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ABSTRACT

The aim of this study was to investigate the effgfcflooring on barefoot gait
according to age and gender. Two groups of healilnjects were analyzed: the elderly
adult group (EA; 10 healthy subjects) and the naeatied group (MA; 10 healthy
subjects). Each participant was asked to walksabhher preferred speed over two force
plates on the following surfaces: 1) homogeneousylviHOV), 2) carpet, 3)
heterogeneous vinyl (HTV) and 4) mixed (in whicle tiirst half of the pathway was
covered by HOV and the second by HTV). Two forcees (Kistler 9286BA) embedded
in the data collection room floor measured the gtbreaction forces and friction. The
required coefficient of friction (RCOF) was analgiz&or the statistical analysis, a linear
mixed-effects model for repeated measures was mpeef During barefoot gait, there
were differences in the RCOF among the flooringesyduring the heel contact and toe-
off phases. Due to better plantar proprioceptionndubarefoot gait, the EA and MA
subjects were able to distinguish differences antbedlooring types. Moreover, when
the EA were compared with the MA subjects, diffeescould be observed in the RCOF
during the toe-off phase, and gender differencethénRCOF could also be observed
during the heel contact phase in barefoot gait.

Keywords:. gait, elderly, risk of falls, barefoot.



Barefoot gait on carpet revealed higher requiregfaent of friction than vinyl
flooring.

The results of the present study showed differeheliior between EA and MA
subjects with respect to RCOF.

Females presented higher RCOF values during he&cio
Friction on barefoot gait is affected by flooringpées, gender and age.

Carpet was the safer flooring in terms of requuedfficient of friction.



1. Introduction

The causes of falling are multifactorial and cardbe to individual limitations,
environmental conditions or the interaction of bettects. Among the individual
limitations that can increase the probability disfare balance and gait disorders, side
effects of certain medications and the effectsgi@ (Salzman, 2010; Silva-Smith et
al., 2013). In particular, many falls experiencgdlder adults occur when a change in
body position is required, such as walking on défg flooring.

Previous research has investigated the effectgeba the ability to walk on
different flooring, e.g., carpet versus vinyl (Whibtt, 1986; Dickinson et al., 2001).
However, contradictory results were found dependimghe gait velocity on these
flooring types (Willmott, 1986; Dickinson et al.Q@1). Changes in gait speed and step
length during ambulation over two different surfaseich as carpet and vinyl flooring
may influence the outcome of slips and falls, esgdor the elderly. Understanding
how older adults adapt to walking on different fing types may provide useful
information for the design of interventions to reddalls in older people.

The surface roughness of the shoe and floor swgfaitects slipperiness
significantly (Kim et al, 2013; Kim and Nagata, 3)@Chang et al., 2012; Lockhart et
al., 2003), and dangerous slips are most likelyctmur when the required coefficient of
friction (RCOF) at the shoe-floor interface excettsavailable coefficient of friction
of the floor (Kim et al, 2013; Kim and Nagata, 2D0Bhe RCOF is one of the most
critical gait parameters in predicting the risksbpping (Chang et al, 2012). It is
defined as the minimum coefficient of friction nesary at the shoe-floor interface to
support walking, and its value relative to the eowmentally coefficient of friction is

used to assess the probability of slipping (Chared,2012; Redfern et al., 2001;



Hanson et al., 1999). Consequently, slip sevenitydases as the difference between the
RCOF and the available coefficient of friction bé&tfloor surface increases (Kim et al,
2013; Kim and Nagata, 2008ab, Chang et al., 20t&2khart et al., 2003; Hanson,
1999).

At the interface between the foot and the grouadtviear is likely to influence
balance control and the risk of experiencing slipd trips while walking. The shoe type
and sole material affect the available frictionvisetn the foot and the support surface.
Because many falls occur when older adults walkfoat inside their home or in a
familiar environment (Menz et al, 2006), understagdheir behavior while walking
barefoot on different flooring should provide newights about the risk of falls in the
elderly population.

In general, elderly adults walk slower than youdglts, with a higher heel
contact velocity and a shorter step length (LockH&97; Lockhart et al, 2003;
Burnfield and Powers, 2003; Kim and Lockhart, 200@énz et al, 2006; Seo and Kim
2013). It has been suggested that these age-rejaiteadaptations influence the
likelihood of slip-induced falls (Lockhart et @2003). Another factor that should be
taken into account is gender differences. Accordiingach (2005), gender is the most
important covariant associated with the fear dfrfgl Women with balance and gait
difficulty resulting in unsteadiness, multiple fallnd low self-rated health are at
greatest risk (Lach, 2005).

Although fall risk factors among the elderly haweh well studied (Lockhart,
1997; Lockhart et al, 2003; Burnfield and Powef¥)2 Kim and Lockhart, 2006;

Menz et al, 2006; Seo and Kim 2013), it could deresting to understand the strategies
adopted by middle-aged and elderly adults when iwgl&ver different flooring. We

are interested in comparing older adults (60-70s/ekll) (O'Loughlin et al, 1994),



whose risk of falling is relatively high, with aayp of adults close in age (40-50 years
old) with a lower risk of falling. Previous studibave only compared RCOF strategies
in the elderly with control groups of young ady®8-30 years old) (Lockhart, 1997,
Lockhart et al, 2003; Burnfield and Powers, 200Bntand Lockhart, 2006; Menz et al,
2006; Seo and Kim 2013).

Therefore, the aim of this study was to investigh&eeffect of flooring on the
RCOF during barefoot gait according to age (midatied versus elderly adults) and
gender. Our goal was to test the following hypo#isega) differences in the RCOF
variables can be found during barefoot gait oredét flooring; (b) differences can be
observed in the RCOF between elderly adults andileddged adults; and (c) gender

differences in the RCOF can be observed duringfbatrgait.

2. Material and Methods

Participants

The Research Ethics Committee of the Universitgampinas approved this
study (UNICAMP protocol No. 319/2011), and the wadkers gave written informed
consent to participate. Twenty healthy subjectsiv@ered in this study, and they were
divided into two age groups: elderly adults (EA1G>and middle-aged adults (MA,
n=10). Table 1 shows the anthropometric data foh ggoup. The subjects recruited for
this study were healthy (without known musculosted/eneurologic, cardiac, or
pulmonary diagnoses), community dwelling, and aratouy without an assistive

device.



Insert Table 1 near here.

Flooring Classification

Three flooring types under four experimental candg were used to evaluate
the study volunteers:
- Homogeneous vinyl (HOV): Homogeneous single-layer vinyl flooring (Pavifloor

Prisma tile, 2 mm thickness, 2X8 m, ref. 909, chalcTarkett Fademac);
- Heterogeneousvinyl (HTV): Compact flexible vinyl floor covering (Chinesedk
natural, 2.50 mm thickness, 2X8 m, Imagine Woodk&t Fademac);
- Carpet: Needle-punch carpet (plain quality needle-punchetarl00% pet fiber, 2 mm
thickness, 2X8 m, Flortex Eco Inylbra);
- Mixed: To simulate a person walking from one room to aeotbhom with different
flooring, a mixed condition was included. As illegied in Figure 2d, the first 4 m of the
pathway was covered by HTV, and the second 4 meopathway was covered by
HOV.

To characterize the flooring used in this studg, shatic coefficient of friction
(ue) was calculated using a pulley test. Figure 1ssithtes the test and the resultirg
The chosen flooring was positioned on a force ptatf(Kistler 9286BA), and over this
flooring a halter (H1) was positioned weighing IBl4y. Halter H1 was pulled by
another halter (H2) weighing 17.32 kg. H1 was caterkto H2 by a steel cable that
slid on a system of three rollers, one fixed onftber (R1) and two on the laboratory
roof (R2 and R3). From the plot of the coefficiehfriction of the force plate as a
function of time e was determined as the maximum friction prior t® $kart of

movement. Thee values for all the flooring chosen for this stwdgre approximately



0.5, which is within the standards of safety acocgdo Templer (1992) and Miller

(1983) (see Figures 1b, 1c, 1d and 1e).

Insert Figure 1 near here.

Experimental Procedures

The participant was asked to walk barefoot, abhiser selected speed, along a
pathway of the experimental flooring material, kethewhich two force platforms
(Kistler 9286BA) were embedded in the data colttioom floor, as shown in Figure
1. Possible effects of the participant’s choseredpm the results were tested, and no
significant differences were found related to tle@ifing condition (p=0.710), age group
(p=0.944) or gender (p=0.417). The participantseweavare of the force plate locations.
Three trials were performed for each experimerdgatdion. Because of the difficulties
associated with changing flooring conditions, albjects accomplished the tasks in the
same order: HOV, carpet, HTV and mixed.

The ground reaction force data were normalizechbysubject’s body weight
(%BW) and expressed as a function of the percerdbtiee support phase. Data
acquisition was performed using BioWare softwareréibn 4.0.x). Kinetic raw data
were filtered using a"@ order low-pass digital Butterworth filter with ateoff
frequency of 10 Hz. An algorithm developed in Matl@as used to filter the raw data
and to calculate the dependent variables.

The independent variables were the type of sutdt/, HTV, carpet or mixed),
age group (AG or EG) and gender (female or maleg discrete variables used in the

study were as follows.



To calculate the RCOF (required coefficient oftion), the instantaneous COF
was first calculated as the ratio of the sheah&rormal ground reaction force during
stance (Chang et al, 2012; Redfern et al., 2001-egeation 1 and Figure 2). According
to Chang et al. (2012), the RCOF is typically cdesed to be the local maximum of the
instantaneous COF curve occurring at ~20% of thatolin of the stance phase of gait,
during weight acceptance, identifiedRSOF 1 in Figure 2. Also according to Chang et
al. (2012), another local maximum occurs at ~90%efduration of the stance phase of
gait, during push-off, identified aBCOF2 in Figure 2. This peak is thought to be
associated with a lower risk for a slip-induced {@hang et al, 2012; Redfern et al.,

2001).

JFY)2+(FX)2

FZ

COF = 1)

Insert Figure 2 near here.

A two-sample t-test was performed to compare thiarapometric variables
(height and weight) between age groups. A linexedeffects model (West et al., 2007)
for repeated measures was performed to analyzeogseble effects of flooring, age and
gender on the dependent friction variables. Theatgn covariance type chosen for the
mixed linear model was scaled identity. Three grifmr each flooring condition were
considered in the statistical procedures. The mapplied used three main factors. The
first analysis factor was the flooring, which weesated as a repeated measures factor with
four sublevels (HOV, carpet, HTV and mixed). Thes® factor analyzed was age, with
two sublevels (EA and MA). The third factor was den(male and female). The first

effect was considered as a within-subjects faetod, the second and third effects were



considered as between-subjects factors. The Bamigest of pairwise comparisons was
computed for every level of combination of factensd interactions. SPSS software
(SPSS for Windows, version 19.0) was used for thstical analysis, with a level of
significance otx<0.05 for all tests.

The partial eta squaref(,,) value was calculated as in Equation 2 to verify
the practical relevance of the main effects aneradtions. As proposed by Richardson
(2011), in this study, partia?® values >0.01 were categorized as low, >0.06 asumgd

and >0.14 as high.

T]Z _ ( Full model residual variance )
partial —

(@)

Full model residual variance+Reduced model residual variance

3. Results

The two-sample t-test revealed no significant déifees between the EA and
MA groups for body mass {k+=0.206; p=0.655) and heighti(fs=0.007; p=0.936).

The mixed model analysis revealed significant déifees for the three main
factors (flooring, age and gender), with no intéacbetween them. When the flooring
types were compared during the loading responssepliae participants demonstrated a
greater RCOF1 on carpet than on the HOV or HTVrftap (Fs,485=3.273; p=0.021;

N’ =0-68;Figure 3a). The? . value shows that the relevance of this effect vigis.h

In the push-off phase, the RCOF2 was statistigaiiater when the subjects
walked on carpet than when they walked on the HIO¥ring, with a medium level of
practical relevance for this main factoe gg=4.182; p=0.0063% _ =0.11;Figure 3b).

Ipartial

Insert Figure 3 near here.



The EA group had statistically smaller RCOF2 valilies the MA group, with a

high practical relevance for the factor (g=42.948; p=0.000%i* _ =0.61;Figure 4a).

partial

Moreover, when gender effects were compared, tHe sudjects had a lower RCOF1
than the female subjects, with a medium level atpcal relevance (fzs=7.979;
p=0.005n%  =0.04;Figure 4b).

partial

Insert Figure 4 near here.

4. Discussion

This research project was undertaken to providetibunderstanding of how
flooring, age and gender influence foot-floor fiect in the gait of healthy middle-aged
and elderly male and female subjects. Barefootwgast selected for analysis because
according to Menz et al. (2006), a higher riskadliig indoors is associated with going
barefoot. The required coefficient of friction hetloading response and push-off
phases of gait were used as experimental varidelesuse it is well known in the
literature that these variables are related taittkeof a fall and also make it possible to
mechanically characterize the foot-floor interaatio

The main result obtained in the present study watthe three main factors
tested in the statistical model (flooring, age gedder) were significant and had
practical relevance ranging from medium to high.iheraction was found among
flooring, age and gender; therefore, no conclusiaspossible regarding distinctive
behaviors of the EA or MA groups, or of the maldammale participants, with each

flooring type.



The RCOF was higher during barefoot gait on catfpeat on vinyl flooring
(HTV and HOV) in the deceleration phase of gaé.(ithe loading response) as well as
in the push-off phase (i.e., the terminal stance)firming the first hypothesis of the
present study and suggesting that carpet is tleststidoring of the three types analyzed
in the present study.

It is well known that surface roughness plays apartant role in floor
slipperiness when subjects wear walking shoes @ial, 2013; Kim and Nagata, 2008;
Chang et al., 2012; Lockhart et al., 2003). Ouulteonfirm this finding in barefoot
walking.

The effect of the flooring condition on the friatizariables was not surprising;
however, it demonstrates that this aspect shoutmhsidered during gait analyses and
gait investigations. Because friction is a releviastor in gait patterns, the proper
description and control of this variable are impattfor experimental design in gait
analysis. However, because these variables atteddlaage and gender, they could be
used alone or in correlation in further studies.

The study found different RCOF behavior in the BEA &A subjects. This
could be due to plantar sensitivity. Plantar s@nsjtis an important source of
information for balance control because it codities changes in pressure under the
feet, especially during gait. This information rieas the brain, which senses the body
position and, if necessary, generates posturaxesl to maintain an upright position
and dynamic balance during gait (Kavounoudias.efilb8; Wang and Lin 2008).

Compared to the barefoot condition, walking shamgdpotentially interfere
with the detection of plantar surface stimulatiSoch interference might be
inconsequential for individuals with intact plansansitivity. However, EA often have

reduced plantar sensitivity (Perry, 2006).



A further reduction in plantar sensory feedbackleviialking barefoot might
lead to insufficient afferent input for locomoticontrol in EA and MA, and
consequently, a cautious gait might need to betadopurther studies are needed to
determine the relationship between barefoot gaittakr sensitivity and the effect of
more challenging flooring on gait. A false subjeetperception of slipperiness might
lead to an inappropriate gait pattern, which migisult in a higher probability of a slip-
induced fall in the elderly population.

The results of the present study are in agreemehtprevious studies that have
shown that the peak RCOF varies with age (Locki&@7) and gender (Burnfield and
Powers 2003).

When the age groups were compared, the EA grouja lhader RCOF during
the toe-off phase. This adaptation is thought soilten more stable or safer gait
patterns in the elderly. Future studies explorhig tlevelopmental effect could attempt
to determine the exact time at which the risk d6faecomes pronounced in this
population and could also investigate the possyili effective interventions to reduce
falls in the elderly population.

There were also gender differences in the RCOFakeparticipants had higher
RCOF values during heel contact. This was alsorgbdeby Li et al. (2001) and Chao
et al. (1983), who found that women exhibited geeaertical GRF than men. Burnfield
and Powers (2003) found that the peak RCOF varitdgender; females generated
higher peak RCOF values than males at a slow wakjieed, whereas males generated
higher peak RCOF values than females at a fastimgaipeed. The structural
differences in the female hip and knee may resutifferences in their movement

patterns (Mizuno et al., 2001; Ferber et al., 2008)s suggests that some intrinsic



characteristics, such as skeletal alignment, ms$degth and anthropometric
parameters, may contribute to gender and age eliféexs in gait performance.

In conclusion, friction during barefoot gait wasifal to be affected by flooring
type, gender and age. Carpet was the safest fiporiterms of the required coefficient
of friction. When elderly adults were compared tolade-aged adults, they
demonstrated a reduced required coefficient ofibmcduring the toe-off phase, and
gender differences were observed in the RCOF duhi@dneel contact phase in barefoot
gait.

Much of the research on falls has focused on h@natiing process affects gait.
The problem with this clinical focus is that littleought has been given to the
environment, such as flooring differences in thiegoé's home. The fact that EA are
particularly challenged under these circumstanoefdde exploited in designing
rehabilitation exercises to improve functional mityiand reduce falls with advanced
age; in particular, the role of patients’ plantansitivity during barefoot gait could be
explored. In fact, a reduced incidence of fallindgA has been demonstrated following
an exercise intervention using an obstacle cougsgyded with different flooring

conditions and obstacles to foot placement.
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FIGURE LIST

Figure 1. lllustration of the pulley test (a) ahé flooring conditions with the pulley tests
results: Homogeneous Vinyl (HOV - b); Carpet (cetéfogeneous Vinyl (HTV — d);

Mixed (HOV and HTV —e).

Figure 2. lllustration of the RCOF curve represdriig the average curve over all healthy

females participants in the HOV condition.
Figure 3. Required coefficient of friction at loadiresponse (RCOF1) and push-off
(RCOF2) phases of gait. Values expressed in tefrmeans and standard deviation.

Legend:” = p<0.05.

Figure 4. Means and Standard deviations and stalisesults for Age (a) and gender (b)

effects. Legend: = p=0.001.

TABLE LIST

Table 1. Anthropometric dataegend: EA = Elderly Adult group; MA = Middle-agédlult group;

N = sample size.
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Table 1. Anthropometric data.

Group N | Age(years) | Body Mass(kg) | Height (cm)
EA males 5 | 67.4+5.02 74.52+14.21 164.04+11.44
EA females 5 | 67.8+6.05 69.80+£16.34 162.5+6.64
MA males 5 | 48.2+6.22 78.75+8.23 166.58+9.28
MA females | 5 | 47.6+£3.32 70.76+11.98 166.24+8.21
EA 10| 67.6+5.25 72.17+14.66 166.41+8.26
MA 10 | 47.90+5.47 74.76x10.57 163.27+8.85
Males 10| 57.7+11.92 70.28+13.52 164.37+7.3
Females 10| 57.8+11.43 76.64+11.17 162.31+9.91

Legend: EA = Elderly Adult group; MA = Middle-agédiult group; N = sample size.



