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A CAD CAM method for custom below-knee sockets
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Abstract

The purpose of this investigation was to
develop a numerical method for fabricating
prosthetic sockets for below-knee amputees.
An optical/laser digitiser scans an amputee’s
stump and collects three dimensional numerical
data describing the surface of the limb and
describing specific modification site locations.
The numerical data from the laser camera
representing the stump and modification sites
are altered by the prosthetist using a custom
computer aided design software system running
on a personal computer. Using the altered
numerical data a programme is created for a
high resolution numerically controlled milling
machine and a mould is made. The prosthetist
then fabricates a socket. While the system has
been tested with below-knee amputees it has
been designed for application in most areas of
prosthetics and orthotics. Utilising this method
15 patients were fitted. All patients sujectively
stated that their “computer designed” socket
fitted better than their conventionally made
socket. As the research progressed and
experience was gained with the system patients
were normally fitted with the first socket
iteration. The system overcomes five
limitations existing with some of the other
numerical systems:

1) accurate high resolution surface topography,
2) specific identification of subject modification
sites, 3) flexible, user friendly software, 4) high
resolution numerically controlled milling, and
5) integrated expansion to other prosthetic and
orthotic areas.

All  correspondence to  be addressed to
Dr. J. R. Engsberg, Human Performance Laboratory,
The University of Calgary, 2500 University
Dr. N. W_, Calgary, Alberta, Canada T2N 1N4.

Introduction

The most important aspect of a below-knee
(BK) prosthesis is the manner in which external
loads from the prosthetic socket are transferred
to the stump. Unlike a normal limb where
exiernal loads from the ground are transferred
through tissues of the foot which are intended
to bear high loads, the loads for an amputee are
transferred from the ground to an artificial foot
and leg, to a socket, and finally through tissues
on the stump, which were not intended to bear
high loads. Despite this it has been established
that these tissues can accept load to some
degree. However this ability to tolerate load is
not homogeneous (New York University
Medical Centre, 1980). Therefore the
prosthetist must direct the load from the socket
to specific areas on the stump that can tolerate
load and direct load away from areas that
cannot tolerate load. If the loads are directed
correctly then the socket is comfortable, the
stump is healthy, and the BK amputee is able to
engage in activities without pain or discomfort.
If the loads are not directed correctly then the
socket is uncomfortable, the stump is unhealthy
(i.e., chafing, bleeding, bruising, and pressure
sores may occur), and the BK amputee is
limited in his/her activities.

The current subjectivity associated with the
traditional casting and subsequent modification
of a positive mould to fabricate a socket
prohibits the objective determination of the
specific requirements for loading between the
socket and the stump. Developing objective
quantitative methods for the fabrication of
sockets and the numerical evaluation of socket
fit will help in the establishment of the basic
principles for well fitting comfortable sockets.
A first step in this regard and the purpose of
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this investigation was to develop a numerical
method for fabricating prosthetic sockets for
BK amputees.

Review of other numerical systems

Several groups in the world have investigated
the numerical quantification of the fabrication
of BK sockets. Jim Foort was the first
investigator to address the possibility of a
quantitative method of socket fabrication.
Working with Foort, Saunders et al. (1985) used
mechanical devices to gather a sample set of
measures on a stump. They then selected a
positive mould from a small library of
computerised positive mould reference images
and used the measures to scale and make
modifications to the selected image. Finally
they utilised numerically controlled (NC)
milling to create a modified positive mould.
Over time this method of using a library of
reference images proved to be unsuccessful and
was abandoned.

The Bioengineering Centre (1986) digitised
the inside of a negative cast with a mechanical
digitiser to obtain a three-dimensional (3D)
numerical representation of the stump. They
modified this data according to some
predetermined criteria, milled out a mould with
an NC milling machine and developed a
vacuum forming machine for fabricating the
socket. Oberg et al. (1989) obtained a
topographical image of the stump with an
optical/laser digitiser and then followed the
same general procedure as the Bioengineering
Centre (1986) to eventually produce a mould.

Limitations of systems

At least five limitations are present with
some or all of these methods. The first is that
except for Oberg ez al. (1989) none of the other
investigators has been able to consistently
obtain  high resolution residual limb
topography. The digitising of the inside of a
negative cast to obtain an exact duplicate of the
stump is only as good as the skill of the
prosthetist fabricating the cast. In other words,
if that cast is not an accurate representation of
the stump neither will be the digitised data of
that cast. The resolution of the mechanical
digitiser is not high. One hundred and forty-
four data points can be obtained from the
mechanical digitiser for a 2.54cm band around

the stump. Finally, it is difficult or impossible to
use the mechanical digitising method to fit all
children since the digitiser stylus cannot fit into
small casts.

The second limitation is that none of the
investigators has developed a system integrated
method to individually identify specific regions
for modifications. They typically each use one
orientation marker and then identify
modifications sites from that single marker. The
anatomical variation for any given segment of
the human body is well documented and it is
therefore necessary for these researchers to rely
on broad modification site regions or estimate
the locations of specific landmarks. In the case
of pressure relief modification regions, a larger
than necessary modification area reduces the
surface area available for higher pressure
application. Thus the regions that can accept
higher pressures must accept more load than if
the pressure relief regions were kept as small as
possible.

A third limitation with these systems and one
that is gradually being eliminated is the
computer software. In general, the software has
been based on a two-dimensional (2D) view of
the image. While a 3D image may appear on
the screen the actual modification is performed
on a 2D cross-sectional or profile view. There
2D views may not always provide adequate
information from which to make proper
modifications to the data and may be difficult to
use. In addition, some of the software has not
been flexible enough to allow for both standard
and individual modifications.

A fourth limitation that exists with some of
the systems is that in contrast to the very
smooth surface of the positive mould created by
the prosthetist, low resolution milling of the
positive moulds produces moulds with ridges.
These ridges are produced because the cutting
tool, at best, can make only eight cutting passes
for a 2.54cm band around the mould.

Finally, the fifth limitation is that these
methods have been designed for BK and
possibly above-knee (AK) amputees. The
utilisation of the methods for other applications
has not been built into the components.

Methods

A method has been developed for fabricating
BK sockets utilising quantitative techniques
believed to have overcome the limitations
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system overcomes five limitations existing with
some of the other numerical systems: 1)
accurate high resolution surface topography, 2)
specific indentification of subject modification
sites, 3) flexible, user friendly software, 4) high
resolution NC milling, and 5) integrated
expansion to other prosthetic and orthotic
areas. Fifteen patients have had trial fittings
and they have subjectively stated that their
“computerised” socket fits better than their
traditionally made socket. Future objective
evaluation of socket fit including blind fittings,
independent prosthetist evaluation, pressure
recording between the socket and stump, and
quantification of soft and hard tissues in the
stump will eventually add to the understanding
of these subjective evaluations.
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