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Abstract. Temporo-spatial parameters (TSP) are commonly used to characterize human gait. These help to differentiate population groups in
different conditions of gait, but can be influenced by lower limb anthropometry. Different strategies are assumed to normalize TSP and permit
comparison among people. However, it is not clear how dimensions of the different lower limb segments influence gait TSP. The aim of this study was
to verify the rlationship between gait TSP and length of the thigh, leg and foot in young adults. The body segments lengths were adjusted for individua
height and correlated with gait TSP. We found a correlation between foot length and step width (r = 0.44). When data were adjusted for gender, step
time, stride time, cadence and gait speed correlated with foot length in men (r = 0.51, 0.49, -0.49 and -0.43, respectively). Among women, these same
TSP corrdlated only with thigh length (r = 0.43, 0.46, -0.47 and -0.37, respectively). Step and stride length correlated with leg (r = 0.46 and 0.48) and
thigh length (r = 0.44 and 0.44) only in men. In conclusion, anthropometric parameters influence TSP differentialy for men and women. These data
should be considered when studying population groups including people from both genders.
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Resumen. Los parametros temporo-espacides (PTE) son comUnmente usados para caracterizar la marcha humana. Estos ayudan a diferenciar grupos
de poblaciones en diferentes condiciones de marcha, pero pueden ser influenciados por la antropometria de miembro inferior. Diferentes estrategias
asumen la normalizacion de PTE y permiten comparar entre personas. Sin embargo, no esta claro como las dimensiones de los diferentes segmentos
de miembro inferior influyen los PTE en lamarcha. El objetivo de este estudio fue verificar la rdlacion entre los PTE de la marchay la longitud del mudo,
piernay pie en adultos jovenes. Las longitudes de los segmentos corporales fueron gjustadas por la dtura de cada personay correlacionadas con los PTE
de lamarcha. Se encontrd una correlacion entre la longitud del piey € ancho del paso (r= 0.44). Cuando los datos fueron gjustados por género, d tiempo
del paso, tiempo de la zancada, cadencia y velocidad de la marcha correlacionaron con la longitud del pie en hombres (r = 0.51, 0.49, -0.49 and -0.43,
respectivamente). Entre las mujeres, estos mismos PTE solo corrdlacionaron con la longitud del mudo (r = 043, 0.46, -0.47 and -0.37, respectivamente).
Lalongitud del paso y la zancada correlacionaron con la longitud de la pierna (r = 0.46 and 0.48) y € mudo (r = 0.44 and 0.44) solo en hombres. En
conclusién, los parametros antropométricos influyen de forma diferente los PTE para hombre y mujeres. Estos datos podrian ser considerados cuando
se estudian grupos de poblaciones incluyendo personas de ambos géneros.

Palabras claves: marcha humana, pardmetros temporo-espaciales, antropometria de miembro inferior.

Introduction

Human gait is a motor task with biomechanicd characterigtics
uniquein comparison to other animals (O’ Neill et d., 2015). Previous
studies suggest that evolution plays a mgor role in the definition of
anthropometric characterigticsin humans, especialy concerning ssgment
dimengons and its effects on running economy (Guedes, Franzini,
Jinior, Maria, & Moraes, 2017; Raichlen, Armstrong, & Lieberman,
2011; Ralian, Lieberman, Hamill, Scott, & Werbedl, 2009). Therefore,
anthropometric characterigtics need to be considered when analyzing
biomechanical datafrom gait (Sentija, Rakovac, & Babiag 2012).

Kinematicsand kinetics characterigticsaswell astemporo-spatiad
parameters (TSP) are common variables to the study of human gait
(Cadenas-Sanchez, Lépez-Contreras, & Ardlano, 2015; Cimolin &
Gdlli, 2014; Elvira, Plaza, Vaenciano, & Montero, 2017; Eng & Winter,
1995; Froehle, Nahhas, Sherwood, & Duren, 2013; Ganley & Powers,
2005). TSP depends on displacement of the lower extremities, with
respect to time and space. It hasprevioudy been reported that TPSare
affected by anthropometric factors (Hof, 1996; Titianova, Pitkénen,
Paékkonen, Sivenius, & Tarkka, 2003), such as height, leg length and
sitting height, which are known to influence gait speed (Sentijaet d.,
2012). Lower limb length is commonly used to normaize walking
speed, cadence, stride and step length (Hof, 1996; Kirtley, 2006).
However, whether TSP measures may suffer greater influence of a
specific lower limb segment dill isunclear. Therefore, theam of this
study wasto verify therdationship between gait TSPand thelength of
the thigh, leg and foot in young people. Furthermore, anatomical
dimensions differ between men and women (Feder, Haey, & Ld,
2005; Limetd., 2013; Tomassoni, Traini, & Amenta, 2014), andtherefore
a secondary purpose in this study was to determine the influence of
gender ontherelationship between gait TSP and length of lower limbs
segments
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Methods

Inthisandytica cross-sectiond study, young participantsattending
university wereeval uated, both men and women, aged between 18 and
24yearsold, who participated voluntarily. Cons dering detaon segments
lengthreported Sentija, Rakovec, & Babic(2012), ssmpleszeconsdering
an dphaof 0.01 and a power of 90% was cd culated using GPower®
(verdon 3.1.9.2, Kid Universtét, Germany). A minimum samplesize
of 48 volunteers was obtained, digtributed equaly between men and
women.

Fifty four universty sudentsvoluntarily joined thisstudy (women:
27, age 21+1 yearsold, body mass: 55.52+5.92 kg, height: 1.63+0.05
m; men: 27, age: 21+1 years old, body mass: 73.77+9.94 kg, height:
1.76+0.05 m). All participants who showed musculoskeletal and
neurologica problemsaffectingthegait, for example, asymmetriclower
limbs, traumatic lesionsinvolving hip, kneeand anklejoints, etc. were
not congidered. The proceduresin this study were in agreement with
theHesinki dedlaration and thelocdl ingtitution committee of ethicsin
research with humans approved this research protocal.

Procedures

Participantscompleted asesson of gait andyssindudingkinematic
and kinetic measures at sdif-selected gait speed. Gait was evauated
through a3D motion andysis system with eight infrared cameras (T-
Series, Vicon Mation Systems, Oxford, UK), recording themovement
a 100 Hz and three force plates (Bertec, FPA060-05-PT-1000, USA)
positioned a the floor leve, recording ground reaction forces a a
frequency of 1000 Hz. Force datawere used to detect gait events (hed
grikeand toeoff). Movement wasrecongtructed basad in position data
obtainedfromtracking of 39 sphericd reflectivemarkerswithadiameter
of 14 mm placed at specific anstomica pointsin accordance with the
Plug-in Gait mode (Davis, Ounpuu, Tyburski, & Gage, 1991; Kadaba,
Ramakrishnan, & Wootten, 1990). Once the reflective markers were
fixed, volunteerswere asked to walk on aflat surface 8 meterslong, at
sdlf-sdlected gait speed.

Body mass, height and anthropometry datafrom both lower limb
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werereported, considering thefollowing (Buendia-L ozadaet d., 2017;
Nor e d., 2013; Pheasant & Hadegrave, 2016): lower limb length
(distancefromtheanterior superior iliac spinetothemedia malleolus),
thighlength (distance from the gresater trochanter to thelateral point of
tibia), leglength (distancefrom|aterd point of tibiatothelaterd maleolus
of ankle), and foot length (distance from the most prominent point of
the calcaneus to the most prominent toe, usudly the first or second
toe).

Data analyss

TSP of eech gait were cdculaed using a gait andyd's software
(Polygon4.1, ViconMoation Systems, UK). Table 1 showsthedefinition
of each TSP (CamaraTobdina, 2011; Hollman, McDade, & Petersen,
2011). Data analyses considered both absolute and normalized TSP
Datawerenormalized considering theindividua body height.

Satidtical analyss

Shapiro-Wilk test was used to verify datadistribution. Datawere
described by the mean and standard deviation. Pearson or Spearman
corrdation coefficientswerecal culated to verify therdationship between
TSP and thigh, leg and foot length in men and women. Correlation
coefficientswereinterpreted as: r d» 0.351ow corrdation, from 0.36 to
0.67 moderate correlation and between 0.68 to 1.0 high corrdation
(Taylor, 1990). Independent samples t-student or the Mann-Whitney
U test were used to compare the length of the lower limb segments
between men and women. All gatigtical analyses were performed
congdering two-tailed tests, with a confidence level of 95% and an
dphaof 0.05 usng acommercid statigtica package (STATA, verson
12,0, SataCorp LR, USA).

Reaults

Table 2 describes the demographic characterigtics and absolute
length of thelower limb segments. Segments lengthswereadjusted for
body height asshown in Table 3.

Body mass (p <0.0001), height (p <0.0001), length of the lower
limb (p <0.0001), leg length (p <0.0001) and foot length (p <0.0001)
were higher in men compared to women. The adjusted length of the
thighwashigher inwomen than men (p <0.0001), wheresstheadjusted
length of the foot was higher in men (p = 0.002). No difference was
observedintheadjusted length of theleg between thegroups (Teble3).
Consderingtheentiresample(Teble4), asgnificant correlation between
theadjusted length of thefoot and the stridewidth (r = 0.44, p=0.001)
was observed.

Among men, theadjusted length of thefoot corrdated tofour TSP
(Tableb): cadence (r =-0.49, p=0.01), teptime(r = 0.51, p=0.007),
gridetime (r = 0.49; p = 0.009) and gait speed (r = -0.43, p = 0.027).
Additiondly, TSPof step and stridelength correlated to thigh length (r
=048,p=0.011; r=0.44,p=0.022) andleglength (r=0.46, p=0.016;
r=0.44 p=0.021) adjusted for body height, respectively.

Among women, the adjusted length of the thigh significantly
correlated tofour TSP(see Table6): cadence(r =-0.47,p=0.007), Sep
time(r=0.43, p=0.013) stridetime(r = 0.46, p=0.008) and gait speed
(r=-0.37,p=0.028).

Discussion

Reationship between segment length and TSP

The purpose of our study was to verify the correlation between
TSP and anthropometric of the lower extremity during gait in women
and men. When cons dering theentiresample, stepwidth and length of
the foot were only moderately corrdlated (r = 0.44), with no further
associ ations between thelengths of the others segmentsand TSP This
result most likely relies on the relationship between foot length and
body height (Krishan & Kanchan, 2013; Krishan, Kanchan, Pass, &
DiMaggio, 2012; Tobias, DukeGeorge, Vitdis, & Baxter-Grillo, 2014).
It canbeassumedthat withahigher height, thereisasoanincresseinthe
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Table1.

Definition of temporo-spatial parameters (TSP) of gait.

TSP Definition Unit

Step length  Distance between successive contact points of alternate feet with the m
floor.

Stride length  Distance in the direction of progression between successive points of m
support of the same foot on the floor.

Stepwidth  Distance between two lines of progression generated by the contact of m
the left and right heel with the floor.
Step time Time elapsed between the first contact of one foot with the floor and the s
first contact of the opposite foot.
Stridetime  Time interval between two successive supports of the same foot on the s
floor.
Cadence Number of stepsone person takes at agiven time. steps/min
Gaitspeed  Distance (displacement) walked by a person at agiven time. m/s
Note: m = meters, s = seconds.
Table 2.
Demographic characteristics and absol ute lengths of the segments of the assessed sample, n=54
(mean + SD).
Men (n=27) Women (n= 27)
AgE (years) 20.70 % 1.49 2070+ 1.33
Mass (kg) 73.77+9.94 55.52 + 5,92 ****
Height (m) 1.76+0.05 1,63+ 0.05 ****
Lower limb (m) 093+ 0.04 0.85+ 0.03****
Thigh (m) 0.39+0.03 0.39+ 0.02
Leg (M) 045+ 0.02 0.41 % 0.02%***
Foot (m) 0.26+ 0.01 0.23+ 0.01****
tstudent, **** p < 0.0001
Table 3.
Length of segments of the lower limb adjusted for body height, n=54 (mean+ SD).
Men (n=27) \Women (n=27)
Lower limb (m/m) 0.53+0.01 0.52 +£0.01
Thigh (m/m) 0.22+0.01 0.24 +0.01****
Leg (m/m) 0.26+0.01 0.25+0.01
Foot (m/m) 0.15+ 0.005 0.14 + 0.005**

tstudent, ** p< 0.01, **** p<0.0001

Table4.
Correlation coefficients between anthropometric variables (adjusted for body height) and
temporo-spatial parameters, considering the total of the sample (n=54).

Lower limb Thigh Leg Foot
Step length (m) 0.13 0.16 0.15 ~0.07
Stride length (m) 0.10 013 0.13 -0.05
Step width (m) 0.14 -0.25 0.01 0.44%%
Step time () -0.06 0.09 -0.09 0.20
Stride time (s) -0.08 0.09 -0.11 0.22
Cadence (steps/min) 0.06 -0.11 0.10 -0.23
Gait speed (m/s) 0.12 0.00 0.14 -0.18

Shown data represent the r value of Pearson or Spearman correl ation coefficient, as appropriate.
** p<0.01

Table5.
Correlation coefficients between anthropometric variables (adjusted for body height) and
temporo-spatial parameters in men (n=27).

Lower limb Thigh Leg Foot
Step length (M) 0.12 0.48% 0.46* ~0.20
Stride length (m) 0.10 0.44% 0.44 -0.17
Step width (m) 0.00 0.33 -0.05 0.25
Step time (s) 0.05 012 -0.10 0.51%*
Stride time (s) 0.03 0.12 -0.09 0.49**
Cadence (steps/min) 0.07 -0.12 0.08 -0.49*
Gait speed (m/s) 0.01 0.15 0.27 -0.43*

Shown data represent the r value of Pearson or Spearman correl ation coefficient, as appropriate.
* <005 ** p<0.01

Table 6. Correlation coefficients between anthropometric variables (adjusted for body height)
and temporo-spatial parametersin women (n=27).

Lower limb Thigh Leg Foot
Step length (M) 0.12 0.10 -0.21 0.13
Stride length (m) 0.09 0.05 -0.24 -0.11
Step width (m) 0.25 -0.06 0.06 0.25
Step time (s) -0.417 0.43¢ -0.04 -0.21
Stride time (s) -0.19 0.46* -0.06 -0.19
Cadence (steps/min) 0.20 -0.47* 007 018
Gait speed (m/s) 0.26 -0.37* -0.06 0.15

Shown data represent the r value of Pearson or Spearman correlation coefficient, as appropriate.
*p<0.05

base of support to ensure postura gtability, sincethe center of massis
at higher pogition (Lugade, Lin, & Chou, 2011; Rosker, Markovic, &
Sarabon, 2011). Inthiscontext, theincreasein stepwidth couldincrease
the base of support in the medid-laterd direction aiming at stebility
(Cadenas-Sanchez et d., 2015), which could explain the corrdaion
between the length of the foot and step width found in this studly.

Effectsof gender on TSP and correationswith anthropometric
parameters

Asdepicted by our results, anthropometric parametersof menand
women a sSmilar age did differ. Therefore, TSP normdization was
investigated consdering such differences. These findings could be
explained by anthropometric differences (adjusted for body height)
between menandwomen (Guedeset d., 2017). Intheassessed sample,
thethigh length of women was greater than that of men, in proportion
to body height (women = 0.24 v/s men = 0.22; p <0.0001). Men
presented foot longer than women (women = 0.14 v/smen=0.15; p=
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0.002). Additionally, there are previous backgrounds which have
described adirect relationship between the veriation of body height and
stride length (Hausdorff, Zemany, Peng, & Goldberger, 1999).
Congdering the above mentioned, there is no information linking the
segmental components of the lower limb with the TSP, except for the
present study.

Regardlessof gender, cadenceand gait peed areinversdly related
todifferent ssgment lengths. Sutherland (1994) dsodescribed aninverse
relationship, but considering thelower limb length on cadence (Kirtley,
2006). Moreover, there is evidence of a strong direct relationship (r
=0.8) between cadence and speed (Kirtley, 2006), possibly linking the
smultaneousdecreaseinthesevariableswiththelongitudina variation
of thefoot segment, in men, and thigh, in women.

The results of this study support the proposals of other authors
(Chao, Laughman, Schneider, & Stauffer, 1983; Hof, 1996), inrelaion
totheneed to adjust the TSPto thelength or height of thelower limb of
each person, thuseliminating any possiblebiascaused by anthropometric
differences Sofar, nodifferencesinlength of thethigh, legor foot, given
the gender, have been considered when adjusting TSP, On the other
hand, differences between men and women found in thisstudy should
be considered when analyzing samples containing men and womenin
the same groups, which could involve asource of bigs, if the andysis
varidblesindude TSP

Conclusion

Length of the thigh, leg and foot segments (adjusted for body
height) corrdlated with TSP during gait a preferred speed. Thereisa
relationship between the tep width and foot length. Ontheother hand,
gender had an influence on the relationship between the TSP and
anthropometric variables. In men, the length of the thigh, leg and foot
with TSPwasreaed, whileinwomen, only TSPwiththelength of the
thighwasrdated. When andyzing the TSPin the gait, the variation of
thesebody segmentsshould be considered, epecially when comparing
menandwomen.
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