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raised as to whether the commercial CAD
system is sufficiently versatile to encompass this
range. A second question can be asked about
the benefits of using the CAD system. In the
volume trade, the CAD system allows for rapid
response to fashion, accurate pattern
generation, and grading for size ranges. Of
these, only accuracy of pattern generation
initially appears to be of relevance to
orthopaedic footwear, although CAD can be
expected to make contributions to cosmesis
through the availability of a range of styles on
the system library.

The trial described below was conducted on
the Shoemaster system* which has specially
good capabilities for three-dimensional work.
The trial was not intended to be a
demonstration of how such a system might
work in service. Rather, the more directed aims
of the trial were to:

® confirm that an existing CAD system for
shoe uppers is technically able to cope with
orthopaedic shoe requirements, and

® assess the impact of professional design to
produce fashionable and cosmetically-pleasing
styles within the constraints imposed by the
underlying medical conditions.

Procedure
Two research shoe designers from
Shoemaster first visited the diabetic foot clinic
at King’s College Hospital and discussed with
clinicians and patients their requirements for
orthopaedic shoes. Constraints on style were
that the final shoes would be suitable for the
medical condition. The shoes would be mostly
outdoor walking shoes with adequate instep
fastening. The senior orthotist from each of the
collaborating orthopaedic shoe companies

(L.S.B. Orthopaedics Ltd. and J. C. Peacock &

Sons Ltd.) selected subjects for the trial within

the following constraints:-

a. Subjects should recently have been issued
successfully with special shoes for which
recent lasts were available. For children, if
there had been growth since the last pair of
shoes, the feet should be remeasured and
the existing lasts modified accordingly.

b. Patients selected for the trial should have
the ability to help in the design of the new

*Shoemaster, Clarks Shoes, 40 High Street,
Somerset, England BA16 0YA.

shoes and be well enough to attend the
clinic for consultation and fittings.

c. Any internal orthoses or modifications to
the shoes to accommodate external
orthoses could be included.

d. L.S.B. Orthopaedics Ltd. were asked to

identify adult patients with diabetic foot
problems, and J. C. Peacock & Sons Lid.
were asked to identify children with foot
problems typical of spina bifida.

The patients’ lasts were sent for digitisation
and the surface of each last was captured with a
stylus digitiser. Any cradle or insert allowance
was added to the last before digitisation. Lasts
which had previously been modified with soft
additions or which had fairly rough exteriors,
thus making their surfaces unsuitable for the
stylus, were vacuum draped with thin
thermoplastic before application of the
digitising probe.

The shoe designers brought the CAD system
to the patients at the two clinics, where the
designer and patient together sketched the shoe
style on-screen over the three-dimensional view
of one of their own lasts (Fig. 1a). The orthotist
and orthopaedic last-maker were on hand for
consultation. The preliminary designs produced
on the computer in the clinic were later
completed for that shoe. The final design was
then mapped over the last shape for the other
foot and the two shoes harmonised as a pair
(Fig. 1b). For example, where there was one
short foot, the shoe styling lines were managed
in such a way as to make a proportioned pair of
shoes.

After the design was completed, the 2D
pattern pieces corresponding to the 3D image
were engineered on-screen to include the
correct cutting allowances etc. Leather was cut
by computer controlled machinery and
subsequent closing was performed in the
factory. This included the use of automated
decorative punching and stitching to achieve
the special effects called for in the design. The
closed uppers (Fig. 1c), together with the
original lasts were dispatched to the
orthopaedic shoe makers where the shoes were
lasted and finished (Fig. 1d). The children’s
shoes were trial fitted before final finishing
because of the possibility of growth. Shoes were
issued to the patients with care being taken to
assess fit and solicit reactions to cosmesis.
Follow-up assessments were made to check that







Subject
EMS

wWw

KH

DW

DH

AH

CE

AG

MP

Sex
Female

Female

Female

Male

Female

Male

Female

Maie

Female

Male

Age
75 yrs

69 yrs

64 yrs

52 yrs

14 yrs

14 yrs

10 yrs

9 yrs

6 yrs

3yrs

Medical condition

Diabetes
NIDDM (7 yrs)

Diabetes
IDDM (33 yrs)

Diabetes/oedema
NIDDM (recent)

Diabetes/ischaemia
IDDM (10 yrs)
Congenital left club
foot with short leg
and foot.
Congenital club
feet.

Congenital spina
bifida, neuiopathy
and muscle wasting

Congenital left club
foot.

Congenital equinus
feet.

Congentital
lym{)hocdcma
(Milroy’s disease)

Description of feet

L large dorsal
tuberosity at 1st MP
joint,

Neuropathy, unsteady
gait.

Surgery for equinus fect
Buckled toes
Hypersensitive feet.
Amputation R toes 1--5
Amputation L Ist toe.

Equinus lett foot,
history of surgery.

History of surgery
Pronated feet.

Needs to accommodate
thermoplastic AFOs.
Pronated feet.

History of surgery,
short left foot with
varus forefoot.

Recent surgery,
pronated and abducted
feet

Feet very oedematous
but with normal bone
structure.

Type of CAD shoes made
Yellow Derby style lace up.

Red lace ups. D buckie and U
shaped closure.

Lace up. Reddish/brown with
fancy laces.

Black lace-ups.

Browu brogues with subject’s
punch design.

Trainer type. Blue and yellow.

Clarks ““Hectik” purple suede
shoes — T bar and buckle.

Grey Clarks “"Hardware™ with
yellow lace.

Patent purple shoes with flower
applique.

Black and white tramner type
shoes
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attributable to the CAD system for these
patients, who were typical of two major groups
of consumers of orthopaedic shoes. Although
none of the deformities were gross — such as
would absolutely necessitate the taking of a cast
— these feet could not be accommodated
within normal shoes without problems.
Extension of the findings to cover other major
consumer groups, e.g. patients with arthritic
conditions, is not automatic, although the team
could see no technical reasons why this should
not be possible. The functional requirements
and medical problems should first be
investigated to give the designers direction for
possible styles, but the last shapes would not be
grossly different to those already encountered.
It was noted by the orthopaedic shoemakers
and by the patients that the leathers used in this
trial were of a very high standard and had a
large range of colours and textures. This is due
to the large quantities a volume manufacturer is
able to buy, and is one of the benefits which
might be available from more centralised
production of shoe uppers than is presently
common in the UK. This incidental observation
from the trial has cost-implications related to
repair and replacement for the active patient.

Conclusion

This trial has indicated that the computer-
aided design system tested has the capability to
design for a range of orthopaedic shoe uppers.
The system enabled current high-street styles to
be duplicated for some patients, and for others
very acceptable original styles were designed.
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