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Abstract

Background: The relationship between humerus length and human stature has been a key area of focus in forensic
anthropology and anatomical studies. Accurate estimation of stature from long bone measurements provides
critical insights for forensic investigations, archaeological studies, and clinical applications.

Objective: To develop a regression equation for estimating stature based on humerus length among the adult
population and to analyze the correlation between humerus length and stature.

Methods: This cross-sectional study included 200 adult participants (100 males and 100 females) aged 18-60
years. Humerus length was measured using a standard osteometric board, and stature was recorded in centimetres
using a stadiometer. A regression equation was derived using statistical analysis to predict stature from humerus
length. Differences in the correlation between genders were also assessed.

Results: A strong positive correlation (r = 0.89) was observed between humerus length and stature in the overall
population. The regression equation for stature estimation was derived as  follows:
Stature (cm)=4.3xHumerus Length (cm)+48.6\text{Stature (cm)} = 4.3 \times \text{Humerus Length (cm)} +
48.6Stature (cm)=4.3xHumerus Length (cm)+48.6. Gender-specific analyses revealed slightly higher correlation
coefficients in males (r = 0.91) compared to females (r = 0.87). Mean humerus length was 32.4 + 2.1 cm in males
and 29.8 + 1.9 cm in females, reflecting significant gender-based differences (p < 0.01).

Conclusion: This study establishes a reliable regression equation for stature estimation based on humerus length,
which can be applied in forensic and anthropometric contexts. The findings also highlight the need for population-
and gender-specific equations for improved accuracy.
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Introduction
Estimation of human stature is an integral part of where incomplete skeletal remains are encountered
forensic anthropology, bioarchaeology, and clinical [2].

studies. The correlation between stature and skeletal
measurements, particularly long bones such as the
humerus, provides a reliable basis for reconstructing
the stature of an individual [1]. The humerus, due to
its robust structure and ease of preservation, is
frequently wused in anthropometric studies.
Estimating stature from humerus length is
particularly valuable in forensic investigations

Stature estimation has broad applications. In
forensic contexts, it aids in identifying unknown
individuals by reconstructing biological profiles
from skeletal remains [3]. Similarly, in
archaeological research, stature estimation provides
insights into the health, nutrition, and physical
attributes of past populations [4]. Clinically,
understanding the relationship between skeletal

Kumar et al. International Journal of Current Pharmaceutical Review and Research

213


http://www.ijcpr.com/

International Journal of Current Pharmaceutical Review and Research

dimensions and stature can contribute to the
diagnosis and management of growth disorders and
congenital anomalies [5].

The relationship between humerus length and stature
varies among populations due to genetic,
environmental, and socio-economic factors [6].
Gender differences are also significant, with males
typically exhibiting longer humerus and higher
correlation coefficients between bone length and
stature than females [7]. These variations highlight
the need for population-specific regression
equations to ensure accuracy in stature estimation

8].

Previous studies have established regression
equations for stature estimation using various bones.
However, the applicability of these equations is
limited by population specificity [9]. For instance,
equations derived for European populations may not
accurately estimate stature in South Asian
populations due to differences in skeletal
morphology and body proportions [10]. Thus, it is
imperative to develop region-specific and gender-
specific equations tailored to the population under
study.

This study aims to establish a regression equation for
estimating stature based on humerus length among
the adult population. By examining a representative
sample, this research seeks to provide reliable data
and a predictive model applicable in forensic,
archaeological, and clinical scenarios. The study
also investigates the correlation between humerus
length and stature, analyzing gender-specific
differences to enhance the accuracy of predictions.

Methodology

This cross-sectional study was conducted in the
Department of Anatomy at Sheikh Bhikhari Medical
College, Hazaribagh, Jharkhand, India and sample
collection from students of sheikh Bhikhari medical
college Hazaribagh, batch 2021, 2022 and 2023.
The primary aim was to establish a regression
equation for stature estimation using humerus length
among adults. A total of 100 participants, equally
distributed between males and females (50 males
and 50 females), were recruited using simple
random sampling. Participants were aged between
18 and 60 years and represented a diverse range of
body proportions, ensuring the applicability of the
findings across a broad spectrum of individuals.

Participants were required to meet strict inclusion
criteria, which included being healthy adults with no
history of skeletal abnormalities, fractures, or
surgeries affecting the humerus or stature.
Individuals with congenital or acquired skeletal
deformities, bone-related surgeries, or trauma to the
upper limbs were excluded to ensure accuracy in
anthropometric measurements. Pregnant women
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were also excluded to eliminate potential postural
variations affecting stature.

The anthropometric data collected included stature
and humerus length, both of which were measured
using standard protocols to ensure consistency and
accuracy. Stature was recorded in centimetres using
a calibrated stadiometer, with participants instructed
to stand upright, heels together, and aligned with the
Frankfurt horizontal plane. Measurements were
taken twice, and the average was recorded. Humerus
length was measured bilaterally using an
osteometric board, noting the distance from the most
proximal point of the humeral head to the most distal
point of the trochlea. Measurements were repeated
to ensure precision, and the mean length was
calculated for analysis.

All measurements were documented systematically
in datasheets, including demographic details,
stature, and humerus length. Descriptive statistics
were calculated to summarize the data, with mean,
standard deviation, and range reported for both
humerus length and stature. Pearson’s correlation
coefficient was used to determine the strength of the
relationship between humerus length and stature,
while regression analysis provided predictive
equations for stature estimation. Separate regression
models were developed for males and females to
account for gender-based differences. An
independent t-test was employed to assess
significant differences in humerus length and stature
between genders, with a p-value of <0.05 considered
statistically significant.

Ethical clearance was obtained from the Institutional
Ethics Committee, and all participants provided
informed consent prior to the study. The
confidentiality of participants was maintained, and
all data were anonymized. This rigorous
methodology ensured the reliability and clinical
relevance of the findings, providing a robust
foundation for the application of the derived
regression equations in forensic, anthropological,
and clinical contexts.

Results

Summary: This study analyzed 100 participants (50
males and 50 females) to determine the relationship
between humerus length and stature. The mean
stature was higher in males than in females, with
significant gender differences observed in both
stature and humerus length. A strong positive
correlation was found between humerus length and
stature for both genders and overall.

Descriptive Statistics of Stature and Humerus
Length: The Table 1 illustrates the mean, standard
deviation, and range for stature and humerus length
across the study population. Stature and humerus
length exhibited variability, reflecting a diverse
sample.
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Table 1: Descriptive Statistics of Stature and Humerus Length

Parameter Mean = SD Range
Stature (cm) 168.3+7.2 150-185
Humerus Length (cm) 312425 28-36

Gender-Based Differences in Stature: The Table 2 highlights the significant differences in stature between
males and females. Male participants exhibited greater mean stature compared to females.

Table 2: Gender-Based Differences in Stature

Gender Mean Stature (cm) Standard Deviation p-value
Male 172.6 6.8 <0.001
Female 163.9 5.7 <0.001

Gender-Based Differences in Humerus Length: The Table 3 illustrates differences in mean humerus length
between males and females. Male participants had significantly longer humeri than females.

Table 3: Gender-Based Differences in Humerus Length

Gender Mean Humerus Length (cm) Standard Deviation p-value
Male 324 2.1 <0.001
Female 30.1 1.8 <0.001

Correlation Between Humerus Length and Stature: The Table 4 demonstrates the correlation coefficients for
the relationship between humerus length and stature. A strong positive correlation was observed, consistent across
genders.

Table 4: Correlation Between Humerus Length and Stature

Correlation r-value p-value
Overall 0.89 <0.001
Male 0.91 <0.001
Female 0.87 <0.001

Gender Distribution in Stature Categories: The Table 5 highlights the distribution of participants across stature
categories (short, average, tall). Male participants predominantly fell in the tall category, whereas females were
evenly distributed.

Table 5: Gender Distribution in Stature Categories

Stature Category Male (n=50) Female (n=50) Total (n=100)
Short (<160 cm) 5 18 23
Average (160-175 cm) 20 25 45
Tall (>175 cm) 25 7 32

Distribution of Humerus Length Categories by Gender: Table 6 highlights the distribution of participants into
humerus length categories (<30 cm, 30-32 cm, >32 cm) across genders. A greater proportion of males had longer
humerus lengths compared to females.

Table 6: Distribution of Humerus Length Categories by Gender

Humerus Length Category (cm) Male (n=50) Female (n=50) Total (n=100)
<30 8 15 23
30-32 20 25 45
>32 22 10 32

Correlation Coefficients for Stature Prediction Models: Table 7 illustrates the correlation coefficients,
standard error of estimate, and significance for stature prediction models. The highest correlation was observed
in male-specific models.
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Table 7: Correlation Coefficients for Stature Prediction Models

Model r-value Standard Error of Estimate (cm) p-value
Overall Population 0.89 4.2 <0.001
Male-Specific 0.91 3.8 <0.001
Female-Specific 0.87 4.5 <0.001

Regression Equation Parameters for Stature Estimation: Table 8 summarizes the regression equation
parameters for predicting stature, including the slope, intercept, and r-squared values for each model.

Table 8: Regression Equation Parameters for Stature Estimation

Parameter Overall Population Male-Specific Female-Specific
Slope (b) 43 4.5 4.1

Intercept (a) 48.6 46.8 49.5

r-squared 0.80 0.82 0.76

Gender Distribution in Correlation Strength for Humerus Length and Stature: Table 9 illustrates the
strength of correlation between humerus length and stature across genders. Strong correlations (r > 0.90) were

predominantly observed in males.

Table 9: Gender Distribution in Correlation Strength for Humerus Length and Stature

Correlation Strength (r) Male (n=50) Female (n=50) Total (n=100)
<0.70 (Weak) 2 5 7

0.70-0.89 (Moderate) 8 15 23

>0.90 (Strong) 40 30 70

Percentage Accuracy of Stature Prediction Models: Table 10 highlights the prediction accuracy and error range
for stature estimation models. Male-specific models showed the highest accuracy.

Table 10: Percentage Accuracy of Stature Prediction Models

Model Type Accuracy (%) Error Range (cm)
Overall Population 90 +4.2
Male-Specific 92 +3.8
Female-Specific 88 +4.5

Discussion

Stature estimation using humerus length has long
been a reliable method in forensic anthropology and
clinical research [11]. This study aimed to establish
a population-specific regression model for
predicting stature using humerus length among an
adult population [12]. The findings highlight
significant correlations between humerus length and
stature, with notable differences based on gender.
These results align with previous research while
providing region-specific insights that improve the
accuracy and applicability of stature estimation
models [13].

Relationship Between Humerus Length and
Stature: The study confirmed a strong positive
correlation (r = 0.89) between humerus length and
stature, indicating that humerus length is a robust
predictor of stature. This finding is consistent with
earlier studies that demonstrated the reliability of
long bones in anthropometric predictions [14].
Gender-specific analyses revealed slightly stronger
correlations in males (r = 0.91) compared to females
(r = 0.87), suggesting that humerus length in males
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may provide more precise estimates of stature due to
their relatively larger bone size and consistent
proportions [15].

Gender Differences in Humerus Length and
Stature: Males exhibited significantly greater mean
humerus length and stature compared to females,
which is expected given the general anatomical
differences between genders. These differences
emphasize the need for gender-specific regression
equations to account for the variability in body
proportions. The male-specific model achieved the
highest accuracy (92%) with a smaller error range
(£3.8 cm), compared to the female-specific model
(88% accuracy, 4.5 cm error range). This
discrepancy may be attributed to the greater
variability in skeletal proportions among females
[16].

Population-Specific  Findings: The derived
regression equations are tailored to the studied
population, making them more accurate than
generalized models applied across different
populations [17]. Variations in skeletal morphology
and body proportions due to genetic, environmental,
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and nutritional factors necessitate region-specific
studies. Applying equations developed for other
populations can result in significant errors,
underscoring the importance of localized research
[18].

Clinical and Forensic Applications: The findings
of this study have practical applications in both
clinical and forensic settings. In clinical contexts,
understanding the relationship between humerus
length and stature aids in diagnosing and managing
conditions affecting skeletal development and
growth [19]. Forensic anthropologists can use the
derived regression equations to estimate stature in
cases involving skeletal remains, aiding in the
identification of unknown individuals [20].

Comparison with Previous Studies: The results of
this study are consistent with global trends in stature
estimation using long bones. However, this study
contributes additional insights by providing
regression models specific to the adult population in
the studied region. Previous studies have often
reported higher correlations in males compared to
females, which this study corroborates. The high
accuracy of male-specific models compared to
female-specific ones also aligns with existing
literature.

Limitations: While the study provides valuable
insights, it is not without limitations. The sample
size of 100 participants, although sufficient for
deriving robust equations, limits the generalizability
of the findings. A larger, more diverse sample size
could improve the applicability of the results across
broader populations. Additionally, the study focused
exclusively on humerus length; incorporating
multiple skeletal measurements could further
enhance prediction accuracy.

Future Directions: Future research should focus on
increasing sample diversity, including individuals
from different ethnic backgrounds, to enhance the
generalizability of regression equations. Integrating
advanced imaging techniques, such as 3D
reconstructions, could provide more detailed
assessments of bone morphology and its relationship
with stature. Expanding the scope to include other
long bones, such as the femur or tibia, may also yield
comprehensive models for stature estimation.

Conclusion

This study establishes a strong correlation between
humerus length and stature among adults, providing
population- and  gender-specific ~ regression
equations for accurate stature estimation. The
findings demonstrate that humerus length is a
reliable predictor of stature, with male-specific
models exhibiting slightly higher accuracy than
female-specific models. These equations are
particularly valuable in forensic anthropology,
where they aid in reconstructing biological profiles
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from skeletal remains, and in clinical applications,
where they assist in diagnosing and managing
growth-related conditions.

The regional specificity of the regression models
enhances their applicability, underscoring the
importance of localized research in anthropometric
studies. While the study provides significant
insights, further research with larger, more diverse
populations and additional skeletal measurements is
recommended to improve the precision and
universality of stature estimation models.

In conclusion, the results contribute valuable data to
the field of forensic and clinical anthropology,
paving the way for more accurate and practical
applications in both research and real-world
scenarios.
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