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Technical note

Pelvic angles: a mathematically rigorous definition which is
consistent with a conventional clinical understanding of the terms
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Abstract

The most common definition of pelvic angles in conventional gait analysis uses the sequence tilt, obliquity, rotation. This is used
in most commercially available gait analysis software. This definition of angles, however, is not in agreement with the
conventional clinical understanding of the terms when both tilt and rotation are large. This paper shows that by using the
sequence rotation, obliquity, tilt it is possible to make a mathematically rigorous definition of pelvic angles which it is consistent
with that conventional clinical usage. A model of the pelvis in which the hips are maintained level is developed. It is shown that
as tilt and rotation are varied, in a clinically relevant range, that obliquity measured using the conventional sequence can be as
much as 10°. By definition it is 0° for the new sequence. A case study shows that measures of obliquity correlate better with the
relative height of the hips using the new sequence than the conventional one. It is proposed that use of the new sequence would
lead to data which is easier to interpret clinically. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Kadaba et al.[l] and Davis et al.[2] independently
suggested that joint angles in gait analysis should be
represented as Cardan angles. These can be considered
as a series of rotations, about orthogonal axes fixed in
the distal segment, which change the alignment of the
segment axis system from that of the proximal segment
to that of the distal segment. This can be shown to be
equivalent to the approach of Grood and Suntay [3] in
which the first rotation is described as being about an
axis fixed in the proximal segment, the final rotation
about an axis fixed in the distal segment and the middle
rotation about a ‘floating’ axis mutually perpendicular
to the other two axes [4]. The movement of the pelvis is
described in equivalent terms with the pelvis considered
as the distal segment and the laboratory reference sys-
tem as the proximal system. The rotations about the
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axes embedded in the pelvis are described as tilt, about
the medio-lateral axis, obliquity, about the anterior—su-
perior axis and rotation about the proximal-—distal axis.
It is well known that the value of these angles is
dependent on the order in which they are specified.
From a mathematical point of view all of the six
possible sequences of the three angles are equivalent,
there is no reason for choosing one sequence over any
other. However, if these mathematically derived angles
are to correspond to conventionally defined anatomical
terms then the sequence is important.

Wu and Cavanagh [5] suggested that the orientation
of any segment with respect to the laboratory should
always be described using the sequence which corre-
sponds to tilt, rotation, obliquity (TRO) for the pelvis.
Crawford et al.[6] made a strong case that the appropri-
ate sequence will depend on joint geometry and existing
clinical conventions for describing rotations and hence
will be different for different joints. The sequence flex-
ion, abduction, internal rotation is logical for the hip and
knee and therefore many commercial gait analysis soft-
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motor. There is an argument that for the sake of
standardisation the accepted convention should be con-
tinued. It is the feeling of the author, however, that the
advantages of having measures of pelvic rotation which
correlate precisely with conventional anatomical defini-
tions are greater than those conferred by adhering to
accepted practices. For the first time in our clinical
practice, we are making meaningful inferences from our
pelvic obliquity data for patients with concomitant tilt
and rotation.
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