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The qualitative and quantitative analysis of the relationship between
trans-femoral prosthesis alignment and plantar pressure
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[Purpose] To complete a trans-femoral prosthesis, it is necessary to adjust two categories. One is
the adjustment of the socket that is the interface between the residual limb and the trans-femoral
prosthesis. Another is an alignment adjustment between the socket and the artificial foot. The
alignment adjustment is intended to continue; adjustments are made every time the adjuster notices
an abnormal gait during walking training. Alignment adjustments are preferably carried out by the
physiotherapist conducting the actual gait training. However, currently, a prosthetist often adjusts
the alignment. Because it is rare that a prosthetist works in the hospital, adjustments cannot be made
immediately even when physical therapists notice abnormal gaits and delays in training.

One of the reasons why prosthetists perform the adjustments of lower limb prosthesis alignment
is because it is done in an empirical-sensory manner. Because it is empirical-sensory, learning the
procedure is time-consuming. Many physical therapists have few opportunities and limited time
involved with amputees as compared with a prosthetist. Therefore, it is difficult for physical
therapists to master the prosthesis alignment adjustment technique. However, if the adjustment of
the alignment was based on objective data, it would be possible for a physical therapist who
understands the theory to perform the adjustment.

Therefore, we decided that our final goal was the development of an artificial leg alignment

adjustment software using walking data from prosthesis users. In this study, we performed an




analysis of the relationship between trans-femoral prosthesis alignment changes and plantar
pressure during walking.

[Methods] The subjects were 5 trans-femoral prosthesis users. Measurements were taken under 11
conditions. Bench alignment of prosthesis parts was assessed as an initial state. The other conditions
were changed independently. The difference in the plantar pressure (center of pressure [COP]) of
the foot and prosthesis sides was calculated as the displacement of the COP. Alignment was
considered separately for 3 sides of the frontal plane, sagittal plane, and the horizontal plane, and
the analysis categories were as follows:

Analysis of the frontal plane: the amount of displacement of COP in the medial and lateral side.

Analysis of the sagittal plane: the amount of displacement of COP in the backward direction.

Analysis of the horizontal plane: the amount of displacement of COP in the medial and lateral

side and the backward direction.

[Result] In the frontal plane the amount of COP displacement of both prosthesis and foot side
showed significant difference between many cases of the alignment changes. In the horizontal plane
the amount of COP displacement of medial and lateral side on prosthesis side and backward on foot
side showed significant difference between many cases of the alignment changes. Furthermore this
amount of displacement change was to an extent correlated with the alignment amount of change.
However, in the sagittal plane, no significant relationship was shown between the displacement of
the alignment change and the COP trajectory.

[Discussion] In the frontal plane, it was found that the amount of COP displacement of both the foot
and prosthesis side in the frontal plane was changed due to the alignment changes. In the horizontal
plane the same phenomenon was found in the frontal and sagittal plane. These amount of COP
displacement was rationality as the load direction of prosthesis occurred when the alignment was
changed and the reaction of the foot compensated for the alignment change. Accordingly, we suggest
that by analyzing the COP displacement of both the prosthesis side and the foot, it is possible to
identify the cause and direction of alignment changes.

In the sagittal plane, a characteristic displacement of the COP trajectories due to the alignment
changes was not observed. We suggest that it was affected by the alignment change and was
absorbed by the artificial foot because the artificial foot used for measurement was a
dorsiflexionable single axis foot.

[Conclusion] In this study, the following can be found

1. If there was a substantial change of the amount of COP displacement in the medial and lateral
side on the foot side, the alignment in the frontal plane could have been changed.

2. If there was a substantial change of the amount of COP displacement in the medial and lateral
side on the prosthesis side and backward on the foot side, the alignment in the horizontal plane
could have been changed. Also the amount of alignment change could have been estimated by the
amount of COP displacement in the medial and lateral side on the prosthesis side and the backward
direction on the foot side.

3. It was difficult to estimate the alignment change in the sagittal plane by the COP displacement.

This study has shown that the data of the foot side during prosthetic walking is important for




alignment adjustment, and we believe these findings will affect future studies of prosthetic

alignment.
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