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Abstract

The relationship between spatial-temporal parameters
of walking have been widely described in literature
although this is still unclear, particularly when changes
in walking speed occurred. This study aims to investigate
this relationship in healthy women of different ages,
while walking at different speeds. Two groups of healthy
women (25 young and 22 elderly) walked at “comfortable”
and “fast” speeds. Stride length and frequency, plus
walking speed data were recorded. Their relationship was
assessed using bivariate regression analysis and Pearson’s
correlation. Both groups showed that increasing velocity,
increased significantly stride length and frequency,
walking comfortably. Nevertheless, differences between
groups were highlighted during fast walking. The elderly
maintains a similar walking pattern though reducing the
correlation coefficient between the parameters. While
the younger shows significant correlation only between
stride frequency and velocity. Concerning stride length
and frequency relationship, both groups exhibit different
behaviors between the observed walking speeds. In
conclusion, these results suggest that younger and older
women increase walking speed using a pattern only whilst
the effort is perceived as comfortable. Identifying this
breaking point in the motor patterns used could help to
identify early possible frailties in older people as well as
assess the residual state of their functional capacities.

Key words: Walking, gait analysis, aging, stride
parameters, gait strategies.

Resumen

La relacién entre los parametros espacio-temporales de la
marcha ha sido ampliamente descrita en la literatura, aunque
aun no esta clara, sobre todo cuando se producen cambios
en la velocidad de la marcha. Este estudio tiene como obje-
tivo investigar esta relacién en mujeres sanas de diferentes
edades, mientras caminan a diferentes velocidades. Dos gru-
pos de mujeres (25 jovenes y 22 mayores) han caminado a
velocidades “cémodas” y “rapidas”. Se registraron la longitud
y la frecuencia de la zancada, y la velocidad de la marcha. Su
relacion se evalué mediante andlisis de regresion bivariado
y correlacion de Pearson. Ambos grupos, caminando cémo-
damente, mostraron que, al aumentar la velocidad, aumen-
té significativamente la longitud y frecuencia de la zancada.
Sin embargo, las diferencias entre los grupos se destacaron
durante la marcha rapida. El anciano mantiene un patrén de
marcha similar, aunque reduce la correlacion entre los para-
metros. Los mas jévenes muestran una correlacién signifi-
cativa solo entre la frecuencia de zancada y la velocidad. En
cuanto a la relacion entre la longitud y la frecuencia de zan-
cada, ambos grupos exhiben comportamientos diferentes
entre las velocidades de caminata observadas. En conclusién,
estos resultados sugieren que las mujeres jévenes y mayo-
res aumentan la velocidad de la marcha utilizando un patrén
Unicamente mientras el esfuerzo se percibe como cémodo.
Identificar este punto de quiebre en los patrones motores uti-
lizados podria ayudar a identificar tempranamente posibles
fragilidades en las personas mayores, asi como a evaluar el
estado residual de sus capacidades funcionales.

Palabras clave: Andar, analisis de la marcha, envejecimien-
to, parametros de marcha humana, estrategias de marcha.
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Introduction

Walking speed and the two factors that determine
it, stride length and stride frequency, are used to
characterise walking both in able bodied and pathological
populations, as well as in a specific individual (Kressig
et al.,, 2004; Montes-Alguacil et al., 2019). In addition,
walking speed, as a product of stride length and stride
frequency, could be modified by varying either or both of
these parameters. For this reason, in order to increase the
velocity, subjects normally increase both parameters, but
the relative weight given to each of them varies according
to age, sex and pathology.

Although spatial-temporal parameters have been
widely described in literature, conclusions are not always
consistent, particularly with regards to differences
between younger and older people (Hurt et al., 2010;
Owings & Grabiner, 2004). Some authors highlighted the
reduced speed of elderly gait and explained it as being
associated with the reduced stride length (Elble et al.,
1991; Hageman & Blanke, 1986), while others concluded
that there were no significant differences between
younger and elderly men in stride length, as well as in
velocity (Blanke & Hageman, 1989).

These above-mentioned discrepancies could be caused
by the fact that during walking, the variability, within
subjects, of the spatial-temporal parameters increases with
increasing speed (Jordan et al., 2007; Magnani et al., 2019),
age or disease (Hausdorff et al., 1997). This means that
there are many factors that can affect the way of walking.
As highlighted in literature (Almarwani et al., 2016), gait
variability is a marker of gait performance, showing that
younger adults are more stable and fluctuate less over
time compared to older adults. Moreover, in some studies
(Breniere, 2003; Danion et al., 2003), characterising the
relationship between temporal-spatial parameters at
different walking speeds, data was analysed not accounting
for the fact that subjects could change their way of
modulating stride frequency and stride length, according to
their own natural way. Furthermore, the setting protocols
could affect the subjects’ way of walking.

Several studies have investigated the relationship
between temporal-spatial parameters during increasing
walking speeds. However, few studies investigated if this
relationship depended on the walking speed, that is, if it

different at higher than at lower speeds (Jordan et al.,
2007). These changes were highlighted by differences
found between elderly and younger subjects when they
were asked to change their walking speed, reaching
their maximum velocity (Cherubini et al., 2005), or when
a change in gait strategy at very slow walking speed was
found (Smith & Lemaire, 2018). These observations allowed
us to hypothesise that during walking, the increase in
velocity may be supported by different ways to regulate
stride length and stride frequency.

Therefore, the main objective of this study was to analyze
the relationship between temporal-spatial parameters
of gait in able-bodied women while walking at two self-
selected speeds: comfortable and maximum speeds.
Thus, we firstly were aimed at testing whether the strategy
of modulating stride length and frequency depended on
the walking speed. Secondly, we asked if this strategic
changes in modulation different between younger and
older women.

The new evidence that this study will show could open
a new debate regarding the characterisation of temporal-
spatial walking parameters which, despite ample research,
still presents unknown aspects. Furthermore, if there is a
breaking point in the motor patterns of human walking,
being able to detect this point would allow the early
identification of any frailty of elderly people through a
simple walking test.

Materials and Methods

Participants

Walking stride parameters were analyzed in two groups
of healthy older and younger adult females, n =22 (71.4+3.9
years old) and n = 25 (23.614.2 years old) respectively. The
volunteer subjects signed an informed written consent
before participating in the study. Younger people were
recruited from the students of the Rome University
(between 19 and 28 years old), while the older people
were recruited from the participants in activities directed
at elderly people (+65 years old) organized by municipality
of Rome.

Anthropometric parameters of participants were shown
in table (table 1).

Table 1. Descriptive analysis of the subjects participating in the study

Older women (n.22)

Younger women (n.25)

Leg Leg
Age Height (m) Length Body Age Height (m) Length Body
(years) mass (kg) (years) mass (kg)
(m) (m)
Mean 71.4 1.55 0.88 64.9 23.6 1.68 0.93 62.0
SD 3.9 0.06 0.04 8.0 4.2 0.08 0.05 11.4
SD = Standard Deviation.
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Each subject has had a medical examination certifying
their health status: only those having no history of
vestibular disease or other disorders that would affect
their locomotor performance were selected. Beside,
all those who were affected by illness, conditioning the
complete functionality of their way of walking, were also
excluded. The study was approved by the ethics committee
of the University of Rome “Foro Italico” and it complied
with the ethical standards of the World Medical Association
Declaration of Helsinki.

Material and testing
The instrumented mat

Contact between foot and ground was detected by
using a purposely built 4 m long instrumented mat, as in
Pecoraro et al. (2006). Seven millimeters wide adhesive
copper strips were laid longitudinally with a space of 3
mm between them on the pathway where the subjects
walked. These strips were alternately wired to two
independent circuits, one for each foot. When a subject's
foot, wearing a sock made of a conductive textile, came in
contact with the ground, two adjacent strips were short-
circuited and a signal was generated. This signal was fed
to the A/D converter of the VICON® system illustrated
later and synchronized with movement data. The mat's
length (4 m) allowed subjects to walk unconstrained, thus
fulfilling the basic requirement of not influencing the
subject’'s way of walking. The accuracy of the instrument
was checked by means of a six-component force plate
placed under the mat, during a set of walking trials.
Considering the fact that the mat allows us to measure
more than one stride, it has proven to be a suitable tool
for the purpose of this study. The timing of the foot's
initial contact with the ground allowed the calculation of
stride duration (T).

The stereophotogrammetric system

The stride length was determined using a nine camera
VICON 612® system. It allows the reconstruction of the
3-D instantaneous position of spherical retro-reflective
markers (14 mm in diameter) with an accuracy within 2
mm, as assessed performing the spot-check described in
Della Croce and Cappozzo (2000). Cameras were located
so that the relevant measurement volume was 6x2x2 m3.
Marker positions were captured at a frequency of 120
samples per second. A dynamic calibration approach was
used to calibrate the system.

Two markers were positioned on an elastic band that
the subjects wore over their foreheads. The trajectories
of these markers were used to define a mean axis of
progression.

A further marker was positioned on the subjects’ skin
over the spinous process of the seventh cervical vertebra
(C7). In this respect, according to Saunders's definition
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of human walking (Saunders et al., 1953), stride length
is defined as the distance covered by any point of the
subject’s body during a walking cycle normally identified by
two successive heel strikes of the same foot. The above-
mentioned C7 marker was chosen for practical reasons
and its reconstructed trajectory, along the mean axis of
progression together with the recorded foot contact timing,
were used to measure stride length.

Experimental Protocol

The participating subjects were all examined during
the same week and during the morning to avoid any sort
of physical fatigue. Moreover, with the aim to avoid any
influence due to laboratory protocols, we tried to analyse
the phenomenon in the most natural possible way. The
subjects were asked to walk at two different speeds verbally
defined as: “Walk at your natural speed” (comfortable) and
“Walk as fast as you can” (fast).

Subjects walked an 8 m distance: starting 2 m before
and stopping 2 m after the mat surface. They were
instructed to look at a visual target located at the end
of the pathway. For each task, three trials were carried
out and for each trial, data regarding two subsequent
strides was acquired. The walking distance was not such
as to determine a physical tiredness that could influence
the following test. Therefore, the recovery time between
the tests, aproximatly one minute, was only necessary to
reset the measurement system.

To describe the walking cycles in the analyzed groups,
the following quantities were used:

Stride length (SL);

Stride duration (T);

Stride frequency (SF): 1/T;
Mean walking speed (V): SL/T.

In many studies, concerning temporal-distance
parameters related to walking speed, the parameters
were not normalized (Crowninshield et al., 1978; Grieve
& Gear, 1966; van der Linden, et al., 2002). However, in
the literature, this normalisation finds more specific
application in studies on growing children. To avoid the
introduction of differences in data, for differences in
size between the two subject groups, the parameters
were normalized according to the literature (Hof, 1996;
Stansfield et al., 2006; Vaughan et al., 2003), utilizing
dimensionless numbers as follows:

NSL = SL/LI (where Ll is the subject’s leg length);

NSF = SF/(g/L)1/2 (where g is the gravitational
acceleration);

NV = V/(gxLI)1/2 (Hof & Zijlstra, 1997).

The data for each subject was averaged across the three
trials.
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Table 2. Descriptive analysis of walking stride parameters in the older (n = 22) and young subjects (n = 25)

during most comfortable and fast walking

Comfortable walking Fast walking
Older Young p Older Young p p
Mean (SD) Mean (SD) Mean (SD) Mean (SD) OvsY
(min; max) (min; max) (min; max) (min; max) diff.
1.04 (0.15) 1.31 (0.25) 1.64 (0.18) 2.30 (0.26)
V (m/s) <.001 <.001 <.001
(0.72; 1.27) (0.93; 2.20) (1.31; 2.08) (1.81; 2.75)
1.09 (0.16) 1.38(0.13) 1.26 (0.14) 1.66 (0.15)
SL (m) <.001 <.001 .01
(.65; 1.34) (1.18; 1.69) (0.96; 1.45) (1.40; 1.97)
) 0.96 (0.13) 0.95 (0.11) 1.32(0.13) 1.39(0.22)
SF (stride/s) 47 .08 .07
(0.76; 1.41) (0.72; 1.30) (1.14; 1.55) (1.07; 1.85)

The last column shows significance of older vs young differences in the values recorded at the two way of walking. SD =
Standard Deviation; V = Mean walking speed; SL = Stride length; SF = Stride frequency.

Statistical analysis

Means, standard deviations and normality (Kolgomorov-
Smirnov's test) and homogeneity (Levenes's test) were
used as descriptive statistics. The Pearson’s correlation
coefficient was calculated to quantify the relationship
between the variables of interest, while Student's t-test were
used to determine the significance of differences between
their mean values. The connection between the gait
spatial-temporal parameters was analysed using bivariate
regression analysis. Stride length and stride frequency
versus walking speed were analysed for both groups. The
significance level was set up to .05. All statistical analysis
was done using SPSS for Windows, V19.0 (SPSS Inc., USA).

Results

Some differences in the temporal-spatial parameters
of gait between young and older people, have been
highlighted both at most comfortable and at maximum
walking speeds. The older subjects showed lower values
for walking speed and stride length than the younger
participants both in comfortable (p <.001) and in fast (p <
.001) walking speeds (Table 2).

Regarding stride frequency, the older and younger subjects
showed very similar values for both comfortable (p = .47) and
fast (p = .08) walking speeds. Moreover, we can observe that
the younger and the elderly groups showed highly significant
differences in variation of the two walking ways. These
differences were observed in speed (p < .001) and stride
length (p =.01), but not in stride frequency (p >.07).

Table 3. Descriptive analysis of normalized walking stride parameters in the older (n = 22) and young
subjects (n = 25) during most comfortable and fast walking

Comfortable walking Fast walking
Older Young p Older Young p p
Mean (SD) Mean (SD) Mean (SD) Mean (SD) OvsY
diff.
NV 0.35(.05) 0.44 (0.08) <.001 0.56 (0.06) 0.76 (0.09) <.001 <.001
NSL 1.24 (0.16) 1.48 (0.14) <.001 1.44 (0.14) 1.78 (0.12) <.001 .02
NSF 0.29 (0.04) 0.29 (0.03) .25 0.39 (0.04) 0.43 (0.06) <.05 .05

The last column shows significance of older vs young differences in the values recorded at the two way of walking. SD
= Standard Deviation; NV = Normalized mean walking speed; NSL = Normalized stride length; NSF = Normalized stride

frequency.

As indicated before, following the standards in this
literature, we run statistical tests on normalization. The
same pattern of significant results was observed for
normalized data (Table 3). Thus, the older subjects showed

significant lower values than those of the younger group
for the walking velocity and the length of the stride both
during comfortable (p < .001 and p < .001, respectively)
and fast (p <.001 and p <.001, respectively) walking speed.
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Furthermore, for the stride frequency, significant differences
were observed between older and younger groups just during
the maximal walking speed (p < .05), while no significant
differences were found while walking comfortably.

Bivariate linear regression analyses for normalized data
on walking speed and temporal-spatial parameters (Figure
1) indicated that at a comfortable walking speed, both
older and younger groups sustain the higher velocities by

increasing both stride length (r =.85; p <.001 and r = .87; p
<.001 respectively) and frequency (r =.75; p <.001 and r =
.94; p <.001 respectively). However, during fast walking, the
older group showed the same way of modulating walking
speed, by increasing stride frequency (r =.51; p = .01) and
length (r=.48; p =.02), but the younger subjects, modulated
the walking speed by increasing the stride frequencies (r =
.9; p <.001) and not the stride length (r = -.2; p = .4).
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Figure 1. Regression lines and the relative Pearson’s product moment between normalized stride length
(NSL), frequency (NSF) and the dimensionless walking speed (NV) in Young and Older Subjects

The regression analyses conducted between stride
length and stride frequency indicated that both groups
showed a different modulation of normalized stride
parameters in the two different ways of walking (Figures 2
and 3). Indeed, at comfortable speed, the younger group,

at comfortable and fast speed.
**=p<.001 *=p<.05

(p <.01) and older (p <.05).

but not older, increased stride length significantly while
increasing stride frequency (p < .01; p = .17 respectively).
Conversely, at fast speed, higher values of stride length are
associated to lower values of stride frequency for younger
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Finally, we tested whether these correlation coefficients
differed between groups and for the two ways of walking.
This analysis indicated that regression slopes differently for
comfortable than for fast speed for both groups (z = 2.78
and p =.005; z = 2.27 and p < .002 respectively for younger
and older people). Moreover, differences between groups
were observed at maximum (z=2.283 and p =.011), but not
at comfortable (z=1.519 and p = .128) walking.

Discussion

The aim of this current study was analysed the
relationship between temporal-spatial parameters of gait
in able-bodied women while walking at two self-selected
speeds: comfortable and maximum speeds. Our main
outcome suggests that, in addition to spatio-temporal
parameters largely reported in literature (Danion et al.,
2003; Herssens et al., 2018), it is important to consider both
age and speed comfort to obtain a more complete account
for walking speed features. Indeed, we have shown that
at a comfortable speed, the overall behaviour of the two
groups can be considered similar, increasing their walking
speed by increasing both parameters; whereas during
fast walking, the differences between older and younger
subjects became more evident. The olders maintained
the same tendency during a faster walking speed than
during a more comfortable one, but the correlation
values, as shown in the figure1, between the parameters
are reduced. This means that the older subjects, although
they continue to support faster walking increasing both
stride length and frequency significantly, they do this by
increasing the variability within the group. Differently, the
younger subjects have shown to achieve maximum walking
speed using the stride frequency only, maintaining high
correlation values between these parameters (r = .9). They
showed no correlation between stride length and velocity
at the maximum speed.

The results of the present work are consistent with the
results of Hirasaki et al. (1999). and partially differ from
Danion et al. (2003). The latter reported that “changes
in speed during free walking, result more from a change
in stride length than in frequency” and concluded that
“even though the spatial and temporal variability of
the stride relate to each other, stride length and stride
frequency have distinct effects on gait variability”. The
differences from Danion'’s conclusions are probably due to
a lower maximum walking speed performed during their
evaluations (1.77 vs ours 2.3 m/s). Indeed, observing our
data, it is at the highest walking speeds that both groups
have highlighted changes in walking strategies. However,
the speed range used by Hirasaki et al. (1999), reaches a
maximum walking speed very similar to ours (2.2 m/s).

Our data suggests that both groups coordinate
the movement of walking with both stride length and
frequency to increase their speed, while this is within a
range perceived as comfortable. Beyond this threshold,

they can increase their velocity, but each one in a different
way, which varies between subjects, probably due to their
neuro-motor skills. Indeed, these differences between
subjects can be attributed only to their different morpho-
functional characteristics. This increase in gait variability
in older people is an aspect that has already been widely
highlighted in the literature (Almarwani et al., 2016; Osoba
et al., 2019; Savica et al., 2016).

On the other hand, the younger subjects, at their fastest
speed, showed no significant correlation of stride length
with walking speed. In concordance with Hirasaki et al.
(1999), this is probably because it is easier for them, due to
their age, to reach maximum amplitude in leg movements,
before reaching the maximum frequency of the same
movements. Indeed, itis a well known fact that aging easily
leads to functional deteriorations, which causes a reduction
in the amplitude of movements (Gamwell et al., 2022).

The same process of natural aging, which determines
a reduced efficiency in the vital functions of older people,
leads to a general decrease in motor performance and
consequently, to a lower threshold of walking speed
according to Malatesta et al. (2004). Therefore, their
performance can be based on their subjective residual
functional capabilities that are related to their health and
physical efficiency. On the other hand, if the subject's
capacity influences his motor performance, the motor
demand also influences the subject's performance (Craig
et al.,, 2019). The results of this study highlighted that the
way younger and older subjects combine stride length
and cadence to increase walking speed strictly depends
on the demand of motor tasks they have to perform. Both
groups showed clear differences in length and cadence
combination, between comfortable and fast walking.
Our findings are consistent with Egertone’s results about
stride length-cadence relationship (Egerton et al., 2011).
Therefore, this seems to support the thesis that different
subjects can support differently the efforts required
during walking at higher intensity, modulating the stride
parameters according to one's capability. These results
are consistent with literature in which it is highlighted
that older people adjusted the walking parameters
differently, “depending on which type of balance demand
was encountered” (Shkuratova et al., 2004). Furthermore,
the greater variability in coordinating the length and
frequency of the stride during walking could be functional
and not just random variations interfering with normal
functioning (Hausdorff et al., 1997). From the results of this
study, it seems that the modulation of the spatial-temporal
parameters of gait to increase walking speed could be
considered an intrinsic gait pattern used by individuals
during more comfortable walking, which will change on
an individual level as the effort required increases. If so,
the gait analysis carried out on older people could allow to
highlight possible fragility or possible onset of pathological
phenomena which, if detected prematurely, would allow
more effective early interventions. In other words, the
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analysis of the walking of elderly subjects, as observed by
Ricciardi et al. (2019) to classify subjects with parkinson’s,
could be considered a useful tool for an early diagnosis
of onset pathologies that can affect daily life. Moreover,
according to Kressig et al. (2004), the implications of these
findings focus on the need to extend the classification
system in older adults beyond age alone. This could bring
about more meaningful and better-focussed categories
based on their functional status in daily activities.

Several limitations of this study must be highlighted.
First, a limit to this study was the reduced walking distance
available in the laboratory. This limit was avoided by using
the central part of the walkway to avoid data contamination
due to the acceleration and deceleration of the walking
phases. Another limitation concerns the composition of the
sample which is made up exclusively of women. This does
not allow to generalize our results also to the male gender
of the population. Finally, a limitation could be considered
that of having used free walking to carry out the tests, given
that the most common approach to control for walking
speed is through treadmill walking. Actually, this was done
to minimize any influence on the most natural form of
walking of each subject. Indeed, the treadmill acts as an
external cue, which may decrease gait variability (Dingwell
etal., 2001).

In this study temporal and spatial parameters of human
gait were analysed all together while in most studies, they
have been treated separately (Goldie etal., 2001; Maruyama
& Nagasaki, 1992), but doing it this way, it is possible to fail
to understand the whole phenomenon of human gait.

Conclusions

In conclusion, analysing the relationship between
the temporal-spatial walking parameters separately for
the two different walking tasks, allowed us to highlight
some differences between younger and older women
in the stride length/frequency modulation. All subjects,
walking comfortably, showed a similar movement pattern,
increasing their walking speed by increasing significantly
both parameters, stride length and frequency. While,
by walking faster, both groups have shown that they
use a different walking strategy, compared to the one
used in the most comfortable walk, and above all, to do
it in a completely different way. As stated above, these
differences could be attributed to a different level of motor
capacity between the groups and within them.

References

Almarwani, M., VanSwearingen, J.M., Perera, S., Sparto,
P.J., & Brach, J.S. (2016). Challenging the motor control
of walking: Gait variability during slower and faster
pace walking conditions in younger and older adults.
Archives of Gerontology and Geriatrics, 66, 54-61. https://
doi.org/10.1016/j.archger.2016.05.001

Cultura, Ciencia y Deporte

Almarwani, M., Perera, S., VanSwearingen, J.M., Sparto,
P.J., & Brach, J.S. (2016). The test-retest reliability and
minimal detectable change of spatial and temporal
gait variability during usual over-ground walking for
younger and older adults. Gait & Posture, 44, 94-99.
https://doi.org/10.1016/j.gaitpost.2015.11.014

Blanke, D.J., & Hageman, P.A. (1989). Comparison of gait of
young men and elderly men. Physical Therapy, 69, 144-
148. https://doi.org/10.1093/ptj/69.2.144

Brenieére, Y.(2003). Differential method of characterizing gait
strategies from step length and frequencies: strategy
of velocity modulation. Journal of Motor Behavior, 35(3),
215-220. https://doi.org/10.1080/00222890309602135

Cherubini, D., Pecoraro, F., Mazza, C., & Cappozzo, A.
(2005). Stride length and stride frequency modulation in
young and elderly subjects. Proceeding of 10th Annual
Congress of the European College of Sport Science,
Belgrado, Serbia. https://www.ecss.mobi/DATA/EDSS/

C10/10-0317.pdf

Craig, JJ. Bruetsch, A.P., & Huisinga, J.M. (2019).
Coordination of trunk and foot acceleration during
gait is affected by walking velocity and fall history in
elderly adults. Aging Clinical and Experimental Research,
31(7), 943-950. https://doi.org/10.1007/s40520-018-
1036-4

Crowninshield, R.D., Brand, R.A., & Johnston, R.C. (1978). The
effects of walking velocity and age on hip kinematics
and kinetics. Clinical Orthopaedics and Related Research,
(132), 140-144.

Danion, F., Varraine, E., Bonnard, M., & Pailhous, J. (2003).
Stride variability in human gait: the effect of stride
frequency and stride length. Gait & Posture, 18(1), 69-
77. https://doi.org/10.1016/S0966-6362(03)00030-4

Della Croce, U., & Cappozzo, A. (2000). A spot-check for
estimating stereo-photogrammetric errors. Medical &
Biological Engineering & Computing, 38, 260-266. https://
doi.org/10.1007/bf02347045

Dingwell, J.B., Cusumano, J.P., Cavanagh, P.R., & Sternad,
D. (2001). Local dynamic stability versus kinematic
variability of continuous overground and treadmill
walking. Journal of Biomechanical Engineering, 123(1),
27-32. https://doi.org/10.1115/1.1336798

Egerton, T., Danoudis, M., Huxham, F., & lansek, R. (2011).
Central gait control mechanisms and the stride length
- cadence relationship. Gait & Posture, 34(2), 178-182.
https://doi.org/10.1016/j.gaitpost.2011.04.006

Elble, RJ., Sienko-Thomas, S., Higgins, C., & Colliver, J.
(1991). Stride-dependent changes in gait of older
people. Journal of Neurology, 238(1), 1-5. https://doi.
org/10.1007/bf00319700

Gamwell, H.E., Wait, S.0., Royster, J.T., Ritch, B.L., Powell,
S.C., & Skinner, J.W. (2022). Aging and Gait Function:

AN02023 | voL.18 | NUM.57 | PAG.11A19 | Espafia | ISSN 1696-5043

Variations in spatiotemporal parameters in young and older women while walking at different speeds



https://www.ncbi.nlm.nih.gov/pubmed/?term=VanSwearingen%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=27004639
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sparto%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=27004639
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brach%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=27004639
https://doi.org/10.1016/j.gaitpost.2015.11.014
https://doi.org/10.1093/ptj/69.2.144
https://doi.org/10.1080/00222890309602135
https://www.ecss.mobi/DATA/EDSS/C10/10-0317.pdf
https://www.ecss.mobi/DATA/EDSS/C10/10-0317.pdf
https://doi.org/10.1007/s40520-018-1036-4
https://doi.org/10.1007/s40520-018-1036-4
https://doi.org/10.1016/S0966-6362(03)00030-4
https://doi.org/10.1007/bf02347045
https://doi.org/10.1007/bf02347045
https://doi.org/10.1115/1.1336798
https://doi.org/10.1016/j.gaitpost.2011.04.006
https://doi.org/10.1007/bf00319700
https://doi.org/10.1007/bf00319700
https://doi.org/10.1016/j.archger.2016.05.001
https://doi.org/10.1016/j.archger.2016.05.001

Variations in spatiotemporal parameters in young and older women while walking at different speeds

Variations in spatiotemporal parameters in young and older women while walking at different speeds
Domenico Cherubini, Pedro Angel Latorre Roman, Jerénimo Aragén Vela, Victor Manuel Soto Hermoso

18

Examination of Multiple Factors that Influence Gait
Variability. Gerontology and Geriatric Medicine, 8, 1-10.
https://doi.org/10.1177/23337214221080304

Goldie, P.A., Matyas, T.A., & Evans, O.M. (2001). Gait after
stroke: initial deficit and changes in temporal patterns
for each gait phase. Archives of Physical Medicine
and Rehabilitation, 82(8), 1057-1065. https://doi.
org/10.1053/apmr.2001.25085

Grieve, D.W., & Gear, R.I. (1966). The relationship between
length of stride, step frequency, time of swingand speed
of walking for children and adults. Ergonomics, 9(5),
379-399. https://doi.org/10.1080/00140136608964399

Hageman, P.A., & Blanke, DJ. (1986). Comparison of
gait of young women and elderly women. Physical
Therapy, 66(9), 1382-1387. https://doi.org/10.1093/

ptj/66.9.1382

Hausdorff, J.M., Mitchell, S.L., Firtion, R., Peng, CK,
Cudkowicz, M.E, Wei, J.Y., & Goldberger, A.L. (1997).
Altered fractal dynamics of gait: reduced stride-interval
correlations with aging and Huntington's disease.
Journal of Applied Physiology, 82(1), 262-9. https://doi.
org/10.1152/jappl.1997.82.1.262

Herssens, N., Verbecque, E., Hallemans, A., Vereeck, L., Van
Rompaey, V., & Saeys, W. (2018). Do spatiotemporal
parameters and gait variability differ across the
lifespan of healthy adults? A systematic review. Gait
& Posture, (64), 181-190. https://doi.org/10.1016/j.
gaitpost.2018.06.012

Hirasaki, E., Moore, S.T., Raphan, T., & Cohen, B. (1999).
Effects of walking velocity on vertical head and body
movements during locomotion. Experimental Brain
Research, 127(2), 117-130. https://doi.org/10.1007/
s002210050781

Hof, A.L. (1996). Scaling gait data to body size. Gait &
Posture, 4(3), 222-223. https://doi.org/10.1016/0966-
6362(95)01057-2

Hof, A.L., & Zijlstra, W. (1997). Comment on normalization
of temporal-distance parameters in pediatric gait.
Journal of Biomechanics, 30(3), 299-301. https://doi.
0rg/10.1016/50021-9290(96)00126-1

Hurt, C.P., Rosenblatt, N., Crenshaw, J.R., & Grabiner,
M.D. (2010). Variation in trunk kinematics influences
variation in step width during treadmill walking by
older and younger adults. Gait & Posture, 31(4), 461-
464. https://doi.org/10.1016/j.gaitpost.2010.02.001

Jordan, K., Challis, J.H., & Newell, K.M. (2007). Walking
speed influences on gait cycle variability. Gait &
Posture, 26(1), 128-134. https://doi.org/10.1016/j.
gaitpost.2006.08.010

Kressig, R.W., Gregor, RJ., Oliver, A., Waddell, D., Smith, W.,
O'Grady, M., & Wolf, S.L. (2004). Temporal and spatial
features of gait in older adults transitioning to frailty.

Gait & Posture, 20(1), 30-35. https://doi.org/10.1016/
S0966-6362(03)00089-4

Magnani, P.E., Campos Freire, R)., Zanellato, N.F.G., Baena
Genovez, M., Camargo Alvarenga, |., & Carvalho de
Abreu, D.C. (2019). The influence of aging on the spatial
and temporal variables of gait during usual and fast
speeds in older adults aged 60 to 102 years. Human
Movement Science, 68, 1-14. https://doi.org/10.1016/j.
humov.2019.102540

Malatesta, D., Simar, D., Dauvilliers, Y., Candau, R., Saad, H.,
Préfaut, C., & Caillaud, C. (2004). Aerobic determinants
of the decline in preferred walking speed in healthy,
active 65- and 80-year-olds. Pfliigers Archiv-European
Journal of Physiology, 447(6), 915-921. http://doi.
org/10.1007/s00424-003-1212-y

Maruyama, H., & Nagasaki, H. (1992). Temporal variability
in the phase durations during treadmill walking.
Human Movement Science, 11(3), 335-348. https://doi.
org/10.1016/0167-9457(92)90004-U

Montes-Alguacil, J., Paez-Moguer, J., Jimenez Cebrian, A.M.,
Mufioz, B.A., Gijon-Nogueron, G., & Morales-Asencio,
J.M. (2019). The influence of childhood obesity on
spatio-temporal gait parameters. Gait & Posture, 71,
69-73. https://doi.org/10.1016/j.gaitpost.2019.03.031

Osoba, M.Y.,, Rao, AK., Sunil, KA, & Lalwani, AK
(2019). Balance and gait in the elderly: A contemporary
review. Otology, Neurotology, and Neuroscience, 4(1),
143-153. https://doi.org/10.1002/1i02.252

Owings, T.M., & Grabiner, M.D. (2004). Variability of
step kinematics in young and older adults. Gait &
Posture, 20(1), 26-29. https://doi.org/10.1016/50966-
6362(03)00088-2

Pecoraro, F., Mazza, C., Zok, M., & Cappozzo, A. (2006).
Assessment of level-walking aperiodicity. Journal of
NeuroEngineering and Rehabilitation, 3(1), 1-28. https://
doi.org/10.1186/1743-0003-3-28

Ricciardi, C., Amboni, M., De Santis, C., Improta, G., Volpe,
G., luppariello, L., Ricciardelli, G., D'’Addio, G., Vitale,
C., Barone, P., & Cesarelli, M. (2019). Using Gait
Analysis’ Parameters to Classify Parkinsonism: A Data
Mining Approach. Computer Methods and Programs
in Biomedicine, 180, 1-17. https://doi.org/10.1016/j.

cmpb.2019.105033
Saunders, J.B., Inman, V.T., & Eberhart, H.D. (1953). The

major determinants in normal and pathological gait.
The Journal of bone and joint surgery, 35A(3), 543-558.

Savica, R., Wennberg, A.M.V., Hagen, C., Edwards, K., Roberts,
R.O., Hollman, J.H., & Mielke, M.M. (2016). Comparison
of Gait Parameters for Predicting Cognitive Decline:
The Mayo Clinic Study of Aging. Journal of Alzheimer’s
Disease, 55(2), 559-567. https://doi.org/10.3233/jad-
160697

Cultura, Cienciay Deporte | ANO2023 | voL.18 | NUM.57 | PAG.11A19 | Espafia | ISSN 1696-5043



https://doi.org/10.1016/S0966-6362(03)00089-4
https://doi.org/10.1016/S0966-6362(03)00089-4
https://doi.org/10.1016/j.humov.2019.102540
https://doi.org/10.1016/j.humov.2019.102540
http://doi.org/10.1007/s00424-003-1212-y
http://doi.org/10.1007/s00424-003-1212-y
https://doi.org/10.1016/0167-9457(92)90004-U
https://doi.org/10.1016/0167-9457(92)90004-U
https://doi.org/10.1016/j.gaitpost.2019.03.031
https://doi.org/10.1002/lio2.252
https://doi.org/10.1016/S0966-6362(03)00088-2
https://doi.org/10.1016/S0966-6362(03)00088-2
https://doi.org/10.1186/1743-0003-3-28
https://doi.org/10.1186/1743-0003-3-28
https://doi.org/10.1016/j.cmpb.2019.105033
https://doi.org/10.1016/j.cmpb.2019.105033
https://doi.org/10.3233/jad-160697
https://doi.org/10.3233/jad-160697
https://doi.org/10.1177/23337214221080304
https://doi.org/10.1053/apmr.2001.25085
https://doi.org/10.1053/apmr.2001.25085
https://doi.org/10.1080/00140136608964399
https://doi.org/10.1093/ptj/66.9.1382
https://doi.org/10.1093/ptj/66.9.1382
https://doi.org/10.1152/jappl.1997.82.1.262
https://doi.org/10.1152/jappl.1997.82.1.262
https://doi.org/10.1016/j.gaitpost.2018.06.012
https://doi.org/10.1016/j.gaitpost.2018.06.012
https://doi.org/10.1007/s002210050781
https://doi.org/10.1007/s002210050781
https://doi.org/10.1016/0966-6362(95)01057-2
https://doi.org/10.1016/0966-6362(95)01057-2
https://doi.org/10.1016/S0021-9290(96)00126-1
https://doi.org/10.1016/S0021-9290(96)00126-1
https://doi.org/10.1016/j.gaitpost.2010.02.001
https://doi.org/10.1016/j.gaitpost.2006.08.010
https://doi.org/10.1016/j.gaitpost.2006.08.010

Variations in spatiotemporal parameters in young and older women while walking at different speeds
Domenico Cherubini, Pedro Angel Latorre Roman, Jerénimo Aragén Vela, Victor Manuel Soto Hermoso

19

Shkuratova, N., Morris, M.E., & Huxham, F. (2004). Effects
of age on balance control during walking. Archives of
Physical Medicine and Rehabilitation, 85(4), 582-588.
https://doi.org/10.1016/j.apmr.2003.06.021

Smith, AJ., & Lemaire, E.D. (2018). Temporal-spatial
gait parameter models of very slow walking. Gait
& Posture, 61, 125-129. https://doi.org/10.1016/].
gaitpost.2018.01.003

Stansfield, B.W., Hillman, S.)., Hazlewood, M.E., & Robb,
J.E. (2006). Regression analysis of gait parameters
with speed in normal children walking at self-selected
speeds. Gait & Posture, 23(3), 288-294. https://doi.
org/10.1016/j.gaitpost.2005.03.005

van der Linden, M.L, Kerr, AM. Hazlewood, M.E,
Hillman, S.., & Robb, J.E. (2002). Kinematic and
kinetic gait characteristics of normal children walking
at a range of clinically relevant speeds. journal of
Pediatric Orthopaedics, 22(6), 800-806. http://doi.
org/10.1097/01241398-200211000-00021

Vaughan, C.L., Langerak, N.G., & O'Malley, M.. (2003).
Neuromaturation of human locomotion revealed by
non-dimensional scaling. Experimental Brain Research,
153(1), 123-127. https://doi.org/10.1007/s00221-003-
1635-x

Variations in spatiotemporal parameters in young and older women while walking at different speeds

Cultura, Ciencia y Deporte | ANO 2023 | VOL.18 NUM. 57 PAG.11A 19 Espafia ISSN 1696-5043



https://doi.org/10.1016/j.apmr.2003.06.021
https://doi.org/10.1016/j.gaitpost.2018.01.003
https://doi.org/10.1016/j.gaitpost.2018.01.003
https://doi.org/10.1016/j.gaitpost.2005.03.005
https://doi.org/10.1016/j.gaitpost.2005.03.005
http://doi.org/10.1097/01241398-200211000-00021
http://doi.org/10.1097/01241398-200211000-00021
https://doi.org/10.1007/s00221-003-1635-x
https://doi.org/10.1007/s00221-003-1635-x

	CONTRATAPA
	_heading=h.gjdgxs
	_Hlk133241600
	_Hlk133241633
	_Hlk133241634
	_Hlk140252010
	_Hlk140252243
	_Hlk140252336
	_Hlk133241600
	_Hlk133241633
	_Hlk133241634
	_Hlk132809129
	_Hlk132809258
	_Hlk132809477
	_Hlk132809805
	_Hlk132809940
	_Hlk132810451
	_Hlk132811015
	_Hlk132811109
	_Hlk132811294
	_Hlk132811534
	_Hlk132811601
	_Hlk132811700
	_Hlk117791786
	_Hlk117807117
	_Hlk133231043
	_Hlk133232314
	_Hlk133236920
	_Hlk133239289
	_Hlk125896387
	_bookmark1
	_bookmark3
	_Hlk140252624
	_Hlk140253172
	_Hlk140253250
	_bookmark1
	_bookmark3
	_Hlk140252795
	_Hlk140253283
	_Hlk138307710
	_Hlk138307710
	_Hlk140822235
	_Hlk139536549
	_Hlk129362809
	_Hlk106811140
	_Hlk106811201
	_Hlk139974766
	_Hlk140001723
	_Hlk140001697
	_Hlk133494432
	_Hlk87525991
	_Hlk140001939
	_Hlk140001913
	_Hlk140001957
	_Hlk88756349
	_Hlk140002332
	_Hlk140002397
	_Hlk140002398
	_Hlk140002399
	_Hlk140002400
	_Hlk133486966
	_Hlk140003107
	_Hlk140840139
	_Hlk140831733
	_Hlk140831769
	_Hlk106811140
	_Hlk106811201
	_Hlk133495708
	_Hlk139880517
	_Hlk87525991
	_Hlk88756349
	_Hlk141013766
	_Hlk141013767
	_Hlk141013768
	_Hlk141013769
	_Hlk141013770
	_Hlk141013771
	_Hlk133486966
	_Hlk141013778
	_Hlk133496393
	_Hlk139972038
	_Hlk139973511
	_Hlk140840139
	_Hlk140831733
	_Hlk140831769
	_heading=h.gjdgxs

