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Abstract

Gait analysis is an important clinical tool. A variety of models are used for gait analysis, each yielding different results.
Errors in model outputs can occur due to inaccurate marker placement and skin motion artefacts, which may be
reduced using a cluster-based model. We aimed to compare a custom-made cluster model (ClusBB) with Vicon’s plug-in
gait. A total of 2| healthy subjects wore marker sets for the ClusBB and plug-in gait models simultaneously while walking
on a 6-m walkway. Marker and force plate data were captured synchronously and joint angles/moments were calculated
using both models. There was good correlation between the models (coefficient of multiple correlations > 0.65) and
good intra-session correlation for both models (coefficient of multiple correlations > 0.80). Inter-subject variability was
high, ranging from 15° to 40° in the sagittal plane and | 1° to 52° in the coronal and transverse planes. Intra-subject varia-
bility was small for both ClusBB and plug-in gait models. Inter-subject variance tended to be high in both models for knee
abduction/adduction, but particularly so for plug-in gait, suggesting that a cluster-based model may reduce the variability.
The inter-subject variance in out-of-sagittal plane data is of particular importance clinically, given the reliance on these
datasets in clinical decision-making.
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anatomical markers can result in large inter-subject
variability in model outputs. When the inter-subject
variability of control data becomes greater than the
expected change due to pathology, the clinical useful-
ness of the data becomes doubtful. Few studies report
inter-subject variability, particularly considering the
effects of different computational models.

In order to reduce this variability, other studies have
defined anatomical landmarks relative to clusters,’
which are less reliant on accurate marker placement;
however, this can still result in inaccurate identification
of joint centres.'” Our group has developed a model,
which calculates kinematics using clusters without iden-
tifying joint centres.!' Based on these principles, a

Introduction

Gait analysis has become an important clinical tool for
planning and evaluating interventions, as well as for
improving sports performance and reducing injury. It
is therefore important that the biomechanical models
used are valid. Different protocols are known to yield
different results,"> specifically for out-of-sagittal plane
rotations.! In the assessment of medial knee osteoar-
thritis (OA), knee adduction angles and moments are
considered key parameters.®* Given the relatively small
coronal plane knee motion, measurement variability is
problematic. Further errors are known to occur due to
skin motion artefacts and inaccuracies in marker
placement.>®

The most commonly utilised model in optical gait

analysis is the ‘Newington’ model,>’ on which Vicon’s
plug-in gait (PiG; Vicon Motion Systems, Oxford, UK)
is based. PiG incorporates 16 markers, making it a use-
ful model for clinical investigations. However, place-
ment of the thigh and calf markers is critical for correct
alignment of the knee joint axis.® Inaccurate location of
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Table 2. Intra- and inter-subject MAV and MRV for angles at the hip, knee and ankle joints.

Hip Knee Ankle
Flexion/ Abduction/  Rotation Flexion/ Abduction/  Rotation Flexion/ Abduction/  Rotation
extension  adduction extension  adduction extension  adduction
Intra-MAV (°)  ClusBB 2.5 (1.0) 1.6 (0.6) 2.3(0.7) 4.1 (1.4) 1.7 (0.8) 34 (3.8) 2.5 (0.7) 3.8 (1.7) 3.3 (4.3)
PiG 2.4 (0.9) 1.5 (0.6) 2.3 (0.6) 3.4 (1.0 1.2 (0.4) 32 (24) 34 (22) 1.4 (1.8) 39 (2.1)
Intra-MRV (%)  ClusBB 55 (2.1) 109 (4.6) 14.5 (6.8) 6.2 (2.0) 15.3 (6.5) 12.7 (4.8) 8.8 (2.8) 21.0 (12.5) 18.4 (6.3)
PiG 5522 11.0(54) 13.0 (5.1) 5.9 (1.7) 12.3 (6.3) 17.7 (9.1) 7.3 (2.6) 16.3 (7.1) 15.9 (6.8)
Inter-MAV (°)  ClusBB  21.9 1.4 23.6 19.9 13.6 31.2 15.4 342 24.3
PiG 20.4 12.7 40.9 18.3 22.1 49.7 394 31.3 52.4
Inter-MRV (%) ClusBB  49.7 82.7 183.6 30.5 166.9 152.2 55.3 222.8 180.1
PiG 47.9 90.2 262.2 32.7 439.2 387.5 75.7 376.6 282.3

MAV: mean absolute variability; MRV: mean relative variability; PiG: plug-in gait.

a knee alignment device (KAD). A comparison
between the KAD and clusters, to reduce data variabil-
ity, was beyond the scope of this study; however, both
techniques may be utilised to reduce the variability
noted in the standard PiG model.

We have shown good correlation between our
ClusBB and PiG models using CMCs; however, it
should be acknowledged that this technique has some
limitations. The inter-subject variance in out-of-
sagittal plane data noted in this study is of particular
importance clinically, given the reliance on these data-
sets in clinical decision-making, specifically for people
with knee OA.
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