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Spatio-temporal, kinematic and kinetics gait
analysis in post-stroke individuals

Analisis espacial temporal, cinematico y cinético de la marcha en individuos de accidentes vasculares postragenales
Analise espaco-temporal, cinematica e cinética da marcha em individuos p6s-acidente vascular cerebral

ABSTRACT

Objective: To analyze the spatio-temporal, kinematic and kinetic characteristics of gait in post-stroke individuals. The sample
consisted of 16 individuals (10 from the Post-stroke group and 6 from the Control group). The analysis of gait variables, range
of motion, moment and power of the ankle were obtained using Qualysis Track Manager®, with 10 cameras, filming a 5-meter
course. Results: The Post-stroke group showed a speed approximately 50% lower than the Control group (p <0.0001). With res-
pect to kinetics, the non-paretic side of ankle moment and power were higher than paretic side, but lower than control group.
(p <0.05). In kinematics there was no intergroup difference. Conclusion: Changes in gait in the post-stroke period may have
occurred due to muscle disuse on the paretic side, probably triggering the phenomenon of muscle plasticity, in which changes in
the phenotypic expression of muscle fibers occur.

DESCRIPTORS: Gait Analysis; Stroke; Neuronal Plasticity.

RESUMEN

Objetivo: Analizar las caracteristicas espacio-temporales, cinematicas y cinéticas de la marcha en individuos post-ictus. Méto-
dos: La muestra estuvo formada por 16 individuos (10 del grupo Post ictus y 6 del grupo Control). El analisis de las variables de
la marcha, rango de movimiento, momento y potencia del tobillo se obtuvo mediante Qualysis Track Manager®, con 10 camaras,
filmando un recorrido de 5 metros. Resultados: El grupo Post-ACV mostro una velocidad aproximadamente un 50% menor que
el grupo Control (p <0,0001). En cuanto a la cinética, el momento y la potencia del tobillo en el lado no parético fue mayor que
en el parético, pero menor que en el grupo Control (p <0.05). Sin embargo, en cinematica no hubo diferencia entre grupos. En
cinematica no hubo diferencia intergrupal. Conclusion: Los cambios en la marcha en el periodo posterior al ictus pueden haber
ocurrido debido al desuso muscular en el lado parético, probablemente desencadenando el fenémeno de plasticidad muscular,
en el cual ocurren cambios en la expresion fenotipica de las fibras musculares.

DESCRIPTORES: Analisis de la marcha; Accidente vascular cerebral; Plasticidad Neuronal.

RESUMO

Objetivo: Analisar as caracteristicas espaco-temporais, cinematicas e cinéticas da marcha em individuos pos-AVC. Métodos:
A amostra foi composta por 16 individuos (10 do grupo P6s-AVC e 6 do grupo Controle). A analise das variaveis da marcha, a
amplitude de movimento, 0 momento e a poténcia do tornozelo foram obtidas por meio do Qualysis Track Manager®, com 10
cameras, filmando um percurso de 5 metros. Resultados: O grupo P6s-AVC apresentou uma velocidade, aproximadamente, 50%
menor que o grupo Controle (p<0,0001). Em relacdo aos cinéticos, o momento e a poténcia do tornozelo do lado nao-parético foi
maior que o parético, mas menor que o grupo Controle (p<0,05). Entretanto, na cinematica ndo ocorreu diferenca intergrupo. Na
cinematica nao ocorreu diferenca intergrupo. Conclusao: As alteracdes da marcha no pés-AVC podem ter ocorrido por desuso da
musculatura no lado parético, provavelmente desencadeando o fendmeno da plasticidade muscular, no qual ocorrem mudancas
na expressao fenotipica de fibras musculares.

DESCRITORES: Analise de Marcha; Acidente Vascular Cerebral; Plasticidade Neuronal.
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INTRODUCTION

alking is one of the functions
most used by people; it makes
it possible to move around,

carry out daily activities, maintain inde-
pendence and quality of life. There may
be pathological changes that contribu-
te to reduced efficiency and increased
energy expenditure, such as cerebrovas-
cular accident (CVA), where, after the
injury, difficulties in voluntary control
of movement occur, compromising mus-
cle strength, tone, coordination, balance
and perception. !

About 70% resume their ability to
walk, although without adequate mus-
cle synergism, in addition to muscle me-
tabolic disorders, which occurred on the
paretic side, associated with the develo-
pment of spasticity, causing sensorimo-
tor changes, thus changing the plasticity
of the affected muscles. 2

Skeletal muscle plasticity is highly
malleable and exhibits a remarkable abi-
lity to adjust when the muscle undergoes
contraction, being susceptible to modi-
fying its phenotypic characteristics and
providing better functional adaptation.
3 Among the changes resulting from
stimuli applied to the muscle, we have
the transition from slow to fast fibers
on the paretic side and greater stimula-

tion for slow fibers on the non-paretic
side. Thus, in bipedestation, the center
of gravity of these individuals is shifted
to this side and, associated with deficits
in balance, proprioception and selecti-
ve control, causes a decrease in weight
distribution on the paretic side. * This
results in reductions in speed, cadence
and stride length, in addition to relative
increases in the duration of the gait cy-
cle and in double support periods. °
Several tools are used to investigate
the biomechanics of movement. The
three-dimensional analysis of this event
is a resource used as a method of research
and assessment of normal or pathologi-
cal gait, allowing the verification of spa-
tiotemporal characteristics such as len-
gth, stride duration and speed. ¢ Speed
can be defined as the distance the body
travels forward in the unit of time; the
length of the stride, as the time from the
initial contact of a member to the next
initial contact of the same member; and
stride length is the distance covered by
two successive strokes of the same foot.”
The study of the biomechanics of
gait after stroke provides a basis for
understanding the possible changes in
movement mechanisms and the quan-
titative analysis of this gait can be used
as an instrument for kinetic-functional
diagnosis, as well as for physical therapy

planning, considering the individuality
of cach case. Thus, the aim of this study
was to quantitatively analyze the kine-
matic and kinetic characteristics of gait
in post-stroke individuals, characteri-
zing and differentiating their spatiotem-
poral patterns.

METHOD

A cross-sectional exploratory study
was carried out at the Human Agility
Laboratory, Department of Physical
Therapy and Human Movement Scien-
ces, Northwestern University, Chica-
go — Illinois (USA). Individuals from
the Rehabilitation Institute of Chicago
(RIC), of both genders and between 50
and 70 years of age, were selected for the
two groups from May to July 2015. Pos-
t-stroke group (n=10): individuals were
eligible by a period greater than or equal
to 12 months of injury, without any sur-
gical intervention in the last 24 months
since the start of data collection, with
the ability to walk without the use of
a walking aid device during the experi-
ment. As exclusion criteria, individuals
with any other neurological injury, cog-
nitive deficit, or osteomyoarticular in-
jury in the lower limb. Control Group
(n=6): consisted of healthy individuals,
without any neurological or orthopedic
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Statistical analysis
was performed using
BioEstat v software.
5.3. Mean and
standard deviation

(SD) were calculated

for all parameters

studied.

trauma. All participants signed the In-
formed Consent Form, which was pre-
viously approved by the Institutional
Review Board of Northwestern Univer-
sity (IRB # STU00200422).

The anthropometric data evaluated
were height and weight. Height was me-
asured, in centimeters (cm), using the
Visual 3D° v software. 5.0 (C-Motion,
Inc., Germantown, MD, USA), and the
weight, verified, in kilograms (Kg), by
an AMTT" force platform (Force and
Motion, Inc., Watertown, MA, USA),
of precision, associated with Qualisys
Track Manager” software - (QTM) v.
2.1 (Motion Capture Systems, Inc., Go-
thenburg, SWEDEN). The gait analysis
was performed using the QTM to ob-
tain its spatiotemporal, kinematic and
kinetic parameters. This program is a
video-based photogrammetry analysis
system consisting of 10 optoelectronic
cameras. It allows three-dimensional re-
construction of the image with spherical
reflective markers located at 46 points
on the body, for analysis in an upright
position, according to a skeletal model
created in Visual 3D°.

Before starting the experiment, the
subjects were instructed to walk at a
comfortable speed, traveling 5 meters
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in length. During the course there were
six AMTI"® force platforms to capture
the kinetic variables. All performed 20
attempts, the first being considered as
familiarization of the experimental en-
vironment. Subjects wore an adjustable
vest, to which a Zero G Lite v support
device was attached. 2.0° (Aretech LLC,
Ashburn, VA, USA), in order to prevent
falls or imbalance, but there would be
no weight support.

All data were calculated in Visual
3D’ and Matlab’ v. 8.5 (The Mathworks,
Natick, MA, USA). In Visual 3D, the
spatiotemporal parameters underwent a
Butterworth low-pass filter, with a cuto-
ff frequency of 6Hz, in addition to being
normalized on a scale from 0 to 100%
of the gait cycle. In Matlab, the average
data of the kinematic and kinetic para-
meters were obtained. The spatiotem-
poral data calculated were: gait speed,
stride width, stance phase time, swing
phase time and double stance time. The
kinematics and kinetics were: angle, mo-
ment and ankle power, respectively, and
were calculated during the stance phase
of each lower limb in each group. Only
data in the sagittal plane were analyzed
to identify the most frequent changes in
post-stroke individuals.

Statistical analysis was performed
using BioEstat v software. 5.3. Mean and
standard deviation (SD) were calculated
for all parameters studied. The Kolmo-
gorov-Smirnov normality test was per-
formed prior to the statistical analysis to

confirm the normal distribution of data.
Only the support phase time variable,
when comparing the paretic and non-
-paretic sides of the Post-stroke group,
showed a non-parametric distribution.
Then, for this parameter, the Wilcoxon
test was performed. As for the other pa-
rameters, the Student T-test (parametric
test) was subsequently performed for
related samples in intra group analyses,
and the Student T-test for independent
samples in intergroup analyses. Statisti-
cal analysis was performed, relating the
right lower limb to the left one in the
Control group. As there was no signifi-
cant difference, intergroup comparisons
were performed with the mean of the
members of the Control group. The le-
vel of significance was maintained with
a value of p<0.05.

RESULTS

The mean age among participants
was 60,10+4,20 years in the Post-stroke
group and 62,50+4,42 in the Control
group. There was a homogeneous distri-
bution regarding sex, height and body
mass in both groups, the records were
similar, as described in table 1.

All  spatiotemporal ~ parameters
showed a statistically significant diffe-
rence (p<0,05) when analyzed between
groups. All individuals in the Post-s-
troke group presented speed approxima-
tely 50% lower than the individuals in
the control group (p<0,0001). On the

Table 1. General characteristics of the sample stratified according to the Post-

stroke and Control groups.

POST-STROKE GROUP

CONTROL GROUP (N=6)

VARIABLES (N=10) MEAN (SD) MEAN (DP)
Gender (M/F) 5/5 3/3
Age (Years) 60,10+4,20 62,50+4,42
Mass (kg) 75,25+13,63 72,19+15,27
BMI (kg/m2) 26,50+3,93 24,87+2,84
Paretic Side (R/L) 7/3 -
Injury Time (months) 140,60+98,13 -

Source: the researcher (2016); SD= Standard Deviation; M=Male; F= Female; BMI= Body Mass Index; R=Right; L= Left



other hand, the Post-stroke group spent
about twice as much time with their feet
on the floor (p=0,0069) at the begin-
ning of the gait cycle (time of double su-
pport), in addition to greater stride wid-
th (p=0,001), in relation to the Control
group, seen in table 2.

In general, the paretic and non-pare-
tic sides of the Post-stroke group showed
a significant difference in the other ve-
rified parameters, such as the times of
the stance and swing phases. In fact, the
paretic side had a shorter support time
than the non-paretic side (p=0,0051),
corroborated by a longer swing time
(p=0,0011). When compared to the
Control, they presented longer support
time and longer swing, both on the pa-
retic side (p=0,0259; p=0,0052) and
on the non-paretic side (p=0,0115;
p=0,0047 ), as shown in table 3.

The mean range of motion (ROM)
of the ankle was homogenecous when
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comparing the paretic (p=0,0967) and
non-paretic (p=0,4507) sides and the
Control group, with no significant dif-
ference being observed. However, when
comparing the paretic and non-paretic
sides, the means recorded were 73,00
(7,64) and 82,43 (5,67), respectively.
Ankle ROM on the paretic side was
considerably lower (p=0,0075) than on
the non-paretic side.

Regarding ankle moment and power,
both intra- and inter-group means
showed a significant difference. The
ankle moment on the paretic side was
significantly lower (p=0,0031) than
on the non-paretic side. However, the
Control group showed around twice the
moment on the paretic side (p=0,0005),
being also greater than on the non-pa-
retic side (p=0,0485). With regard to
joint power, we noticed a sensitive diffe-
rence in both limbs of post-stroke indi-
viduals (p<0,0001), as well as the non-

Table 2. Spatiotemporal parameters of the Post-stroke and Control groups
POST-STROKE

SPACE-TIME PARAMETERS

March Speed (m/s) Mean (SD)
Double Support Time (s) Mean (SD)
Width Stride (m) Mean (SD)

GROUP CONTROL GROUP
0,58 (0,16)* 1,25(0,22)*
0,54 (0,28)* 0,23(0,07)*
0,20 (0,05)* 0,13 (0,01)*

Source: The researcher (2016); SD: Standard Deviation  *significant difference (p<0,05)

Table 3. Intra- and inter-group spatiotemporal parameters.

SPACE-TIME PARAMETERS

Space-Time Parameters Mean (SD)
Support Phase Time (s) Mean (SD)
Balance Phase Time (s) Mean (SD)

PARETIC NON- CONTROL
SIDE PARETICSIDE GROUP
091(0,29* 1,10(0,38)* 0,66 (0,09)*
057(0,13)* 0,37(0,06)* 0,43(0,04)*
0,20(0,05)*  0,13(0,01)*

Source: The researcher (2016); SD: Standard Deviation  *significant difference (p<0,05)

Table 4. Kinematic and kinetic parameters of the ankle in the Post-stroke and

Control groups.

-paretic side was smaller (p=0,0108)
than in the Control group, but also five
times higher in the Control group on
the paretic side (p<0,0001), according
to table 4.

DISCUSSION

Gait speed is often used to characte-
rize post-stroke individuals, being the
reference parameter for assessment and
treatment. On the contrary, Lauziére
et al. (2014) stated that 60% of post-s-
troke individuals present spatiotempo-
ral asymmetry, and the times of stance
and swing phases and double stance are
generally investigated, as evidenced in
our study.

In fact, we found a lower speed of the
post-stroke individuals, causing shorter
time in the balance phase in the Control
group and in the non-paretic side of the
Post-stroke group and, consequently,
longer duration of the support phase in
the Post-stroke group compared to the
Control, being some of the strategies
taken to maintain body stability. In the
research by Lopes et al. (2015) it was
observed that the non-paretic side of 21
post-stroke individuals spent less time
swinging than the paretic side, attribu-
ting this to a difference in muscle stren-
gth and perception of the paretic side,
altering gait symmetry. ’

On the other hand, Dyer et al
(2014) stated that there was less support
time on the paretic side compared to the
non-paretic side and also to the Control
group. * Evidence suggests that both
exercise and age are factors that contri-
bute to the variation in the proportion
of muscle fibers, in which type II fibers
start to have type I properties, which
modifies their phenotype. However, af-

KINEMATIC PARAMETER PARETIC NON- CONTROL ter a stroke, the muscle fibers on the pa-
SIDE PARETICSIDE  GROUP retic side are more likely to change their
Ankle ROM (°) Mean (SD) 73,00(7,64)* 82,43(567) 79,90(7,28) characteristics from type I to type II, a
Kinetic Parametersf phenomenon called muscle plasticity. !
Ankle Moment (Nm/Kg) Mean (SD) 0,46 (0,16)* 0,64 (0,16)* 0,81 (0’1 1)* SthﬂCI‘ et al. (2014) suggcsted that
these findings are influenced not only

Ankle Power (W/Kg) Mean (SD) 0,27 (0,16)* 0,93(0,39)* 1,47 (0,30)*

by the level of injury, but above all by

Source: The researcher (2016); ROM: range of motion; SD: Standard Deviation *significant difference (p<0,05) a reduccd VCIOCity. In their study, cor-
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roborating our outcomes, they found
a decrease in speed and cadence, lon-
ger double support time and shorter
stride length in 108 individuals, with
no association of these results with an
increase in the BMI of those involved,
relating the negative effects of this in-
crease at a longer walking time or dis-
tance. '> However, other studies have
stated that there is no significant dif-
ference in the time of double support
between post-stroke individuals and
healthy individuals. 1

We observed in our findings that the
Post-stroke group had greater stride wi-
dth than the Control group. This fact
may be due to the motor strategies cho-
sen to adapt to the demands of the task.
By not being able to carry out the pro-
per weight transfer, there is a decrease in
speed and an increase in the time where
the weight is transferred to the paretic
side, resulting in a longer stride. Some
authors draw attention to the shorter
support time and the longer stride on
the paretic side, and these compensa-
tions produce an abnormal shift in the
center of gravity, resulting in greater
energy expenditure. 4

In addition to spatiotemporal para-
meters, some studies report kinematic
changes. In our study, we focused on
the ankle joint, where its range of mo-
tion on the paretic side was smaller than
on the non-paretic side, demonstrating
a loss in the quality of movement sym-
metry of this joint. Milovanovic (2012)
explains that these facts are consistent
with the abnormal pattern characteristic
of the joints of these individuals, due to
the elevation of the pelvis and circum-
vention of the contralateral hip during
the swing phase. 4

However, no kinematic differences
were found between the groups in our
research. Burdett et al (1988) found, in
19 individuals with and without ortho-
sis, greater plantar flexion in the initial
contact and medium balance, and less in
the removal of the fingers.

Kinetic changes were also observed
as compensation mechanisms for the

7201 saidecoletiva = 2021;(11) N.68

We observed in
our findings that
the Post-stroke
group had greater
stride width than
the Control group.
This fact may be
due to the motor
strategies chosen
to adapt to the
demands of the
task. By not being
able to carry out
the proper weight
transfer, there is a
decrease in speed
and an increase

in the time where
the weight is
transferred to

the paretic side,

resulting in a longer

stride.

stability of individuals. In our analysis,
we noticed a smaller joint moment on
the paretic side, both intra- and inter-
group. This can be explained by the fact
that, on average, 70% of post-stroke in-
dividuals show biomechanical changes
in the ankle, preventing its proper po-
sitioning and making foot dorsiflexion
difficult during the stance phase. '¢

Kim (2003) selected 20 post-stroke
individuals and identified that the pa-
retic side had lower hip, knee and ankle
moments than the non-paretic side. The
average of moments on the paretic side
ranged from 21% to 83% in relation to
the non-paretic side, with the greatest
asymmetry found in the ankle. ' Kim
(2003) selected 20 post-stroke indivi-
duals and identified that the paretic side
had lower hip, knee and ankle moments
than the non-paretic side. The average
of moments on the paretic side ranged
from 21% to 83% in relation to the non-
-paretic side, with the greatest asymme-
try found in the ankle. '8

Other researchers evaluated the ank-
le power of 12 post-stroke individuals
and 10 healthy individuals, subdivided
into two groups, according to their
speed. They explained that, on the pa-
retic side, there is greater generation of
power in the hip to supply the muscle
weakness of the plantar flexors, due to
disuse and alteration of its slow muscle
fibers to fast ones. ¥

Among the difficulties and limita-
tions found in this study, one refers to
the sample size, which, when presented
in a small number, may have prevented
more accurate and consistent results
with reports in the literature. Further-
more, it was observed that although the
study of the locomotion of post-stroke
individuals has motivated many studies,
most of them disregard the variability
that can occur between the gait of these
individuals, despite the visual appearan-
ce showing similarities.

Despite this, the difference in our
research refers to the fact that the pro-
posal was not restricted to comparing
the possible differences in gait parame-



ters between the post-stroke and Con-
trol groups. Certainly, the changes that
occurred on one side, said “affected”,
of the post-stroke individuals, with the
said “non-affected”, and then with the
Control, were taken into account. Thus,
we observed the functional variations
in gait at not only an intergroup level,
but also an intragroup level, envisioning
new perspectives of physical therapy
approach for this type of patient.

Even so, it is suggested that more
complex studies, using tools such as
Electromyography, can provide more
precise answers regarding what happens
in the lower limbs of these individuals,
at the muscular level, to elucidate the
causes of the observed changes and ex-

plain the relationship with the pheno-
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Certainly, the changes
that occurred on one
side, said “affected”,
of the post-stroke
individuals, with the
said “non-affected”,
and then with the
Control, were taken

into account.

menon of muscle plasticity. Such know-
ledge may contribute to professionals
being able to differentiate the primary
deficits from the compensations arising
from the adjustments that will appear
over the time of performing the gait in
the post-stroke.

CONCLUSION

The gait analysis method used in this
study was able to verify the changes ob-
served in the evaluated parameters, both
intra- and intergroup. Thus, understan-
ding these changes can contribute to
monitoring the evolution and treatment
of individuals after a stroke, as well as
devising better therapeutic strategies in
each situation. =
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