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Anthropometric, functional and foot trajectory determinants

of stride length in self-reliant community-dwelling elderly persons

in Talca, Chile

Abstract

Odbyective: To analyze anthropometric, muscle performance and foot trajectory determinants
of stride length (SL) during walking at a comfortable pace among self-reliant community-
dwelling elderly persons in Talca, Chile. Mezhod: A total of 63 self-reliant elderly persons
participated in this observational and cross-sectional study. They were characterized by
the anthropometric measures of mass, height and body mass index. Dorsiflexor muscle
strength performance (DF-MS) and rate of force development were quantified. Finally,
the elderly persons were asked to walk comfortably around a 40 meter elliptical circuit,
using determined SI. and maximum foot clearance (MaxFC) and minimum foot clearance
(MFC) trajectory parameters. The SL. determinants were evaluated by calculating the
cocefficient of determination (r%) considering a level of significance of p<0.05. Resuits:
The anthropometric variables demonstrated significant correlations (1>0.41) with the
explanation of SL remaining incipient (£*<0.20). Muscle performance, meanwhile, was
significantly correlated (£>0.52), with DF-MS standing out (t*=0.342). MaxFC represented
a significant explanation for the data (+*=0.396), while the low cortelation of MFC was
not significant (+=0.24, £*=0.058). Conclusion: MaxFC and DF-MS are determinants of SL
in self-reliant elderly Chileans. It is proposed that gait parameters could be normalized
in accordance with trajectory and muscular performance.
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INTRODUCTION

The demographic changes experienced by
Latin American countries has led to a systematic
increase in the number of people aged 60
years or more.! Aging is an extremely complex
process of progressive, natural and irreversible
changes,? which lead to impairments in functional
capabilities and emotional, cognitive and physical
performance, all of which affect the performance
of basic, instrumental and advanced activities of
daily living.

The ability to walk independently has been
defined as a motor skills milestone in the human
life cycle. This ability is acquired in the first year
of life and matures during childhood to become
a fundamental element of adult functioning.’
Notwithstanding the foregoing, the aging process
involves multi-factorial risks that, together with
the expression of morbidities, lead to alterations in
spatio-temporal gait parameters, affecting balance
and stability.* Therefore, the specific and timely
measurement of these risks has become more and
more important in professional and disciplinary
practice.

Gait assessments tend to be generic in nature,
mostly based on the measurement of parameters
that depend on time and space. Researchers have
analyzed indicators related to the distance covered
during the six-minute walk test,” physiological
effort® and speed in both comfortable and
maximum demand conditions.”

Besides speed, the most robust biomechanical
gait indicator is stride length (SL), due to the
relevance of what its complete cycle represents in
spatial terms,®as well as the fact that it measures
mechanical and physiological efficiency.” In
this sense, it is conditioned by pre-established
anthropometric characteristics' and specific
functions.*"" It remains unknown which of these
determinant variables has the most significant
impact on the spatial expression of the gait cycle.

This data could be useful for functional diagnoses,
specific interventions and disciplinary strategies
aimed at community-dwelling, elderly individuals.

Therefore, the aim of the present study was
to assess anthropometric, muscle performance
and foot trajectory determinants of stride length
(SL) during walking at a comfortable pace among
self-reliant community-dwelling elderly persons
in Talca, Chile.

METHODS
Participants

This observational and cross-sectional
investigation contained a non-probabilistic,
convenience sample of 63 elderly individuals (age
70 * 5 years) who were members of a number of
social clubs in the community of Talca, Chile.
After formal contact was made, measurements
of the main variables were taken in offices of the
Universidad Catdlica del Maule (Maule Catholic
University) (UCM) in January and February of 2014
(morning appointments). All of the participants
signed a free and informed consent form that was
approved by the Scientific Ethics Committee of
the UCM (project 2012-2014, follow-up report no.
2/2014). The inclusion criteria were controlled by
the application of the Examination of Preventive
Medicine for the Elderly (EMPAM)," while self-
reliance was confirmed using the Functional
Assessment for the Elderly-Chile, part A (EFAM-
Chile). Normal cognition was assessed using the
abbreviated mini-mental test (=13 points)'* and
the absence of depression was confirmed by the
Yesavage scale (<5 points).”” The following subjects
were excluded from this research: individuals with
chronic wasting diseases; individuals who were
at risk of falls, based on positive results in the
timed up and go and leg balance tests;'* individuals
with severe sequelae from neurological diseases or
cardiovascular decompensation; and individuals
with moderate pain in the lower limbs (Visual
Analog Scale >3 cm).



Measurements
Anthropometry

A basic anthropometric characterization
involves measuring the body mass and height
(DETECTO stadimeter, model 2392) of barefoot
participants, who maintain the lower edge of the
orbit on the same plane as the external auditory
canal (Frankfurt plane).” Nutritional status was
established using the body mass index (BMI)
and the corresponding specific categorization for
elderly Chilean individuals: emaciated (BMI<23
Kg/m?); normal (BMI between 23.1 Kg/m?* and
279 Kg/m?); overweight (BMI between 28 Kg/m*
and 31.9 Kg/m?) and obese (BMI>32 Kg/m?)."”

Dorsiflexcor muscle strength (DF-MS)

Measurements of the muscle strength of the
dominant dorsiflexor (DF-MS) were taken with
the participant in the supine decubitus position,
with the ankle joint in a free position. A strap
was tightened according to the tolerance of
the individual and the relevant segment of the
dominant leg (unilateral) was measured to avoid
compensation during the performance. The
participant was informed about the specificities
of the test in advance. They were then asked to
perform a sub-maximal contraction, to ensure
they had understood the procedure. Subsequently,
their maximum strength was measured using the
“make test”"* which translates strength through
a dynamometer (Lafayette Manual Muscle Test
System, model 01165) and provides results in
kilograms-strength. The time required to obtain
this value was also monitored, and labelled the
rate of force development (RDF-DF; Kg/s).
Three consistent measurements were taken (<10%
variability), with one minute rest periods between
each. The maximum performance value was used
in the analysis.

Determinants of stride length in elderly persons

Kinematic analysis

The participants were asked to walk at a
comfortable pace for three minutes on an elliptical
40-meter circuit. A Sony Handycam camera
(model HDR-XR550) was strategically placed in a
“recording” zone, at a distance of four meters. This
camera provided a video of each stride (total of five)
executed by the participant. When the test had been
completed, the recordings were saved on a portable
computer (Toshiba, model NB505-SPO115LL) for
the subsequent transformation into analysis frames
(30 images per second) using capture software
(free video to jpg converter version 5.0.22, 2013,
available at: http://free-video-to-jpg-converter.
softonic.com). Simple kinematic analysis was
conducted using a free access program."”

In the context of two-dimensional analysis of
foot trajectory, clearance is understood to be the
height in millimeters (mm) between the anterior
inferior segment of the foot and the x-axis of the
coordinates.” Thus, maximum foot clearance
(MaxFC) is assessed in the initial swing phase
of gait and represents the furthest value from
the ground during this stage.""'>'* Minimum foot
clearance (MFC) is the minimum height (in mm)
between the anterior inferior segment of the foot
and the x-axis of the coordinates, which generally
occurs during the advanced swing phase.'>">"

Stride length (SL) is understood to be the
distance in millimeters that a subject requires
to complete a full gait cycle, which is based on
the anterior inferior apex of the marker at the

beginning and end of a stride.*"”

Statistical analysis

The distribution type of the analysis variables
was established using the Shapiro-Wilk test.
Descriptive statistics were completed using the mean
11 standard deviation. Pearson’s 7 test was used
to determine the correlation between SL and the
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anthropometric determinants (muscle strength and
foot trajectory). The variability in SL. was determined
by the coefficient of determination (t°), with the
level of statistical significance set at p=0.05.

Both the descriptive and inferential statistics
were analyzed using SPSS version 18.0. Graphical
statistics were completed using GraphPad Prism
version 5.0.

RESULTS

Table 1 contains the general characteristics of
the participants, with a marked predominance of
females (74.6%). The majority of the participants
were aged between 65-75 years. The specific
nutritional status of the participants was at the
lower limit of the overweight category.

Table 1. Demographic, anthropometric and functional characteristics of the elderly participants. Talca,

Maule Region, Chile, 2014

Gender N Age Mass Height BMI EFAM-A
(years) (Kg) (m) (Kg/m?) (Score)
Total 63 69.56(t541)  73.54(+1212)  155(£0.08)  30.50(t432)  50.43(+2.97)
Female 47 6917(14.94)  TL44(+1135)  1.52(+0.05)  30.85(t4.43)  50.14(+3.08)
Male 16 70.88(X679)  8072(+12.23)  L66(+0.06)  2930(+3.48)  51.41(+2.37)

The values are expressed as the mean * standard deviation for each variable; n=number of participants per group; BMI= body mass index;

EFAM-A= functional assessment of the elderly — part A.

Table 2 displays the muscle performance of the
ankle and the kinematics of the foot. The DF-MS
was approximately 15 Kg in the general sample and
was slightly higher among the male participants
(p<0.001). The rate of force development for
the dorsiflexors (RDF-DF) was approximately
5 Kg/s, with a 2kg/s higher rate among the
male participants (p=0.004). With respect to the
kinematics of comfortable walking, the MaxFC

value in the early swing stage was approximately
101 mm for the total of all subjects, although it
was significantly higher among the men (»<0.001).
However, during the advanced swing stage, the
MFC was similar for both genders, with values of
approximately 12 mm (p=0.357). Stride length was
approximately 1500 mm and was longer among
the men (»p<0.001).
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Table 2. Muscle strength and kinematic values for the eldetly participants. Talca, Maule Region, Chile, 2014

Gender " DF-MS RDF-DF MaxFC MFC SL
(Kg-F) (Kg/s) (mm) (mm) (mm)
Total 63 14.8(4.1) 47(%2.1) 100.9(+22.8) 11.6(+4.4) 1434,8(+158,9)
Female 47 13.5(+3.5) 4.3(£1.7) 93.6(%18.8) 11.3(14.5) 1386,1(+134,9)
Male 16 19.0(3.) 6.3(2.5) 1221(£20.6)  124(+38)  15871(*131,5)
p-value <0,001 0.004 <0.001 0.357 <0.001

The values are expressed as the mean * standard deviation for each variable; n= number of participants per group; DF-MS= dorsiflexor muscle
strength; RDF-DF= rate of force development for dorsiflexors; MaxFC=maximum foot clearance; MFC=minimum foot clearance; SL=stride
length; the comparison according to gender was conducted using the students t-test for independent samples.

Figure 1 contains a graphic representation of the
correlations between each of the SL determinants.
The anthropometric variables exhibited significant
correlations (Figures 1A and 1B). However, the
explanation for the variability of SL was incipient.
Muscle performance exhibited significant
correlations (Figures 1C and 1D), particularly
with the coefficient of determination for DF-

MS. The foot trajectory indicators were unequal:
they were very high, significant and explained
approximately 40% of the data for MaxFFC (Figure
1E). Conversely, MFC exhibited a non-significant,
low correlation (Figure 1F).
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Figure 1. Correlations for the determinants of stride length in self-reliant elderly individuals. Talca,
Maule Region, Chile, 2014.



DISCUSSION

SL is considered an important kinematic
parameter of gait, due to the fact that is a general
translator of all events that occur during its
complete cycle, including the support and swing
phases.” The eldetly population is vulnerable to
tripping/stumbling problems,' which can lead
to falls and morbidities that negatively affect
their functionality. Therefore, the opportune
measurement of this variable is essential, as is the
determination of the nature of indicators that can
condition this variable, in order to propose safe
and effective interventions for this section of the
population. The most significant finding of the
present study was the fact that the variables that
most commonly explained the variability of SL were
MaxFC and DF-MS, which are chronologically-
ordered conditioners of performance in the swing
phase.”¢

An analysis of SL in literature provided results
consistent with those of the present study. Karst
et al."” recorded spatial gait data for 16 elderly
women using several different methodologies, with
SL values of 1330+140 mm for natural cadence.
These values are similar to those found in the
present study (Table 2). A study of eldetly men"
reported SL results of 15302120 mm on a hard
surface, which are also similar to the results of this
experiment (Table 2). The normative values for the
spatial and temporal qualities of gait in the elderly
have also been previously documented: Hollman
etal.®recorded a SL of 13701120 mm for men and
1180150 mm for women.

While it is clear that controlled laboratory
conditions are preferable for the performance of
gait and the validity of the data produced, they
can have a negative effect on the expression of
comfortable and spontaneous gait when tracks
that are shorter than five meters are used. This
distance is not long enough to determine the
expression of gait in natural conditions.” It has
also been reported that the minimum time required
by elderly individuals to achieve a steady pace
is three minutes.® Therefore, extrapolation to
situations of functional expression should consider

Determinants of stride length in elderly persons

neuromuscular, mechanical and physiological
(adaptation) factors.

There is evidence that anthropometric indicators
such as mass, height and BMI affect SL." It has
been recommended that the values obtained using
these parameters should be corrected in order to
ensure pertinent comparisons for both kinematic
indicators and muscle performance.’

Although the values obtained for height and
the BMI in the present study produced moderate
and significant correlations (Figures 1A and 1B),
they also exhibited a low explanation value for
SL (coefficient of determination: £*<0.20). This
low statistical weight could be fundamentally
explained by morphological factors, given that
all of the subjects assessed were classified as
being of normal weight or overweight (Table 1).
Ko et al.'’ (2010) presented the results of a study
in Baltimore, demonstrating that kinematic gait
patterns in the elderly were significantly affected
by obesity. These factors need to be studied among
elderly individuals with a greater morphological
variability.

To date, the specific association between
morphological variables and SL is unknown. The
present study is therefore a pioneer study in terms
of the exploration of this behavior among a group
of self-reliant elderly Chilean individuals.

The findings reported herein for the
performance of the dorsiflexor muscles of the
ankle (Table 2) are similar to those reported in
previous studies.” The impact that this behavior
would have on SL produced a significant and direct
correlation, as well as a considerable explanation
for the DF-MS (Figure 1C) and RDF-DF (Figure
1D) data. Thus, it is suggested that muscle
integrity predominantly conditions the balance
and stability of gait.**** Consequently, it would
have a considerable impact on SL, despite the
fact that this relationship is non-linear,** which
indicates a relative dependence on the magnitude
of gait speed.”?® Cress & Meyer” assessed the
muscle strength of knee extensors and maximum
oxygen consumption among community-dwelling,
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elderly individuals, reporting linear functionality
thresholds. Thus, future studies should analyze
these critical change points in order to establish
how the magnitude of the result of this variable
dynamically determines the SL as an indicator of
gait functionality.

The dorsiflexor muscles of the ankle are mainly
active during the late swing phase of gait, avoiding
contact between the anterior section of the foot
and the ground." The results of the present study
highlight the importance of this variable during
the execution of comfortable walking by elderly
individuals. It has been reported that both the

aging process'®?!

and the expression of peripheral
fatigue, caused by morbidities such as chronic
obstructive pulmonary disease,” would negatively
affect performance, leading to a less effective gait
and the consequent occurrence of trips/stumbles,

which may eventually cause falls.

The foot trajectory results reported herein
expressed an unequal impact on the magnitude
of SL. The MaxFC had a high and significant
correlation with SL, explaining approximately
40% of the results (Figure 1E). These findings
demonstrate the importance of this phase of gait
performance to self-reliant elderly individuals: this
was the main determinant found in the present
study. The reason for this phenomenon could be
linked to the accumulation of mechanical and
elastic potential energy” in the beginning of the
swing phase on behalf of the ankle plantar flexors,
which would provide enough momentum for the
subsequent foot trajectory. This phenomenon
should be analyzed in more detail, considering two
guidelines: a) the combined measurement of the
muscle performance of the ankle plantar flexors™*
and; b) the inclusion of elderly individuals with
different levels of functionality, in order to
determine if this significance is maintained during
different strategies of comfortable gait, including
those that exhibit a significant decrease during
the swing phase.

The MFC exhibited a low and non-significant
correlation, as well as the most incipient explanation
of data, for all of the determinants selected, with

values of less than 6% (Figure 1F). This could
be explained by the low relative importance of
this phase among elderly individuals who do not
suffer from any functional complications (the
inclusion criteria of the present study specified
that the participants must not have a history of
falls or trips), in order to ensure that the kinetic
and kinematic analysis would not be affected.”!
Conversely, in terms of the measurement
methodology, this variable was the most complex,
due to the speed of the image capture technique
(three times that of the mass center),'® which
led to a high rate of dispersion in relation to the
magnitude of the result (Table 2). Therefore, future
studies should seek to optimize the image capture
technique in order to ensure greater precision in
the analysis, while also assessing this parameter by
considering the different functional, demographic
and anthropometric characteristics of the elderly
population.

Considering the normalization of reference
data for a functional diagnosis, the present study
provides evidence of the specification of gait
analysis among the elderly. Upon confirmation of
the significant explanation of the variability of SL.
based on muscle performance indicators (Figures
1C and 1D) and MaxFC (Figure 1E), together with
the importance of assessing the duality between
movement and the environment,’ specifically in
relation to the irregular pavements found in urban
contexts,” these results could be useful in the eatly
recognition of eventual complications associated
with the risks of trips/stumbles and falls in elderly
individuals who do not exhibit a risk according
to the conventional instruments established in
public health policies.”” Furthermore, knowledge
of muscle performance and critical trajectory scores
could guide therapeutic decisions, considering
specific minimum and maximum overload values
for each individual and their interaction with
the environment (time and space), through the
incorporation of ecological training as a preventive
intervention.™

It has been reported in literature that the
initial heel support phase is responsible for the
risk of “stumbles” among the eldetly population.”



Conversely, Russel et al.”® demonstrated that the
physiological cost is higher among obese women
with osteoarthritis who had to reduce their SL
by 15% while walking. These results should lead
to the performance of new studies that consider
complementary assessments of antagonist muscle
groups, such as the ankle plantar flexors, while
also analyzing fatigue tolerance as a dimension
of muscle performance. We also recommend the
incorporation of spatial and temporal kinematic
analysis in order to determine angular positions
and trajectory values over time, which may
be critical during gait. The following factors
should also be considered when assessing gait
performance: the cost of transport; perceptions of
fatigue and pain; the environment (homogenous
and irregular surfaces).

The main limitation of the present study was the
homogeneity of the sample: since the participants
all belonged to a focal group, it was highly selected,
which had a negative effect on the external validity
of the investigation. A significant section of the
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