


Evaluation of prosthesis sockets 165

give global impressions and understandings of
bone and joint disorders. It is possible to design
and model an cxact shape of standard
endoprosthesis. In education 3D-imaging can
be used to display the anatomy of the patient,
and the CAM allows exact models of anatomy
to be milled out (Goh ez uf., 1990; Mankovich er
al., 1990: Schmitz et al., 1990).

Orthopaedic  technology  is based on
traditional craftsmanship, which in Scandinavia
is considered to be at a fairly good level of
quality. The prosthesis socket in  the
conventional technique is made from a plaster
cast. Howcever, during handcasting there is a
risk for the uncontrolled deformation of the soft
tissues, leading later on to a bad fit of the socket
(Murdoch, 1968). The purposc of prosthetic
fitting is not only the provision of a prosthesis
with a good technical quality, but also the
rehabilitation of the patient 1o a social life of
good quality. Many prostheses are never used,
others are used [or cosmetic reasons only. This
may due to lack ol training, but also to bad
fitting of the prosthesis. The manufacturing of a
prosthesis is time consuming. demands skiiled
craftsmen and is cxpensive for the community.
Thus, it is important that the prostheses are
made with a quality. that is accepted by the
patient,

In the middle 1980s CAD CAM techniques
were introduced in the field of orthopacdic
technology (Klasson, 1985). The form of the
amputation stump is fed into a computer by for
example, a laser scanner or some other device.
The software in the varions CAD CAM systems
is especially developed for use in prosthetics
and orthotics. Different systems have been
designed for different applications, such as
wheelchair  seats, prostheses, lasts for
orthopaedic footwear and for manufacturing of
individually shaped insoles (McAllister et al.,
1991), Several of these systems can be used for
cosmetic  applications in  prosthetics and
orthotics (Bok et af., 1990; Brissel, 1991). The
final form is transferred to a computer
controlled carving-machine, From this is
obtained a [ormer for the socket, made from
plaster or somc plastic material (c.g.
polyurethane loam). A sockel can then be
moulded on this form (Briissel, 1991).

A relatively new concept is CIM (Computer
Integrated Manufacturing). i.e. conventional
CAD CAM technique 1s integrated with

systems for administrative routines, handling of
materials, economy, quality control eic,
(Pirletun et al., 1986), In the future the CIM
techniques probably will be used more
extensively. Case records and other patient
related data can be stored in the system. Check
routines can be included for quality control,
e.g. dates for yearly follow-up. Tolerance limits
can be implemented in the system. Volume and
form changes can bc objectively recorded and
easily followed., With the integration of finite
element (FEM) techniques. local stress and
strain can be¢ calculated in the amputation
stump and the prosthesis socket (Quesada and
Skinner, 1991). The socker can be optimised
and simulations can be performed before the
final socket is made for the patient.

There are a few systems in the world for
CAD CAM manufacturing of prosthesis
sockets (Fernie, 1984; Foort et al., 1985;
Klasson, 1985; Lawrence er al., 1985; Saunders
er al., 1985; Lord and Jones, 1988; Engsberg ef
al., 1992). Brissel (1991) has described
currently available systems in a review article.

At the Department of Biomechanics and
Orthopaedic Technology, Jonképing. a CAD
CAM system. the CAPOD system. {Computer-
Aided-Prosthetic-and-Orthotic-Design),  has
been developed for prosthetic and orthotic
applications. The system consists of a laser
scanner, a CAD softwarc and a milling
machine. The scanner is made to scan all
diffcrent parts of the human body and the
software is adaptcd to modelling of these
different parts (Oberg et al., 1989).

In a world of economic realities, there iS a
need for evaluation of new systems, both with
regard to cost-benefit and with regard to the
satisfaction of the patient, Can we reduce the
cost for the community? Can we give the
patient a better quality of life? Do we have
other benefits from a new technique?.

The aim of the present study was to evaluate
trans-tibial prostheses made with a CAD CAM
technique compared with a conventional
technique, from the patients point of view, The
evaluation was made in collaboration with the
Swcdish Handicap Institute.

Materials and methods
Patients

Some 22 paticnts. 17 men and 5 women. new
trans-tibial amputees as well as prosthetic
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Inclusion criteria Trans-tibial amputation
Unilateral amputation
| Healed wound, minimum of
adherence
Presumed walker
Good mental status
Good physical status

Exclusion criteria Prolonged healing
Ulcerations
Other specific problems




Some activity

10

Variable

Sauisfied with the
prosthesis

Unpleasant pressure from
the prosthesis

Resting pain on use of the
prosthesis

Movement pain on usc of
the prosthesis

Tenderness of the stump
on use of the prosthesis

NS, =

15

| Examiner

| Prosthetist [Physiot herapist

N.S N.S.
N.§ N.S.
N.S N.S.
NS N
NS N.S '

No significant difference  between

conventional prosthesis and prosthesis with CAPOD

socket

CAPOD

Patient group Number || Satisfied |Dissatisfied

. - R —
Patients satisfied
with conventional
prosthesis 17 8 9
Patients dissatisfied
with conventional
prosthesis 5 1 -
Total 22 9 13




Examiner

Variable Prosthetist [Physiotherapist
Number of adjustments of

the outer socket N.S. -
Number of adjustments of

the inner socket N.S. -
Number of sockets N.S.
Number of stcckings,

thick p<0.001 -
Number of steckings, thin | N.S. N.S.
Function of the prosthesis | N.S. N.S.
Fit of the socket N.S. N.S.
Technical quality of the N.S. N.S.

socket

N.S. = No significant difference  between

conventional prosthesis and prosthesis with CAPOD

socket

Examiner:
Variable Prosthetist
Walking distance, metres N.S.
Gait speed N.S.
Gait frequency N.S.
Step length N.S.
Step length/leg length N.S.
Duration of gait cycle N.S.
Duration of stance phase N.S.

N.S. = No significant difference between

conventional prosthesis and prosthesis with CAPOD

socket.

Examiner

Variable Prosthenst !Ph,\mm!hcmprs(
Need of help from other

person N.S. N.S.
Ability to take on/off the

prosthesis N.S. N.S.
Ability to walk indoors

with the prosthesis N.S. N.S.
Ability to rise from a

chair with the prosthesis N.S. N.S.
Ability to sit down on a

chair with the prosthesis N.S. N.S.
Ability of stair climbing

with the prosthesis N.S. N.S.
Ability to walk outdoors

with the prosthesis N.S. N.S.
Ability to enter a car with

the prosthesis NS N.S.
Ability to enter a bus with

the prosthesis N.S N.S.
Ability to enter a train

with the prosthesis N.S. N.S
Degree of usage (Couch er

al., 1977) N.S. N.S.

N.S. = No significant difference between

conventional prosthesis and prosthesis with CAPOD

socket.
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However, without any doubts computers will
have a prominent position in prosthetics and
orthotics in the future.

Conclusions

No statistica. differences were found between
the two manufacturing techniques in any, but
one, of 175 wvariables in this study.
Conventional manufacturing techique was used
as a rtcference. In Sweden orthopaedic
technology has a rclatively high standard. The
primary goal of the new CAD CAM technique
— to obtain ai lcast the same results as with a
conventional tzchnique — has been achieved.
More studies must be performed to examine
cost-benefit aspects and also to examine new
potential in this technique.
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