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the prosthesis plays an important and useful part 
in the daily life of an amputee. This is supported 
by the fact that three-quarters of the patients 
expressed satisfaction with their prostheses, in 
spite of the problems observed. 

An attempt was made to cross-link mean 
hours of daily use with load level. The findings 
should, however, be interpreted with caution. 
Field conditions for individual amputees can 
vary widely, and furthermore both indicators 
depend on the ability and willingness of the 
patient to provide correct information. 
Moreover, as the hours of daily use refers to the 
time of the evaluation, this figure is not 
necessarily representative for the total period of 
use. It can be argued that it understates use 
during the total period, as prosthesis use often 
decreases over time owing to breakdown or 
pain. In general, the numbers are too small to 
permit conclusions being drawn about possible 
associations between load levels and life span. 
In future, stratification into a smaller number of 
groups which are more clearly defined may be a 
better option. 

Although the polypropylene prosthetic parts 
were generally found to be sufficiently strong, 
the evaluation showed that some prostheses, or 
parts of them, were replaced too late. Only a few 
patients stopped using their prostheses as a 
consequence, most of them continuing to use 
prostheses with worn parts . However , the 
suspension belt was clearly too weak and needed 
strengthening (or the PTB system needed to be 
replaced by supracondylar suspension). 

A major problem was identified with regard to 
the rubber foot. Its life span is considered 
generally too short, and although patients often 
continue using the prosthesis with a worn 

prosthetic foot, this problem needs to be 
addressed. In the process of making a rubber 
foot, irregularities in laying the unprocessed 
rubber sheets can contribute to poor quality. 

Apart from material problems, the fitting 
problems observed in about 3 5 % of the patients 
are a significant cause of reduced use of the 
prosthesis, mainly because of discomfort and/or 
pain. As a consequence, six amputees were not 
using their prostheses at all at the time of the 
evaluation. The fitting problems appeared 
mainly due to stump changes over time and 
highlighted the importance of continued access 
to rehabilitation services. 

The results of the study prompted the 
following decisions: to contact the foot factory, 
which subsequently adapted the manufacturing 
process to increase life span; to issue a spare foot 
with each prosthesis so as to allow patients 
living far away to do their own repairs; to use a 
stronger, leather suspension strap instead of the 
weaker plastic strap. The findings also supported 
the decision to develop a different and 
structurally more robust foot. 
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Case note 

The use of the shuttle lock system for problem 
trans-femoral suspension 

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

Tayside Orthopaedic and Rehabilitation Technology Centre, Ninewells Hospital, Dundee, Scotland, UK. 

Introduction 
The standard suspension for the elderly trans-

femoral amputee in Dundee is the Totally 
Elasticated Suspension (TES) belt used in 
conjunction with a hand wrapped ischial 
containment socket. 

Two patients with specific suspension 
problems are presented in whom an ICEROSS 
suspension sleeve with shuttle lock mechanism 
was used to resolve their difficulties. 

Case 1 
MG is a 61 year old arthrosclerotic amputee 

who, following a right popliteal by-pass graft, 
required a left auxiliary bifemoral by-pass. 
Unfortunately there was a problem with healing 
and the vascular graft became exposed in the left 
groin. The vascularity of the tissue below the 
transverse abdominal scar was severely 
compromised and on surgery, it was found there 
was no viable rectus muscle remaining. The 
abdominal skin was utilised as a trans-position 
flap based on the contralateral superficial 
inferior epigastric vessel. 

The wound margin of the flap, however, 
underwent necrosis and further exposure at the 
graft and the rectus femoris muscle flap was 
utilised to cover the vascular implant. The 
wound at the right leg, however, failed to heal 
and amputation was required. 

The result was a very tender heavily scarred 
abdominal wall which could not tolerate a belt of 
any sort (Fig. 1). Management was by way of an 
ICEROSS suspension sleeve with the shuttle 

lock incorporated within the thigh section of the 
prosthesis. 

The prosthesis was a hand wrapped ischial 
containment type thermoplastic socket attached 
to a Blatchford semi-automatic knee lock and 
multiflex foot. 

The patient found this easy to apply and lock 
and it also gave excellent suspension and 
comfort resulting in no pressure on her abdomen 
and no pain over the grafted scarred abdominal 
area. 

All correspondence to be addressed to Dr. C.P.U. 
Stewart, Tayside Rehabilitation and Rehabilitation 
Technology Centre, Tayside University Hospitals 
NHS Trust, Ninewells Hospital and Medical School, 
Dundee DD1 9SY, Scotland, UK. 

Fig. 1. Case 1 showing extensive abdominal wounds 
which inhibited standard waist belt suspension. 
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Fig. 2. Case 2: (a) stump; (b) ICEROSS fitted to the stump: (c) completed limb. 

Case 2 
CL is a 70-year-old arthrosclerotic trans-

femoral amputee with an extremely short conical 
shaped stump. Suspension and stump location 
was considered to be difficult for a standard 
prosthesis with a waist belt. An ICEROSS 
suspension sleeve with a shuttle lock system 
gave her sustainable suspension when using a 
combination with a similar prosthetic 
construction to Case 1 (Fig. 2a). 

Donning was initially a little difficult due to 
the changing volume of the stump but with 
practice improved and now she is completely 
independent. 

Discussion 
The TES elasticated sleeve has been used in 

Dundee for some years and has proved 
extremely popular in preference to the 
polypropylene waist band. Total suction sockets 
are not easy for elderly people to apply in the 

primary situation with early 1OSS of suction due 
to stump shrinkage. The shuttle lock system has 
proved extremely successful in these two cases, 
where despite some shrinkage taking place 
suspension has been retained. They are a little 
difficult to apply but with practice the patients 
demonstrated above have managed extremely 
well. 

There are several shuttle lock systems on the 
market, each having their individual merits. In 
these two cases ICEROSS was used. 

The use of a sleeve with shuttle lock system 
for the trans-femoral amputee is thus advocated 
for those to whom suspension is a problem, 
either because of the stump shape and size or the 
unsuitability of a waist belt or abdominal 
support as a result of scarring. 

Pressure on auxiliary and femoral grafts by the 
waist belts may cause compression and 
compromise the limb circulation. In these 
circumstances this system is also recommended. 
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Technical note 

Reduction of skin problems at the Alpha 
socket/skin interface 

C. P . U. S T E W A R T and J. W I L S O N 

Tayside Orthopaedic and Rehabilitation Technology Centre, Ninewells Hospital, Dundee, Scotland, UK 

Introduction 
New interface liners, for example "Alpha" and 

" T E C " have been extremely successful in 
improving the overall comfort of amputees. 

It has been observed that up to 10% of patients 
using the newly introduced total contact socket 
interfaces develop a skin eruption at the 
proximal edge of the liner. Other problems 
include the pooling of sweat and pain resulting 
in a rejection rate of 19% (Mullick, 1997). 

The skin eruption is in the form of an 
erythematous eruption somet imes with an 
exudate. 

Occasionally it is a true allergic reaction to the 
various materials used but in some cases it 
appears to be due to a mechanical problem at the 
top 2-3cm of the liner. 

Case 1 
W D is a 64-year-old man with severe 

atherosclerosis resulting in a dense hemiplegia 
as a result of a stroke 5 years prior to developing 
gangrene in his toes. Amputation at trans-tibial 
level healed well and he was initially mobilised 
with a patellar-tendon-bearing prosthesis. 

Considerable discomfort however developed 
in the stump 3 months after delivery of the 
prosthesis. He was subsequently fitted with an 
Alpha Liner which he found very comfortable. 

At a review clinic one month after delivery he 
complained of an eczematous eruption at the top 
of the liner. The rest of the stump was however 
unaffected and contact allergy to the liner was 
not considered a likely cause of the problem. 

The scalloping of the top of the liner (Fig. 1) 
has resolved the problem. 

It is suggested that the scalloping may reduce 
skin shear at the top and thus reduce skin trauma. 

Case 2 
JS is a 74-year-old man with diabetes mellitus 

related trans-tibial amputation. 
His prosthetic history was complicated by the 

continuous presence of pain in the stump, which 

All correspondence to be addressed to Dr. C. P. U. 
Stewart, Tayside Orthopaedic and Rehabilitation 
Technology Centre, Ninewells Hospital, Dundee DD1 
9SY, Scotland, UK. 

Fig 1. Scalloped edges to reduce skin shear at the top of 
the liner. 
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repeated socket changes failed to resolve. 
The provision of an Alpha Liner did help 

somewhat but did not completely resolve the 
patient 's pain. He was however able to use his 
l imb more comfortably than before. He 
developed a skin eruption similar to Case 1 and 
this was again resolved by the scailoping of the 
liner top. 

Summary 
Two cases are presented in whom the 

provision of an Alpha Liner rel ieved the 
patients' stump discomfort but developed a skin 

eruption at the top of the liner. 
This was resolved satisfactorily by cutting 

scallops into the top of the liner. 
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M. J. I J Z E R M A N * / * * , G. B A A R D M A N * , H. J. H E R M E N S * , P. H. V E L T I N K * * , 
H. B . K. B O O M * * and G. Z I L V O L D * 

*Roessingh Research and Development b.v., Enschede, The Netherlands 
**University of Twente, Institute for Biomedical Technology, Enschede, The Netherlands 

Abstract 
A new orthosis (SEPRIX) which combines 

user friendliness with low energy cost of 
walking has been developed and will be subject 
to a clinical comparison with conventional hip-
knee-ankle-foot orthoses. In designing such 
comparative trials it was considered it may be 
worthwhile to use previous clinical studies as 
practical examples. A literature search was 
conducted in order to select all comparative 
trials which have studied two walking systems 
(hip-knee-ankle-foot orthoses) for patients with 
a complete thoracic lesion. Study population, 
intervention, study design, outcome 
measurement and statistical analyses were 
examined. Statistical power was calculated 
where possible. 

Of 12 selected studies, 7 were simple A-B 
comparisons , 2 A-B comparisons with a 
replication, 2 cross-over trials and 1 non-
randomised parallel group design, the last of 
which was considered internally invalid due to 
severe confounding by indication. All A-B 
comparisons were considered internally invalid 
as well, since they have not taken into account 
that a comparison of two orthoses requires a 
control for aspecific effects (like test effects) 
which may cause a difference. Statistical power 
could only be examined in 4 studies and the 
highest statistical power achieved in one study 
was 47 %. It is concluded that statistical power 

was too low to be able to detect differences. 
Even analysis through interval estimation 
showed that the estimation of the difference was 
too imprecise to be useful. Since the majority of 
the surveyed papers have reported small studies 
(of only 4-6 patients), it is assumed that lack of 
statistical power is a more general problem. 
Three possibilities are discussed in order to 
enhance statistical power in comparative trials, 
i.e. multicentre studies, statistical pooling of 
results and improving the efficiency of study 
design by means of interrupted time series 
designs. 

Introduction 
Various new developments in hybrid systems 

for patients with paraplegia have been reported 
in the last few years (Stallard and Major, 1995; 
Edwards and Bataweel, 1996; Ferrarin and 
Rabuffetti, 1996; Yang et al., 1996). Beside 
technological improvements, two categories of 
clinical research can broadly be distinguished, 
i.e. comparisons between available clinical 
systems (like Reciprocating Gait Orthoses -
RGO) and clinical trials on new system 
developments. Reduction in energy cost of 
locomotion is often a main goal in these reports. 
However, in the design of a new orthosis 
(Separable Reciprocator with Intelligent Knee 
Stabilisation - SEPRIX) the authors 
acknowledged user friendliness, in addition to 
energy cost of locomotion, to be an important 
target. Separabili ty and foldabability were 
suggested in order to improve donning / doffing 
and transportation respectively (Baardman et al., 
1997), whereas upper body load during 
locomotion can be reduced by aligning an 
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orthosis in slight abduction (IJzerman et al.,, 
1997 b). 

The effectiveness of a new walking system 
should be investigated in order to establish 
superiority of the system over another. In 
claiming such effectiveness, in particular when 
the decisions are complicated (like justification 
of implant technology) and the differences are 
small, appropriate methodology is essential 
(Yusuf et al., 1994; Sykes et al., 1996). 

In designing clinical studies on effectiveness 
of orthoses, previous studies are often used as 
examples. For instance, the study of Sykes et al. 
(1996) is, with respect to the methodology, 
almost similar to the study of Nene and Patrick 
(1990). However , in designing a study on 
effectiveness of the new SEPRIX orthosis, 
some methodological problems were 
encountered in previously published studies and 
copying the methodology appears not to be a 
suitable approach. 

The basic issues in the design stage of an 
experiment are usually categorised into internal 
validity and external validity. Internal refers to 
the validity of the inferences drawn in regard to 
the patients involved in the study and external 
refers to the validity of the inference in regard to 
the target populat ion outside the sample 
(Rothman, 1986). Internal validity is a 
prerequisite for external validity, but external 
validity is not always likely to be a consequence 
of an internally valid study. In addition, 
statistical conclusion validity concerns whether 
the differences in the study are due to chance 
(Cook and Campbell, 1979; Wagenaar, 1990; 
Ottenbacher and Barrett, 1990). In a statistically 
valid study one presumes that appropriate 
statistical tests were used and that the study had 
sufficient statistical power to detect differences 
(Ottenbacher and Barrett, 1990). 

In general , t rue-experimental designs are 
considered the most powerful method in 
showing treatment effectiveness (Ottenbacher, 
1995). Although other designs can also be 
considered as true experimental (Cook and 
Campbel l , 1979; Wagenaar , 1990), the 
randomised controlled trial (RCT) is uniformly 
accepted as the most appropriate design 
(Meinert , 1986; Pocock, 1983; Reilly and 
Findley, 1989; Pollock et al., 1993). Control in 
this context refers to a comparison of the new 
therapy with a standard therapy, randomisation 
refers to random assignment of patients to either 

a new or a standard therapy (Pocock, 1983). 
However, RCTs are difficult to conduct (Reilly 
and Findley, 1989) and, so far, no comparison of 
walking systems has been a randomised 
controlled trial. Two reasons can be put forward, 
i.e. (1) adequate randomisation usually requires 
sufficient patients in order to achieve baseline 
comparabil i ty of study groups (potential 
confounders) (Rothman, 1986; Pollock et al., 
1993) and (2) if only a limited number of 
patients can be included, an RCT is not the most 
efficient design, since 50 % of the patients are 
assigned to a standard orthosis. In contrast, 
cross-over trials do offer true experimentation 
but with a maximum statistical power since all 
patients are assigned to both standard as well as 
new therapy (Pocock, 1983; Senn, 1993). 
However , cross-over trials have the 
disadvantage that a carry-over effect may limit 
their internal validity. 

With respect to the statistical analysis of 
studies, it is often found that much attention is 
given to proper statistical testing, but that 
statistical power is not addressed (Ottenbacher 
and Barrett, 1990). In addition, the majority of 
the comparative trials on paraplegic walking 
systems were not able to demonstrate significant 
differences between walking devices. Proper 
interpretation of the p-value (accepting H 0 when 
p>α and rejecting H 0 if p<α) would then suggest 
that H 0 (no difference) is true (Barnard, 1990; 
Salsburg, 1990). However, this interpretation 
neglects the risk of a type II error (β-level). A 
type II error occurs if H 0 is accepted falsely or in 
other words there truly is a difference but the 
study fails to show it because of lack of 
statistical power (Altman, 1980; Lachin, 1981; 
Carpenter, 1993; Ottenbacher, 1995). Studies 
with lack of statistical power are unable to detect 
any clinically relevant difference or they provide 
estimates which are too imprecise to be useful 
(Carpenter, 1993). Conduct of such trials with a 
priori knowledge of insufficient statistical 
power is considered unethical, since patients and 
other resources are used without having a 
reasonable chance of drawing correct 
conclusions (Altman, 1980). 

This study aims to support the design of 
clinical trials on effectiveness of (hybrid) 
walking systems for patients with paraplegia. A 
database search was carried out and the relevant 
literature is summarised with respect to study 
sample, intervention (walking system and gait 
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training), study design, main outcome measures 
and statistical analysis. The methodology will be 
discussed with respect to the internal validity, 
statistical conclusion validity and external 
validity. Finally, some alternative approaches 
for clinical evaluations of walking systems are 
discussed. 

Methods 
Literature search 

A database search was performed in order to 
obtain all relevant publications concerning a 
clinical evaluation of a walking system for 
patients with (complete) paraplegia. 
Publications were searched in the Medline 
database in the period from January 1966 to May 
1997. Search key-words included paraplegia, 
orthosis, walking, energy, electrical stimulation 
either solely or in various combinations. Current 
contents as well as references listed in available 
publications were scanned, since it is possible 

that a database only partially yields the available 
publications (Sacks et al., 1987). 

Publications were included in the analyses if 
they had met the following conditions: (1) the 
comparison should be performed in adult 
patients suffering from complete thoracic 
paraplegia, (2) the comparison should comprise 
hip-knee-ankle-foot orthoses, either with or 
without electrical st imulation, (3) the trial 
should report a clinical comparison of two 
orthoses and (4) the trial should have used 
relevant clinical outcome measures like oxygen 
uptake, walking speed or crutch forces. 

Summary of relevant study aspects of the 
selected studies 

All selected studies were summarised 
regarding 5 different aspects, i.e. study sample, 
type of walking system which is compared, 
actual study design, outcome assessment and 
statistical analysis (Table 1). 

Table 1. Relevant aspects along which the selected articles are judged. The five aspects include study population, 
intervention, study design, outcome measures and statistical analysis. Each aspect was judged on one or more criteria 
which are listed in third column of the table. If applicable, abbreviations to be used in Table 2, are listed in the last column. 
Abbreviations: RGO: reciprocating gait orthosis, HGO: hip guidance orthosis (parawalker), ARGO: advanced 
reciprocating gait orthosis, iRGO: isocentric Reciprocating Gait Orthosis, FES: Functional Electrical Stimulation, Quads: 
quadriceps muscles, Hams: Hamstrings, Glut: Gluteal muscles, V 0 2 : oxygen uptake (ml/min), E 0 2 : oxygen cost (ml/m), 

v: walking speed, CFTI: crutch time force intergral, CPF: crutch peak force, SD: standard deviation. 
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With respect to the study sample the relevant 
baseline characteristics of the included subjects 
were of particular interest. Articles were judged 
on the actual sample size, level of lesion, gender, 
age and walking experience of the subjects 
included in the study. 

The walking system being evaluated in the 
selected studies could be either a standard 
(conventional) orthosis or a new system. Four 
conventional orthoses are investigated 
frequently, i.e. the Reciprocating Gait Orthosis 
(RGO), Hip Guidance Orthosis (HGO), 
Advanced Reciprocating Gait Orthosis (ARGO) 
and isocentric® Reciprocating Gait Orthosis 
( iRGO). Three different applications of 
Functional Electrical Stimulation (FES) are 
used, i.e. (1) reciprocal electrical stimulation of 
quadriceps/hamstrings, (2) electrical stimulation 
of hamstrings / gluteal muscles on stance side 
and (3) electrical stimulation of gluteal muscles 
on stance side. 

Judgement of the contents and execution of 
the gait training is difficult, but was considered 
adequate if the authors had described an 
extensive and adequate training schedule for the 
orthosis gait training, FES muscle conditioning 
as well as hybrid system gait training. 

Judging the actual study design as being either 
experimental (randomised parallel group design) 
or quasi-experimental (non-randomised parallel 
group design) is not adequate as most authors 
have conducted a within patient comparison 
(each subject is tested in either of the two 
walking systems). However , within subject 
comparisons can be carried out differently. 
Methodologically most profound is a study 
which is conducted as a cross-over design. 
Randomisation of the measurement sequence 
(either A-B or B-A, which essentially provides a 
cross-over design) is considered an attempt to 
improve the internal validity of the A-B design. 
A simple A-B comparison without 
randomisation, i.e. all subjects are tested in the 
same order, is least favourable with respect to 
internal validity. 

Measurement of the performance in either 
orthosis (outcome assessment) could have been 
conducted on either one or on separate days 
(each orthosis on a different day). This is 
important as the performance in the second 
orthosis if measured on one day may be affected 
by either fatigue of the subjects or decreased 
FES muscle performance. Though measurement 

of the performance of two walking systems on 
different days may be superior with respect to 
fatigue, they are more affected by day to day 
variation in performance. 

Important outcome measures are those which 
convey information to be used for decision 
making with respect to the performance of 
walking. Though arbitrary, important outcome 
measures are: oxygen uptake (oxygen uptake: 
V 0 2 , oxygen cost: E 0 2 ) , walking speed (v), or 
crutch force measures (crutch force time 
integral: CFTI or crutch peak force: CPF). 
Assessment of the walking performance could 
have been performed at either a standardised or 
a self-selected walking speed. 

At least descriptive statistics should have been 
reported by the authors. The central tendency 
and the variation of each walking system should 
have been described as well as the differences 
between the walking systems. Statistical testing 
in order to draw inferences was judged with 
respect to the appropriateness of the tests 
(dependent/independent group comparisons and 
parametr ic/non-parametr ic) as well as the 
required statistical assumptions. 

Post hoc statistical power calculations 
All data with respect to V 0 2 and walking speed 

for each orthosis in each article are summarised 
including the p-level reported for the difference 
between the systems. Post hoc statistical power 
calculations were performed using the statistical 
program PC-size (Dallal, 1990). As most studies 
were within-subject comparisons (A-B), 
statistical power was calculated assuming that 
the analysis was conducted using a paired t-test. 
Since this test requires the mean and standard 
deviation of the differences between orthoses, 
statistical power could only be calculated if 
these data were available. 

Results 
Selected studies 

Most studies were identified while using the 
key-words "or thos is" and "paraplegia" 
separately. No search strategy could be 
determined to locate studies on hybrid walking 
systems for patients with paraplegia specifically. 
In addition to the papers which were excluded 
according to the selection criteria, papers were 
also excluded if they reported a case study 
(Phillips, 1989; Isakov et al., 1992; Jefferson 
and Whittle, 1990; Muszkat et al., 1994; Smith 
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et al., 1997) or if they presented results of a 
single system with reference to the literature 
(Gallien et al., 1995; Saitoh et al., 1996; Nene 
and Patrick, 1989; Nene and Jennings, 1992). 
The latter articles were excluded because such 
comparisons are often distorted by many other 
effects which are more related to subject 
selection and assessment protocols than to the 
differences between orthoses. A paper of 
Stallard and Major (1995) was excluded since a 
later version of the H G O with stiff hip joints was 
compared with historical controls, which is also 
considered inadequate (Pocock, 1983). If two or 
more publications were found which reported 
from the same study, only the most recent 
publicat ion was included. However , two 
publications from the ARMOR association were 
included because they reported with a different 
scope (Thoumie et al., 1995; Beillot et al., 
1996). After inclusion, twelve papers were 
available for evaluation. 

Summary of relevant study aspects of the 
selected studies 

All details with respect to study design of the 
selected papers are given in Table 2. 

The papers showed considerable concordance 
in the size and characteristics of the study 

population. Between 4 and 6 patients were 
included in the majority of the studies. Two 
larger studies comprised 28 and 22 patients 
respectively (Lotta et al., 1994; Whittle and 
Cochrane, 1989). Mean age ranges from 
approximately 23 to 38. The majority of the 
patients were male. All studies included patients 
with low as well as high thoracic lesions. Two 
studies also reported results of patients with 
incomplete lesions (Sykes et al., 1996; 
Winchester et al., 1993). There were two 
common approaches for inclusion of patients. 
Either new patients were recruited and trained 
with two new systems (5 studies) or patients 
with previous walking experience were trained 
with a new system (6 studies). 

Walking systems which are compared in the 
literature comprise very often the RGO. Only a 
few papers have been published on HGO, 
A R G O and iRGO. 

Most authors reported extensively on the 
training schedules used in their study, including 
the st imulation equipment and parameters 
settings. Gait training was conducted prior to all 
measurements in all but one study (Whittle and 
Cochrane, 1989). They conducted a cross-over 
trial and the gait training in the second orthosis 
was performed after the subject had been 

Table 2. Summary of the relevant study aspects of the included studies (see Table 1 for explanation). 
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assessed in the first orthosis. 
The majority of the studies lack detailed 

information on the study design. Out of twelve 
studies, only one had performed a (non-
randomised) parallel group design (Lotta et al., 
1994). Eleven studies reported within subject 
comparisons. Six studies reported simple A-B 
comparisons without randomisat ion of the 
measurement order (Nene and Patrick, 1990; 
McClelland et al., 1987; Sykes et al., 1996; 
Hirokawa et al., 1990; Petrofsky and Smith, 
1991; Thoumie et al., 1995). Only Beillot et al. 
(1996) performed an A-B comparison with 
randomisation of the measurement order. Two 
studies reported simple A-B comparisons with a 
replication (Winchester et al., 1993; IJzerman et al., 

1997a). Finally, two studies reported a cross-
over design (Whitt le and Cochrane, 1989; 
IJzerman et al., 1997 b). 

Four studies, which used a s imple A-B 
comparison, have reported that all 
measurements took place on the same day 
(Beillot et al., 1996; Nene and Patrick, 1990; 
McClelland et al., 1987; Sykes et al., 1996). In 
three of them, the (conventional) orthosis 
without FES was always measured as the first 
system. 

All authors included a resting period in 
between the measurements. Three simple A-B 
comparisons did not provide information on the 
measurement sequence and whether assessments 
were performed on different occasions 
(Hirokawa et al., 1990; Petrofsky and Smith, 
1991; Thoumie et al., 1995). 

Two authors conducted a study with a 
replication of the simple A-B comparison 
(Winchester et al., 1993; IJzerman et al., 1997 a). 
Winchester et al. (1993) measured both orthoses 
twice on 2 separate days and has randomised the 
measurement order. IJzerman et al. (1997 a ) has 
measured both orthoses twice on four separate 
days according to a BABA sequence. 

Oxygen uptake ( V 0 2 : ml.min - 1) and oxygen 
cost ( E 0 2 : ml.m - 1 ) were reported as outcome 
measures in eight studies. Self-selected walking 
speed is presented by all but three authors. 
Crutch forces were measured in four studies. 
Conversion of oxygen uptake (ml.min - 1 .kg - 1) to 
energy uptake equivalents (J.min - 1 .kg - 1 ) was 
performed by four authors (Hirokawa et al., 
1990; Nene and Patrick,1990; Beillot et al., 
1996; Sykes et al., 1996) 

Three studies performed the measurements at 

a standardised walking speed imposed by means 
of a met ronome (Hirokawa et al., 1990; 
Petrofsky and Smith, 1991; Beillot et al., 1996). 
All other studies have measured walking 
performance at a self-selected speed. 

The majority of the authors have used some 
statistical test in order to conclude whether 
differences can be considered significant. Most 
tests include parametr ic or non-parametr ic 
paired tests and the results are reported in terms 
of p-values. T w o publications have used 
confidence intervals (IJzerman et al., 1997 a; 
IJzerman et al., 1997 b). None of the authors has 
determined the actual statistical power of their 
study if a test failed to show significance. 

Table 3 presents the actual data and the 
differences between the orthoses which were 
compared in the selected study including the 
results of the statistical tests. 

Post hoc statistical power analysis was 
performed if the study revealed non significant 
results. Post hoc statistical power calculations in 
a within subject comparison (A-B) can only be 
calculated accurately if the mean and standard 
deviation of the differences are available. Since 
only four authors presented a standard deviation 
of the differences, statistical power analysis 
could only be conducted for those particular 
studies. Post hoc statistical power analysis 
showed that statistical power was only between 
9% and 4 7 % (Table 3). 

Based on the actual data for these 4 studies in 
Table 3 it is possible to calculate a statistical 
power curve in which the statistical power can 
be estimated if the sample size is increased. 
Figure l a and Figure l b present the statistical 
power curve with (theoretical) increase in 
statistical power as a function of the sample size 
while using the data from the 4 studies in Table 
3. Assuming that a statistical power of 
approximately 80% is acceptable, it can be 
concluded that the minimum number of subjects 
to be included in the comparative trial of Sykes 
et al. (1996) is 10. 

Discussion 
Internal validity, statistical conclusion validity 

and external validity are considered to be the 
important aspects of study design. In the 
remaining part of this paper, each of these items 
will be discussed with reference to the literature 
which is surveyed in the previous section. 
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Table 3. Summary of the results for main outcome measures oxygen uptake ( V 0 2 ) and walking speed (v). Actual statistical power is reported in the last column if mean difference 
(δ) and standard deviation (σ) of the differences were available. 
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Fig. 1. (a) Statistical power of four studies (see Table 4 for actual statistical power) to detect a difference in V 0 2 between 
two walking systems. The statistical power curve represents the theoretical increase in statistical power as a function of the 
sample size. The statistical power is calculated with the data of the indicated study and does not provide insight into the 
statistical power of a new trial. The data of Nene and Patrick (1990) and Sykes et al. (1996) were expressed in 

J.min - 1.kg - 1. These data were converted using the correction factor as presented in their articles. 

Fig. 1. (b) Statistical power curves calculated using the data of walking speed in four comparative studies. See for 
further explanation the text and the legends of Figure la. 
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Internal validity 
Eleven (11) out of 12 studies were within 

patient comparisons, and one study was a 
between patient comparison. 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 factors. However, Lotta et al. (1994) have not conducted a randomised 
controlled trial and baseline incomparability is 
present in their study. They allowed each of the 
part icipating 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 compet ing systems. 
Although Lotta et al. (1994) have noted that 
their data were not reliable, it must additionally 
be concluded that this comparative trial between 
HGO, RGO and A R G O 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-effects, 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 used 

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 differences 
comprise specific as well as aspecific parts. 

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

Statistical conclusion validity 
Statistical power 

Only two studies have reported statistically 
significant results. Petrofsky and Smith (1991) 
reported a significant decrease in V 0 2 (normalised 
for walking distance) during the 1 mile walking 
test (p<0.0l) but, except for a graph, they have 
not presented an average effect size. Lotta et al. 
(1994) presented significant differences between 
RGO - HGO and ARGO - HGO, but it is argued 
in 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 
studies included in this survey implies that there 
is no statistical evidence of a difference. 
Statistical power (l - β) could only be calculated 
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 slatistical 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 
errors. 

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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give insight into the effect size which may be 
clinically relevant. (Altman and Bland, 1995; 
Carpenter, 1993; Barnard, 1990; Freeman, 
1993; Rothman, 1986; Bulpitt, 1987). Instead, 
estimation of effect sizes by means of 
confidence intervals are favoured since they 
convey a summary of the original data in 
original units of measurement (Gardner and 
Altman, 1986; Rothman, 1986; Borenstein; 
1994; Smith and Bates, 1992; Bulpitt, 1987). 

Interval estimation has been recommended to 
enhance the interpretation of statistically non-
significant trials in particular (Smith and Bates, 
1992; Borenstein, 1994). Whereas calculation of 
statistical power in such "negative" trials can 
sometimes be misleading, a confidence interval 
conveys more information required to conclude 
whether there was sufficient statistical power to 
detect clinically relevant differences (Smith and 
Bates, 1992). 

Figures 2a and 2b display 9 5 % confidence 
intervals for the difference in V 0 2 and walking 
speed between two walking systems (see Table 3 
for the actual data). A proper interpretation of 
this 9 5 % CI is that out of 100 replicated studies, 
95 will find a mean difference within this 
interval (Bulpitt, 1987). 

The 9 5 % CI for the mean difference in V 0 2 in 
the study of IJzerman et al. (1997 a) suggests that 
V 0 2 is higher in the orthosis without reciprocal 
cable (95% CI [-2, 11%]). Though this study had 
insufficient statistical power (31%), it is 
concluded that this confidence interval provides 
sufficient information in order to conclude that 
no clinically relevant differences in favour of the 
orthosis without reciprocal cable can be 
expected. This clinically relevant difference was 
set at 20% in this study, since removing such 
reciprocal cable linkage results in a highly 
uncomfortable standing posture. 

Sykes et al. (1996) found an increased walking 
speed in the RGO+FES of 10% on average (95% 
CI [-21%, 1%]). Replication of this study in a 
different group of patients may result in either a 
clinically relevant (-21 %) or a difference which is 
negligible (1%). The same interpretation holds 
for the confidence intervals in most other studies. 
In these studies, more precision is required in 
order to conclude meaningful differences. 

External validity 
Two aspects are relevant in judging the 

external validity of a study, i.e. the target 

population of which the study population is 
selected and the selection criteria which are 
applied in order to obtain the actual study 
population. 

In clinical studies on walking systems for 
people with paraplegia, the target population is 
considered to be "all people with paraplegia who 
may be appointed for prescription of a walking 
system". 

Five studies have included patients who had no 
previous walking experience (Hirokawa et al., 
1990; Thoumie et al., 1995; Beillot et al., 1996; 
Whittle and Cochrane, 1989; Lotta et al., 1994) 
and the other six studies (Sykes et al., 1996; 
Winchester et al.,1993; McClelland et al., 1987; 
Nene and Patrick, 1990; IJzerman et al., 1997 a; 
IJzerman et al., 1997 b) have included subjects who 
already had experience with walking. Whereas 
the study population of the first five studies may 
be a representative sample of the previously 
defined target population, the study population of 
the latter six studies is in no case a representative 
sample. People who already have experience with 
walking and agree to participate in a new clinical 
trial are very motivated and do not represent the 
target population. As a consequence, extemal 
validity of at least the latter six studies is limited. 

In order to obtain an intemally valid study 
with sufficient precision, the study population is 
often restricted to a homogeneous population 
which is most likely to benefit from the orthosis. 
It is often not clear which selection criteria are 
applied to the study population. This may be 
explained by the fact that there are very few 
subjects available and that the use of narrow 
selection criteria will diminish the actual study 
population to zero. 

For instance, all surveyed studies have 
included patients with low (T10-T12) and high 
thoracic lesions (Tl - T4) and none of the studies 
has used level of lesion as an inclusion criterion. 
This means that the study sample of the studies 
is heterogeneous. IJzerman et al. (1997 a ) 
reported a study in which level of lesion caused 
heterogeneity of effects. Two patients with low 
lesions had considerably lower walking speeds 
in the orthosis without reciprocating cable 
linkage, whereas four patients with T9-T12 
lesions walked faster in that orthosis. Such 
heterogeneity in effect results in low statistical 
power if group analysis is performed. However, 
sub-group analysis is often not feasible, as the 
limited number of patients per sub-group 
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Fig. 2. (a) Estimation of difference in V 0 2 between two walking systems by means of 95% confidence intervals. The 
confidence intervals are calculated with the data as given in the indicated study. Confidence interval in expressed as 
absolute difference (x-axis). Relative differences with respect to the standard orthosis are presented on top of each interval. 
The data of Nene and Patrick (1990) and Sykes et al. (1996) were expressed in J.min - 1kg- 1. These data were 

converted using the correction factor as presented in their articles. 

Fig. 2. (b) Estimation of difference in walking speed between two walking systems by means of 95% confidence intervals. 
See for further explanation the text and the caption of Figure 2a. 
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reduces statistical power. In general, restriction 
of the study population to a homogeneous group 
will enhance study efficiency, provided that 
sufficient patients can be included (Kleinbaum 
et al., 1988; Pocock, 1983; Meinert, 1986). 

One argument against restrictive selection is 
that it may prevent generalisation of the results 
to the target population (Bailey, 1994; Cook and 
Campbel l , 1979). However , lack of 
generalisation in studies with a very narrow 
population is not always a problem. It might well 
be possible to generalise results achieved in a 
small sub-group to a target population if a 
plausible explanation can be given (Davis, 
1994). For instance, Lehman and Stonebridge 
(1978) have concluded that an intelligent knee 
unlocking system will not be viable during 
paraplegic walking because of the low walking 
speed. Though the patients in that particular 
study had low level lesions, the results may also 
be generalised to high level paraplegics, since 
their walking speed is, in general, lower. 

Conclusions and recommendations 
Most of the studies which were included in 

this survey have conducted a simple within 
subject comparison without randomisation of the 
order. These designs are considered internally 
invalid as they do not provide the possibility to 
control for aspecific treatment effects. 
Randomisation of the measurement order, which 
ultimately provides a cross-over design, is 
considered essential in order to improve the 
internal validity as the aspecific effects (period-
effects) can be controlled. 

All studies lack statistical power due to the 
small sample sizes and the heterogeneity of the 
study population. While interval estimation may 
improve interpretation of (statistically) negative 
trials, it appeared that there still was insufficient 
precision to conclude whether the differences 
were clinically relevant. Two recommendations 
can be put forward, viz. include more patients 
and apply relevant inclusion and exclusion 
criteria in order to obtain a more homogeneous 
study sample. Though restriction of the study 
population prevents generalisation, it is far more 
important to conduct a trial which is internally 
valid and provides precise estimates of the 
differences. 

Different alternatives can be advocated if it 
appears impossible to include more patients, 
including multi-centre trials, statistical pooling 

of different small studies (i.e. meta-analysis) and 
other methodological approaches. 

Though different methodological approaches 
should not be considered as a first choice, 
interrupted t ime series may offer some 
advantages. In an interrupted time series, which 
is essentially an extension of the AB/BA cross-
over design, one obtains more statistical power 
because repeated measurements of the same 
subject are included in the analysis (Wagenaar, 
1990). Moreover , because the analysis is 
performed on a single subject, heterogeneity of 
the study population is no longer affecting the 
statistical power. 
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Technical note 

Mechanical efficacy of the mobilising 
cervical support device (Mbrace) 
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Abstract 
This study evaluated the mechanical efficacy 

of a new "mobilising" cervical support device. 
This device has been developed in response to 
the requirements of whiplash patients to 
overcome the problems of heat and 
immobilisation which can occur in patients 
wearing convent ional wrap-around cervical 
collars. 

All planes of cervical range of motion of 21 
volunteer subjects without current or past 
cervical dysfunction were measured actively and 
passively under two conditions (no support and 
with cervical support) using the cervical range of 
motion (CROM) instrument. 

The results show that the mobilising cervical 
support device restricts hyperextension 
effectively while allowing substantial movement 
in other planes of motion (flexion, rotation and 
lateral bending). This potential mobility keeps 
nearly all muscles in the neck fit and problems 
of muscle atrophy, weakness and contraction, 
which can occur in patients using conventional 
cervical wrap around collars, can be avoided. 

Regarding mechanical efficacy, the 
mobilising cervical support device can be useful 
in the (early) mobilisation phase in patients 
needing gentle neck support after a soft tissue 
hyperextension or whiplash injury. 

Introduction 
Recently, a cervical support device (Mbrace), 

especially designed for patients with a soft tissue 
hyperextension injury or a soft tissue whiplash 
associated disorder (WAD), has been introduced 

in the Netherlands. This cervical device differs 
from a conventional "wrap-around" cervical 
collar due to its "open" form, mechanical 
function and (front) fastening system (Fig 1). 

The purpose of the cervical support device in 
patients with a soft tissue W A D is to provide 
gentle neck support , to el iminate a 
hyperextension re-injury and to offer substantial 
mobility in order to avoid the harmful affect of 
disuse. Up to now, the mechanical efficacy of 
this so called "mobil is ing" cervical support 
device has not been demonstrated. It was the 
authors ' goal to evaluate the mechanical ly 
restrictive effect of this device in normal healthy 
volunteers. 

Fig 1. The mobilising cervical support device. 

All correspondence to be addressed to Dr. Jiri 
Zapletal, Radiology Department, Koekoekslaan 1, 
3435 CM Nieuwegein, The Netherlands. Tel: (+31) 
306099111; e-mail: j.mail@wxs.nl 
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Fig 2. The mechanical efficacy of the device (active) 

Material and methods 
Twenty one (21) volunteer subjects (age range 

15-61 years, mean age 36 years) with no history 
of neck abnormality were tested for neck range 
of motion (overall motion) using the CROM 
instrument. This instrument allows the 
collection of reliable three-dimensional motion 
information on the head and neck (Capuano-
Pucci et al., 1991). The thorax was fixed in a 
high chair that blocks shoulder and thoracic 
motion. An appropriate support (small, medium 
or large) was applied and properly fixed. Each 
volunteer was tested in and out of the cervical 
support device in three planes of motion. The 
following motion parameters were measured by 
the same examiner: 1) flexion, 2) extension, 3) 
axial rotation, and 4) lateral bending. 

The maximum possible range of motion was 
tested using passive and active methods. For the 
passive test the volunteer allowed the tester to 
move the head and neck through the maximum 
range of motions without resisting. For the 
active tests, the volunteer was instructed to 
move head and neck as far as possible in all 
planes of motion. 

The results were recorded as degrees of 
motion. Average range of motion using passive 
and active methods was then calculated for the 
group. The standard deviation for the four 
directions of motion was measured. Statistical 
analysis using the paired t-test was undertaken to 
assess statistical significant motion reduction. 

Results 
The mobilising cervical support device was 

fixed properly for optimal efficacy. Average 
unrestrained passive and active extension was 
respectively 70.8 ±9.6 and 67.9 ± 9.6 (mean ± 
standard deviation). Restrained passive and 
active extension was 40.9 ± 6 . 1 and 36.7 ± 6.6. 

The average reduction in motion was 29.9 ± 
9.1 and 31.2 ± 9.9. Both passive and active 
extension was significantly restricted by the 
open collar (p<0.05). 

Flexion, rotation and lateral bending (active 
and passive) were not substantially restricted. 

The data are plotted in Figures 2 and 3, giving 
an indication of the efficacy of the mobilising 
cervical support device in restricting extension 
in normal force conditions. The performance of 
the device under substantial force application 
has not been evaluated in this study. 

Fig 3 The mechanical efficacy of the device (passive). 
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Discussion 
Cervical collars are often prescribed in the 

treatment of neck disorders of both traumatic 
and non-traumatic aetiology (Johnson et al., 
1977; Sandler et al., 1996). A traumatic neck 
disorder that frequcntly occurs after a rear-end 
car collision is "whiplash". This term, becoming 
so general in contemporary society, is often 
described as a non-contact acceleration/ 
deceleration injury of the neck. Although no 
consensus about the exact patho-physiological 
mechanism of whiplash exists it is postulated 
that hyperextension plays an important role in 
soft tissue damage (McKenzie and Williams 
1971; MacNab, 1964). The injury frequently 
causes myofascial soft t issue damage with 
stretching and bruising of the muscles and 
supporting ligaments of the neck (Newman, 
1990). Most neck pain developing shortly after 
the accident is due to myofascial soft tissue 
injury (Newman, 1990; Gargan and Bannister, 
1990; Yeung, 1996). In many cases the patient 
experiences pain within a few minutes that 
increases progressively and is markedly 
aggravated by movements , especially in 
(hyper)extension. Consequently, patients with 
such an injury usually require neck support to 
relieve pain and to allow soft tissue healing. To 
provide this support, "immobilising" cervical 
wrap-around collars are frequently 
recommended. 

There are a variety of cervical wrap-around 
collars available. Their continued widespread 
usage would suggest a beneficial effect. In a 
study on surgical collars, Naylor and Mulley 
(1991) found that pain was a symptom that 
frequently improved by wearing a soft or hard 
(firm) cervical collar. However, hard wrap-
around collars were frequently found 
uncomfortable and tended to cause various 
problems and difficulty in daily life. Whilst soft 
collars were better tolerated than hard collars 
and caused less interference to daily activities, 
they were frequently found uncomfortable, too 
hot and irritating. Putting a wrap-around cervical 
collar on and fastening it at the back of the neck 
was sometimes also a problem, especially in 
patients with rheumatoid arthritis. 

A well known side effect in the use of 
immobilising collars is that muscle atrophy, 
weakness and contraction may result from the 
use of these collars due to reduced muscular 
activity. In this context, previous studies show 

that cervical spine immobil isat ion after a 
whiplash-type distortion gives rise to prolonged 
symptoms whereas more rapid improvement can 
be achieved by early active management and 
early (home) mobilisation (McKinney, 1989; 
McKinney et al., 1989; Mealy et al., 1986). 
Furthermore, it has recently been observed that 
the outcome is better for patients who are 
encouraged to continue their normal, pre-injury 
activities as usual than for patients who take sick 
leave from work and are immobilised in the 
early phase after the neck sprain injury 
(Borchgrevink et al., 1998). 

The goals of cervical bracing vary according 
to the patient 's problem. In the (sub)acute 
treatment of a myofascial soft tissue W A D , the 
goals may be simply to provide gentle neck 
support, eliminate painful hyperextension and 
lower the risk of re-injury. In addition, one of the 
key aims in the treatment of soft tissue lesions is 
to encourage the damaged tissue to regain tensile 
strength as rapidly as possible (Hunter, 1994). In 
this study we evaluated the mechanical efficacy 
of a new device that is especially developed to 
fulfil these goals and most importantly to 
overcome the problems due to immobilisation. 
The shortcoming of the study is that the motions 
described are probably greater than those 
experienced by patients treated with the cervical 
support device. Nevertheless, testing on healthy 
individuals seems to be the best method of 
quantifying the ability of a cervical device to 
restrict cervical motion (Sharpe et al., 1995). 

The findings in this sludy indicate that the 
mobilising cervical support device is competent 
in limiting extension of the cervical spine, while 
allowing substantial movement in other planes 
of motion in normal force conditions. This 
implies that, regarding mechanical efficacy, this 
device can be useful in patients needing neck 
support in the (early) phase alter a myofascial 
soft tissue W A D or a soft tissue hyperextension 
injury as it potentially can keep most neck 
muscles active and prevents hyperextension with 
possible re-injury. Future research should 
address clinical effectiveness of the cervical 
support device in these patients. 

Due to the specific mechanical efficacy of this 
device one can probably use it in the prevention 
of a hyperextension or whiplash injury. In this 
context, it is possible that the neck support is 
capable of preventing or minimising a cervical 
soft t issue injury as a result of the 
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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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Book Review 

Therapy for Amputees 
B. Engstrom, C. Van de Ven (Editors) 
Hartcourt Brace, UK, 1999 
pp 376, illustrated 
ISSN 0-443-05975-6 
Price: £29.50 

Therapy for Amputees is the third edition of a 
text originally published in 1985 entitled 
"Physiotherapy for Amputees: the Roehampton 
Approach" and written by Engstom and Van de 
Ven. (The second edition was published in 
1993). Trtis new edition is edited by the two 
original authors and includes the contributions 
of 11 other professionals. These contributors 
work either at the Nuffield Orthopaedic Centre, 
Oxford or Queen Mary's Hospital, Roehampton, 
London, and their contribution is reflected in the 
change of title. 

The original book was intended for qualified 
and student physiotherapists working with 
amputees in both the United Kingdom (UK) and 
overseas. The new edition is intended for all 
those who work with amputees, specially 
qualified physiotherapists and students, 
occupational therapists and assistants and other 
health care professionals who make up the 
multidisciplinary clinical team. The new edition 
is in hard back, has three extra chapters and is 43 
pages longer. The style of the publication has 
also changed to the division of the page in two 
columns as with other current Churchill 
Livingstone texts. 

The bibliography/references for the new 
edition are given in a section at the end of the 
chapter and the references for the previous 
editions are given separately also at the end of 
each chapter. These many reference sources, 
although given at the end of each chapter, are 
rarely referenced within the text which is normal 
practice. Personally I feel this is an oversight by 
the authors and publishers in today's climate of 
evidence-based medicine/healthcare and 
intellectual copyright. This style does not help 
students and qualified practitioners use the 

original source of the reference themselves and 
can lead to misinterpretation in many cases. 

The new edition has updated the 'main 
workings of the book' in the practical approach, 
techniques, equipment and current healthcare 
organisational practice. Terminology 
encompasses 1999 practice (i.e. limb fitting vs 
prosthetic centre) and the functional activity and 
outcomes of rehabilitation with this group of 
individuals is more apparent. This edition also 
incorporates topics seen in other recent texts on 
this subject area such as psychological aspects of 
amputation. 

A new chapter entitled 'Sport and leisure', is 
welcomed and reflects integration of disabled 
people, both young and old, into society and 
which is reiterated in Chapter 22 'User 
involvement'. The chapter 'Multiple pathology 
and complex cases' updates the previous chapter 
'Special cases' and is well illustrated and covers 
both cases involving adults and children. 
Another new chapter also reflects current 
healthcare 'A different perspective: the 
importance of user involvement' and is written 
by a well respected healthcare professional and 
UK healthcare manager. Also the additional 
chapter 'Therapy service quality' gives an 
overview to the current National Health Service 
(NHS) practice of evidence-based practice 
(previously applied to practice as research 
findings), standards, audit, and quality 
improvement tools. Information on other 
English speaking countries' experience of care 
pathways for this group of patients would have 
been useful as examples for the UK audience. 
Many references for further investigation are 
given and the publications from the main two 
UK professional groups targeted by the book, 
are given. 

Appendix 2 (1989) attributed to Nelham, 
Nichols and Pope is a checklist for complex 
disability cases requiring wheelchairs. Few of 
these would be people with amputations. This 
appendix also discusses the design features of 
modern lightweight wheelchairs but the special 
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problems of cushioning for these users is 
missing from this edition, especially for those 
individuals with bilateral transfemoral 
amputations. 

This is a welcomed new edition which will be 

useful to all those working in this area of clinical 
practice. 

Ros Ham MSc FCSP Cert Ed SRP 
Whizz-Kidz 
London, UK. 
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