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Abstract
In forensic research, it is important to identify human remains. Body height is an essential
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aspect in anthropometric characterization. This is the first study in a Chilean population
and aimed to develop a height estimation model for a young adult population of athle-
tes from foot measurements. Central Chilean subjects were included (n=139). Height (H),
Foot Length (FL), Foot Breadth (FB), and Heel Foot Breadth (HFB) were measured. For both
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.001). When only FL is used in the equation, similar values are obtained as when using FL
+ FB + HFB in females (R? > 65%) and males (R?> 51%). It was possible to appreciate that
the mean of the data obtained from the equations is equal to the mean of the actual data.
However, the minimum values tend to be overestimated, and the maximum values tend
to be underestimated. It was possible to develop a mathematical model that allows pre-
dicting height from the anthropometric measurements of the feet of young adult athle-
tes from the Metropolitan Region of Chile. Furthermore, it was shown that foot length
was the measurement most correlated with height and can be used independently in
the equations. This study provides valuable information in the forensic medical field, spe-
cifically in the identification of bodies in which it is impossible to determine the height
directly because they are dismembered or incomplete. Rev Arg Antrop Biol 26 (2), 078,
2024. https://doi.org/10.24215/18536387e078

Keywords: body height; forensic anthropology; foot measurement; Chilean popula-
tion; foot length
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tema esencial en la caracterizacion antropométrica. Este es el primer estudio hecho en
poblacién chilena y su objetivo fue desarrollar un modelo de estimacién de la estatura
desde las medidas del pie de jévenes estudiantes universitarios deportistas. Se estudié
a 139 adultos jévenes de la zona central de Chile. Se midi6 Estatura (H), Largo del pie
(FL), Ancho del antepié (FB) y Ancho del talén (HFB). En ambos sexos FL mostré la mayor
correlacién con H (mujeresr > 0,8; p < 0,001; hombresr > 0,7; p < 0,001). Cuando sélo se
emplea FL en la ecuacion, se obtienen valores similares que cuando se emplean todas
las variables en mujeres (R? > 65%) y hombres (R? > 51%). Fue posible apreciar que la
media obtenida de las ecuaciones es igual a la media de los datos reales. Sin embargo,
los valores minimos tienden a sobreestimarse y los valores maximos a desestimarse. Fue
posible determinar un modelo matematico que permite predecir la estatura desde las
medidas antropométricas del pie de una poblacién joven deportista. Ademas, se de-
termind que la longitud del pie es la medida que mas se correlaciona con la estatura y
puede ser usada de manera independiente en la ecuacion. Este estudio provee informa-
cion de valor para el campo de la medicina forense, especificamente en la identificacion
de cuerpos en donde es imposible determinar la estatura de manera directa. Rev Arg
Antrop Biol 26 (2), 078, 2024. https://doi.org/10.24215/18536387e078

Palabras clave: estatura; antropologia forense; medidas del pie; poblacion chilena; lon-
gitud del pie

Knowing the body height of an individual is an essential topic of the subject’s anthropo-
metric characterization, which can be a valuable tool to assess the cumulative net nutrition,
physical deprivation, and standard of living (Perkins et al., 2016). However, in many cases, ob-
taining an accurate height measurement in a straight standing position is not possible. For
example, when the patient is bedridden, suffers from scoliosis, or has undergone amputation,
it becomes necessary to estimate height using measurements of other body parts.

In the anthropologic forensic investigation process, one of the main tasks is identify-
ing unknown human remains, commonly found in massive disasters such as earthquakes,
tsunamis, floods, wars, explosions, and transportation accidents (Cattaneo, 2007). To
achieve this goal, stature is as essential as other data, including age, sex, and ancestry
(Krishan et al., 2011). Moreover, in such situations, it is necessary to have tools that allow
us to estimate the height from other body segments.

According to the above, body height has been estimated based on the relationship with
various body parts, including the head (Pelin et al., 2010), hand (Igbigbi et al., 2018; Sanli et al.,
2005), forearm bones (Duyar & Pelin, 2010), lower leg (Duyar & Pelin, 2003), arm span (Bjelica
etal.,, 2012; Popovic et al., 2013), vertebrae (Pelin et al., 2005), and foot (Hemy et al., 2013; Kris-
han et al,, 2011), among others. In addition, these authors have found that arm span, lower
leg, ulna length, and foot length correlate more closely with body height.

Obtaining body height from foot measurements can be a helpful tool. First, the foot is a
body segment that is easy to measure since its limits are visible. This characteristic is absent
in segments such as the vertebrae, forearm bones, hand, and lower leg, which require precise
placement of the proximal and distal limits of the segment. Likewise, recovering feet after a
mass disaster is common since they are often found protected in shoes (Budimlija et al., 2003).
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malkar & Nikam, 2021; Krishan et al., 2011), Turkish (Ozaslan et al., 2003; Sanli et al., 2005),
Slovak (Svébova (nee Uhrova) et al., 2022), Montenegrin (Vukotic, 2020), and Chinese
(Zhangetal.,2017) populations. The most studied anthropometric variable of the foot was

different populations such as Kosovan (Masanovic et al., 2019), Sudanese Arab (Ahmed,

its length, which has shown a high correlation with height, with r-values ranging from .58
(Svabova (nee Uhrova) et al., 2022) to .77 (Ahmed, 2013), with sexual dimorphism. Almost
all studies propose an equation to predict the height using foot measurements, and these
equations differ across studies. This variation is logical, as diverse populations exhibit dif-
ferences in body size and proportions. This result has been demonstrated even among
people from the same geographical area or similar ethnic groups (Masanovic, 2018).

No studies have been published that allow for estimating height from foot measure-
ments in Latin American populations. This fact means that there are twenty countries
with more than 656 million inhabitants (information retrieved on the 12th of October
2023 from https://www.statista.com/) without data to aid in identifying human remains
based on foot measurements. Therefore, this is the first study of its kind in a Chilean popu-
lation, aiming to develop a height estimation model for Chilean university student ath-
letes using foot measurements.

MATERIAL AND METHODS
Subjects

The study population consisted of students from the Universidad de Santiago de Chile
(In English: University of Santiago of Chile) who actively participated in their representa-
tive sports teams. According to data from the institution’s Department of Sports Manage-
ment, 220 students were enrolled in their sports teams at the date of the study. These
students agreed to participate in the study, which was formalized by signing informed
consent. The methodological design of the study was approved by the Institutional Ethi-
cal Committee of the University of Santiago of Chile (Inform n° 577/2015).

Men and women between 18 and 30 years old, residing in Santiago, Chile, were in-
cluded in the study. Participants were required to have been selected for their sports
discipline for at least six months and to have trained for six hours per week. Subjects with
amputations, severe misalignments, or acute ankle and/or foot injuries were excluded. In
addition, participants were asked about their ethnic group membership, which was col-
lected through a questionnaire.

The sample size analysis indicated that a sample of 141 subjects was required to
achieve a confidence level of 95% with a margin of error of 5%.

Measurements

Participants were received in the laboratory and were asked to read and sign the informed
consent form. Subsequently, their body mass and height were measured. Height and weight
were obtained following the ISAK (International Society for the Advancement of the Kinan-
thropometry) protocol (Marfell-Jones et al., 2006). A scale equipped with a telescopic measur-
ing rod (Seca, model 220, Hamburg, Germany) was utilized for taking the measurements.

To obtain body mass, subjects were asked to step on the scale wearing only underwear.

SANCHEZ-RAMIREZ/ REV ARG ANTROP BIOL 26(2), 078, 2024. https://doi.org/10.24215/18536387e078 H
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was measured with subjects standing in upright position, ensuring their head aligned in the

with the square, and the placement of the feet was verified. Each measurement was taken
once. Then, anthropometric measurements of the foot were conducted.

In this study, the foot measurements were Foot Length (FL), Foot Breadth (FB), and
Heel Foot Breadth (HFB). Subjects were positioned on a table with a flat surface and in-
structed to stand with their feet .1 meters apart. The separation was controlled using a
piece of wood between both feet, which was removed before taking measurements (Fig.
1a). FL was measured as the linear distance between the most posterior point of the heel
and the most anterior point of the toes (Fig. 1b). The latter point could be identified at the
apex of either the first or second toe. FB was determined as the linear distance between
the most prominent part of the inner side and the most prominent part of the outer side
of the ball of the foot (Fig. 1c). HFB was measured as the longer linear distance between
both sides of the heel, with the instrument positioned from a posterior angle (Fig. 1d). A
manual anthropometer with an accuracy of .1 mm (Spurtar, model Kingcompany, Guang-
zhou, China) was utilized for these measurements, which were recorded in millimeters.

Statistical analysis

All analyses were performed using the IBM Statistical Package for the Social Sciences
(SPSS) version 27. To assess the intraexaminer and interexaminer reliability of the anthro-
pometric measurement technique, a pilot study was conducted involving two evaluators
who studied 11 subjects. The measurements were repeated by both evaluators one week
later. The intraclass correlation coefficient (ICC) was calculated to evaluate the consist-
ency of both intraexaminer and interexaminer measurements.

FIGURE 1. Procedure for anthropometric measurements of the foot: a) Feet separation by a 10
cm wide piece of wood. b) Measurement of Foot Length. ¢) Measurement of Foot Breadth. d)
Measurement of Heel Foot Breadth.
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values and standard deviations were computed to summarize each anthropometric variable.

paired t-test. Pearson’s correlation coefficient (r) was calculated to determine the correlation
between each foot variable and height. Fisher’s Z transformation was used to compare
correlation coefficients. Simple and multiple linear regression equations were developed
to estimate height from foot measurements. A p-value of less than .05 was considered
statistically significant.

RESULTS

After applying the exclusion criteria filter, the final sample consisted of 134 subjects
of both sexes, including 89 men. Reliability tests, assessed by the intraclass correlation
coefficient (ICC), demonstrated high values for both intra examiner (> .88) and
interexaminer (> .82) reliability. The standard error of the mean for anthropometric
measurements ranged between 1.2 and 5.2 mm.

Women had a mean age, height, weight, and body mass index (BMI) of 22.2 years
(+ 3.1), 1.64 m (£ .08), 62.3 kg (£ 7.8), and 23.3 (£ 2.7), respectively. On the other hand,
men showed mean values of 22.8 years (+ 4.4), 1.74 m (+ .07), 75.2 kg (+ 13.6), and 24.9
(x 3.6) of age, height, weight, and BMI, respectively. BMI values in both sees fell into the
normal weight category.

Eight subjects, constituting 6% of the sample, identified themselves as belonging
to the Mapuche ethnic group. The remaining subjects indicated that they did not
belong to any specific ethnic group.

The descriptive statistics of the measurements of the right and left feet of females
is shown in Table 1. The data indicate no significant difference in FL and FB between
the two feet. However, HFB showed bila teral asymmetry among females (p = .024).
Similar results were observed in Table 2 for the male group, where statistically
significant differences between the right and left foot were found (p =.013). Both tables
illustrate that all anthropometric foot measurements showed higher values in the male
group, which was an expected result.

TABLE 1. Description of anthropometric foot measurements in the female group.

FEMALES (n = 45)

Left Foot Right Foot p
Mean SD Min Max Mean SD Min Max
Foot Length (mm) 2376 11.1 218 268 2384 109 213 266 074
Foot Breadth (mm) 926 5.7 82 105 93 59 82 104 393
Heel Foot Breadth 59.1 36 51 67 58.6 4.1 50 66 024

(mm)

SD: Standard Deviation. *p < .05

TABLE 2. Description of anthropometric foot measurements in the male group.

MALES (n = 89)
Left Foot Right Foot p
Mean SD Min Max Mean SD Min Max
Foot Length (mm) 261 135 207 291 2614 124 231 288 528
Foot Breadth (mm) 1033 6 85 124 1034 5.7 87 122 666
Heel Foot Breadth 65.5 52 54 83 64.9 49 51 81 013*
(mm)
SD: Standard Deviation. *p < .05
SANCHEZ-RAMIREZ/ REV ARG ANTROP BIOL 26(2), 078, 2024. https://doi.org/10.24215/18536387e078 H
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Table 3 displays the correlations between the anthropometric variables of the

strongest correlation with height in both feet (r > .8), demonstrating statistical
significance (p < .001). Following in decreasing order were FB (r =.5, p <.001) and HFB (r
=.3, p <.05), each showing a consistent trend.

TABLE 3. Pearson’s r coefficients between anthropometric variables of the foot with the height of
the subjects in the group of females.

FEMALES

Left Foot Right Foot

Foot Length 825 <.001 807 <.001
Foot Breadth 523 <.001 485 <.001

Heel Foot Breadth 348 01 333 013

Table 4 presents the correlations between the anthropometric variables of the foot
and the height of the subjects in the male group. Similar to the female group, FL exhibi-
ted the strongest correlation with height (r > .7, p <.001). It was followed in descending
order by FB (r > .4, p <.001) and HFB (r > .4, p < .001). However, FL and FB showed lower
correlation values compared to those observed in the female group. When comparing
both groups using z-scores, it became evident that females had significantly higher co-
rrelations in FL (z-score 8.61 versus 3.19 in males) and FB (z-score .75 versus .35 in males).
On the contrary, HFB showed a slightly higher correlation in males compared to females
(z-score .27 versus -.01 in females).

TABLE 4. Pearson’s r coefficients between anthropometric variables of the foot with the height of
the subjects in the group of males.

MALE

Left Foot Right Foot

r p r p
Foot Length VAl <.001 736 <.001
Foot Breadth 448 <.001 A74 <.001

Heel Foot Breadth 422 <.001 425 <.001

Table 5 summarizes the regression equations developed for predicting height based on
anthropometric measurements of the foot. Separate equations were derived for each group,
considering both the combined variables (FL+ FB + HFB), and individual variables for the
right and left foot. It is noteworthy that foot measurements have a more pronounced
impact on height prediction in women compared to men, as indicated by the R? coefficients.
In females, the relationship involving the three anthropometric variables of the foot
explains over 67% of the height prediction variability, whereas in males, this value reaches
55%. Using only FL in the equation yields similar R? values as when using FL + FB + HFB in
females (R? > 65%) and males (R2 > 51%). FB and HFB contribute to the model to a lesser
extent, with R? values < 28% in both groups. The standard error of estimation (SEE) values
indicate the approximate error when using the estimated height values from the
equations. Table 5 shows that equations with higher R? values also exhibit lower SEE, sug-

FOOT ANTHROPOMETRY AS A PREDICTOR OF HEIGHT H
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variables showed MSE values slightly above .2, though still relatively small compared to the
other equations.
TABLE 5. Simple and multiple regression equations for the estimation of height from foot measure-
ments.
Regression equeations R R SEE(m) MSE
FEMALES
Left Foot: FL + FB + HFB H =267 +.006 * FL-.001 * FB + 001 * HFB 826 682 04 06
Right Foot: FL + FB + HFB H=.3+.006*FL-.001*FB-.002*HFB 816 665 .05 06
Left Foot: FL H=.273+.006* FL 825 681 04 18
Right Foot: FL H =274+ 006 * FL 807 651 05 a7
Left Foot: FB H=.981+.007 * FB 523 274 07 07
Right Foot: FB H=1.049 + .006 * FB 485 235 07 06
Left Foot: HFB H=1.199 + 007 * HFB 348 121 07 03
Right Foot: HFB H=1.268 +.006 * HFB 333 111 07 03
MALES
Left Foot: FL + FB + HFB H=.749+.003 * FL +.002 * FB + 0 * HFB 720 501 05 07
Right Foot: FL + FB + HFB H=.671+.004*FL+.001 *FB+0*HFB 739 546 05 07
Left Foot: FL H=.821+.004*FL 710 505 .05 20
Right Foot: FL H=.702+.004 * FL 736 541 05 21
Left Foot: FB H=1.220 + .005 * FB 448 201 06 08
Right Foot: FB H=1.169+.005* FB 474 225 06 09
Left Foot: HFB H = 1.382 +.005 * HFB 422 178 06 07
Right Foot: HFB H = 1.362 +.006 * HFB 425 180 06 07
FB: Foot Breadth; HFB: Heel Foot Breadth; H: Height; SEE: Standard Error of Estimation; MSE: Mean Square Error
Table 6 displays the results of applying the height prediction equations to the study sam-
ple, alongside the actual height data of the subjects. It can be observed that the mean va-
lues obtained from the equations are similar to the mean values of the actual data. However,
discrepancies are noted in the minimum and maximum values. In both sexes, the minimum
values tend to overestimate. while the maximum values tend to underestimate.
TABLE 6. Comparison of the actual height and estimated height from anthropometric measurement
equations. Values are expressed in meters (m).
FEMALE MALE
Equation Min Max Mean Min Max Mean
Left Foot: FL + FB + HFB 155 183 166 1.64 184 1.74
Right Foot: FL + FB + HFB 138 167 152 169 193 182
Left Foot: FL 158 1.88 17 175 1.99 187
Right Foot: FL 155 187 17 163 1.85 1.75
Left Foot: FB 1.56 172 163 165 1.84 1.74
Right Foot: FB 154 167 161 16 178 168
Left Foot: HFB 156 167 161 165 18 1.71
Right Foot: HFB 157 166 162 167 185 175
Actual Height 143 1.82 164 158 193 1.74
FL: Foot Length; FB: Foot Breadth; HFB: Heel Foot Breadth
SANCHEZ-RAMIREZ/ REV ARG ANTROP BIOL 26(2), 078, 2024. https://doi.org/10.24215/18536387e078
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lean population based on foot measurements. It is noteworthy that this is the first study
of its kind conducted in Chilean individuals. In Latin America, a similar study has been

conducted in a Brazilian population (Gomes de Moura Junior et al., 2021).

Since height serves as an indicator of nutritional quality and overall well-being, which
are closely linked to socioeconomic conditions, it is worth noting that the measurements
were conducted at a state university, a member of the Council of Universities of the State
of Chile (information retrieved on the 28th of May 2024 from https://www.uestatales.cl/).
In particular, this university’s student body distribution across socioeconomic strata clo-
sely mirrors that of the country as a whole (Salas & Jara, 2019). Therefore, these findings
may offer insights that shed light on aspects of the broader Chilean population.

In recent years, Chile has experienced an influx of illegal i mmigrants arriving (Thomazy,
2020), often through unauthorized border crossings, particularly in the Atacama Desert. This
route poses significant risks, including dehydration, hypothermia, and the danger of landmi-
nes, resulting in fatalities (Valenzuela, 2020). This study holds particular significance as it could
contribute to the identification of individuals in such circumstances.

The sample consisted of athletes aged between 18 and 30 years residing in the Metro-
politan Region of Santiago. Six percent identified themselves as belongingto an ethnic
group, a figure lower than the national average (12.8%) (Unidad de Estudios y Estadisti-
cas de Género/Instituto Nacional de Estadisticas, 2018) but consistent with the regional
standard (information retrieved on the 1st of October 2023 from https://www.desarrollo-
socialyfamilia.gob.cl/). This indicates that the majority of the sample identified as Chilean
without specifying a particular ethnicity, suggesting that the results of this study may be
extrapolated to the population of the entire Metropolitan Region.

The initial investigation examined whether there was a bilateral asymmetry in anthro-
pometric measurements, which was only observed in HFB. Despite achieving statistical
significance, it is noteworthy that the difference between the means of this variable was
.5 mm in women and .6 mm in men, values below the standard error of the mean obtai-
ned in the reliability test. Based on these findings, it can be concluded that the sample did
not exhibit bilateral asymmetries in any other anthropometric measurements.

Asymmetries in FL and FB have been described in previous studies (Alabi et al., 2016;
Hemy et al., 2013) with differences typically less than 1 mm, consistent with findings in
the current investigation. One study also reported statistically significant bilateral diffe-
rences in FB and HFB, similar to the present study, where differences were less than T mm
(Krishan et al., 2011). Another study observed asymmetries in FL and FB in a sample of
Turkish soccer players, possibly attributed to the unilateral technical movements practi-
ced in soccer (Yamaner et al., 2011). However, these differences between the mean values
also did not exceed 1 mm. These findings suggest that symmetry in foot measurements
appears to be a common phenomenon in both non-athlete and athlete populations. The-
refore, the choice of left or right foot does not appear to significantly influence the foren-
sic applications targeted by this research.

In the present study, foot length was the measurement that correlated most strongly
with height, with Pearson’s r > .7 in males and r > .8 in females, both statistically significant
(p <.001). Similar results were found by Gomes de Moura Junior et al. in a sample of Brazilian
subjects. For males, these values align with the findings of nearly all reviewed studies, as
summarized in Table 7 (Ahmed, 2013; Gomes de Moura Junior et al., 2021; Hemy et al., 2013;
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Jakhar et al., 2010; Karmalkar & Nikam, 2021; Masanovic et al., 2019; Sanli et al., 2005;
Uhrova et al., 2015; Vukotic, 2020). Two studies reported correlations below .7, but their

values still exceeded .6 and were statistically significant (Svédbova (nee Uhrova) et al.,
2022; Zhang et al., 2017). One study reported r < .1 with no statistical significance

(Igbigbi et al., 2018).

TABLE 7. Summary of the results of studies conducted in different populations. Correlation coeffi-
cients between anthropometric measurements of foot and height are indicated, as well as statistical
significance values when available.

Reference Foot Lenght Foot Breadth Heel Foot Breadth Method Population
Ahmed, 2013 Female: Female: - Direct Anthro- Sudanese Arab
622 317 pometry
(p<.001) (p<.001)
Male: Male:
773 449
(p <.001) (p <.001)
Gomes de Female and Males: Female and Males: ~ Female and Males:  Direct Anthro- Brazilian
Moura Janior Left 759 Left 516 Left 347 pometry
etal, 2021 (p < .001) (p < .001) (p<.001)
Right .782 Right .503 Right .312
(p<.001) (p<.001) (p <.001)
Hemy etal., Female: Female: Female: Footprint Western Aus-
2013 Left 746 Left 424 Left 355 tralian
Right .738 Right 48 Right 373
Male: Male: Male:
Left .703 Left 423 Left 412
Right .697 Right 401 Right 395
Igbigbietal,  Female and Males:  Female and Males: - Direct Anthro- Nigerian
2018 Left -058 Left 065 pometry
Right -.046 Right .1
Karmalkar & Female and Males: Female and Males: - Direct Anthro-  Southwestern
Nikam, 2021 Left 674 Left 216 pometry Indian
(p<.05) (p>.05)
Right .675 Right .179
(p<.05) (p>.05)
Krishan et al., Female: Female: Female: Direct Anthro- Northern Indian
2011 Left 661 Left 375 Left 376 pometry
(p < .001) (p <.001) (p <.001)
Right .581 Right .353 Right 405
(p <.001) (p <.001) (p<.001)
Jakharetal, Female: - - Direct Anthro- Northern Indian
2010 719 pometry
(p<.01)
Male:
725
(p<.01)
Masanovic et Female: - - Direct Anthro- Kosovan
al, 2019 675 pometry
(p <.001)
Male:.73
(p <.001)
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TABLE 7. Summary of the results of studies conducted in different populations. Correlation coeffi-
cients between anthropometric measurements of foot and height are indicated, as well as statistical
significance values when available. (continuation)

B Bioldgica
Reference Foot Lenght Foot Breadth Heel Foot Breadth Method Population
Sanlietal, Female: - - Direct Anthro- Turkish
2005 609 pometry
(p <.001)
Male:
716
(p <.001)
Svébova (nee Female: Female: - Footprint Slovak
Uhrova) etal, Left 55 Left .29
2022 (o< .01 (o> .05
Right .58 Right .19
(p<.01) (p < .05)
Male: Male:
Left .58 Left .36
(p<.01) (p<.01)
Right .62 Right .3
(p<.01) (p <.05)
Uhrové etal, Female: Female: - Direct Anthro- Slovak
2015 Left 63 Left 46 pometry
(p<.01) (p<.01)
Right .63 Right 45
(p<.01) (p<.01)
Male: Male:
Left .71 Left 41
(p<.01) (p<.01)
Right .71 Right 39
(p<.01) (p<.01)
Vukotic, 2020 Female: - - Direct Anthro-  Montenegrin
666 pometry
(p <.001)
Male:
648
(p <.001)
Zhangetal, Female: Female: - Direct Anthro-  Han Chinese
2017 582 234 pometry
(p=.01) (p=.01)
Male: Male:
578 343
(p=.01) (p=.01)
Present Study Female: Female: Female: Direct Anthro- Central Chilean
Left .825 Left 523 Left 348 pometry
(p <.001) (p <.001) (p=.019)
Right .807 Right 485 Right 333
(p <.001) (p <.001) (p=.025)
Male: Male: Male:
Left .71 Left 448 Left 422
(p <.001) (p <.001) (p<.001)
Right .736 Right 474 Right 425
(p <.001) (p <.001) (p <.001)
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showed the highest correlation between height and foot length in women (r > .8). This

population (r = .8). Two other studies (Hemy et al., 2013; Jakhar et al., 2010) reported
slightly lower values (r > .7) in Western Australian and North Indian populations. This
finding is intriguing as it suggests that Chilean women in the Metropolitan Region
exhibit a higher correlation between foot length and height than other populations
studied worldwide. This could indicate a trend in Latin American populations; however,
further studies of this type are needed in other countries within this geographic area to
confirm this observation.

In the present study, BF presented correlations of .5 or more in women. Similar results
were obtained in three studies: one with a Slovak sample (Uhrova et al., 2015), another
with a sample of Western Australians (Hemy et al., 2013), and a third in a Brazilian
sample (Gomes de Moura Junior et al., 2021). Two studies reviewed show r > .3 (Ahmed,
2013; Krishan et al., 2011), while three studies reported r < .3 (Igbigbi et al., 2018;
Svabové (nee Uhrova) et al., 2022; Zhang et al., 2017). In men, the correlation in this
study was .45 and .47, which aligns with the values found in studies developed with
Sudanese, Western Australian, and Slovak populations (Ahmed, 2013; Hemy et al., 2013;
Uhrova etal., 2015).

Heel Foot Breadth was the least considered variable in the studies reviewed. The
three studies that included this variable revealed correlation values similar to those
found in the present study, with r > .3 and slightly higher values in men than in women
(Gomes de Moura Junior et al., 2021; Hemy et al., 2013; Krishan et al., 2011).

Consistent with other studies, all the equations proposed in this study proved to be
statistically significant and allowed for the prediction of the mean height values of the
sample (Ahmed, 2013; Anwar et al.,, 2021). Interestingly, using only FL yields results
similar to those obtained when using FL, FB, and HFB combined. Given this finding, it is
recommended to use either the equations that include all three anthropometric
measurements or the one that only includes FL, due to the lower SEE values obtained.
On the contrary, the equations using only FB and HFB are less accurate and not
recommended. However, in the absence of FL in forensic practice, they can still be
used as an initial diagnostic method.

In this research, the SEE values are similar to those in other studies, which have re-
ported estimated errors of approximately 6 cm (Svabova (nee Uhrova) et al., 2022), 5 cm
(Hemy et al., 2013; Krishan et al., 2011; Uhrova et al., 2015), and 4 cm (Ahmed, 2013;
Jakhar et al., 2010; Masanovic et al., 2019; Sanli et al., 2005). Therefore, it is reasonable to
expect these error values when using the estimating equations. It is worth noting that
the model fitted the female sample better than the male sample, although the
differences were marginal. This trend is further corroborated by the root mean square
error analysis.

The manuscript presents an exploratory study of an anthropological variable not
previously considered in research in Chile. It has two important limitations that need to
be acknowledged. First, the sample size is too small to represent the population of
university student athletes from the chosen institution, as it did not reach the 141
subjects required by the sample size calculation. Second, the distribution between men
and women was not representative of either the university population or the country’s
population. Future studies should focus on a representative sample of the entire
country or, at least, the country’s central zone where the greatest number of inhabitants
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P Biolégica tion. However, it can be improved by using a larger sample and including participants from dif-

This study represents the first attempt to develop an estimation model for a Chilean popula-

ferent geographical areas within central Chile. Likewise, there is a need to replicate this study in
other areas of the country where ethnic diversity is more pronounced. For example, in the north
of Chile, there are ethnic groups descended from peoples such as Atacamenians and Incas. In
the south, there are descendants of the Tehuelche, Ona, or Picunche, among others.

CONCLUSION

This study successfully developed a mathematical model to predict height from the
anthropometric measurements of the feet of a Chilean population of university student
athletes from the Metropolitan Region of Chile. The model is valid and aligns with
standards from studies conducted on other populations worldwide. Furthermore, it was
demonstrated that foot length is the measurement most correlated with height and can
be used independently in the equations. This study provides valuable information for
the forensic medical field, specifically for identifying bodies where it is impossible to
determine the height directly due to dismemberment or incompleteness.
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