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Abstract

Background: the purpose of this research was to determine a regression equation for the estimation of stature based on foot length measure-
ments.

Methods: this research was carried out in 1,001 subjects (504 male and 497 female) from the population of Montenegrin adolescents. The
stature and foot length measurements were taken according to the ISAK protocol, and the data were analyzed statistically. A linear regression
analysis determined the prediction of foot length for the criterion variable of body height at a significance level of p < 0.05. These relations are
presented in the form of a scatter diagram. We obtained the coefficient of determination, multiple correlation coefficients, a partial correlation
coefficient, the regression, a t-test and a standardized beta coefficient.

Keywords: Results: the results of this research study confirmed that foot length reliably predicts stature in Montenegrin adolescents of both genders, and
Prediction revealed a very useful finding for physical anthropologists and experts from related fields.
Anthroporr.]etry, Foot Conclusions: it was confirmed that there is a correlation between foot length and body height (males: 41.9 %, females: 44.3 %). Therefore, foot
length. Montenegrin. length has proven to be a reliable predictor on the basis of which actual body height can be estimated.

Resumen

Antecedentes: el propdsito de esta investigacion es establecer una ecuacion de regresion para la estimacion de la estatura a partir de la
medida de la longitud del pie.

Métodos: la investigacion se realizd en una muestra de 1001 adolescentes montenegrinos (504 varones y 497 muijeres). La medicion de la
estatura y la longitud del pie se realizaron de acuerdo con el protocolo ISAK. Estudio estadistico: la relacion entre estatura y longitud del pie se
hizo mediante correlacion simple. La comparacion de medias entre sexos se realizd mediante t de Student; para el estudio de valoracion de la
fiabilidad de la medida de la longitud del pie como estimador de la estatura se usé una regresion lineal.

Palabras clave:

Resultados: los resultados confirmaron que la medida de la longitud del pie predice de una forma fiable la estatura en ambos sexos en adoles-
Prediccion. i ) . :
Antropometria centes de Montenegro. Este hallazgo puede ser de gran utilidad para los antropometristas y otras &reas relacionadas.
Longitud del pie, Conclusiones: se confirmd que existe una buena correlacion en la medida de la longitud del pie y la estatura (varones 41,9 %, mujeres 44,3
Montenegro. %). Por lo tanto, esta medida puede ser un predictor fiable a partir de la cual se puede estimar la estatura.
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BODY HEIGHT AND ITS ESTIMATION UTILIZING FOOT LENGTH MEASUREMENTS IN MONTENEGRIN ADOLESCENTS: 795

A NATIONAL SURVEY

INTRODUCTION

The research of proportions and their relations between body
parts, as well as the consequences of their variations, allows
to obtain information on numerous fields of additional scientific
research (6). The physical growth of humans is mainly influenced
by genetic and environmental factors (22). Different dimensions
of physical growth are mainly influenced by genetic factors, and
their influence also varies depending on gender, age, etc. (16).
Body height is a primary anthropometric parameter and is signi-
ficant in many situations (13). In addition, it is necessary for the
evaluation of child growth, for the calculation of nutrition indices
in children and adults (15), for the prediction and standardization
of variables such as lung capacity and muscle strength, for the
standardisation of physical ability measures, for the determina-
tion of a patient’s proper dose, etc. (10). Furthermore, it can be
a good parameter for diagnosing persons with various anomalies
and body height loss after medical interventions on the spine
(19), as well as for predicting height loss in the elderly (26).
However, it is not always possible to determine precisely body
height, especially in cases of, for example, paralysis, fracture,
amputation, and various deformities such as scoliosis, lordo-
sis and kyphosis (32). In such cases it is necessary to apply
some other parameter for the estimation of body height. The
prominent height of Montenegrins is a fact that was promoted
by European anthropology scientists more than 100 years ago.
Robert V. Ehrich (8) measured the Montenegrin population and
obtained data indicating that Montenegrins could possibly have
the greatest average height in all of Europe. Moreover, a study
conducted by Pineau, Delamarche and Bozinovic (24) showed
that the population of the Dinaric Alps is on average the highest
population in Europe.

In order to carry out comprehensive stature research, it is
necessary to determine a reliable predictor. The fact that foot
length is one of the most reliable predictors of body height was
confirmed in a study conducted by authors from China (7), where
a high linear correlation was established between stature and
foot length. Furthermore, research conducted by Popovic, Arifi
and Bjelica (25) established that foot length reliably predicts
stature on a sample of Kosovars, but not as reliably as arm span.
The results obtained in a study conducted in Egypt (21) showed
that, in both genders, foot length demonstrated the highest
correlation with stature. In some studies—in which different
body parameters for stature prediction were applied—it was
revealed that arm span is the most reliable stature estimation
predictor in adults (3), whereas foot length is a more reliable
stature predictor during the adolescence period, because short
bones stop growing earlier than long bones (27). Foot length was
found to be increasing significantly on weight bearing between
3 and 18 years of age in both genders (22). Many scientists
in the field of medicine studied different aspects of the foot
for a long period of time (23), because in traffic and aviation
accidents feet often remain intact thanks to the shoes, so it is
possible to determine the person’s stature and gender on the
basis of foot length.
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For this reason, it is very important to establish a relationship
between body height and foot length in Montenegrins at a national
level, which has not been done yet, primarily because in some
cases it can be very important to use precisely this anthropometric
measure to determine body height due to the above-mentioned
reasons. So the authors of this study expect specificities of foot
length in the adolescent population of both genders in Monte-
negro. Based on the research done so far, it can be observed
that the estimation of body height in comparison with foot length
as potential predictor differs among different racial and ethnic
groups, so the aim of this study was to determine the predic-
tion of the longitudinal measure of foot length in the adolescent
population of Montenegro about the variable body height in both
genders separately.

MATERIAL AND METHOD

The sample in this research comprised 1,001 adolescents,
all of whom were in their final year of high school (504 males,
497 females) in the territory of Montenegro. There were two
reasons for the selection of this population group, as follows:
the first is connected with the fact that an individual’s growth
stops at this age, while the second is connected with the fact
that there is no body weight loss at this age. The average age of
the male subjects was 18.68 + 0.35 years (age span, 18-20),
while the average age of the female subjects was 18.70 + 0.33
years (age span, 18-20). Also, it is important to point out that
the authors excluded from the study any adolescents with body
deformities (scoliosis, kyphosis, lordosis, etc.), paralysis, fractu-
res, amputations, etc. The study complied with the Declaration
of Helsinki.

Subjects who did not originate in the territory of Montenegro
were also excluded from this research. According to Marfell-Jo-
nes, Olds, Stewart, and Carter (18), anthropometric measu-
rements, including body height and foot length, were taken in
compliance with the protocol of the International Society for the
Advancement of Kinanthropometry (ISAK). The age of the subjects
was determined by asking them to tell their date of birth.

METHOD OF DATA PROCESSING

The statistical processing of the data was performed using
the statistical programme SPSS v. 25.0. For both anthropome-
tric variables, central and dispersive parameters were processed
within the scope of basic statistics as follows: range (minimum
and maximum value), arithmetic mean and standard deviation.
A linear regression analysis determined the prediction of foot
length on the criterion variable of body height at a significance
level of p < 0.05. These relations are presented in the form of a
scatter diagram. Thereby, we obtained the coefficient of determi-
nation, the multiple correlation coefficients, the partial correlation
coefficient, the regression, the t-test, and the standardized beta
coefficient.
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RESULTS

The results of the anthropometric measurements for both gen-
ders are shown in table |. The average body height for males was
184.09 + 6.28, with a range of 163.2-202.4 centimetres, while
foot length amounted to 26.96 + 1.48 centimetres. In the case
of females, average body height was 170.27 + 5.41 centimetres
with a range of 152.1-188.1 centimetres, whereas foot length
amounted to 24.43 + 1.06 centimetres.

The results of the linear regression analysis are shown in
table II. In both genders, the regression coefficients (R) are iden-
tical to the correlation coefficients from the previous analysis, and
are very high. The high values of regression coefficients (males:
0.648; females: 0.666) imply that the prediction of foot length on
stature is statistically significant, i.e., that foot length can predict
stature in the case of the Montenegrin population of both genders
(males, t=19.041; p < 0.000; females, t = 19.842; p < 0.000).
This is confirmed by the R-coefficient (R square) of the determi-
nation: the R-coefficient (%) for males is 41.9 and for females
44.3. The first of these models was performed by including age
as a covariate. The regression coefficient values imply that foot
length significantly predicts stature in Montenegrin adolescents
of both genders.

Information on the effect of the predictor variable on the crite-
rion variable tested through a regression-based procedure, whose
values are shown through a beta coefficient of regression (males:
0.006; females: 0.012) and standard errors of the regression
coefficient (males: 0.170; females: 0.167) show confirmation of
a statistically significant impact of the predictor variable on the
criterion variable in both genders of Montenegrin adolescents.

The relationship between the measurements of foot length and
stature among the above-mentioned models is shown using a
scatter diagram (Fig. 1).

Table I. Anthropometric measurements
of the study subjects

M. Vukotic

Table lll. Results of the regression
coefficients analysis where foot length
predicts stature

. 95 % confidence
Gl Coefficients Std. el
Beta Error
Lower | Upper
Male 0.112 0.170 3.007 3.657
Female 0.034 0.167 3.041 3.701

Grouped Scatter of Body height and Foot length
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Figure 1.

Scatter diagram and relationship between foot length measurements and body
height in both genders.

DISCUSSION

Many studies have confirmed that there is a specific correla-
tion between stature and other potential parameters in different
populations (1). The results presented in this study will provide
relevant data on the correlation between stature and foot len-

Subiects Body height range Foot length gth among the Montenegrin population at a national level. The
J (mean = SD) (mean = SD) average body height of male subjects equals 184.09 + 6.28
163.9-200.4 932-309 cm and is similar to the average height of the tqllest nations in
Male Europe. The average body height of Montenegrin female ado-
(184.09 + 6.28) (26.96 +1.22) lescents equals 170.27 + 5.41 cm and is similar to the average
152.1-188.1 20.9-28.0 height among the tallest women in the world. The conducted
Female research further elaborates on the specific body proportions,
(170.27 = 5.41) (24.43 = 1.06) primarily with the aim of improving the information on foot length

Table Il. Results of the linear regression analysis where foot length predicts stature

. Adjusted R Std. error of
0, H -
Subjects R R square (%) e the estimate t-value p-value
Male 0.648° 0.419 0.418 47.811 19.041 0.000*
Female 0.666° 0.443 0.442 40.478 19.842 0.000*
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as a reliable predictor of body height. Numerous studies have
confirmed that foot length can account for 77 % of variations in
relation to stature (30), which indicates a significant correlation
between body height and other anthropometric parameters as
potential predictors in the case of both genders among the Slo-
vene population, whereas the highest correlation coefficient was
detected for the variable of foot length (males, r = 0.71; fema-
les, r = 0.63). The above points to the necessity of developing
separate models for the assessment of body height in relation
to other anthropometric parameters. The average foot length of
Montenegrin adolescents is: males, 26.96 + 1.22 cm; females,
24.43 +1.06 cm), which confirms the main notion of this study
that the population of Montenegro has specific body proportions.
The research conducted by (2) has demonstrated similar values.
It was confirmed that there is a correlation between foot length
and body height (males: 41.9 %, females: 44.3 %). Therefore,
foot length has proven to be a reliable predictor on the basis
of which actual body height can be estimated. The conduc-
ted research of foot length as a reliable body height predictor
is of additional importance because it is the only research of
its kind that was conducted at a national level in accordance
with proportional geographic sampling, which is also of crucial
importance for future national and regional research on potential
anthropometric predictors.

The results of this study can be used as baseline informa-
tion for future research based on the Montenegrin adolescent
population, and they confirm the need for the development of
a specific model when it comes to the analysis of both genders
of the Montenegrin population. It is important to note the com-
parison with the research on the body height of adolescents in
Montenegro (4), which reveals a lower body height as compared
to the one among the subjects in this research. Based on the
above, additional questions arise in regard to the potential cau-
ses of differences in stature, primarily because some authors
presume that the body’s growth and development do not stop at
this age, (12) because the full genetic potential of both genders
has not been achieved yet, and there are different economic and
socioecological factors affecting it (3), which was confirmed by
this research. The period of secular growth, especially the pace
of growth, coincided with some studies conducted in the Aus-
tralian population (17). This positive secular change seems to
be the result of gradual changes in nutrition, health care, and
education in environmental and economic conditions (11). One
possibility is that different factors potentially affect premature
hormonal changes, i.e., the onset of puberty at an earlier age.
Adolescents experience several types of maturation (28). The
complex series of biologic transitions are known as puberty, and
the most visible changes during puberty are growth in stature and
development of secondary characteristics (20). However, many
studies have used variations of Tanner’s original description (29).
The majority of studies have combined the secondary sexual
characteristics (5). Improvement of the method may validate its
use in population-based studies. Sexual development and matu-
ration is essential for the appropriate assessment of growth in
children and adolescents, and is of paramount importance to the
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analysis of adequate growth and of adequate timing of pubertal
development of an individual (31).

The obvious limitation of this study is the fact that neither of
the Montenegrin genders has reached its full genetic potential,
and that a positive secular trend can significantly change the
facts confirmed in this study. Based on this reasoning, a prere-
quisite is the establishment of adequate control of the facts, on
a regular basis, as there are evident expectations based on the
European sample (5), which forsee secular changes in stature in
the following decades; therefore, all current assumptions will be
questioned.
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