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ABSTRACT

Background: Establishing identity from fragmented, decomposed, charred, or
otherwise compromised human remains is a major challenge in forensic
practice. Stature is a key element of biological profiling and often aids in
narrowing identification. This study examined the relationship between
anteroposterior foot length and stature in adult autopsy subjects and sought to
derive regression equations for estimating stature. Materials and Methods: A
prospective descriptive cross-sectional study was conducted on 300 medico-
legal autopsy cases. Measurements were obtained before the development of
rigor mortis. Foot length was measured from the pternion to the acropodion
using a vernier caliper, and stature was recorded in the supine position using a
measuring tape. Both right and left foot lengths were assessed, and regression
models were generated using correlation analysis. Result: Males showed
greater mean foot length and stature than females. A strong positive relationship
was observed between foot length and stature in both sexes. The highest
correlation in males was noted for left foot length (R=0.9611; R?=0.9237),
whereas in females, the right foot showed the strongest association (R=0.9334;
R2=0.8713). In the overall sample, the right and left foot lengths showed nearly
identical predictive strengths (R=0.9531 and 0.9527, respectively). The
regression models provided high accuracy for stature prediction. Conclusion:
Foot length is a dependable indicator of stature and can be used for height
estimation with considerable accuracy. Population-specific regression equations
derived from foot measurements may serve as valuable tools for forensic
identification when complete remains are unavailable.

INTRODUCTION

frequently result in incomplete or fragmented human
remains. This limitation has prompted researchers to
investigate alternative anthropometric measurements

Human identification is one of the primary objectives
of forensic science and is particularly important in
medico-legal investigations involving decomposed,
charred, mutilated, dismembered, or skeletal
remains. In  such situations, conventional
identification methods may not be feasible, making
biological profiling essential. Age, sex, ancestry, and
stature are key components of this profile, with
stature estimation serving as an important aid in
narrowing the identity of unknown individuals and
correlating remains with missing persons records.™*?l
Traditionally, stature estimation has relied on long
bones, such as the femur, tibia, and humerus, because
of their strong relationship with body height.
However, complete long bones are not always
available for forensic casework. Mass disasters,
accidents, explosions, and criminal dismemberment

capable of predicting stature with reasonable
accuracy when conventional skeletal elements are
unavailable.34

Among the various anthropometric parameters
studied, foot length has emerged as a reliable
predictor of stature. Compared with several other
body measurements, foot length has a stronger and
more consistent association with height. The foot is
anatomically robust and often remains preserved
even when other body parts are damaged or lost.
Because of this relative durability, foot
measurements have become useful in forensic
anthropology and human identification.>8] The
biological basis for using foot length in stature
estimation lies in the proportional relationship
between the foot dimensions and the overall body
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size. Several studies conducted across different
populations have reported significant positive
correlations between foot length and height. studies
have demonstrated a strong positive relationship
between foot length and stature and have proposed
regression equations for stature estimation. Previous
research has also shown that the predictive
performance of these equations may improve when
sex-specific models are used, highlighting the value
of foot length as a reliable anthropometric parameter
in forensic identification and stature
reconstruction.[’ !

Other investigators have likewise shown that foot
length is a better predictor of stature than foot breadth
and have recommended the development of
population-specific equations for forensic use.®4
Despite the well-established relationship between
foot length and stature, considerable variation exists
between populations. Anthropometric characteristics
are influenced by sex, ethnicity, genetic factors,
nutrition, and environmental conditions.
Consequently, regression equations developed for
one population may not provide accurate estimates
when applied to other populations. Variations in
anthropometric characteristics across regions and
between sexes have been shown to influence the
performance of stature estimation models,
underscoring the importance of establishing
population-specific ~ standards  for  forensic
applications.[*213]

Although many studies have explored stature
estimation based on foot length, most have been
conducted on living subjects. Autopsy-based studies
remain relatively limited, despite their greater
forensic relevance. Measurements obtained directly
from deceased individuals under controlled
conditions more closely reflect real-world medico-
legal scenarios. Furthermore, region-specific autopsy
data are scarce in many parts of India. Therefore,
generating population-specific regression models
from autopsy subjects may enhance the accuracy and
practical  applicability —of  forensic  stature
estimation. (814,151

Aim: This study aimed to determine the relationship
between anteroposterior foot length and stature in
adult autopsy subjects and to develop a reliable
regression model for estimating stature from foot
length in the study population.

MATERIALS AND METHODS

This prospective descriptive cross-sectional study
was conducted on 300 deceased individuals who
underwent medico-legal autopsy at the Mortuary of
Government Rajaji Hospital, Madurai, between
October 2022 and September 2023. Ethical approval
was obtained from the Institutional Ethics
Committee, and written informed consent was
obtained from the closest relatives of the deceased
before the study initiation.

Inclusion and Exclusion criteria

This study included deceased subjects of both sexes
aged 21-40 years brought for autopsy to the Mortuary
of Government Rajaji Hospital, Madurai, and
belonged to the southern districts of Tamil Nadu.
Deceased subjects with dysmorphic feet, endocrine
disorders such as dwarfism and gigantism, skeletal
anomalies involving the spine, long bones, and foot,
mutilated bodies, decomposed bodies, and unclaimed
bodies were excluded from the study.

Sampling Method: A total of 300 eligible deceased
individuals fulfilling the inclusion criteria were
selected by purposive sampling during the study
period.

Materials: The materials used in the study included
a vernier calliper, measuring metric tape, and a
calculator.

Methods: After obtaining consent from the relatives,
demographic details, including age and sex, were
recorded. Age was verified using available records,
such as Aadhaar card, voter identity card, driving
licence, police documents, case records, and Form
86. Anthropometric measurements were obtained
before rigor mortis onset. Foot length was measured
as the straight distance from the most posterior point
of the heel (pternion) to the most anterior point of the
longest toe (acropodian). The measurement was
taken to the tip of the hallux or to the second toe when
the second toe was longer.

With the body placed in the supine position, a vernier
calliper was aligned along the medial border of the
foot, and measurements were recorded to the nearest
millimetre. Both right and left foot lengths were
measured using the same technique as described
above. Stature was measured in the supine position
using a steel tape measure. The distance from the heel
to the highest point of the head was recorded using a
horizontal plate placed against the scalp. All
measurements were documented in centimetres to the
nearest millimetre.

Statistical analysis: Data were presented as mean
and standard deviation. Pearson correlation analysis
was performed to assess the relationship between foot
length and stature. Linear regression analysis was
used to derive regression equations for estimating
stature from foot length. The coefficient of
determination (R2) and standard error of residuals
were calculated to evaluate the predictive
performance of the regression models. Scatter plots
with fitted regression lines were generated to visually
assess the relationship between foot length and
stature. Data analysis was performed using Microsoft
Excel and Epi Info version 7.2.1.

RESULTS

Male patients showed greater foot length and stature
than female patients. The mean right foot length was
23.76 £ 1.74 cm in males and 22.60 £ 1.54 cm in
females, while the mean left foot length was 23.44 +
1.72 cmand 22.31 + 1.52 cm, respectively. The mean
stature was 167.03 = 7.58 cm for males and 162.96 +
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6.16 cm for females. In the overall group, the mean
right foot length, left foot length, and stature were

23.25+1.82cm, 22.94 +1.79 cm, and 165.51 + 7.36
cm [Table 1].

Table 1: Descriptive characteristics of foot length and stature among male and female patients

Male Female Total
Right foot length (cm) Mean + SD 23.76 £1.74 22.60+154 23.25+1.82
Min-Max 21.0-27.1 20.2-25.9 20.2-27.1
Left foot length (cm) Mean + SD 2344 +£1.72 22.31+152 22.94+1.79
Min-Max 20.7-26.8 19.9-25.6 19.9-26.8
Stature (cm) Mean + SD 167.03 + 7.58 162.96 + 6.16 165.51 + 7.36
Min-Max 154-186 149-175 149-186

In males, the left foot showed a marginally stronger
association with stature (R = 0.9611; R? = 0.9237)
than the right foot (R = 0.9610; R? = 0.9236), with a
slightly lower residual error (2.1064 vs. 2.109). The
regression equations obtained were Y = 68.3453 +
4.2285X £ 3 for the left foot and Y = 68.2894 +
4.1733X + 3 for the right foot. In females, the right

foot showed a slightly higher correlation (R = 0.9334;
R2 = 0.8713) than the left foot (R = 0.9324; R? =
0.8693), along with a lower residual error (2.2246 vs.
2.2417). The corresponding regression equations
were Y = 83.8977 + 3.4999X =+ 3 for the right foot,
and Y = 83.9379 + 3.5430X + 3 for the left foot
[Table 2, Figure 1 and 2].

Table 2: Correlation and regression analysis of foot length for stature estimation among male and female patients

Correlation Coefficient of Standard error of Regression
coefficient (R) determination (R?) residuals equation
Se | Male | Right 0.961 0.9236 2.109 Y =68.2894 +
X foot 4.1733X £3
Left 0.9611 0.9237 2.1064 Y =68.3453 +
foot 4.2285X £3
Fema | Right 0.9334 0.8713 2.2246 Y =83.8977 +
le foot 3.4999X +3
Left 0.9324 0.8693 2.2417 Y =83.9379 +
foot 3.5430X +3

Table 3: Correlation and regression analysis of foot length for stature estimation in the overall study group

Correlation Coefficient of Standard error of Regression equation
coefficient (R) determination (R?) residuals
Foot Rig 0.9531 0.9084 2.2346 Y =75.7907 +
length ht 3.8591X +3
Left | 0.9527 0.9077 2.2431 Y =75.6359 +
3.9173X+3

Figure 1: Correlation between right foot length and
stature - 1A: Male; 1B: Female; 1C: Combined.

Figure 2: Correlation between left foot length and
stature - 1A: Male; 1B: Female; 1C: Combined.
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The right foot showed a marginally higher correlation
(R = 0.9531; R? = 0.9084) than the left foot (R =
0.9527; R2 = 0.9077), indicating that nearly 91% of
the variation in stature could be explained by the foot
length. The residual error was also slightly lower for
the right foot (2.2346) than for the left foot (2.2431).
The regression equations obtained were Y = 75.7907
+ 3.8591X =+ 3 for the right foot and Y = 75.6359 +
3.9173X + 3 for the left foot [Table 3].

DISCUSSION

Estimating stature from foot dimensions remains an
important component of forensic anthropology,
particularly in cases involving fragmented, mutilated,
or decomposed remains. Across different
populations, foot length has consistently shown a
positive relationship with stature, although the
magnitude of the correlation varies according to
demographic and regional characteristics. The
findings of our study are in agreement with this
overall pattern and further support the use of foot
length as a reliable anthropometric parameter for
stature reconstruction.

Sexual dimorphism in stature and foot dimensions
has been consistently reported across populations.
Kavyashree et al. observed greater stature among
males (171.15 £ 6.89 cm) than females (159.10 *
5.98 cm), with corresponding left foot lengths of
22.02 £ 3.59 cm and 20.73 + 2.43 cm and right foot
lengths of 21.98 + 5.56 cm and 20.70 + 2.38 cm.[16]
Similar findings were reported by Rathod and Goudar
where male stature ranged from 168.12 £ 6.92 cm to
170.74 £ 5.71 cm compared with 155.69 + 5.50 cm
to 156.19 + 5.88 cm in females.'”l Mehta et al.
likewise reported higher stature and foot length
measurements among males (165.4 + 8.46 cm; 25.84
+ 1.73 cm) than females (156.5 + 6.56 cm; 23.35 +
1.30 cm).18 Ingale et al. also demonstrated similar
sex-related differences, reporting mean stature values
of 171.3 + 7.8 cm in males and 158.6 + 6.5 cm in
females, with foot lengths of 26.8 + 1.3 cm and 24.1
+ 1.2 cm, respectively.[l These observations are
consistent with our study, where males exhibited
greater foot dimensions and stature than females.
With regard to the strength of association between
foot length and stature, considerable variation has
been reported. Kavyashree et al. reported relatively
modest correlation coefficients ranging from 0.36 to
0.44. Stronger associations were observed by Mehta
et al., with correlation coefficients of 0.534 in males
and 0.675 in females, and by Dhaneria et al., who
reported a correlation coefficient of 0.756 between
foot length and stature.l*68.2° Rathod and Goudar
documented correlations of 0.677 and 0.707 for right
and left foot lengths in males and 0.592 and 0.582 in
females, while pooled correlations increased to 0.811
and 0.823, respectively.[!’l Sheik Shakeer Hussain
reported correlation coefficients of 0.779 and 0.778
in males and 0.653 and 0.638 in females.20 Similarly,
Ingale et al. demonstrated a pooled correlation

coefficient of 0.83, whereas Séanchez-Ramirez
reported values exceeding 0.8 in females and 0.7 in
males.8,21 Compared with these studies, the present
investigation demonstrated a stronger relationship
between foot length and stature, supporting the
reliability of foot length as a predictor of height.
Furthermore, the coefficient of determination
exceeded 0.90 in both sex-specific and pooled
analyses, indicating that foot length accounted for
more than 90% of the variability in stature and
highlighting its usefulness as a predictive
anthropometric parameter.

Differences between right and left foot measurements
have also been described. Rathod and Goudar found
slightly higher correlations for the left foot than the
right foot in both males and the pooled sample.['”)
Sheik Shakeer Hussain reported only minimal
differences between sides, while Magadum et al.
identified right foot length as the most effective
predictor of stature.'*?°1  Similar side-related
variations were observed in our study, although the
difference between both feet was relatively small.
Although both feet demonstrated comparable
predictive performance, the right foot showed
marginally higher correlation and lower residual
error in the pooled analysis. The strongest association
between foot length and stature was observed for the
left foot in males, whereas the weakest was noted for
the left foot in females. Nevertheless, the high
correlation coefficients obtained for both feet in both
sexes indicate that foot length is a reliable predictor
of stature.

The utility of regression equations for stature
estimation has been highlighted by several
investigators. Rathod and Goudar proposed equations
such as Stature = 89.297 + 3.158(RFL) and Stature =
89.163 + 3.189(LFL) in males, whereas Sheik
Shakeer Hussain generated equations of Y = 53.050
+4.802X and Y =53.618 + 4.776X inmalesand Y =
78.538 + 3.597X and Y = 78.724 + 3.601X in
females.[*”2 |ngale et al. further demonstrated that
the standard error of estimate improved from 4.12 cm
in the pooled analysis to 3.56 cm in males and 3.94
cm in females when sex-specific equations were
applied.® These findings, together with the sex-
specific regression equations generated in the present
study, suggest that separate regression models may
provide improved predictive accuracy for stature
estimation.

Another important observation emerging from the
literature is the population-specific nature of stature
estimation equations. Venkatachalam et al. reported
satisfactory agreement between actual and estimated
stature but cautioned against applying regression
equations indiscriminately to other populations.??
Similarly, Dhaneria et al. emphasized regional
anthropometric variation and the need for population-
specific standards.19 Sanchez-Ramirez et al. also
demonstrated that predictive performance varied
according to population characteristics despite strong
correlations.?Y The findings of the present study
provide regression equations applicable to the studied
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population and are consistent with previous reports
emphasizing the importance of population-specific
anthropometric standards.

CONCLUSION

Our study demonstrated a strong linear relationship
between foot length and stature in both males and
females. Regression equations were derived
separately for each sex and for the combined sample,
enabling reliable stature estimation from foot
measurements. A strong correlation between foot
length and stature was observed, consistent with
findings from previous studies. Male participants
showed slightly stronger correlations than females.
Both right and left foot lengths demonstrated
comparable predictive performance, with only minor
side-related differences. These findings support the
use of foot length as a reliable anthropometric
parameter for stature reconstruction. The derived
regression equations may be valuable in forensic and
medico-legal investigations involving fragmented or
incomplete human remains, particularly in mass
disasters,  explosions, and accidents. As
anthropometric ~ characteristics ~ vary  across
populations due to genetic, environmental, and
regional influences, population-specific studies
remain important for improving the accuracy and
applicability of stature estimation methods.
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