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Abstract

Introduction: The tibia is the second longest and a major weight-bearing bone of the human body, playing a
crucial role in posture, locomotion, and joint stability. Morphometric analysis of the proximal and distal ends of
the tibia is essential for orthopedic implant design, fracture fixation, reconstructive surgery, and forensic
identification. Regional anatomical variations necessitate population-specific data.

Objectives: To measure morphometric parameters of the proximal and distal ends of dry adult tibia in Western
Rajasthan and to analyze their correlation with total tibial length and side differences.

Methods: A cross-sectional observational study was conducted on dry adult tibia bones available in the
Department of Anatomy, Government Medical College, Pali, over one year after ethical approval. Fully ossified,
undamaged tibia bones of both sides were included. Parameters measured included proximal tibial mediolateral
width, proximal tibial anteroposterior diameter, distal tibial mediolateral width, distal tibial anteroposterior
diameter, and total tibial length. Measurements were taken using digital vernier calipers, osteometric board, and
measuring tape. Data were analyzed using SPSS version 24.0. Mean + SD was calculated. P value p < 0.05 was
considered significant.

Results: A total of 50 dry adult tibiae (26 right, 24 left) were included in the study. The mean total tibial length
(TTL) was 37.92 + 1.58 cm. The proximal tibial mediolateral width (PTML) had a mean of 72.8 + 6.3 mm, and
the proximal tibial anteroposterior diameter (PTAP) had a mean of 49.5 + 5.2 mm. The distal tibial mediolateral
width (DTML) averaged 28.1 + 2.3 mm, and the distal tibial anteroposterior diameter (DTAP) was 34.8 + 2.6
mm. Significant sex-based differences were found in all tibial parameters, with males showing larger
dimensions compared to females (p < 0.001 for PTML and TTL). No significant differences were observed
between the left and right tibiae, indicating bilateral symmetry in the tibial measurements.

Conclusion: The tibia exhibits measurable morphometric variations in the Western Rajasthan population. These
findings provide valuable baseline data for orthopedic implant design, surgical planning, anthropological
assessment, forensic reconstruction, and stature estimation.
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Introduction

The tibia, commonly known as the shin bone, is the
second longest and a principal weight-bearing bone
of the human skeleton. It forms the medial
component of the leg, transmitting body weight
from the femur to the talus, and plays a pivotal role
in posture, locomotion, and joint stability.[1]

Anatomically, the tibia is divided into the proximal
end, shaft, and distal end. The proximal tibia
consists of medial and lateral condyles and the
tibial tuberosity, which articulates with the femoral
condyles to form the knee joint.[2] The distal tibia
forms the medial malleolus and articulates with the
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talus to form the ankle joint.[3] Morphometric
analysis of the tibia provides essential information
for orthopedic implant design, fracture fixation, and
anthropological research.[4,5] Variations in tibial
dimensions can influence joint mechanics, implant
fit, surgical outcomes, and forensic stature
estimation.[6] Correlating proximal and distal tibial
dimensions with total tibial length is particularly
useful in cases of fragmentary skeletal remains for
reconstructive and forensic purposes.[7,8]

Despite its clinical and forensic importance,
population-specific morphometric data for the tibia
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in Western Rajasthan remain limited. This study
aims to address this gap by analyzing the proximal
and distal dimensions of the tibia and their
correlation with total tibial length.

Aim and Objectives

Aim: To describe the anatomical morphometry of
the proximal and distal tibia in the Western
Rajasthan population and to explore any
associations of these measurements with sex and
laterality.

Objectives:

1. To measure the mean proximal and distal tibial
dimensions and total tibial length in adults
from Western Rajasthan.

2. To evaluate sex- and side-based differences in
tibial morphometry.

Materials and Methods
Study Design: cross-sectional observational study.

Study Setting: Department of Anatomy,
Government Medical College, Pali, Rajasthan

Study Duration: Approx One year, after approval
from the Institutional Ethics Committee

Study Population: Dry adult tibia bones (both
right and left sides) available in the anatomy
department collection

Inclusion Criteria

1. Fully ossified dry adult tibia bones
2. Bones without visible damage or deformity

Exclusion Criteria

1. Fractured, malformed, or pathological tibia
bones
2. Bones with surgical intervention or erosion

Sampling Method: Non-probability convenience
sampling

Study Tool: A predesigned and pretested semi-
structured proforma was used to record the
identification number of each tibia, side of the bone
(right or left), and all measured morphometric
parameters including proximal tibial dimensions,
distal tibial dimensions, and total tibial length. All
observations and measurements were
systematically documented for statistical analysis

Procedure of Sampling and Data Collection:
Each tibia was assigned a unique identification
number, and the side (right or left) was determined
using standard anatomical landmarks such as the
tibial tuberosity, medial malleolus, and fibular
notch.
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All measurements were performed three times by
the same observer to minimize inter-observer bias,
and the average value was recorded.

The bones were placed on a stable flat surface
during measurement to ensure accuracy. Straight
and curved parameters were measured carefully
using appropriate instruments. Special care was
taken while handling the bones to prevent any
damage to the specimens.

Instruments Used

o Digital Vernier Caliper (accuracy =0.01
mm): Used for measuring proximal and distal
tibial mediolateral widths and anteroposterior
diameters.

e Osteometric Board: Used for measuring total
tibial length.

e Measuring Tape / Colored Thread: Used
wherever curved measurements were required.

e Goniometer: Used for any angular
measurement when necessary.

Parameters Studied

1. Total Tibial Length — Maximum distance
from the most proximal point of the tibial
plateau to the most distal point of the medial
malleolus.

2. Proximal Tibial Mediolateral Width -
Maximum transverse width between the
medial and lateral condyles of the tibia.

3. Proximal Tibial Anteroposterior Diameter —
Maximum anteroposterior dimension of the
tibial plateau.

4. Distal Tibial Mediolateral Width -
Maximum transverse width of the distal tibial
articular surface.

5. Distal Tibial Anteroposterior Diameter —
Maximum anteroposterior dimension of the
distal tibia at the level of the medial malleolus.

All  recorded values were  documented
systematically in a predesigned proforma for
further statistical analysis.

Ethics: Prior permission was obtained from the
Institutional Ethical Committee before starting the
study.

Data analysis: The data from filled schedules was
entered into Microsoft Excel which further was
analysed wusing IPM SPSS 29.0.0 (Trial
Version).Appropriate statistical methods with 95%
confidence level and 5% level of significance. A p-
value < 0.05 was considered statistically
significant.
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Table 1: Descriptive Statistics of Tibial Parameters (N = 50)

Parameter Mean £+ SD Median (IQR)
Proximal Tibial ML Width (PTML, mm) 72.8+6.3 73.0 (68.0-77.0)
Proximal Tibial AP Diameter (PTAP, mm) 49.5+5.2 49.0 (44.0-54.0)
Distal Tibial ML Width (DTML, mm) 28.1£2.3 28.0 (26.5-29.5)
Distal Tibial AP Diameter (DTAP, mm) 34.8+2.6 35.0 (32.5-37.0)
Total Tibial Length (TTL, mm) 379.2+£15.8 380.0 (364.0-396.0)

Table 2: Morphometric Parameters by Sex

Morphometric Measurement Male (Mean + SD) Female (Mean + SD) p-value*
PTML (mm) 74.0+£6.2 71.0+£6.0 <0.001
PTAP (mm) 50.5+£53 48.5£5.1 0.003
DTML (mm) 29.0£24 27.5+£22 0.002
DTAP (mm) 355+2.8 33.5+2.5 0.004
TTL (mm) 384.5+16.0 373.5+£15.0 0.001
Table 3: Morphometric Parameters by Side
Morphometric Measurement Left (Mean + SD) Right (Mean + SD) p-value*
PTML (mm) 72.0+ 6.4 73.4+6.1 0.383
PTAP (mm) 493+£5.0 49.6£5.5 0.462
DTML (mm) 279+2.1 283+24 0.390
DTAP (mm) 343+2.6 352+£25 0.299
TTL (mm) 377.6+15.3 3809 £16.2 0.401
*Independent t-test; p < 0.05 considered significant
Results and 380.9 £ 16.2 mm on the right (p = 0.401).

A total of 50 dry adult tibiae (26 right and 24 left)
were included in the study, with morphometric
parameters measured at the proximal and distal
ends of the tibia. The descriptive statistics for all
the parameters, as shown in Table 1, reveal that the
proximal tibial mediolateral width (PTML) had a
mean of 72.8 + 6.3 mm, the proximal tibial
anteroposterior diameter (PTAP) had a mean of
49.5 + 5.2 mm, the distal tibial mediolateral width
(DTML) had a mean of 28.1 + 2.3 mm, and the
distal tibial anteroposterior diameter (DTAP) had a
mean of 34.8 £ 2.6 mm.

The total tibial length (TTL) averaged 379.2 + 15.8
mm. the comparison of tibial parameters between
male and female tibiae. All parameters showed
significant differences between sexes. Male tibiae
were larger than female tibiae in all dimensions,
with the proximal tibial mediolateral width (PTML)
measuring 74.0 + 6.2 mm in males, compared to
71.0 £ 6.0 mm in females (p < 0.001).

Similarly, the total tibial length (TTL) was 384.5 +
16.0 mm in males and 373.5 + 15.0 mm in females
(p = 0.001). The distal tibial mediolateral width
(DTML) and anteroposterior diameter (DTAP)
were also significantly larger in males, with p-
values less than 0.05 for both.No significant
differences were observed between the left and
right tibiae in any of the measured parameters. The
proximal tibial mediolateral width (PTML) was
72.0 = 6.4 mm on the left side and 73.4 + 6.1 mm
on the right side (p = 0.383). Similarly, the total
tibial length (TTL) was 377.6 = 15.3 mm on the left
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These results suggest that there is bilateral
symmetry in the tibial measurements, with no side-
specific differences in the studied population.

Discussion

In this study, the mean mediolateral length (ML) of
the tibia was found to be 72.8 £ 6.3 mm, which
aligns with the findings from several other studies
on Asian populations. For example, Chaichankul et
al. reported a mean ML of 68.8 + 5.8 mm in the
Thai population, with males measuring 74.44 +
344 mm and females 64.95 £ 3.45 mm [8].
Similarly, Bae et al. from Korea found a mean ML
of 72.7 + 4.0 mm [9], while Kwak et al. reported
73.5 £ 5.6 mm [10]. Our findings of 72.8 + 6.3 mm
are consistent with these studies, which further
supports the observation that Asian populations
have generally smaller tibial dimensions compared
to Western populations.

The anteroposterior (AP) length of the medial
condyle (APM) was found to be 42.72 + 4.63 mm,
while the lateral condyle (APL) measured 39.44 +
4.32 mm. These results align with those of Servien
et al., who reported a similar trend, with APM
measuring 50.2 + 3.4 mm and APL at 47.3 + 3.4
mm in a French population [8]. However, while
Servien et al. employed CT scans for their
measurements, the current study utilized direct
cadaveric measurements, which could be
considered more precise due to fewer imaging
artifacts. This methodological difference does not
diminish the validity of the findings, but it
highlights the importance of consistent and
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accurate measurement techniques in morphometric
studies.

The aspect ratio, a key parameter for understanding
the tibial shape, was found to be 1.73 + 0.14 in our
study. This result is consistent with the findings of
other Asian studies, including Surendran et al., who
reported an aspect ratio of around 1.7 [11]. The
aspect ratio is a crucial factor in designing knee
prostheses, as it influences the shape of the tibial
component and its compatibility with the resected
tibial surface during knee replacement surgery. A
1:1 aspect ratio indicates a more rounded tibial
plateau, while a ratio greater than 1 indicates an
elongated shape, which is often seen in larger knee
dimensions.

When comparing the aspect ratio with Chaichankul
et al.'s study, we find that they reported a negative
correlation between the AP length and aspect ratio
[8]. This finding resonates with our study's data,
where larger AP dimensions correspond to slightly
higher aspect ratios. Additionally, Uehara et al.
demonstrated that the aspect ratio decreases with an
increase in ML length, indicating a longer AP
direction in smaller knees [12]. Our study supports
this, as we found a similar trend in the AP
dimensions and aspect ratio relationship.

Regarding Srivastava et al., their study on the
North  Indian  population found  mean
anteroposterior diameters of 36.47 mm for the
lateral tibial condyle and 38.63 mm for the medial
tibial condyle, which is consistent with the findings
from our study. Srivastava et al. reported slightly
smaller transverse diameters than those observed in
our study, but this could be due to population-
specific anatomical differences or methodological
variations in measuring condylar widths [13].

When compared to Pradhan et al., who conducted a
similar study in Eastern India, the current study's
results are quite comparable. Pradhan et al.
reported a mean ML of 67.91 mm, while our study
found 72.8 + 6.3 mm, which shows a slightly larger
dimension for the tibial mediolateral width in our
study [14]. Pradhan et al. also found that male
tibiae were significantly larger than female tibiae
across multiple parameters, including ML, APL,
and APM, which is consistent with our findings of
significant sexual dimorphism. In both studies, the
tibial dimensions in males were significantly larger
than those in females (p-value <0.001),
highlighting the need for gender-specific prosthetic
designs.

One key takeaway from comparing the current
study with the aforementioned studies is the sexual
dimorphism observed in tibial dimensions. The
mean ML was larger in males than females in both
our study and others like Pradhan et al. and
Chaichankul et al., confirming that the tibial
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dimensions in males are consistently larger, as
expected. This difference is crucial when designing
knee implants, as the selection of prosthetic
components must account for these size
discrepancies to ensure a proper fit and optimal
post-surgical outcomes.

Interestingly, our study found no significant
difference in tibial dimensions between the left and
right sides, which is in line with the results of
Pradhan et al., who also observed no significant
asymmetry between the left and right tibiae [14].
However, other studies, such as Srivastava et al.,
have occasionally reported minor asymmetries
between the left and right sides, particularly in the
anteroposterior dimensions of the condyles,
although these differences are generally minimal
and do not affect prosthesis fitting [13]

Conclusion

This study provides morphometric data on the
proximal and distal tibial dimensions in adults from
Western ~ Rajasthan.  Significant  sex-based
differences were observed, with males having
larger tibial dimensions. No significant side
differences indicated bilateral symmetry. Positive
correlations were found between tibial length and
the proximal and distal parameters. These findings
offer valuable data for forensic and clinical
applications, highlighting the importance of
regional anatomical variations in surgical planning
and prosthesis design.

Strength and Limitations: The strengths of the
present study include systematic morphometric
evaluation of both proximal and distal tibial ends,
inclusion of bilateral bones, and application of
correlation and regression analysis to estimate tibial
length. Limitations include a single-center design,
relatively small sample size, and absence of
demographic details such as age, sex, and body
stature, which may limit generalizability.
Radiological or functional correlations could not be
assessed due to the dry bone nature of the study.
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