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study is more represcntative of all the tibial
movement during a normal gait cycle with a
PTB prosthesis. The investigation was limited
to trans-tibial prostheses. In studies of tibial
movement in PTB prostheses, X-ray is a well
documented method (Newton er al., 1988;
Baumgartner ef al., 1980; Haslan ef al., 1983;
Bao-Shan et al., 1977).

Material and method

Seven unilateral trans-tibial amputees with a
median age of 72 (61-79) vears, were
examined. All patients, 2 women and 5 men,
had PTB prostheses. The main diagnoses were
diabetes mellitus in § and arteriosclerosis in 2 of
the cases. All amputations were performed with
a long posterior flap. Three of the patients had
used their prosthesis for less than 6 months and
none had used it for more than 1 year. The
patients were consecutively selected from a
population of trans-tibially amputated patients
at the orthopaedic clinic of the county hospital
of Jonkoping. Sweden. The averge stump
length was 14.1 (10-20) em. The average width
over the condvles was 9.5 {(9-12) cm. Four out
of seven patients perceived a good prosthetic
fit. Three of these four patients had the soft
tissucs prestretched, This prestretching was
carried out by the patient himself when putting
on the prosthesis. The three patients who did
not prestretch the soft tissues perceived the
prosthetic fitting as poor.

Experimental setup

The patient was cxamined in four different
positions represcnting four phases in the gait
cycle: heel contact. mid-stance push-off and
finally swing phase. To simulate heel contact
aml push-off the floor was tilted at an angle of
15 degrees, The patient could stand vertically
on either the toes or the heel on the tilted floor
and then load with the whole body weight. The
floor reaction force atfected the knee joint with
an extending or flexing moment exactly as in
push-off and heel contact respectively during
normal gait, In mid-stance the patient was
standing on a plane floor.

Normally the floor reaction force is about
75% of the body weight in mid-stance, and
about 120% of the body weight in push-off and
heel contact (Cunningham, 1958), but in the
authors’ simulaticn the floor reaction force was
equal to the body weight in all these positions.

To simulate the swing phase the prosthests was
positioned at an angle of 45 degrees relative to
the floor.

X-rav examination

All X-ray pictures were taken in a sagittal
projection. To determine the scale a metal
measuring device was used. The
rocntgenological examination was performed
according to a standard procedure. To obtain
high contrast radiographs, all prostheses were
prepared with a thin steel wire, running along
the inner surface of the external prosthetic
socket. This procedure was undertaken to
simplify the measurement of the tibial end
positions.

Cealeulation of movementis

To calculate the total movement of the tibial
end, the four positions of the tibial end were
marked in a co-ordinate system. The four
positions were joined by straight lines, forming
a polygon. The perimeter of this polygon is
almost equivalent to the total movement in the
sagittal plane during the gait cycle. This
perimeter describes the minimum movement
that the tibia can perform in the sagittal plane.

Results
Overview

In all cascs a distinct and uniform motion of
the tibia in the prosthetic socket was obscrved
during simulated gait. All graphs of the tibial
movement  showed  similar  patterns  of
movement, During the swing phase large
movements of the tibial end in a posterior and
proximal direction were observed. Then the
movement changed into an anterior and distal
dircction. The pattern of movements and the
magnitude of the movements are shown in
Figure 1.

Total movement in the sagittal plane

The average total movement in the sagittal
plane was 7.5 (5.3-9.6) cm. The movements in
the individual paticnts arc shown in Figure 2.
The largest movement occurred in the
anterodistal direction between push-off and
swing phase, This movement was scen in all but
one patient. who showed the largest movement
between swing phase and heel contact.
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