other than observations made in the
clinic situation and self reports from wearers.

All correspandence to be addressed to Carole Fraser,
Qceupational Therapy Services, Addenbrooke’s NHS
Trust, Hills Road, Cambridge CB2 2QQ. UK.
Tel: (+44) 1223 216586 E-mail: cfl3@cam.ac.uk

216

A large number of studies have been
conducted to evaluate the use made by amputees
of their prostheses. Most of these studies have
used postal questionnaires sent to upper limb
amputees whe have been identified from clinic
records (Gaine et al., 1997; Wright er al., 1995;
Burger and Marinéck, 1994; Roeschlein and
Dombholdt, 1989; Millstein ¢t afl, 1986). Some
studies obtained information from upper limb
amputees from questionnaires administered
during structured interviews conducted in the
clinic environment (Silcox er al, 1993; van
Lunteren et al, 1983; Northmorc-Ball et al.,
1980). All of these studies have relied on self
reporling by amputees regarding the length and
occasion of wear of their prostheses. From the
reports, success of prosthetic use has been
determined by the amount of reported wear and
number of occasions when the prosthesis has
been worn. Heger ef al. (1985) and Northmore-
Ball e¢ af. (1980) used participants as their own
retrospective controls in comparative studies of
myoelectric and conventional prostheses by
asking  participants  currently  wearing
myoelectric prostheses to recall their usage of
the conventional prostheses which they had
worn prior to the fitting of myoelectric
prostheses. Retrospective uaccounts of usage
have obvious limitations.

There are  inheremt  problems  with
questionngires that rely on self reporting and
patient recall. Participants are likely to be
influenced by motivational factors and give
responses that they consider the generator of the
questionnaire would see as desirable {Manstead
and Semin, 1996). Postal questionnaires may bhe
completed in consultation with or even by
another person. This is likely to happen if
questionnaires are sent to children or if
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Male Female
Congenital Acquired Congenital Acquired
Left Right Left Right Left Right Left Right
TH| TR|TH|TR|TH| TR| TH| TR | TH| TR | TH TH | TR | TH | TR |Total
Participants | | 81 0 1 g3zl 9@ 9o g 2 3 1 U] 1 2 66
Unwilling 0 L] @ 1 0 1 § 2|0 1 2 0 0 0 1 14
Non users 0 3| o0 | 2 0 3 410 244 O 0 0 0 1 0 16
No contact | 0 61 0 1 1 [ 4 71 0 210 1 | 0 [t} 1 21
Total 1 18 0 4 11 15| 24 | 22 0 10 2 6 2 0 4 | 121




Male | Female
Total potential participants (N=121) 52 46
Actual participants (N=06) 58 42
Non participants (N=55) 50 53
Actions
Terminal device Total Mean Max. Min.
|. Myoelectric hand 3 58.6 78 47
2. Mechanical hand 6 18.6 53 5
3. Split hook 12 58.6 101 24
4. Heavy duty split hook 4 38.0 84 K
3. Rubber hand with operating thumb 1 64.0 64 64
6. Rubber hand 1 430 43 43
7. Foam hand 23 245 71 0
8. Reinforced foam hand 3 34.6 38 28
9. Steeplon hand 8 24.5 45 5
10. Steeplon hand with spring thumb 2 7.0 14 0
11. C hook 1 21.0 21 21
12, Sack hook 2 36.0 47 25




All actions Non-manipulative actions
Group Number Mean Max. Min. Mean Max. Min.
1. Actually functional 20 51 101 4 30 i 4
2. Potentially functional 6 30 51 9 30 51 9
3. Cosmetic 37 24 71 0 24 7t 0
Act-functional TDs {20y | Pot-functional TDs (6) Cosmetic TDs (37)
Descriptor Total Avgrage Total Average Total Average
Manipulative Grip 127 6.35
Release 123 6.15
Hold 120 6
Transfer 30 1.5
Change 21 1.05 3 0.50 1 0.02
Non-manipulative Support 38 1.9 10 1.66 63 1.7
Stabilise 337 16.85 105 17.5 483 13.05
Push 86 43 23 3.83 99 2.67
Pull 28 1.4 6 1.0 9 0.24
Hold/TD 4 0.2 3 0.50 18 0.40
Balance/TD 15 0.75 5 0.83 60 1.62
Self grooming 43 215 11 1.83 34 091
Steadying 8 0.4 0 0 15 0.18
Pros. hold 27 1.35 10 .66 63 1
Pros. balance 3 0 5 0.83 13 0.35
Stump hold 17 0.75 (.66 17 0.45
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registered with the Cambridge DSC with an
acquired absence on the right side was higher
than those with a left absence yet a significantly
higher number of amputees with a left sided
absence agreed to take part in the study.
Interestingly it was also found that there was a
significantly higher number of unilateral
congenital amputces with a left-sided absence
than those with a right-sided absence registered
not only with the Cambridge DSCs but nationally
(Fraser, 1997). It might be possible to conclude
from these findings that amputees with a left
abscnce are more likely to wear prostheses than
those with a right abscence. The reason for this
could be that a prosthesis fulfils more
satisfactorily the functions of a left or non-
dominant hand than those of a right or dominant
hand. An amputee expecting to perform fine
motor tasks with a prosthetic device is frequently
frustrated by lack of skill and speed, which can
lead to the rejection of the prosthesis. More
emphasis on two-handed tasks with the use of
prasthetic devices for holding and stabilising and
the intact hand for manipulating might be the best
approach when training unilateral upper limb
amputees in the use of their prositheses.

Amputees with an absence of an upper limb at
trans-humeral {TH) level made less use of their
prostheses when performing the tasks yet they
reported wearing their prostheses on average as
many hours a day as amputees with an absence
at trans-radial (TR) level. It could possibly be
concluded that TH amputees were more likely to
be wearing their prostheses tfor cosmetic reasons
or as “sleeve fillers”. However it was found in a
separate study of two amputees with an absence
of an upper limb at TH that better standing
balance was achieved when they were wearing a
prosthesis than when they were not wearing one
(Clapp, 1998). Both amputees appeared unaware
of their improved balance when wearing their
prostheses but both had commented that they felt
“lost” without their prostheses. This finding
suggest that a prostheses has a valuable function
in maintaining symmetrical balance and body
posture. A comparative study between amputees
who wear prostheses and those who do not in
rclation to posture and balance would be of
interest.

Conclusion
This study has shown that prostheses that
might be considered to bc worn for purely

cosmetic reasons are in fact used functionally
when performing everyday tasks. [t would
thercfore seem 10 be important that an amputee
who chooses to wear a cosmelic prosthescs is
not considered to be a poor user and that a
cosmetic prosthesis is presented to amputees not
as an option only if functional prostheses are
rejected but as a realistic alternative choice and
that effective training in the use of cosmetic
prostheses is routinely given.

The role the prosthesis plays in what might be
considered two-handed tasks should also be
reviewed in the elight of this study. TDs appear
to be designed primarily to reproduce aspects of
fine hand function ie. grip, release. In training
amputees to use their prostheses they are
frequently encouraged to pructice picking up
small objects with their TDs (Lake, 1997). The
unilateral amputee may well demonstrate a high
level of skill in the performance of these tasks in
the clinic situation but is more likely to use his
intact hand to execute these tasks in everyday
life. He/she may become [tustrated when
performing such tasks with the prostheses if, as
has been shown, they take longer than with the
intact hand (Stein and Walley, 1983). If the role
of the prostheses in supporting, stabilising,
pushing, pulling, holding and facilitating balance
in everyday life situations is accepted as more
uscful than that of manipulating small objects in
the clinic situation; this could have a major
influence on the design of prostheses and TDs
and also influence training. A number of
participants in this study were found to be using
Steeplon hands. They reported that the shape of
this hand was useful for pushing and pulling, and
carrying things. They could lean on it to achieve
balance and stabilise and support objects. Most
of these participants had been issued with a foam
hand to replace their Steeplon hand but they had
found the foam hand did not perform the
functions that the Steeplon hand did. The fingers
ol the foam hand could not be shaped to achieve
carrying, or pushing or pulling; neither were they
robust enough to lean on even when reinforced.
Unlike the Stecplon hand the foam hand could
not be easily cleaned, an important consideration
if working in an area operating strict health and
safety checks. Due to problems in manufacture
the Steeplon hand is no longer available however
the features of this highly “functional” il not
cosimetically acceptable TD should be scen as
impaortant in the design of TDs in the future.
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This study demonstrates that substantial
improvements are possible in both the design
and training in the use of upper limb prostheses.
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Gender Male Female
Side of absence Left Right Left Right Total
Congenital 16 years and above 19 4 10 8 41
Congenital 15 years and below 11 10 15 3 29
Age Left Right Total

16 years and above 730 (61%) 467 (39%) 1197 (100%)

L5 years and below 515 (59%) 363 (41%) 878 (100%)

Total 1245 (60%) 830 (40%) 2075 (100%)




Left Right
Male Female Male Female Total
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Total 639 (31%) 606 (29%) 479 (23%) 351 (17%) 2075 (100%)
Age Registered nos. for | Est. registered nos. | Est, population from|  Est. population Est population
25 UK DSCs for 37 UK DSCs McDonnell er al. | from Kyberd er al. from AMRS
(1998) (1997) (1992)
15- 878 1299 1288 897 2543
16+ 1197 1772 4947 3444 9767
Total 2075 3071 6235 4341 12307
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Natural frequency

Fx 0p 980N 1300 Hz
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Number| Age | Diagnosis Operation Post operation
1 46 Medial meniscus tear Scopic partial menisectomy 1 week
2 21 Chondromalacia patellae Scopic lateral release | week
3 23 Anterior cruciate ligament rupture Reconstruction of ligament | month
4 36 Anterior cruciate ligament rupture Reconstruction of ligament 1 month
3 22 | Chondromalacia patellae Scopic lateral release 1 week
6 32 Medial meniscus tear Scopic partial menisectomy 1 week
7 25 Medial meniscus tear Scopic partial menisectomy 1 week
8 67 Patellae tendon old rupture Reconstruction of ligament 1 month
9 29 Fracture of femoral shaft Open reduction and internal fixation 2 weeks

10 26 Fracture of femoral shaft Open reduction and internal fixation 2 weeks

phase Braced leg Non-braced leg
h Heel-strike Flat-foot Heel-off Stance Stance
Normal gait 0.08+0.03 0.35+0.04 0.18+0.04 0.61+0.03 -'rT 0.60x0.03 l:|
4
Braced gait 0.10£0.03 0.32+0.05 0.20£0.05 0.62+0.03 -L 0.60+0.03
Locked gait 0.10+£0.04 0.30+0.09 0.17+0.06 0.57+0.03 0.62+0.03
Controlled gait 0.10+0.03 0.31+0.03 0.20+0.06 0.61+0.04 0.64+0.04 <
n = 10 (Mean+SD)
ac: p<0.05 b: p<0.0]
Wilcoxon signed-rank test
Normal gait Braced gait Locked gait Controlled gait
Non-braced leg >
Stance l I
Braced leg 0.98+0.04 0.98+0.04 1.08+0.05 1.03+0.04
Stance
n =10 (MeanxSD) *p<0.05

Wilcoxon signed-rank test
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g;ﬁ"*ﬂﬁ.d\es Vastus medialis Rectus temoris Biceps femoris Tibialis anterior Gastrocnemius
Normal gait 473£170 77| 280:203 %] | 1245:3.10 11.45:118 % | 19.8325.9]
Braced gait 7.28+0.85 - S88:0.65 1| | 16.3822.04 14.05:1.47 | | 19.8328.59
Locked gait 7.46£2.09 5.30£0.33 15.90+2.92 17.30£3.83 — 18.83+6.44
Controlled gait 5.53+£1.03 4.65+0.99 14.05+4.13 9.65+2.51 18.68+5.84
n = 10 (Mean+SD)
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Fig. 9. Normalised ground reaction force of a patient (Case 7: 25y, M, meniscus tear).

not be applied te orthoses.

In the orthotic field, the authors developed a
knee-ankle-foot orthosis with a knee unit that
allows control of joint movements using a
computer (I0). To evaluate the effects of the use
of his IO on gait, gait analysis was performed
measuring the muscle activity of the lower limb
and the ground reaction force.

On the left side (braced side), the stance phase
was shorter in locked gait than in normal gait.
The ratio of the stance phase on the right side
(non-braced side) to that on the left side was the
highest in locked gait. Gait analysis showed that
controlled gait is closer than locked gait to
normal gait. However, on the right side, the
stance phase was longer in controlled gait than
in normal gait. This may be due to the weight of
the 10.

In locked gait, since the knee cannot be flexed,
the lower limb is abducted, resulting in
circumduction gait. Therefore, from the heel-off
phase to the swing phase, the ankle is
dorsiflexed. Dynamic EMG showed abnormal
discharge in Ta only in locked gait. In controlled
gait, the activities of Vm and Rf were decreased
in the heel-strike phase compared with normal
gait. These decreases may be due to adequate
knee fixation using the 10.

In locked gait, the lower limb swings
downward from the lateral to the medial side, and
the knee that absorbs the impact at the time of the
heel-contact is fixed. Therefore, an acute large
braking force acts on the ground at the time of
heel-contact. Each component of the ground
reaction force showed spikes suggesting strong
impact only in locked gait. Controlled gait did not
show the abnormalities observed in locked gait.

Recently, rehabilitation for various diseases
such as cerebral palsy has been actively initiated
in an early stage. However, since the physical
function markedly changes in patients during
carly therapy, changes in their pathological
condition cannot be promptly coped with using
the present orthoses. The authors designed an
Intelligent Orthosis with a joint unit that controls
movements of the knee joint for the purpose of
adjusting to the degree of functional impairment
and changes in pathological conditions.

In the IO, the driver of the servomotor, the
circuit substrate of the rotary encoder, and the
microcomputer are placed outside. The output
capacity of the servomotor was 60 Watt.
Improvement in the material of the IO, the
performance of the brake, and the output
capacity can reduce the weight of the 10 to make
it portable.
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Clinical note

Quadriceps muscle injury
in trans-femoral amputees

Z. ALSINDI and D. DATTA

Muobility and Specialised Rehabilitation Centre, Northern General Hospital, Sheffield UK.

Abstract

Two male trans-femoral amputees using
modular trans-femoral prostheses lost control
and fell to the ground when their prosthetic
knees gave way. The semi-automatic knee lock
malfunctioned in the first case while the free
knee stabilising mechanics gave way in the
second case. This resulted in a high tensile force
acting on the contralateral quadriceps muscle
causing it to rupturc. As there arc a significant
number of patients with both kinds of prostheses
it 15 important to be aware of this possibility so
that necessary actions can be taken lo minimise
its occurrence. Even with the currently available
weight activated stance phase control, the
prosthetic knee will give way if the knee is
flexed more than 20° on weight bearing. Good
power and control of hip extensors on the
amputation side 1s needed to control the
prosthetic knee joint, especially in the early
stage ol the walking cycle. i.e., from heel strike
to mid-stance. Quadriceps muscle injury in
amputces, as far as the authors are aware, has not
been reported previously.

Introduction

In the elderly careful evaluation regarding
balance and the ability of the stump to control a
free knee should be made before prescription. Tt
may be safer to prescribe a semiautomatic knee
lock in spite of the disadvantages of a less
cosmetic gait and possible increased energy
consumption, in patients with poor balance, poor
co-ordination or with weak muscles.

All correspondence to be addressed to Dr Z, Alsindi,
Mobility and Specialised Rehabilitation Centre,
Northern  General Hospital, Herries Road,
Sheffield §5 7AU, UK. Tel: (+44) 1142561571,
Fax: (+44) 1142431646.

Patients and methods
Case one

A 56 year old male patient underwent a left
trans-femoral amputation 3 years earlier due to
gangrene, resulting from peripheral vascular
disease. In the post-amputation rehabilitation
pericd he progressed from an automatically
locked prosthetic knee joint to a weight activated
“stabilised knee” stance phasc control and a
poneumatic swing phase control in a Blatchford
endoskeletal modular Endolite prosthesis, This
“free” knee joint also incorporaled a manual
knee lock allowing the patient to lock the knee
joint if he felt unsafe to walk with the “free”
knee especially outdoors, on uncven or slippery
grounds. He gave a history of losing his balance
becausc of the prosthetic knee joint giving way
when he was about to start walking after getting
out of his car. He reported that he had applied
the knee lock, when he stood up after getting out
of the car, but as he was just about to walk off
with weight bearing on the prosthetic limb, the
prosthetic knee joint gave way unexpectedly.
This happened during the double support phase
of the gait cvcle when his natural right foot was
still on the ground. The patient felt a very sharp
pain on the anterior aspect of his lower right
thigh and fell to the ground. A swelling quickly
developed in the anterior aspect of his right thigh
about 8§ to 10 cm proximal to the upper margin
of the patella. He was seen by his general
practitioner who diagnosed a partial tear of the
right quadriceps muscle and was treated with
analgesics. An ultrasound examination 2
months later confirmed the clinical diagnosis of
partial tear of the right quadriceps muscle.
Clinically at this time a palpable gap in the
muscle belly was still easily felt. Examination of
the mechanics of the prosthetic limb revealed the
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Clinical note

Rehabilitation of a triple amputee
including a hip disarticulation

J.C.SHIN, C. L. PARK, Y. C. KIM, 8. H. JANG, I. K. BANG and J. §. SHIN

Department of Rehabilitation Medicine, Yonsei University College of Medicine, Seoul, South Korea

Abstract

A multiple amputee more severe than a triple
amputee is uncommon. There have been no
reports on the rehabilitation outcome of a triple
amputee, including hip disarticulation and trans-
tibial amputation. The authors report the
rehabilitation of a patient with left hip
disarticulation, right trans-tibial amputation, and
left trans-humeral amputation due to a train
accident. He has successfully completed the
rehabilitation programme and has become
independent in prosthetic ambulation, activities
of daily living, and driving.

Introduction

There have been few reports on the
rehabilitation outcome of a multiple amputee
more severe than a triple amputee (Kitowski and
Leavitt, 1968; Laatsch er af., 1993; Shaw et af.,
1977). There have been no reports on the
rehabilitation outcome of a triple amputee,
including a hip disarticulation and trans-tibial
amputation. Multiple limb loss requires more
motivation from the amputee to overcome the
disability, and more cooperation and active
management from the rehabilitation team to
make the rehabilitation process a success. The
authors treated a case where the patient
underwent left hip disarticulaton (HD), right
trans-tibial (TT) amputation, and lcft trans-
humeral (TH) amputation surgery secondary to a
train accident. He successfully completed his
rchabilitation  programme  to  become

All correspondence to be addressed to J. Cheol Shin
MDD, Department of Rchabilitation Medicine, Yonsei
University College of Medicine, CPO Box 8044,
Scoul, South Korea. Tel: (+82) 2 361 7534, Fax: (+82)
2 363 2795,

independent in all activities of daily living,
prosthetic ambulation, and driving,

Case report

A 37-year-old man sustained multiple and
severe injurics in a train accident on Deccmber
7, 1996, which resulted in left hip amputation,
left forearm amputation, and multiple
comminuted fractures of the right leg. In a local
hospital in Seoul. Korea, he underwent a left
HD, ieft TH amputation, and right TT
amputation, and was then transferred to the
Rchabilitation Hospital, Yonsei University
College of Medicine, on March 15, 1997, three
months after the accident.

Physical examination performed on admission
revealed the left TH stump length from the
acromion to be 16 ¢cm (55%), and the right TT
stump length from the medial tibial plateau to be
12 ¢m. The soft tissue shrinkage of the stumps
was found to be relatively good, except for the
left HD which showed incomplete shrinkage
(Fig. 1). Muscle power of the left forearm and the
right leg were slightly reduced to Grade 4 (Grade
5 being normal). On functional examination, the
patient was found (o be barcly able to eat and
wash his face indepcndently. He could turn on
his side and sit, however his balance was reduced
to fair and the endurance timc was 5 minutes.
The X-rays did not show any bony spurs, but
there was 30° angulation of the right femur shaft
secondary to an old right hip fracture sustained in
another accident in 1974.

After admission, his preprosthetic training
began with muscle strengthening excrcises
including Cybex isokinctic training, stretching
exercises to maintain a normal range of motion,
and exercises to improve balancing ability. On
April 10, 1997, the left TH prosthesis with
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Clinical note

Rehabilitation management for a patient with a radical
forequarter amputation with chest wall resection.

J. H. B. GEERTZEN*, H. J. HOEKSTRA**, A. ELZINGA*** and ]. S. RIETMAN*

*Deparmment of Rehabilitation, University Hospital, Groningen, The Netherlands
**Department of Surgical Oncology, University Hospital, Groningen, The Netherlands
*¥*The Orthopaedic Workshop OIM, Haren, The Netherlands

Abstract
Since the improvement of surgical
oncological operative procedures,

anaesthesiology and intensive care facilities,
forequarter amputations are being performed
with increasing frequency and decreasing
morbidity and mortality. This clinical note
reports the rehabilitation and prosthetic
management of a patient with an extensive
forequarter amputation including pneumectomy.

Introduction

Limb salvage procedures using combined
modality therapies are gaining acceptance as a
treatment choice in patients with marginal
resectable soft tissue or bone sarcomas of the
upper limb, For a small group of patients, an
interscapulothoracic amputation or a radical
forequarter amputation with chest wall resection
is the only final surgical treatment with either a
curative or a palliative intent (Stafford and
Williams, 1958; Mansour and Powell, 1978;
Ham er al., 1993). A forequarter amputation is a
resection of the chest wall, indicated for primary
bone and soft tissue tumours, involving the
shoulder girdle, axilla and chest wall, as well as
for recurrent breast cancer in the axilla after
irradiation (Roth er af,, 1984). The purpose of
this report is to describe the rehabilitation
management focusing on the prosthesis in a
patient with an extensive radical forequarter
amputation.

All corcespondence to be addressed to J. H. B,
Geertzen MD, Department or Rehabilitation,
Univeristy Hospital Groningen, Hanzeplein 1, Posthox
30,001, The Netherlands., Tel: (+31) 50 3612205,
Fax: (+31) 50 3611708,
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Case report
Medical history

A 28-year-old healthy young man known with
Recklinghause disease (neurofibromatosis)
presented with pain at his left chest wall. His
skin showed several typical “cafe au lait” spots
and many little noduli.

In the medical history, the patient complained
earlier of pain in his right chest wall. An x-ray of
the thorax (the right side) showed some signs of
a soft tissue mass. A magnetic resonance
imaging (MRI) demonstrated a calcified mass
with central necrosis, fixed to the right chest
wall. Pre-operatively, lung function was studied
using spirometry, and distant metastases were
ruled out by means of computer tomography
scans of the lungs and a bone scan. The tumour
was curative resected “en bloc” with a part of the
right chest wall. It appeared to be a malignant
Schwannoma.

Half a year later, he had the same complaints
of the contralateral chest wall. Again it appeared
to be a malignant aggressive Schwannoma
which reached far into the thorax. There were no
distant metastases. Lung function and vital
capacity were good. In an extensive discussion
with the patient and his family, concerning the
expected quality of life after surgery, a very
mutilating but in design, curative operation
was performed: a total resection of the
tumour  including  pneumectomy  and
interthoracoscapular amputation of the left upper
limb (Figs. 1 and 2). This procedure was
performed knowing that the disease-free median
survival period 24 months after surgery would
be somewhat more than 40% (Doorn ef al.,
1995). After consultation with the rebabilitation
team, whether it would be possible to fit such a
patient with a prosthesis, surgery was planned.
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Muscle group Strength
Lett Right
Elbow flexors 5 4+
Wrist extensors 5- 4
Elbow extensors 2 2
Finger flexors 1 1
Finger abductors 1 1
Trunk flexors 2 2
Trunk extensors 4 4-
Hip flexors ( 0
Hip adductors 2- 2-
Hip abductors G 0
Hip extensors 2 2
Knee extensors 4 4
Knee flexors 0 0
Ankle dorsiflexors I 0
Ankle plantarflexors 3 3

NB. Strength graded out of a maximum of 3 according
to MRC guidelines.




Condition Orthosis Heart rate O: uptake

(b/min) (I/min)
Rest Walkabout T8x2 0.22 + 0.01
Moorong MLO T3+.1 0.17 = 0,01
Level footpath Walkabout 1552 0.55+0.02
Moorong MLO 164 + | 0.49 +£0.02
Grass (slope -2.5°/ Walkabout 136 +2 0.51 £0.02
camber 2.3°) Moorong MLO 160 £ 2 0.42 £0.02
Footpath (slope -3.7°) Walkabout 142 £2 0.52 + 0.01
Moorong MLO 1552 0.29 = 0.01
Road (slope +4.2%) Walkabout 157 £2 0.73 £ 0.01
Moorong MLO 154£3 0,48 £0.03

NB: Data are means = SEM derived over 6 20-second measurements in steady state,

P vy —

ChCs oue o

Aovorwee Vel

Avenipe ".-'e:i_uf'_l:,-




Galt Velocity (m.min"")

PCi (b.m™)

PCI (b.m™)

- \Valkabout
mmmm Moorong MLO

Level Grass Footpath Road
Footpath (slope -2 57 (slope -3.7%) (slopa +4 2%
camber 2 3%
(a)

mm Walkabout — — — .
mmm Moorong MLO —

Level Grass Footpath Road
Footpath (slope -2 5% (siope -3.7%) (slope +4 27)
camber 2 3%

(b)

- alkabout
omm Moorong MLO

Level Grass Footpath Road
Footpath (slope -2 5% (slope -3.7% (stope +4 2°)
camber 2 3%

(c)










Prosthetics and Orthotics International, 1998, 22, 265

Book Review

Physiotherapie und Prothetik nach
Amputation der unteren Extremitiit
Gertrude Mensch, Wieland Kaphingst
Springer Verlag, Berlin/Heidelberg/New
York, 1998

ISBN 3-540-62769-7

DEM 78: GBP 30

This textbook on physical therapy and
prosthetics following lower limb amputation

perfectly fits the ISPO philosophy. [t is
international, even intercontinental, and
interdisciplinary.

Gertrude Mench is, together with Patricia M.
Ellis, the author of the well-known textbook on
Physical Therapy Management of Lower
Extremity Amputations, published for the first
time in 1986 in the USA. Bul Gerlrude is a
Canadian immigrant who remained aware of her
German roots. Whenever she visits  her
classmates in Leipzig. she cannot resist lectuning
and publishing in her native language and she
has become just as popular there. as she is in the
New World.

Wieland Kaphingst continued his father’s
tradition in becoming a prosthetist. He also
holds a degree in biomedical engineering from
the Technical Coilege afliliated with the
University of Giessen, Germany.

He has many vyears of cxperience in
orthotic/prosthetic third world cooperation and
served as Director of the Federal School for
Orthopaedic Technology in Germany for 5 years
before moving to the United States, where he is
the Vice-President of IPOS North America Inc.

Therefore, this book represents a blend of two
cultures which have very much in common,
except for the language. I is hence a necessity to
close this language gap. Part | by Gertrude
Mensch is an updated translation of her Manual
mentioned above. Wieland Kaphingst's Part 2 is
based on the statc of the art in prosthetics on
both sides of the Atlantic.

The first part deals with physical therapy

265

including the various reasons for amputation.
Pre- and postoperative physical treatment is
explained, followed by prosthetic gait Iraining.
Gait disorders, their reasons and how to cormrect
them are extensively demonstrated and
brilliantly illustrated. Special attention is given
to the prevention and treatment of joint
contractures and the conservative handling of
stump problems caused by inadequate surgery,
delayed wound healing and poor prosthetics.
Part 1 ends with some pages on sports for
amputees.

Part 2 establishes gvidelines for prosthetic
prescriptions depending on the patient’s ability
according to the 5 functional levels of the
American DMERC  classification. A
comprehensive questionnaire has been carefully
worked out. It is illustrated with some typical
examples. The prosthetic components selected
for these patients are limnited to only three
manufacturers, two German and one American,

Both parts of the book are dedicated
predominantly to trans-tibial and trans-lemoral
amputations. [t has to bc admitted that most
major amputations are still performed at these
two levels, despite the efforts of the ISPO in
1984 to organize a seminar dedicated to through-
knee amputation, and despite the progress in
amputation surgery in order (o preserve part of
the foot instead of recommending a long trans-
tibial stump., Also hip, disarticulation and
hemipelvectomy should have deserved some
illustrations as prosthetics and gait training are
quite different from any other level.

These critical remarks are not meant to limit
the outstanding practical value of this joint
venture; but, on the contrary, it may be hoped
that there will soon be a second edition, if
possible simultancously in German and in
English, which pays equal attention to every
level of amputation.

René Baumgartner,
Rumikon, Switzerland
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Calendar of Events

National Centre for Training and Education in Prosthetics and Orthotics
Short Term Courses 1998-99

Courses for Physicians, Surgeons and Therapists

NC 505 Lower Limb Prosthetics 1 1th - 15th Janvary 1959
NC 518 Upper Limb Prosthetics 27th January 1999

NC 510 Wheelchairs and Seating 2nd - 4th March 1999
NC 514 Orthotic Management of Diabetic Foot 11th - 12th March 1999
NCS5M(A) Clinical Gait Analysis 16th - 17th March 1999
NC 506 Fracture Bracing 24th - 28th May 1999
NC511(B) Clinical Gait Analysis 7th - &th September 1999

Courses for Orthotists and Therapists

NC 224 Hand Trauma 12th February 1999
NC 225 Orthoses for Brachial Plexus Injuries 26th February 1999

Courses for Orthotic Technicians

NC 604 Orthotic Technician Training
Module 1 7th-18th December, 1998
Module 2 S5th-15th January, 1999
Module 3 4th-14th May, 1999
Module 4 17th-28th May, 1999

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

4-8 February, 1999
Annual Meeting of the American Academy of Orthopaedic Surgeons, Anaheim, USA.
Information: AAQS, 6300 North River Road, Rosemont, IL60018, USA.

3-6 March, 1999
AAQP Annual Meeting, New Orleans, USA,
Information: Annette Suriani, AOPA, 1650 King St., Suite 500, Alexandria, VA 22314, USA.

15-18 March, 1999

Ist Arab Regional Conference of Rehabilitation International and 2nd Gulf Congress in Medical
Rehabilitation, Kuwait.

Information: Conference Secretariat, PO Box 4070, 13041 Safat, Kuwait.

26-28 March, 1999

BAPO Annual Conference, Harrogate, England.

Information: BAPO Secretariat, Sir James Clark Building. Abbey Mill Business Centre, Paisley,
Renfrewshire, PA1 1T, Scotland.
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