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Estimating stature from hand and foot anthropometry: A pilot study
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ABSTRACT

Background: Stature estimation is a critical component of forensic identification, particularly when dealing with incomplete
human remains. While global anthropometric models exist, population-specific data for Pakistan remain scarce.

Obijective: To determine the correlation of hand and foot length with stature in medical students and to derive sex-specific
regression equations for stature prediction, using hand and foot lengths.

Methods: A pilot cross-sectional study was conducted from August 21 to September 20, 2025, in the Forensic Department
of Shalamar Medical & Dental College, Lahore, Pakistan. Both male and female MBBS students (n=100), aged 20 to 25
years from a medical college, were included in the study. Standardized anthropometric techniques were used to measure
hand and foot lengths and stature. Pearson's correlation test and multiple linear regression were employed to develop
predictive models.

Results: Significant positive correlations were found between stature and both hand and foot lengths of both sides (r =
0.688-0.773, p < 0.001), with left foot length showing the strongest correlation (p<0.001). Gender-specific regression
analyses revealed that, for males, the model with left-hand and foot length explained 36.0% of the variance in stature, with
foot length as the significant predictor. For females, the similar model explained 33.2% of variance, with both hand and foot
length as significant predictors.

Conclusion: Stature was significantly correlated with hand and foot lengths, with left foot length showing the strongest
association. Sex-specific regression analyses indicated that left foot length was the main predictor in males, while left hand
and left foot lengths significantly predicted stature in females.
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INTRODUCTION

Establishing individual identity is of paramount
importance in forensic science.! Stature estimation is
considered one of the "big four" parameters—along
with age, ancestry, and sex- essential for assisting in
human identification.? Considering increasing mass
disasters such as floods, earthquakes, homicides,
bomb blasts, aviation disasters, train collisions, and
traffic accidents, are the circumstances indicating a
persistent need to identify deceased individuals from
fragmented and dismembered remains.®
Consequently, developing accurate methods for
estimating stature is imperative. Stature is defined as
the length of the individual in the standing position.*

In recent decades, forensic anthropology has
emphasized the need to develop region-specific
regression equations for stature estimation. This is
important because anthropometric relationships vary
significantly across populations due to differences in
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genetics, nutritional habits, climate, socioeconomic
status, and physical activity levels. A method validated
in one country may therefore not apply to another,
highlighting the necessity of indigenous data
collection.®

Global studies have determined stature from the
combined lengths of the skull, vertebrae, pelvis, and
lower limbs.®” Traditionally, the stature has been
estimated using bones such as the metatarsals, feet,
tibia, femur, ulna, humerus, hand digits, and
phalanges, with established correlations between
estimated stature and the lengths of these bones.”®
Stature estimation formulae for White and African
American males and females were introduced in 1952.
% A recent study from Pakistan reported significant
positive correlations between stature and hand length,
suggesting that regression equations can accurately
estimate one measurement from the other.°

Although relationships between stature and bone
lengths are well documented, these relationships vary
across populations and ethnic groups due to genetic,
nutritional, and physical activity factors. Stature
estimation can provide crucial assistance in forensic
investigations within both civil and criminal contexts.
Data on stature estimation from hand and foot
measurements in the Pakistani population are limited.
This pilot study aimed to address this gap by
establishing the correlation between hand and foot
length and stature in medical students and by deriving
sex-specific regression equations for stature prediction
using hand and foot lengths.

METHODS

A cross-sectional study was conducted in the Forensic
Medicine Department of Shalamar Medical & Dental
College, Lahore, Pakistan, from August 21 to
September 20, 2025. To account for the possibility of
lateral asymmetry, all participants self-reported as
right-handed.

A sample size of 21 males and 18 females was
calculated using MedCalc statistical software version
23.4.5, Correlation coefficients between stature and
foot length of 0.58 and 0.62 for males and females,
respectively, were used, with 80% power of the study,
and 95% confidence interval.*!

Simple, convenient sampling was done, and
participation was voluntary after informed consent.
Both male and female 3rd-year MBBS students
(n=100), aged 20-25 years, were included in the study.

Subjects with a history of any surgical procedure on
the limbs and with any skeletal deformity, conditions
such as scoliosis, limb length discrepancy,
amputations, and fractures were excluded. Subjects
with any injuries in the past six months that could
affect limb measurement and alignment (e.g.,
fractures, sprains, amputations) were also excluded
from the study, as these might alter measurements.

A proforma was designed to record the socio-
demographic characteristics, physical examination
findings, and anthropometric measurements. Written
informed consent was obtained from all participants to
take their measurements after a comprehensive
explanation of the study's purpose and procedures.

Each participant’s hand length, foot length, and stature
(height) were measured. Anatomical landmarks used
for the hand length included the tip of the third digit to
the distal wrist crease, and for foot length (heel to tip
of hallux). Participants' stature (height) was measured
using a wall-mounted stadiometer. Participants were
instructed to stand erect, barefoot, with the head in the
natural, neutral plane (Frankfort Horizontal Plane).
The height was then measured as the distance from the
vertex of the skull to the floor. The distance between
the dactylion (the terminal point of the third digit) and
the most distal palmar crease of the wrist (the stylion
landmark) was measured and defined as hand length.
The length of the foot was recorded as the distance
between the most posterior point of the heel
(akropodion) and the most anterior point of the hallux
in a straight line. Hand and foot lengths were measured
directly using digital sliding callipers, with the
participant's foot resting on a flat surface and the hand
in a full weight-bearing position. To minimize inter-
observer error, all measurements were taken twice,
and the mean value was calculated to ensure accuracy.

Ethical Approval

The ethical approval to conduct the study was obtained
from the Institutional Ethical Review Board of
Shalamar Medical and Dental College, Lahore,
Pakistan (IRB# SMDC-IRB/AL/2025-042) dated, 21
August 2024.

Statistical Analysis

Data was analysed using SPSS version 24. Descriptive
statistics were computed for means, minimum and
maximum values, and standard deviations. Pearson's
correlation coefficient was used to assess the
correlation between stature and hand and foot length.
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The mean differences in hand length, foot length, and
stature across genders were compared using an
independent-samples t-test. Regression analysis was
conducted on the entire sample and separately for both
genders. Regression models were

adjusted for multiple variables after assessing
multicollinearity. A p-value <0.05 was considered
statistically significant.

RESULTS

The mean age of participants was 21.53+1.04 years.
Descriptive characteristics of the study population
(n=100) are presented in Table 1. The sample
comprised 58 female and 42 male participants. There
was a statistically significant difference in stature
between genders (p <0.001), with males exhibiting a
higher mean height than females (Table 1).
Correlation analysis demonstrated that all limb
measurements were significantly and positively
correlated with height (p < 0.001). The strongest
correlations were observed with the left foot (Table 2).

Multiple linear regression analysis was used to
develop predictive models for stature. The most
parsimonious and robust models utilized one hand and
one foot measurement to derive sex-specific
prediction equations (Tables 3 and 4). Right foot
length is a significant predictor of stature in both sexes.
Right hand length did not reach statistical significance

in either model. The models explain 35.3% (males)
and 26.4% (females) of stature variability (Table 3).

Table 4 presents gender-specific multiple linear
regression models for predicting stature from left-hand
and left-foot lengths. In males, the regression model
was statistically significant (Rz = 0.360, p < 0.001),
explaining 36.0% of the variance in stature. Left foot
length emerged as an important predictor of stature (B
= 1.687, p = 0.003), whereas left hand length was not
statistically significant (B = 1.159, p = 0.132). In
females, the regression model was also statistically
significant (R2=0.323, p< 0.001), accounting for
32.3% of the variance in stature. Both left-hand length
(B=1.949, p=0.003) and left-foot length (B=1.510,
p=0.016) were significant predictors of stature (Table
4).

The models revealed that foot length was a
consistently significant predictor of stature for both
sexes (p < 0.05). For males, only foot length
contributed significantly, whereas hand length did not
contribute significantly in either model.

The regression models incorporating left-side
measurements (Table 4) demonstrated marginally
higher predictive power, with coefficients of
determination of 0.36 in males and 0.32 in females,
compared with the corresponding right-side models
(Table 3).

Table 1: Anthropometric measurements of the study participants

Anthropometric measurements Males Females p-value
(mean = SD) (mean = SD)

Height (cm) 173.82 £5.62 160.09 + 6.06 0.000%*

Right Hand (cm) 20.55 +1.140 18.76 £ 1.170 0.000%*

Left Hand (cm) 20.48 +1.090 18.75+1.170 0.000%*

Right Foot (cm) 26.55 +1.520 23.83+1.270 0.000%*

Left Foot (cm) 26.58 + 1.530 23.80 £1.220 0.000%*

2Independent samples t-test was applied. *p<0.05 was considered statistically significant.

Table 2: Correlation between stature and bilateral hand and foot measurements

Variable r p-value
Right Hand Length-stature 0.688 <.001%*
Left Hand Length-stature 0.708 <.001%*
Right Foot Length-stature 0.765 <.001%*
Left Foot Length-stature 0.773 <.001%*

2Independent samples t-test was applied.*p<0.05 was considered statistically significant.
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Table 3: Gender-specific multiple linear regression models for stature prediction using right hand and

right foot lengths

Unstandardized Regression Coefficients

Sex Predictor B Std Error R2 p-value

Male Constant 105.66 15.113 0.000*
Right Hand length 1.189 0.715 0.353 0.104
Right Foot length 1.647 0.534 0.004*

Female  Constant 97.726 14.079 0.000*
Right Hand length 1.304 0.712 0.264 0.073
Right Foot length 1.59 0.655 0.018*

R2 = coefficient of determination. *p-value <0.001 was taken as statistically significant.

Regression Equation for Males (right side):

"Height (cm)" = 105.656 + (1.189 x "Right Hand Length (cm)") + (1.647 x "Right Foot Length (cm)™)

Regression Equation for Females (right side):

"Height (cm)" = 97.726 + (1.304 x "Right Hand Length (cm)") + (1.590 x "Right Foot Length (cm)")

Table 4: Gender-specific multiple linear regression models for stature prediction using left hand and left

foot lengths

Unstandardized Regression Coefficients

Sex Predictor 5 Std. Error R? p-value
Constant 105.25 15.165 0.000*

Male Left Hand length 1.159 0.753 0.360 0.132
Left Foot length 1.687 0.539 ' 0.003*
Constant 87.601 14.228 0.000*

Female  Left Hand length 1.949 0.628 0.323 0.003*
Left Foot length 151 0.605 ' 0.016*

R2 = coefficient of determination. *p-value <0.01 was taken as statistically significant.

Regression Equation for Males (left side):

"Height (cm)" = 105.248 + (1.159 x "Left Hand Length (cm)™) + (1.687 x "Left Foot Length (cm)")

Regression Equation for Females (left side):

"Height (cm)" = 87.601 + (1.949 x "Left Hand Length (cm)™) + (1.510 x "Left Foot Length (cm)™)

DISCUSSION

Accurate estimation of stature is a fundamental
component of forensic identification, particularly in
heterogeneous populations with marked variation in
anthropometric characteristics. Population-specific
predictive models are therefore essential to enhance
the accuracy and reliability of forensic assessments. In
this regard, population-specific predictive models are
imperative to improve the validity and trustworthiness
of forensic judgments. In Pakistan, the availability of
indigenous anthropometric data remains limited,
necessitating locally relevant research in this domain.
Accordingly, the present pilot study was undertaken to
examine the relationship between stature and hand and
foot measurements in a Pakistani population. By
deriving sex-specific regression equations, this study
seeks to contribute contextually appropriate forensic

standards that may improve stature estimation within
the local population.

The results of the present study indicated that stature
and both hand and foot length were significantly
correlated; left foot length showed the strongest
correlation, and significant predictive equations were
derived from the two limb measurements. In our study,
regression models incorporating bilateral
measurements (hand and foot lengths) explained up to
35% and 36% of the variance in stature for the right
and left sides, respectively, among males.
Furthermore, among females, the bilateral
measurements explained 26% and 32% of the variance
in stature for the right and left sides, respectively. The
left foot length was identified as the

stronger predictor of stature, and the regression
model using left hand and left foot measurements
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provided a strong prediction of stature. The findings of
this study strongly support the hypothesis that
appendicular measurements, specifically hand and
foot lengths, are significant anthropometric predictors
of stature, with a robust linear relationship consistent
with studies across diverse populations.’*** Foot
length showed a slightly stronger correlation with
height than hand length, consistent with recent
research indicating that pedal dimensions are
marginally superior estimators of stature.!>!" This
finding may be physiologically explained by the role
of the feet in weight-bearing and stability, which may
necessitate a more deterministic scaling relationship
with overall body height than that for the hands.

These results contrast with a previous study of Iranian
and Pakistani medical students, which found that
regression models were not statistically significant for
Pakistani male foot length and Iranian female hand
length'®. These differences may be attributable to
anthropometric  variability and methodological
differences. The regression analyses in our study
refined this  relationship by  incorporating
measurements of one hand and one foot, stratified by
sex. These findings are consistent with an Indian study
and a study of adult Turks, which developed multiple
regression models using left- and right-hand and foot
measurements as strong predictors of height.**2° Some
studies have found that hand length is a stronger
predictor of stature than foot length in specific
populations, as seen in an Indian study that reported
that hand length had the highest correlation with
stature (and regression analysis identified hand length
as the single best predictor of height in their sample,
outperforming foot length).2* Another study in the
Kolhapur population found that right-hand length had
a slightly stronger correlation with stature than right-
foot length, suggesting that hand length is a better
predictor.?? In our study, foot length was a stronger
predictor than hand length, contrasting these studies.

Sex-stratified analysis revealed important predictive
patterns. In males, left foot length emerged as a
statistically significant predictor in the regression
model, whereas in females, both left hand length and
left foot length were significant predictors. The sex-
specific models provide more precise and tailored
equations when the sex of an individual is known—a
frequent scenario in forensic examinations. This
reduction in explanatory power within sex groups
indicates that other factors, such as genetic
background, nutritional history, or individual variation

in limb-to-torso ratios, play a more substantial role in
determining height within each sex.?® This finding
aligns with the work conducted in Northeastern
Thailand, which noted that population-specific
formulae often yield the highest accuracy, and further
suggests that sex-specific formulae may be necessary
for precise forensic applications.®

CONCLUSION

This pilot study demonstrates a significant association
between stature and anthropometric measurements of
the hand and foot in medical students. Gender-specific
regression models indicated that foot length is a more
consistent predictor of stature than hand length.
Models incorporating left-side measurements showed
marginally higher predictive performance than those
incorporating  right-side  measurements.  These
findings suggest that hand and foot dimensions,
particularly foot length, may be helpful for stature
estimation; however, larger studies across diverse
populations are needed to validate and refine these
regression equations.

Limitations and future recommendations

This study’s relatively small sample size and unequal
sex distribution may limit the generalizability and
precision of the regression models. Additionally, as
measurements were obtained from living subjects
under controlled conditions, caution is warranted
when applying these findings to post-mortem contexts.
Future studies should validate these equations in
larger, more diverse populations and explore
integrating anthropometric data with additional
biological markers to enhance predictive accuracy.
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