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ABSTRACT

Background: Estimation of stature can be done from long bones especially tibia and femur as they have a correlation
with height. Tibia is most commonly used as it resists erosion and keeps its anatomical shape even after burial.
However intact bones are rarely available. Most often the exhumed remains are in fragmentary condition leading to
lack of adequate sample for the study. A way of increasing utility of such samples would be the establishment of
techniques which would permit estimation of stature from long bone fragments. The current study provides a
correlation between length of tibia and its distal dimensions which can be used in anthropology for measuring the
stature of an individual.

Methods: A total of 50 tibiae were obtained from the bone bank of the Department of Anatomy, Government
Medical College, Srinagar. Measurements were taken from the bone using vernier calipers. Morphometric data
obtained was analyzed, measurements expressed in mean and standard deviation and Pearson’s correlation test was
carried out. This observational study was conducted within a period of 2 months, from April-June 2022.

Results: Width of talar facet with a Pearson’s correlation of 0.62 and width of fibular notch with a correlation of 0.3
showed positive statistical significance (p<0.05). On the other hand, breadth of medial malleolus with a correlation of
0.18 and height of fibular notch with a correlation of -0.02 (p>0.05) was statistically insignificant.

Conclusions: The study showed a positive correlation (p<0.05) between length of tibia with the width of talar facet
and fibular notch.
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INTRODUCTION

Forensic anthropology deals with the study of human
remains in a forensic setting by applying skeletal
analysis.! The information gathered is used to determine
the identity, age, sex, stature, as well as cause of death.?
Stature is one of the demographic factors that can be
calculated. Stature is measured as the distance from the
highest point of the head to the base of the feet. This
length tends to increase with age, reaching a peak at

adulthood. After that it decreases due to loss of elasticity
of the intervertebral discs and compression of cartilage.®

Stature estimation involves deriving equations which
show linear relationships between length of bones and
stature. Therefore, estimate of stature is acquired by
substituting the length of the bone into its appropriate
regression formula. Intact long bones of the upper and
lower extremities are used for deriving the regression
equations for estimation of stature.* Estimation of stature
by regression formula was first done by Karl Pearson in
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1899. It is however to be noted that regression formula
applicable to one population will not be applicable to
another population. This is because ethnical features of a
particular population are determined by the variations of
the human skeleton. Thus, these equations are population
and sex specific.®

However intact bones are rarely available on excavations.
Most often the exhumed remains are in fragmentary
condition leading to lack of adequate sample for the
study. A way of increasing utility of such samples would
be the establishment of techniques which would permit
estimation of stature from long bone fragments.

Femur and tibia are the chiefly used bones for stature
estimation.® In addition, other intact bones like skull,
thoracic and lumbar vertebra, calcaneus, metacarpals and
metatarsals can also be used. Femur bears a constant
relationship with height; therefore femur/stature ratio can
be used for height estimation. This ratio has been found
to be independent of sex and ethnicity. Based on a study
conducted by Feldesman it was concluded that length of
femur contributes to 26.47% of the adult stature.”

Tibia is the most commonly used bone for stature
estimation. This is because it opposes erosion and
maintains its anatomical shape even after burial.®
Individual differences are also noted in the morphometric
parameters of long bones. These occur due to varying
work load of muscles and joints, and the different
hormone levels.® These variations are more prominent in
the distal ends of the lower limb bones.’® The distal
articular surface of tibia is small in size when compared
to the body weight it bears. As a result, it is subjected to
high mechanical strain which in turn affects bone
modelling. This leads to morphometric changes which
can be seen in medial malleolus, talar facet and fibular
incisura. This study aims to determine the correlation of
length of tibia with its distal articular dimensions

METHODS

The present study was an observational type of statistical
study which was conducted within a period of 2 months,
from April-June 2022. It was conducted in the
Department of Anatomy, GMC, Srinagar after obtaining
ethical clearance from the institutional ethical committee.
For this study a sample of 50 normal and dry tibiae were
taken from the bone bank. These included tibiae of both
right and left sides. Bones from both the sexes were taken
into consideration with no differentiation. Bones that
were incomplete or putrefied were not made part of the
study. Also bones with chipped condyles or those
showing signs of fracture were also excluded from the
study.

An osteometric board was used to measure the total tibial
length. Vernier callipers were used for the other
measurements. The following measurements were taken.
Length of tibia was taken as the distance from the highest

point on the medial condyle to the lowermost point on the
medial malleolus. Breadth of medial malleolus include
mediolateral measurement on the surface of the malleolus
as seen in Figure 1.

Width of talar facet include mediolateral dimension at the
middle of joint as seen in Figure 2.

Height of fibular notch include distance between the
tibial plateau and the point where the interosseous border
divides into two. This can be demonstrated in Figure 3.

Width of fibular notch include distance between anterior
and posterior tubercles of the fibular notch as seen in
Figure 4.

Figure 1: Breadth of medial malleolus.

Figure 2: Width of talar facet.

The data collected was entered in MS Excel sheet. Mean
and standard deviation was calculated for the above
dimensions as tabulated in Table 1.

The results were then analysed using Statistical Package
for the Social Sciences (SPSS) 20 to determine the
correlation of length of tibia with its distal end
dimensions. Pearson’s coefficient was determined for
each of the dimensions and presented in Table 2.
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Figure 3: Height of fibular notch.

Figure 4: Width of fibular notch.

Table 1: Mean and standard deviation of the parameters.

Measure I_.ength of Brethh of Width of talar I—_|eight 0] Width of
tibia medial malleolus facet fibular notch  fibular notch

Minimum 32.3 2.2 1.8 2.5 1.8
Maximum 39.0 3.3 2.9 5.0 2.8
Mean 36.11 2.78 2.48 3.90 2.30
Std. Deviation 2.14 0.27 0.25 0.67 0.27
Median 36.70 2.80 2.50 4.00 2.30
IOR 25 Percent!le 34.53 2.68 2.30 3.48 2.10

75 Percentile 38.00 2.93 2.63 4.50 2.50
RESULTS

In the statistical analysis of this study, the breadth of
medial malleolus showed a correlation of 0.18 with the
length of tibia. As seen in Table 2, P-value appears to be
0.22 which indicates a statistically insignificant
correlation. Similarly, the width of talar facet shows a
correlation of 0.62. With P=0.000, it indicates a
statistically significant correlation with the length of tibia.
The height of fibular notch shows a correlation of -0.02
with P=0.91. This indicates an insignificant correlation.

Table 2: Correlation between length of tibia and distal
articular dimensions.

Breadth of medial 0.18 0.22
malleolus

Width of talar facet  0.62 0.000
Height of fibular 02 0.91
notch

Width of fibular 0.3 0.03
notch

Finally, the width of fibular notch shows a statistically
significant correlation of 0.3 with the total tibial length,
with P=0.03. Thus, it can be concluded that the width of
talar facet and fibular notch have a statistically significant
correlation with the length of tibia.

DISCUSSION

Estimation of stature is of great importance in forensic
and archaeological studies.

In most of the studies, length of intact long bones is used
to calculate the stature of an individual. Femur and tibia
play an important role in such studies for identification of
an individual, analysis of nutritional status and body
size.!* Role of tibia in such studies is understated as it
shows significant inter-individual and sexual differences.
In absence of lower limb bones, humerus, radius and ulna
may be used. However due to unavailability of complete
intact bones, fragments are used for this purpose.

In this study, a positive correlation was observed between
the length of tibia and its distal articular measurements. It
was observed that the width of talar facet and the width
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of fibular notch showed a statistically significant
correlation with the length of tibia. The breadth of medial
malleolus and the height of fibular notch on the other
hand had a statistically insignificant correlation with the
tibial length.

The data collected in this study was not differentiated
according to gender. However, it has been suggested that
maximum accuracy in the estimation of stature would
have been possible if bones were differentiated in terms
of sex.113

Estimation of maximum length of long bones from
fragmentary measurements has been done in several
studies using linear regressions. Authors recommend
against the use of same regression equations for different
populations as it can under or over-estimate the stature.
Therefore, different regression formulae are used for
different populations.

In the estimation of length of long bones from its
fragments, determination of bony landmarks holds the
highest importance. As such transverse diameters along
the diaphysis are not appropriate.  Therefore,
measurements are taken from the proximal and distal
ends of the bones. In this study dimensions are taken from
the distal end of tibia because the lower end is greatly
affected by the modelling that results because of intense
biomechanical loading at the ankle joint.'

This study has few limitations. The study would have
been more instructional if correlation was calculated
between the length of tibia and its proximal articular
dimensions as well.

CONCLUSION

This study was aimed at finding a correlation between the
length of tibia with its distal articular dimensions.
Presence of a positive correlation can help in the field of
forensic medicine to a great extent. Information obtained
can be used to determine the length of tibia from bony
fragments. This can further be used in various other ways
such as identification of an individual, determination of
stature of an individual etc.
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