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tetraplegia (ASIA Impairment Classification C 
with spared proprioception) was investigated 
whilst ambulating over several different 
gradients and terrain surfaces in the Walkabout 
orthosis and the Moorong MLO. 

Her spinal cord injury resulted from a horse 
riding accident in July, 1991. Following 
vertebrectomy, bone graft and internal fixation 
of a burst fracture of the C5 vertebra, she 
underwent a multidisciplinary inpatient 
rehabilitation programme. This included muscle 
strengthening and stretching exercises, 
hydrotherapy, electrical stimulation of lower 
limb and trunk muscles and standing supported 
in backslab splints, in preparation for gait 
training. She was fitted with KAFOs and 
commenced gait training with the aid of a 
rollator frame during admission which she later 
continued as an outpatient using Canadian 
crutches. 

Due to severe neurological impairment of her 
hip musculature (Table 1), she ambulated very 
slowly in unlinked KAFOs experiencing 
considerable difficulty swinging her legs 
through. Her gait improved markedly when the 
Walkabout device was attached to medially link 
the KAFOs. Several months after discharge she 
also tried a RGO, which she found very 
restricting and difficult to use. Ultimately, she 
preferred the Walkabout orthosis for cosmetic 
and functional reasons. 

Over the last 5 years, the subject has regularly 
utilised the Walkabout orthosis, initially 3 times 
per week but more recently, due to the demands 
of full-time employment, once or twice per 
week. She requires some assistance to apply the 
orthosis and transfer from sitting to standing and 
vice versa. She describes the benefits gained 
from using the Walkabout as improved exercise 
tolerance, enhanced psychological well-being 
from assuming an upright posture and a 
reduction in time to evacuate her bowels if she 
had walked the previous day. When using the 
Walkabout orthosis, she normally walked 
outside the house over different surfaces and 
gradients. 

As an experienced Walkabout user, the 
authors believed her to be an ideal subject to 
assess the new Moorong MLO. 

Method 
Assessment of the energy expenditure and 

cardiorespiratory demands of using the Moorong 

MLO in comparison to the Walkabout orthosis 
was undertaken during a continuous outdoor 
walk over several different gradients and terrain 
surfaces. The overall distance of the course was 
148m comprising: (i) a 33m level concrete 
footpath, (ii) a 22m gentle grass-covered slope 
(2.5° decline, 2.3° cross-slope down to the 
right), (iii) a 43m downhill concrete footpath 
(3.7° decline), and (iv) a 50m uphill ashpalt 
roadway (slope variable, average 4.2° incline). 
The subject was allowed two walking sessions to 
familiarise herself in the new device prior to 
testing. She was first tested with the Moorong 
MLO and then with the Walkabout orthosis. 
Testing was performed at the same time on two 
separate days. The ambient environmental 
conditions were unremarkable (20-26°C, 25-
50% relative humidity). 

Before commencement of testing, the subject 
sat quietly for 3 minutes to establish baseline 
heart rate (HR) and oxygen uptake (VO2) 
measurements at rest. Energy expenditure data 
were collected via open circuit spirometry 
(KB1-C Portable Metabolic System; AeroSport 
Ltd, Minneapolis, USA) and heart rate was 
derived from chest leads to the portable system. 
The KB1-C portable system is carried on the 
front and back of the subject's chest and weighs 
less than 1 kilogram. The KB1-C portable 
system was previously validated against an open 

Table 1. Muscle chart for subject. 
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circuit laboratory system (Sensormedics 2900, 
Loma Linda, USA) and shown to be accurate 
(>96%) and reliable. 

Data collected every 20 seconds during the 
testing period included heart rate (b/min), 
VO2(1/min), V C O 2 (1/min) and expired 
ventilation (l/min). An average velocity of 
walking (m/min) was calculated from the time 
taken to walk the measured distance of each 
section. Physical Cost Index (PCI) (MacGregor, 
1981) and oxygen cost of gait (O2 cost) were 
calculated by averaging the last 2 minutes of 
physiological data (six 20s data points) in each 
section of the course as follows: 

PCI (b/m) = (HRsteadystate-HRrest)/Average Velocity 

O2Cost (ml/min/kg) = (VO2SteadyState-VO2rest)/Average Velocity 

Inspection of the raw data confirmed that a 
physiological steady state had been reached in 
the last 2 minutes of each section of the course, 
when measured and derived variables were 
collected. 

Results 
Heart rate and energy expenditure 

measurements, at rest in sitting and during gait 
for each test condition, are displayed for both 
orthotic devices in Table 2. 

Walking at a self-selected pace in each device, 
the time to complete the total course in the 
Moorong MLO (22:37 minutes) was less than 

with the Walkabout orthosis (24:20 minutes). In 
terms of velocity, ambulation with the Moorong 
MLO was 0.36 to 1.02m/min faster than with the 
Walkabout orthosis. Gait velocities for 
individual sections of the course in each device 
are shown in Figure 3a. With respect to daily 
function, however, the velocity of ambulation 
was slow in both orthoses. 

The PCIs for all conditions showed little 
difference between orthoses, except during 
ambulation over the grassy cross-slope where 
the heart rate in the Moorong MLO was 
markedly higher (Fig. 3b). However, on all 
surfaces the calculated oxygen cost of gait was 
less when ambulating in the Moorong MLO by 
between 18-61% (mean 39%) compared with the 
Walkabout orthosis (Fig. 3c). This reduction was 
most noticeable on sloping surfaces. 

Discussion 
These results show lower energy expenditure 

with the Moorong MLO, suggesting improved 
overall efficiency of ambulation with this 
device. Visual observation of subjects 
ambulating in the Moorong MLO and the 
Walkabout orthosis suggested greater freedom 
and range of leg movement associated with 
using the Moorong MLO. It is not clear if this is 
due to the better alignment of orthotic and 
anatomical joints in the Moorong MLO or its 
low friction characteristics. 

The subject generally ambulated somewhat 
faster using the Moorong MLO and with a 
consistently lower oxygen cost across all 
conditions compared to the Walkabout orthosis. 
It appears that, in this single case study, the 

Table 2. Data summary of heart rate and oxygen uptake at rest and during and testing over different surfaces and gradients 
in each device. 



2 6 2 J. W. Middleton, W. Fisher, G. M. Davis and R. M. Smith 

speed of ambulation was not limited by energy 
expenditure, since it was observed that 
ambulation in both orthoses was fastest when 
negotiating a moderate incline. The subject 
identified a feeling of insecurity, associated with 
her upper limb weakness, as the major limiting 

factor in her speed of ambulation. This may also 
help to explain why she was best to able to 
control ambulation when ascending a slope. 

An interesting and unexpected finding was that 
the Moorong MLO induced a marked increase in 
heart rate and greater PCI (compared with the 
Walkabout) when walking on the grassy cross-
slope; the marginal increase in speed (with the 
Moorong MLO) seems an unlikely explanation 
for this finding. It seems more likely that, 
compared with other walking surfaces, greater 
upper limb forces were required on the uneven 
and cross-sloping grassy surface to stabilise the 
additional freedom of the hips provided by the 
Moorong MLO. The authors speculate that the 
additional upper limb effort required to stabilise 
the trunk with higher isometric muscle loading 
contributed to a higher heart rate without 
significantly elevating systemic VO2. 

In setting up the Walkabout, a fairly wide 
separation of the feet (250 mm between the heels 
in this subject) was necessary to ensure 
clearance between the release knobs on the 
medial face of the KAFO clamps. The set-up of 
the Moorong MLO (which can be fitted with a 
smaller lateral separation of the feet than the 
Walkabout) was intended to duplicate that of the 
Walkabout orthosis, but the actual separation 
between the heels was a little less, about 225 
mm. Medial linkage ambulatory orthoses need 
to be set up with a wider separation of the feet 
than normal in order to reduce the degree of 
lateral tilting necessary for ground clearance on 
swing through. While it seems likely that a 
reduction in the energy cost of ambulation could 
be achieved by reducing the lateral separation 
between the feet, this strategy is obviously 
limited by the need to maintain adequate ground 
clearance. As a strategy for reducing the energy 
cost of ambulation, it is likely that greater 
benefit would be obtained by shortening of the 
"leg length" in swing phase, by knee flexion or 
other means. This seems to have been clearly 
established by Yano et al. (1997) who used a 
novel powered mechanism under the foot to alter 
leg length and allow clearance for swing through 
without needing a wide gait and body tilt. 

Further orthotic development planned for the 
Moorong MLO includes provision of some 
freedom for the legs to rotate about the long axis 
of the limb. The idea that this extra freedom may 
be helpful was suggested by examining wear 
patterns on the prototypes of the Moorong MLO 

Fig. 3. Results of (a) gait velocity, (b) PCI, and (c) oxygen 
cost during ambulation over different surfaces and 
gradients in the Moorong MLO compared to the 

Walkabout orthosis. 
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and by the authors and others trialing the 
Moorong MLO and the Walkabout orthosis in 
order to experience the sensations of freedom 
and constraint imposed by the orthoses. An 
underlying (though untested) assumption in 
providing this extra freedom is that it will reduce 
resistance to movement of the hip; in addition, 
loads on the orthosis may be reduced. 

Conclusion 
This case report comparing a new prototypic 

medial linkage device (an arcuate sliding joint) 
to the Walkabout hinge device has presented 
some encouraging preliminary results 
suggesting improved efficiency of orthosis-
assisted ambulation in this new device. Further 
investigation is currently underway to assess the 
biomechanical efficiency and energy 
expenditure of ambulation using the Moorong 
MLO in comparison with the I-RGO for 
individuals with complete paraplegia. 
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Book Review 

Physiotherapie und Prothetik nach 
Amputation der unteren Extremität 
Gertrude Mensch, Wieland Kaphingst 
Springer Verlag, BerlinIHeidelberg/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. It 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. But Gertrude is a 
Canadian immigrant who remained aware of her 
German roots. Whenever she visits her 
classmates in Leipzig, she cannot resist lecturing 
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 College affiliated with the 
University of Giessen, Germany. 

He has many years of experience in 
ortho tic/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. It is hence a necessity to 
close this language gap. Part 1 by Gertrude 
Mensch is an updated translation of her Manual 
mentioned above. Wieland Kaphingst's Part 2 is 
based on the state of the art in prosthetics on 
both sides of the Atlantic. 

The first part deals with physical therapy 

including the various reasons for amputation. 
Pre- and postoperative physical treatment is 
explained, followed by prosthetic gait training. 
Gait disorders, their reasons and how to correct 
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 guidelines 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 limited to only three 
manufacturers, two German and one American. 

Both parts of the book are dedicated 
predominantly to trans-tibial and trans-femoral 
amputations. It has to be 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 to 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 simultaneously 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 
NC 518 Upper Limb Prosthetics 
NC 510 Wheelchairs and Seating 
NC 5 l 4 Orthotic Management of Diabetic Foot 
NC 511 (A) Clinical Gait Analysis 
NC 506 Fracture Bracing 
NC 51 l (B) Clinical Gait Analysis 

11th - 15th January 1999 
27th January 1999 
2nd - 4th March 1999 
11th- 12th March 1999 
16th- 17th March 1999 
24th - 28th May 1999 
7th-8th 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 5th-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. Director, National Centre for 
Training and Education in Prosthetics and Orthotics, University of Strathclyde, Curran Building, 131 
St. James Road, Glasgow G4 OLS, 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: AAOS, 6300 North River Road, Rosemont, IL60018, USA. 

3-6 March, 1999 
AAOP Annual Meeting, New Orleans, USA. 

Information: Annette Suriani, AOPA, 1650 King St., Suite 500, Alexandria, VA 22314, USA. 

15-18 March, 1999 
1st 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, PA 1 1TJ, Scotland. 
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