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Abstract

Clinically, it is hard to achieve and reproduce
prosthesis alignment at will during daily
prosthesis fitting. A new alignment jig was
designed and developed to facilitate
quantification and prescription of prosthesis
alignment for patellar-tendon-bearing (PTB)
trans-tibial prostheses. The alignment jig
provided instantaneous readings of the three-
dimensional orientation and position of the
socket relative 1o the prosthetic foot in
standardised units. The inter- and intra-tester
errors of the alignment jig in measuring
prosthesis alignment were evaluated and
demonstrated to have good reliability. The
alignment jig was recommended to be used
clinically aflter the conventional dynamic
alignment procedurc to document the prosthesis
alignment. Further application of the alignment
jig for systematic evaluation of the effects of
prosthesis alignment on gait for trans-tibial
amputees is suggested,

Introduction

The sequence of providing a lower limb
prosthesis includes the events of assessment and
measurement, assembly of  prosthesis
components, alignment procedure, final
finishing and fitting. Of these events, the
alignment procedure is the most critical and
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time-consuming process. The alignment of the
prosthesis is defined as the three-dimensional
orientation and position of the socket relative to
the prosthetic foot. For the trans-tibial
prosthesis, this refers to 6 alignment parametcrs,
i.e. the anteroposterior (A/P) shift, AP tilt,
mediolateral (M/L) shift and M/L tilt of the
socket relative to the foot, length of the
prosthesis and the toc-out angle (Berme ez al.,
1978; Zahedi et al., 1986). Clinically, the
alignment at  which the amputee feels
comfortable and the resulting gait judged by the
prosthetist to be functionally acceptable is
regarded as an acceptable alignment. This
conventional alignment procedure is an
experience dependent process and relies on both
the prosthetist’s subjective judgemen! and the
amputec's feeling of the comfort level. Due to its
subjective nature, the alignment achieved may
not be optimal for the amputee resulting in the
increased possibility of tissue or skin damage
due to the resulting stress actions on the stump
during functional activities.

Different alignment devices like the Berkeley
Adjustable Leg®, the Winnipeg wedge disc
alignment units (Foort and Hobson, 1964), the
Proteor Algnment Device (distributed by
Fillaver Inc.), In-built One-point Alignment
(Kohler et al., 1988), the Cup Connector
(distributed by the United States Manufacturing
Company) are commercially available. There
are also commercially available jigs for
prosthesis alignment duplication such as the
Berkeley Horizontal Duplication lig, the
Vertical Fabrication Jig, the Otto Bock









Alignment parameter Prosthetist A Prosthetist B
352.6(18.4) 352.7(18.4)
Prosthesis height (mm)
324.7 - 369.5 3243 -369.3
6.3 (1.3) 6.4 (1.3)
A/P tilt (degrees)’
4.7-8.2 47-83
4.1 (0.4) 39(0.7)
M/L tilt (degrees)’
3.7-45 3.0-47
7.8 (1.6) 7.5(1.6)
A/P shift (mm)'
55-93 5.7-17.5
5.3(23) 53(24)
M/L shift (mm)?
4.0-97 32-98
15.1 (1.2) 15.1 (1.4)
Toe-out angle (degrees)’
13.8-17.2 13.8-17.3

! Positive for anterior tilt/shift, negative for posterior tilt/shift
* Positive for lateral tilt/shift, negative for medial tilt/shift

' Positive for toe-out, negative for toe-in




T . Prosthetist A Prosthetist B
ICC(3,1) p-value ICC(3.1) p-value
Prosthesis height 1.00 <0.001 1.00 <0.001
A/P tilt 0.86 <0.001 0.80 <0.001
M/L tilt 0.33 <0.001 0.47 <0.001
A/P shift 0.89 <(.001 0.87 <0.001
M/L shift 0.94 <0.001 0.95 <0.001
Toe-out angle 0.79 <0.001 0.85 <0.001
Alignment parameter ICC(2,1) p-value
Prosthesis height 1.00 <0.001
A/P tilt 0.84 0.001
M/L tile 0.26 0.301
A/P shift 0.94 0.001
M/L shift 0.91 0.001
Toe-out angle 0.74 0.038
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reliability analysis. The alignments of these
prostheses were prescribed by experienced
prosthetists  using conventional dynamic
alignment procedures. The alignments measured
using the new alignment jig were compared with
the acceplable alignment ranges reported by
Zahedi et al. (1986). It was found that A/P and
M/L tilts of the 6 prostheses fell within the
ranges delermined by Zahedi er al. (1986).
However, the A/P and M/L shifts and M/L tilts
of the prostheses were much smalier than those
reported by Zahedi et /. (1986) and the 10e-out
angles were larger than that reported by them.
This might be explained by fact that the results
by Zahedi er al. (1986) represented the extremes
of the maximum acceptable alignment ranges.
As there was no absolutely known prosthesis
alignment available, only the reliability of the
alignment jig could be studied. The intraclass
correlation coefficients of the alignment jig in
measuring all the alighment parameters were
high except that for the M/L tilt. The low
intraclass correlation coefficients for measuring
M/L tilt were thought to be due to lack of
variability among the M/L tilts of the prostheses
used (Portney and Watkins, 1993). As the range
of the measured M/L tilts was small (Table 1), it
is still reasonable to conclude that the alignment
jig has good intra- and inter-tester reliability for
measuring all the 6 alignment parameters.

With the development of the new alignment
jig, an individval's prosthesis alignment could
be recorded in clinical notes for future reference
and comparison and the recorded alignment
could then be reproduced whenever it is
necessary.

This may benefit those amputees who need to
change their prosthesis frequently. Moreover,
the alignment jig will be useful for both training
and research purposes. As there are multiple
variables related to the prosthesis alignment
combinations contributing to the efficacy of
prosthesis fitting, the alignment jig could
provide a systemnatic and objective means for the
control of individual prosthesis alignment and
consequently to facilitate the follow-up
evaluation.

It should be noted that the socket axis
determined using the socket axis locator might

not represent the axis of the tibia or any skeletal
structure. Therelore, further investigation is
necessary to deterrmine the correlation between
the defined socket axis with the anatomical
configuration of the stump so that the effects of
prosthesis alignment could be systematically
evaluated and compared among individual
amputees. Finally, the current alipnment jig
design is suitable only for the PTB trans-tibial
prosthesis with prosthetic foot with ankle-holt
attachment. Modification would be necessary
for a prosthesis that does not have ankle-bolt
attachment.

Conclusion

A simple alignment jig was designed and
developed. It can provide direct read-out of the 6
alignment paramecters for PTB trans-tibial
prostheses without any computation, It could be
used to measure and prescribe alignment for
trans-tibial prostheses with good reliability.
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