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Measurement of lumbar lordosis as a component of clinical gait analysis
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Abstract

A new method is described for the measurement, during clinical gait analysis, of the angle of lumbar lordosis, defined as the
difference in the sagittal plane angle between the two ends of the lumbar curve. The use of additional markers mounted directly
on the skin of the back was found to be unsatisfactory. The use of skin-mounted rigs, at the two ends of the lumbar curve, was
sufficiently accurate and convenient for routine adoption in a clinical gait analysis setting. Reliability studies showed good test-
retest agreement for both static and dynamic measurements of lumbar lordosis.
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1. Introduction

Lumbar lordosis is defined as the anterior convexity
of the lumbar spine, in the sagittal plane [1] (Fig. 1). The
degree of lumbar lordosis is variable between in-
dividuals, and is the result of many factors. The fifth
lumbar vertebra (L5) is wedge-shaped, the anterior
aspect of the vertebral body being approximately 3 mm
thicker than the posterior aspect [2]. The vertebrae
above LS are less wedge-shaped, but due to the shape of
L5 and the first sacral (S1) vertebrae, each vertebra
above this level lies slightly posterior to the vertebra
above it. The intervertebral discs in the lumbar area are
also wedge-shaped, especially between L4 and L5, and
between L5 and S1, the intervertebral disc at the L5-S1
interspace being 6-7 mm thicker anteriorly than
posteriorly [3]. These factors all contribute to producing
the normal lumbar lordosis.

Changes in the lumbar lordosis frequently occur in
pathological gait, usually in association with alterations
in pelvic tilt, and commonly as a compensation for a
limited range of flexion/extension at the hip joint [4,5].
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The parameters typically measured in clinical gait analy-
sis [6] include the movements of the pelvis, but do not
include changes in the lumbar lordosis.

Various methods for measuring the lumbar lordosis
have been used in an attempt to quantify the curve.
Goniometry, radiography, skin markers over the
spinous processes, and use of flexible rulers have all
been used [7-14].

Spinal motion has also been measured during gait by
Thurston and others, in both normal individuals
[15-17] and in patients with osteoarthritis of the hip
[18]. These studies used stroboscopic illumination and
television cameras, interfaced to a computer, to measure
the three-dimensional (3-D) positions of retroreflective
markers attached to the subject [19]. The movements of
the pelvis and the lower thoracic spine were measured in
a room-based coordinate system, but the technique did
not specifically measure the lumbar lordosis. The aim of
the present study was to devise a way to include the mea-
surement of lumbar lordosis in clinical gait analysis,
both statically and dynamically, using the protocol for
the Vicon gait analysis system.

Thurston et al. [15] used lightweight rigs, fixed to the
spine in the lumbar and sacral regions, to record move-



M.W. Whittle, D. Levine | Gait & Posture 5 (1997) 101-107 107

The reliability studies indicated that the method of
measurement was sufficiently reproducible for routine
use. Repeat static measurements on the same subject
over the course of about 30 min, and dynamic
measurements during four successive walks, showed
only small variations, which could well have been due to
real changes in lordosis, rather than to measurement er-
rors. In the absence of a ‘gold standard’ against which
to compare the measurements obtained here, it was not
possible to establish validity. Consideration was given to
the use of radiography to establish the relationship be-
tween the skin-mounted rigs and the underlying skeleton
at different degrees of lumbar spine flexion. However,
this was considered ethically unacceptable, since it
would require making two or three mediolateral X-rays
of the subjects, which would result in significant dosage
to sensitive internal organs, including the ovaries.

The present paper is concerned primarily with the
principles of lumbar lordosis measurement and with
marker placement. Further enhancements are planned
for the methods of data analysis, which will be reported
in a subsequent paper. One limitation of the technique
at present is that the lumbar lordosis was measured in
the plane of progression, rather than in an anatomically
based reference system. For the normal subjects used in
the present study, the calculated errors this introduced
in the measurement of lumbar lordosis were < 1°. How-
ever, it is proposed to revise the analytical procedure, to
use the attitude of the pelvis to define the subject’s sagit-
tal plane, and also to examine lumbar spinal motion in
the coronal and transverse planes, as well as in the sagit-
tal plane.

5. Conclusions

A system to measure lumbar lordosis statically and
during clinical gait analysis was devised, using rigs with
lightweight wands that were fixed to the sacrum and the
upper lumbar/lower thoracic spine. These rigs were con-
structed of materials commonly found in gait analysis
laboratories, and were found to measure lumbar lor-
dosis both reliably and conveniently.
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