Technical Note: Three-dimensional Gait Analysis
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ABSTRACT

Quantitative gait analysis is the systematic measurement, description, and assessment of those quantities thought to characterize human
locomotion. Optoelectronic motion capture system is a tool to conduct three-dimensional gait analysis and it helps us to acquire kinematic
data, i.e.,, the angles and the kinetic data, i.e., forces along with spatiotemporal data which describe the fundamental gait characteristics. These
are ultimately interpreted by the clinician(s) to form an assessment' which helps in identifying the pathology and developing rehabilitation
strategies to restore normalcy of gait. Keeping in view the above evidence and the paucity of Indian normative gait data, our study was
designed to create a gender-specific, region-specific, normative spatiotemporal, kinematic, and kinetic dataset. We present a technical note
on our method of three-dimensional gait analysis. The gait lab at PGIMER is equipped with BTS SmartTM (BTS Bioengineering, Milan, Italy)
Optoelectric system which was used to record and measure spatiotemporal, kinematic, and kinetic data. The gait lab has a walkway embedded
with 16 force platforms with sufficient space for acceleration and deceleration coupled with 6 infrared cameras and two real-time cameras,
enabling the recordings of left and right feet to be made simultaneously with each trial recording at least three complete gait cycles at a self-
selected pace. The data were captured, processed, and analyzed with strict adherence to a standardized protocol. The data were recorded for

transverse, sagittal, and axial planes.
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INTRODUCTION

Quantitative gait analysis is the systematic measurement,
description, and assessment of those quantities thought to
characterize human locomotion. Optoelectronic motion capture
system is a tool to conduct three-dimensional gait analysis and it
helps us to acquire kinematic data, i.e., the angles and the kinetic
data, i.e, forces along with spatiotemporal data which describe the
fundamental gait characteristics. These are ultimately interpreted
by the clinician(s) to form an assessment’ which helps in identifying
the pathology and developing rehabilitation strategies to restore
normalcy of gait.

The key to correct interpretation lies in understanding and
defining the normative values for gait parameters. The human gait
is affected by several factors—gender,>™> somatic characteristics,
height, mean body mass,%? footwear,'® speed,®""™* and
ethnicity”®”" to name a few. The available literature on normative
gait data is interspersed with studies mostly based on Caucasian
subjects.?” The Indian population is unique not only because its
culture includes varied activities of daily living like cross-legged
sitting, walking barefoot, or while wearing minimalistic footwear,
butitis also anthropometrically and morphologically different from
the Caucasians.'®-2°

Shah et al."® reported that Indian knees as compared to Caucasian
are narrower anteroposteriorly and mediolaterally. Sengodan et al.'®
and Saikia et al.?% found the Indian hips to be anthropometrically
different from Caucasians in that, they are more anteverted as
compared to that of the Caucasians.'®2° Al-Obaidi et al.,” Dhahbi et
al.”® Zhangetal.'®and Ryu et al.”” have all enumerated the differences
in gait parameters across cultures and ethnicities and emphasized
the importance of creating region-specific data.

Keeping in view the above evidence and the paucity of Indian
normative gait data, our study was designed to create a gender-
specific, region-specific, normative spatiotemporal, kinematic, and
kinetic dataset; and compare it with the Caucasian normative gait
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parameters available in the literature, to understand if Indians walk
differently from Caucasians.

MATERIALS AND METHODS

The study was conducted at the Gait lab, department of physical
and rehabilitation medicine, PGIMER, after permission was obtained
from the ethical committee, PGIMER, Chandigarh. Healthy male
volunteers between 18 years and 40 years of age were recruited
after an explanation of the procedure and informed consent was
obtained. The subjects were excluded if they had sustained any
recent injuries to the lower limb or back or if they had any lower
limb deformities or those volunteers who refused to participate in
the study. A priori power analysis was done and a sample size of
30 subjects was determined.

DATA COLLECTION

The System

The gait lab at PGIMER is equipped with BTS Smart™ (BTS
Bioengineering, Milan, Italy) Optoelectric system which was used
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to record and measure the spatiotemporal, kinematic, and kinetic
data. The system included 6 high-frequency digital optoelectronic
infrared cameras (BTS SMART D™) with a sampling frequency
of 250 Hz which surrounded the walkway; 2 real-time cameras,
BTS SMART VIXTA™ (with up to 3 MP video resolution), and the
walkway was embedded with 16 digital force plates (BTS™ P-6000)
with a sampling frequency of 500 Hz which were used to measure
kinetics or the forces acting on the body. The system used SMART
CAPTURE Software™ to capture the data and the SMART TRACKER™
to track the location of the markers. The data were analyzed and
processed using SMART ANALYZER™ and the central core, SMART
DX™ processed and synchronized the data from the force plates,
real-time video cameras, and the markers to provide us with
spatiotemporal, kinematic, and kinetic information, normalized
over a single gait cycle (0-100%) (Fig. 1).

Subject Preparation

The procedure was explained to the subjects and the anthropometric
data, i.e., height (cm), weight (kg), age, the distance between the
two anterior superior lilac spines (ASIS), the pelvic depth (measured
by tracing the point of intersection of perpendiculars drawn from
ASIS and Greater Trochanter), the knee diameter using a caliper
(distance between the femoral condyles), and the ankle diameter
(distance between the malleoli) was fed into the system.

Fig. 1: The gait lab equipped with force platforms and surrounded by
6 infrared cameras

Figs 3A and B: (A) Standing trial (frontal plane); (B) Standing trial
(sagittal plane)
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The system was calibrated and markers were placed according
to the Davis Heel Marker Protocol.2' Retro-reflective markers
were attached to the anatomical landmarks using double-sided
adhesive tape as per the pre-set protocol. The protocol required the
placement of 22 spherical retro-reflective markers on the subject’s
body: 3 on the trunk, 3 on the pelvis, 3 on each thigh, 3 on each
shank, and 2 on each foot (Fig. 2).

Data Acquisition®?

For the standing trial (Fig. 3), the subjects were asked to stand on
the force platform with feet aligned and maintain the position for
10 seconds. To minimize offset, the marker locations were checked
by processing the standing trial using the calculation protocol. This
protocol calculated the joint angles held during the static pose. At
the end of the processing, a report containing the angular values
was obtained. If the angular values were found to be significantly
different between the two sides or vary abnormally, the markers
are reapplied. The standing trial was then reacquired to confirm
marker placement accuracy.

For the walking trial (Fig. 4), subjects were asked to walk barefoot
on the walkway at a self-selected walking pace, to familiarize them
with the procedure. It was ensured that the markers placed on the
subject were clearly in the view of the cameras during the whole

Figs 2A and B: (A and B) Anterior and posterior view of marker placement
as per Davis heel protocol?'

Fig. 4: Walking trial (frontal plane view)
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Fig. 5: Labeling of the marker set for Davis heel protocol®'

acquisition. The walks were then acquired and data were collected
until a sufficient number of acceptable trials were procured. (An
acceptable trial was one in which there was no overlapping of feet
on the force platforms.) Since our walkway is embedded with 16
force platforms, the recordings of left and right feet can be made
simultaneously and each trial records 3 complete gait cycles.

Elaboration Phase

This phase consisted of labeling and tracking the markers (Fig.
5), and marking the events for the gait cycle (Heel Strike and Toe
Off). The markers were tracked using the SMART tracker software™
which is a pre-written software installed in the system. Tracking
the markers implies associating each marker to the corresponding
label, based on each marker’s real position, at every time instant.
Following this, the events HEEL STRIKE and TOE OFF were marked
for both right and left lower limb (Fig. 6) and a report was generated
after choosing the calculation protocol. All of the above was done
with the help of SMART Clinic Software™.

Data Analysis

The recorded raw data were computed using the aforementioned
software. The gait cycle was normalized as a percentage (0% being
initial contact and 100% being the point just before the next gait
cycles’initial contact). The kinematics and kinetics of hip, knee, and
ankle in all the planes were averaged for all subjects, and graphs
are obtained. The values of the variables were calculated from the
graphs. The kinematics were expressed as angles (in degrees) with
flexion being positive and extension negative for both the hip and
the knee. Forthe ankle, dorsiflexion was recorded as a positive value
and plantarflexion as a negative value. The moments are expressed
asinternal moments and for ease of comparison, they are averaged
over body weight and height (Nm/kg).

The data were captured, processed, and analyzed by a single
examiner with strict adherence to the standardized protocol.
The setup of our lab that provides enough space for acceleration
and deceleration and the walkway which is embedded with 16
force platforms, allowed us to capture a natural walk at a self-
selected pace and we could capture the right and the left limb
simultaneously. These measures were taken to minimize the inter-
trial variability as suggested by Gorton et al.?®

Fig. 6: Marking the events of the gait cycle

CONCLUSION

Three-dimensional gait analysis is the gold standard for gait
research. It helps us analyze the movement in the three planes
simultaneously. Our gait lab has a walkway that is embedded
with 16 force platforms with sufficient space for acceleration and
deceleration coupled with 6 infrared cameras and two real-time
cameras, enabling the recordings of left and right feet to be made
simultaneously with each trial recording at least three complete
gait cycles. This is far superior to other labs where there are only
one or two force platforms. The system enables us to capture the
natural gait pattern at a self-selected pace with minimum errors.
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