ANTHROPOMETRIC STUDY OF BILATERAL VARIABILITY AND PERCENT DIRECTIONAL

Shital Sopan Maske et al ASYMMETRIES OF THIGH BONES OF MARATHWADA REGION.

- ANTHROPOMETRIC STUDY OF BILATERAL VARIABILITY
v AND PERCENT DIRECTIONAL ASYMMETRIES OF THIGH
Ve BONES OF MARATHWADA REGION

IJCRR

Vol 04 issue 19
Section: Heathcare
Category: Research
Received on:02/08/12
Revised on:11/08/12
Accepted on:20/08/12

Shital Sopan Maske', Prathamesh Haridas Kamble?

!Deptatment of Anatomy, B. J. Government Medical College, Pune, India
2Deptartment of Physiology, B. J. Medical College, Pune, India

E-mail of corresponding author: dr.prathamesh81@gmail.com

ABSTRACT

Aims and objectives- Though, there is clear-cut right dominance in upper extremity; reports on lower
extremity are ambiguous. Some authors observed preponderance of stronger thigh bones on right side
others reported longer and heavier femurs on left side. Therefore, it was considered worthwhile to report
our observations on bilateral variability of thigh bones from Marathwada region and to derive the percent
directional asymmetry allowing for direct comparison of asymmetry in various dimensions.

Materials and methods- Present study was carried out on 168 known sex femurs from bone bank of the
Department of Anatomy, Government medical college, Aurangabad. All the femurs were dry, free of
damage and deformity and are fully ossified. 11 bilateral dimensions were taken. Dimensions were
converted into percent directional asymmetry. Results and Conclusion- All the dimensions were higher on
left side; but for the diaphyseal dimensions difference was significant. Percent directional asymmetry
reveals that males have more bilateral asymmetry than females. Antero-posterior and transverse diameters
of mid-shaft showed higher percent directional asymmetry. The probable reason for bilateral variation is

asymmetrical mechanical loading and different behaviour patterns.
Keywords: Bilateral Variability, Percent directional asymmetry, Femur, Anthropometry.

INTRODUCTION

Bone is an adaptive tissue. It responds to the
changes in mechanical strength through the
process of remodelling. New bone is deposited in
the area where there is an increase in strain and
bone is removed from areas affected by reduced
activity or immobilization. This process has been
demonstrated in professional tennis players in
terms of hypertrophy & of disuse atrophy of
forearm bones of playing arm than non playing
arm.[1] Nutrition, hormones & genetics also play
role in the functional adaptive process of bone. [2]
The long bones are dependent on different degrees
of stress & thus morphologically are bilaterally
asymmetrical. The degree of asymmetry reflects
the degree of force exerted on to the right or left
limb, while the particular site of bone showing

asymmetry indicates kind of force exerted. [3]
Asymmetry is directed and more pronounced in
upper extremity than the lower.

To a great degree lower limbs are intended for
walking, bipedal locomotion demanding the equal
use of both extremities. However, some authors
observed preponderance of heavier thigh bones on
right side; others reported longer and heavier thigh
bones on left side.

Femur is the longest bone in the body. Few studies
have been conducted on bilateral asymmetry of
long bone from Marathwada region but none of
them have considered percent directional
asymmetry. Degree of percent directional
asymmetry gives the information about how many
units one bone differs from the other and thus gave
us the direction of asymmetry. [4, 5] Thus it was

Int J Cur Res Rev, Oct 2012/ Vol 04 (19),

Page 122



ANTHROPOMETRIC STUDY OF BILATERAL VARIABILITY AND PERCENT DIRECTIONAL

Shital Sopan Maske et al

ASYMMETRIES OF THIGH BONES OF MARATHWADA REGION.

considered worthwhile to report our observations
on bilateral asymmetry of thigh bone from
Marathwada region and percent directional
asymmetry.

MATERIALS AND METHODS

The sample consists of 168 known sex femurs
from the bone bank of department of Anatomy,
Govt Medical College, Aurangabad. All the
femurs were dry, free of damage and deformity
and were fully ossified. To gain the metric data 11
bilateral parameters were measured. Weight,
maximum length , physiological length, length of
shaft, circumference of head of femur,
circumference of midshaft, vertical diameter of
head, transverse diameter of head, minimum
antero-posterior thickness of neck of femur, and
antero-posterior  diameter of midshaft and
transverse diameter of midshatft.

All the above measurements were taken on pairs
of both male and female femurs separately.
Weight was measured on balance machine; lengths
were measured on osteometric board. Diameters
were measured with the help of sliding callipers
and circumferences were measured with the help
of measuring steel tape.

Statistical analysis was done by using unpaired‘t’
test. Data on asymmetry were converted to percent
directional asymmetry for every measurement. It
gave us the direction of asymmetry.

Percent directional asymmetry (% DA) calculated
as —
% DA = (left- right) / average of left & right X
100.

This method standardizes all raw asymmetric
differences to percentages of directional
asymmetry within elements for allowing direct
comparison of asymmetries in dimensions of
different sizes. [4, 5]

OBSERVATIONS

Table I, table Il and table I1l shows comparison of
various dimensions of right and left side of male,
female and combined femurs respectively.

The parameters like weight, maximum length,
physiological ~ length, length  of  shaft,
circumference of head of femur, circumference of
midshaft, vertical diameter of head and transverse
diameter of head of femur showed the difference
in male and female measurements non-significant.
(Table I, table 1l and table 111)

While parameters like minimum anteroposterior
thickness of neck, anteroposterior diameter of
midshaft and transverse diameter of midshaft were
higher on left side. . (Table I, table Il and table 111)
Table 1V depicts percent directional asymmetry
(% DA) for all the dimensions. Higher % DA was
found for Anteroposterior & transverse diameters
of mid shaft along with circumference of mid
shaft. Also % D.A. was higher in male femurs than
female femurs. (Table 1V)

DISCUSSION

Bone growth is affected by both generalised
factors like genetics, hormonal factors, deficiency
of vitamins, minerals etc and also by localized
factors like blood supply and mechanical stress.
[6] The present study indicates that the left sided
femurs are stronger in midshaft or diaphyseal
dimensions than long bone length or articular
dimensions. Probably this increase asymmetry in
diaphyseal dimensions may be due to potential for
continuing subperiosteal expansion of long bones
cortices throughout life, after cessation of growth
in length. This expansion is consequence of
physical stress and strain exerted at these sites due
to more muscular insertions at this site. [3]

The percent directional asymmetry (% DA) at
particular bone site indicates the degree and the
direction of force exerted on the bone. In the
present study % DA for anteroposterior &
transverse diameters of mid shaft along with
circumference of mid shaft was found to be
higher.
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The present study findings are supported by the
previous studied done by Hrdlicka 1932 [7],
Trotter and Gleser 1952 [8], Lowrance and
Latimer 1957 [9], Chhibber and singh 1970 [10],
Huggare and Houghton 1994 [11] and Plochoki
2004. [12] While two studies that demonstrated
right sided femur dimensions being significantly
higher than the left side were Ingalls 1924 [13]
and Gajendra Singh et al [14]. These studies are
summarised in the table V.

Also in the present study, % D.A. was higher in
male femurs than female femurs. This finding
could be a result of generally greater mechanical
loading of bones in males related to greater
muscular development. [15] Also other probable
reason could be the division of labour that is more
physical work by males as compared to females.
[16] But more recent populations have showed a
diminishing of the directionality and magnitude of
asymmetry of sexual dimorphism in asymmetry,
probably reflecting changes such as division of
labour. [17]

The application of present study is as follows:
Bilateral asymmetry in thigh bones should be kept
in mind for femoral arthroplasty implant design.
Present day femoral implants are manufactured for
masses in standard sizes and bilateral variability is
not considered. Non availability of proper sized
and shaped implants may impose serious problems
to patients in run. [18] Bilateral asymmetry also
affects stature estimation. There is a higher
possibility of obtaining erroneous results while
estimating stature from those body dimensions
which show statistically significant and also little
in case of insignificant asymmetry, when formula
developed from one side is used on the other side.
[19]

CONCLUSION

Thus the present study concludes that, for the
femora of Marathwada region, all the dimensions
were higher on left side; but for the diaphyseal
dimensions difference was statistically significant.
Antero-posterior and transverse diameters of mid-

shaft showed higher percent directional
asymmetry. Percent directional asymmetry reveals
that males have more bilateral asymmetry than
females. The probable reason for bilateral
variation is asymmetrical mechanical loading and
different behaviour patterns.
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Table no. 1: Comparison of various dimensions of right and left side of male femurs.
Dimension Right side Left side Significance
Weight(grams) 297.2+£6.73 305.3+5.5 NS
Maximum length (cms) 44.06 £0.33 44.34 +£0.36 NS
Physiological length(cms) 42.14+1.12 43.98+0.34 NS
Length of shaft(cms) 35.43+£0.25 35.62£0.29 NS
Circumference of head(cms) 14.88 £0.11 15.29+£0.94 NS
Vertical diameter of head(cms) 4.33+£0.03 4.37+£0.03 NS
Transverse diameter of head(cms) 4.33+ 0.03 4.36 £0.03 NS
Minimum AP thickness of neck(cms) 2.46 £0.07 2.48 £ 0.06 NS
Circumference of midshaft(cms) 8.41+0.06 8.81+0.07 s
Anteroposterior diameter of midshaft(cms) 2.56 +0.02 2.85+0.03 s
Transverse diameter of midshaft(cms) 2.58 £ 0.02 2.68 +£0.03 s
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Table no. 2: Comparison of various dimensions of right and left side of female femurs.

Dimension Right side Left side Significance
Weight(grams) 193.9+6.76 197.4+7.3 NS
Maximum length(cms) 39.43+6.76 39.53+0.4 NS
Physiological length(cms) 39.20 £ 0.36 39.32+0.39 NS
Length of shaft(cms) 31.71+0.32 31.81+0.32 NS
Circumference of head(cms) 12.11£0.12 12.13£0.13 NS
Vertical diameter of head(cms) 3.81£0.05 3.87 £0.06 NS
Transverse diameter of head(cms) 3.77£0.04 3.78 £0.04 NS
Minimum AP thickness of neck(cms) 2.06+ 0.02 2.11+0.03 NS
Circumference of midshaft(cms) 7.35+0.06 7.61+0.06 s
Anteroposterior diameter of midshaft(cms) 2.26+0.02 2.41+0.03 s
Transverse diameter of midshaft(cms) 2.28+0.02 2.43+0.02 s

Table no.3: Comparison of various dimensions of right and left side of male and female femurs

combined.

Dimension Right side Left side Significance
Weight (grams) 2474 +7.37 251.5+7.35 NS
Maximum length(cms) 41.83+0.35 42.14+0.36 NS
Physiological length(cms) 40.72 £ 0.62 41.84+0.36 NS
Length of shaft(cms) 33.64 £0.28 33.88 £ 0.30 NS
Circumference of head(cms) 13.03+£0.12 13.44 £ 0.54 NS
Vertical diameter of head(cms) 4.08+£0.04 4,14 £0.04 NS
Transverse diameter of head(cms) 4.06 £0.04 4.09+£0.04 NS
Minimum AP thickness of neck(cms) 2.06 £ 0.02 2.29+0.04 NS
Circumference of midshaft(cms) (cms) 7.89 +0.07 8.26 +0.08 s
Anteroposterior diameter of midshaft(cms) 2.41+0.02 2.65+0.03 s
Transverse diameter of midshaft(cms) 2.43+0.02 257+0.2 s

Table no. 4: Percent directional asymmetry for all the dimensions.

Dimension Male Female Combined Male+Female
Weight(grams) 2.64 1.74 1.64
Maximum length 0.63 0.25 0.74
Physiological length 4.27 0.31 2.71
Length of shaft 0.53 0.31 0.71
Circumference of head 2.71 0.16 3.09
Vertical diameter of head 0.92 0.56 1.45
Transverse diameter of head 0.69 6.26 0.74
Minimum AP thickness of neck 0.81 2.39 0.44
Circumference of midshaft 4.65 3.47 4.58
Anteroposterior diameter of midshaft 10.72 6.42 9.48
Transverse diameter of midshaft 3.80 6.36 5.6
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Table no.5 shows previous studies of femur bone asymmetries in recent humans.

Reference Sample population (s) (riaarlg?;eeniiizli) Overall results
Hrdlicka (1932) Black Americans 82(56/26) Left Femur > Right Femur
Trotter & Gleser (1952) 8 Black Americans 622(455/77) | Left Femur > Right Femur
Lowrance & Latimer (1957) ° Asia 105 Left Femur > Right Femur
Chhibber & Singh (1970) *° Indian subcontinent cadavers |10 Left Femur > Right Femur
Huggare &Houghton (1994) ** Prehistoric thai (2000YBP) |43 Left Femur > Right Femur

Mississipian , Missouri,

Plochoki (2004) *2 80(39/41) Left Femur > Right Femur

Ameridians
Ingalls (1924) Euroamericans 100(100/0)  |Right >Left
Gajendra 184|ngh & Chhadamayee Varanasi 50 Right > Left
Mohanty
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