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ABSTRACT

Introduction: Estimation of stature by measurement of various
bones is of immense value in the identification of an individual.
Tibial length measurement is areliable anthropometric parameter
commonly used for estimating an individual’s stature, especially
in forensic and archaeological contexts. It provides accurate
results due to the strong correlation between tibial length and
overall body height.

Aim: To find the relationship between the stature and length
of the left tibia of an individual and derive a linear regression
equation to calculate the height from the length of the left tibia.

Materials and Methods: The present analytical cross-sectional
study was conducted in the Department of Anatomy, Pacific
Medical College and Hospital, Udaipur, Rajasthan, India, from
June 2023 to June 2024. Sample population was 200 males
between the age group of 17 years to 24 years. Spreading
calipers was used to measure left tibial length in the sitting
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position. The bony prominences used for this were medial
malleolus of the tibia and medial epicondyle of left lower limb.
The height was measured by stadiometer. Statistical analysis
was done to determine the regression equation for stature
estimation. The relationship between tibial length and height
was established using a regression equation and then the
p-value for the slope (regression coefficient) of that equation
was calculated. Statistical Package for Social Sciences (SPSS)
V 30 software was used for statistical analysis.

Results: The mean height of male subjects was found to be
162.47 cm. Mean percutaneous length of left tibia (x) was found to
be 35.99 cm for males. The correlation coefficient was 0.658 and
the regression equation was Y=71.361+2.575X (Tibial Length).
Conclusion: The present study reveals that a positive and
statistically significant correlation exists between the percutaneous
tibial length and stature.
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INTRODUCTION

Assessment of height from different bones by anatomists and
forensic anthropologists helps establish the identity of an individual.
Stature refers to the height of an individual when standing [1].
Estimating a person’s stature plays a significant role in numerous
medicolegal situations and can be utilised during large-scale
disasters. Anthropometric characteristics have a direct relationship
with sex, shape, and form of an individual [2]. Extensive work has
been conducted on stature estimation from various body parts like
hands, limbs, short bones, footprints, etc., [3] Standing height is
contributed maximally by lower limb length; hence, most predictive
formulae are based on the length of femur, tibia, and fibula [4]. Tibia
is easily approachable for percutaneous measurement and can be
fairly used for stature [5]. Different studies on various populations
have found a positive correlation between stature and percutaneous
tibial length [6-8].

A lack of literature on young adult males in the catchment of the
tertiary healthcare center of Udaipur was detected, and so this
study was carried out to fill the gap. The study aimed to find the
relationship between the stature and length of the left tibia of an
individual and derive a linear regression equation to calculate the
height from the length of the left tibia.

MATERIALS AND METHODS

The present cross-sectional study was carried out in the department
of Anatomy, Pacific Medical College and Hospital, Udaipur,
Rajasthan, India, from June 2023 to June 2024. Institutional ethical
clearance was obtained (IEC/2023/24).

Inclusion and Exclusion criteria: Male subjects aged 17 to 24
years with normal musculoskeletal development and with no history
of growth disorders were included.
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Individuals with a history of fractures, deformities, or surgeries
involving the left lower limb or tibia. Presence of congenital or
acquired skeletal abnormalities. Subjects with chronic illnesses
affecting bone growth (e.g., rickets, osteogenesis imperfecta,
endocrine disorders). Participants with postural defects or limb
length discrepancy and those unwilling to participate or unable to
cooperate during the measurement process were excluded.

The left tibia was selected for measurement in this study following
the guidelines of the International Biological Programme (IBP), which
recommends the use of the left side unless there is a contraindication
or deformity [9]. Measurements from one side also reduce variability
arising from limb dominance or minor injuries, consistent with
anthropometric protocols [10]. Females were excluded from the
present study to avoid gender-based variability in anthropometric
parameters. Additionally, the inclusion of only males allows for a
homogeneous sample, improving internal validity and simplifying
the interpretation of results for the targeted population.

Study Procedure

Technique of stature measurement: It was taken as a straight
distance from the highest point on the head (vertex) to the floor with
the subject standing erect with head in the Frankfort-Horizontal plane
(eye ear plane). The subject stood barefoot with both feet together,
arms resting alongside the trunk, and eyes directed straight ahead.
Standing height was measured using a stadiometer.

Percutaneous Length of Tibia (PCTL): It was measured by
spreading calipers. Intraobserver/interobserver variability in the
measurement of tibial length was minimised by using standardisation
of the measurement protocol. Precise anatomical landmarks (medial
malleolus and prominence of the medial condyle of the tibia) were
defined. The subjects were made to sit on a stool with their knee
and hips flexed at 90 degrees each, because in this position, soft
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tissue relaxes and bony points become more prominent. The most
prominent upper palpable bony part of the tibia at the medial side of
the leg was taken as the upper bony prominence, and the maximum
convexity of the medial malleolus was taken as the lower bony point
to measure the tibial length [Table/Fig-1]. The same instrument was
used each time for all measurements. The mean value of three
measurements per subject was taken.

P

Medial Condyle of tibia-
most prominent part

[Table/Fig-1]: Technique of stature measurement of Percutaneous Length of Tibia
(PCTL).

STATISTICAL ANALYSIS

Statistical analysis was done using SPSS V30 software. The
relationship between tibial length and height was established using
a regression equation, and then the p-value for the slope (regression
coefficient) of that equation was calculated.

RESULTS
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[Table/Fig-3]: Scatter diagram with regression line for estimation of stature from

left tibial length of males.

between percutaneous tibial length and stature, with a regression
equation: Stature Y=71.361+2.575X (Tibial Length) (cm).

Ghosh T in a West Bengal population reported a correlation
coefficient of r=0.94 with the regression equation Y=69.11+2.69X
[5]. Saini N et al., observed similar outcomes in Rajasthan with
r=0.98 [6]. These findings underscore the regional consistency in
the reliability of tibial length as a stature predictor.

Globally, Duyar | and Pelin C (2003) noted that stature estimation
from tibia must be stratified by stature groups to enhance prediction
accuracy [11]. Their Turkish population data showed that group
specific equations reduce prediction errors, especially for extreme
height ranges. Likewise, Saco-Ledo G et al., in a Spanish population
reinforced the value of population specific and stature specific
regression models for increased accuracy [12]. A comparative data
of Indian studies on stature estimation from tibial length is depicted
in [Table/Fig-4] [5,6,8,13,14].

The mean height measured was 162.47 cm with a standard Sarmol C°"f‘:_'a_“°rt‘ a )
L . ample coerfricien egression
deviation of 2.57, and the range was 9 cm. The minimum PCTL Study Population | size ® equation Remarks
that was measured was 32.76 cm, and the maximum was Ghosh T Wost 470 tor o1 1e 60 Consistent
42.75 cm [Table/Flg—Z]. (2019) [5] Bengal subjects ’ —o9 e findings
Saini N et
Description Stature (cm) (Y) PCTL (em) (X) al, (2013 | Rajasthan | 09 098 | v=689514+25002x | moludes
5 adults both sexes
Mean 162.47 35.99 1l
At Khatun
Standard deviation 2.57 1.98 i
SSetal, India 200 0.86 Y=67.08+2.75x | Feroutaneous
Range 9 9.9 (2016) [3] (mixed) adults method
Minimum 147 32.76 - Tibia of both
: TrivediJ Gwalior 270 04416 |y 1037124150X | males and
Maximum 156 42.75 (2014) [13] males (Lt tibia) females
[Table/Fig-2]: Mean, standard deviation, range, minimum values and maximum K .
. ) avyashree Tibia of both
values of stature and Percutaneous Tibial Length (PCTL) of males (in cm). ANetal, Sot{ih 350 0.78 Y=77.64+2.35X males and
India subjects
(2018) [14] females

The correlation coefficient (r) of left tibia with stature was 0.658
and p-value is 0.032. The confidence interval for r: 0.72, 0.83.
This interval indicates a strong and statistically significant positive
correlation between tibial length and stature.

Regression equation was calculated to be:

Y=71.361+2.575X (tibial length).

Where, Y’ is the estimated height and X’ is left tibia length in
centimetres [Table/Fig-3].

Coefficient of determination (R2): 0.60 means 60% of the variation
in stature can be explained by tibial length. The Standard Error of
Estimate (SEE): +2.943 cm represents the average deviation of
actual stature from the predicted value.

DISCUSSION

The present study, conducted among young adult males of a tertiary
medical center revealed a strong positive correlation (r=0.658)

[Table/Fig-4]: Comparative data of Indian studies on stature estimation from tibial

length [5,6,8,13,14].

The present study reinforces the use of percutaneous tibial length
as a dependable parameter for stature estimation in young Indian
males. The practical applicability of these findings is significant. In
forensic anthropology and disaster victim identification, especially
in mass disasters, train accidents, or war zones where fragmented
skeletal remains are recovered, the regression formula derived
from tibial length can aid in narrowing down individual identity.
Furthermore, in orthopaedics and reconstructive surgery, especially
in cases of limb deformities, growth abnormalities, or post-traumatic
reconstructions, such anthropometric data can be invaluable
for prosthesis design and predicting anatomical dimensions in
the absence of full-body imaging. Thus the current study offers
relevant clinical and forensic implications for stature estimation from
accessible tibial landmarks.
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Impact of soft tissue and body proportions: One of the
overlooked aspects in percutaneous measurements is the variability
introduced by soft tissue thickness and distribution. Subcutaneous
fat, muscle bulk, and oedema can affect the accuracy of identifying
bony landmarks, particularly in obese or muscular individuals.
Although seated posture with 90-degree flexion of hip and knee
helps relax soft tissues, slight variations still exist depending on
nutrition, hydration, and physical activity levels. Moreover, individual
body proportions such as leg-to-torso ratio can influence how
tibial length scales with overall height, thereby adding individual
variability [15].

Limitation(s)

This study, while statistically sound, has a few limitations:

e Gender limitation: The sample included only males to maintain
homogeneity, which restricts the applicability of findings to
females. Sexual dimorphism in bone length and proportions
demands gender-specific equations.

e Age and nutritional range: The age group was limited (17-
24 years), and nutritional status was not controlled. Nutritional
deficiencies during adolescence can affect bone growth,
influencing tibial length and final adult stature.

e Regional scope: The findings apply primarily to young adult
males and may not be generalised to other ethnic or regional
populations without further validation.

e Measurement precision: While steps were taken to reduce
inter and intra-observer variability, minor human errors in
landmark identification or instrument placement may persist.

CONCLUSION(S)

A moderate statistically significant correlation existed between height
and PCTL, and there is a minimum standard error of estimation
in stature. Future studies on both males and females of the tibia
of both sides with defined nutritional status are recommmended for
better evaluation of larger population.
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