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Technical note

A CAD analysis programme for
prosthetics and orthotics

E. LEMAIRE

Prosthetics and Orthotics Department, The Rehabilitation Centre, Ottawa, Ontario, Canada.

Abstract

A CAD (computer aided design) analysis
software package (CADVIEW) was designed
for use with prosthetic and orthotic CAD CAM
(computer aided design/computer aided
manufacture) systems. Using the Microsoft
Windows 3.1 environment, CADVIEW
provides a series of anatomical shape viewing
and analysis tools. These tools include
simultaneous display of multiple sockets and
multiple views, two dimensional (2D) and three
dimensional (3D) measurement, shape statistics,
multi-shape alignment, cross-sectional
comparison, colour coded 3D comparison,
resolution enhancement, and image copying
capabilities. This programme should be of
benefit to clinicians and researchers who wish
to assess and/or compare CAD data generated
by MS-DOS based CAD CAM systems.

Introduction

As prosthetic and orthotic CAD CAM
systems become integrated into clinics and
workshops, the assessment and analysis
capabilities available with this digital storage
format can create new opportunities for patient
evaluation. The potential of CAD CAM as an
educational and analytical tool has previously
been documented in a variety of sources
(Bednarczyk et al., 1992; Fernie et al., 1984,
Sidles et al., 1989).
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To analyse changes in limb volume, a manual
digitiser/computer  analysis  system  was
developed by Bednarczyk et al. (1992).
Analysis software was written to determine the
effects of clinical interventions on limb oedema.
By digitising an anatomical shape into a
computer and using the resulting three-
dimensional (3D) coordinates to estimate limb
volume at various stages during treatment, a
quantitative measure of volume changes with
time was obtained. Although this system was
sufficient for measuring volumes, it lacked the
graphical and analytical tools necessary to
examine prosthetic and orthotic devices.

Fernie et al. (1984) used a laser scanning
CAD system to examine student prosthetist
fitting methods. Plaster positive models from
sixteen students (96 fittings) were digitised
before and after modification and input into a
graphical display package. The teacher and
student could examine sagittal and coronal
profile views and three transverse cross-section
images. Initially the clinicians had difficulty
interpreting the two-dimensional (2D) output;
however, interpretation improved as these
people became familiar with the system. This
quantitative method was considered beneficial
since more information was available to assess
student fittings over the brief trial period. While
this approach was better than the technique of
Bednarczyk et al. (1992), the necessity of using
a laser scanner and the lack of 3D graphical
display and analysis limited the global
application of this system.

Sidles et al. (1989) outlined a software tool
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that used 3D graphics to compare the results of
two socket designs. Their software package
compared two digitised socket shapes based on
the distances between the surfaces and
graphically displayed a composite view of the
differences (for example a CAD CAM socket
and a manually made socket). The composite
view involved displaying one socket on the
screen with the differences at each point on the
surface represented by a corresponding colour
or shade. This technique was effective for
education (comparing a student’s sockets to an
“ideal fitting™), clinical studies, research, and in
improving fabrication design tools.

Although previous systems have addressed
specific educational and analytical needs, a
comprehensive analysis package would provide
the tools necessary to examine patient shape
characteristics from CAD generated data. This
document describes a computer programme
(CADVIEW) which offers a series of analysis
tools for MS-DOS based, prosthetic and
orthotic CAD CAM systems. This software
provides features that are presently unavailable
in current, MS-DOS based, prosthetic CAD
CAM  programmes including: display of
multiple sockets and muiltiple views, 3D
measurement, shape statistics, multi-shape
alignment, cross-sectional comparison, colour
coded 3D comparison, and resolution
enhancement.

Methods

The CADVIEW software package was
developed to offer a consistent and user friendly
environment for viewing, comparing, and
analysing CAD generated anatomical shapes.
To fulfil these objectives, the Microsoft
Windows 3.1 environment was selected as the
appropriate software platform since it was:

e a common system for MS-DOS based
computers

* a standardised, user friendly, graphical
interface

* compatible with most computer hardware

(i.e., graphic cards, printers, etc)

« able to run multiple programmes concurrently
* able to transfer data and images between
programmes.

While CADVIEW can work with data from
any prosthetic CAD CAM system, current input
options include CANFIT-PLUS and IPOS
Systems II CAD data files. The user may load

either raw digitised data, measurement
generated data, or CAD modified data.
Anatomical landmarks are loaded and displayed
as part of the raw digitised or CAD modified
data file. The following sections will describe
the viewing, analysis, and comparison tools
included with this software.

Image presentation
Multiple document interface

CADVIEW implements a multiple document
interface approach for image presentation. This
environment allows the user to open a series of
socket data files or socket views from within the
main CADVIEW window. The ability to
display and simultaneously view multiple
images is only limited by available memory and
screen space. A multiple document interface is
beneficial for viewing a series of sockets from
the same client, teacher versus student sockets,
or different fitting approaches. Multiple 2D
images can also be displayed, thereby
permitting visual comparison of cross-sections
or profiles at different positions on the 3D
shape.

Three dimensional view

A satisfactory 3D representation of the
socket/orthosis shape is very important for
viewing and comparing CAD data files. By
combining the graphics capabilities of
Microsoft Windows, facet shading techniques,
and a resolution enhancement function, a
lifelike on-screen image can be displayed. In
addition to the shaded view, the 3D image can
be displayed as a wireframe or composite
(shaded imaged with superimposed wireframe).
The wireframe view is the fastest to redraw on
screen and provides useful reference marks
when measurements are being taken from
specific locations on the shape. A shaded view,
while taking longer to redraw, provides the best
representation of surface contour. Anatomical
landmarks recorded during the digitising
process may be displayed on the 3D shape to
provide comparison reference points.

The 3D shape may be rotated in the frontal
plane, sagittal plane, and about the image
longitudinal axis, thereby displaying the shape
in any 3D orientation. A cubic reference box is
located in the rotate window to help with shape
positioning. Since the three rotation angles are
entered numerically, the user can ensure that
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