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Abstract:
Background: When an incomplete fetal skel-
eton comes to the Anatomy department for its
age estimation, it becomes difficult to arrive at
the age due to lack of information in most of
the standard textbooks of Anatomy and Foren-
sic medicine. This study helps to arrive at the
fetal age by certain formulae. Aims of Study:
The estimate fetal age was determined by cor-
relating the diaphyseal length of long bones with
the Crown-Rump (CR) length of the fetus.
Material and Methods: Thirty seven clavicles
from fetuses ranging from 120mm to 310mm
CR length were studied. Fetal bones were ob-
tained by process of maceration of fetuses.
Crown rump length was measured before the
fetuses were subjected for maceration. Bones
were dried at room temperature and length of
clavicles of both sides was measured with cali-
per. Results: It was observed that clavicle grew
at a rate of 0.13mm for every 1 mm increase in
C.R. length. The regression coefficient and re-
gression equations were worked out. Conclu-
sions: It is possible to arrive at accurate fetal
age by measuring the diaphyseal length of
clavicle.
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Introduction:

Anatomists and skeletal biologists apply their
knowledge of human variations to answer ques-
tions about skeletal age, sex, ancestry, stature,
occupation, medical history, personal habits,
health status and cause of death. A primary com-
ponent of any skeletal analysis is to determine
age and sex and anthropologist frequently must
accomplish this task in face of incomplete or
fragmentary skeletons. For this reason, devel-
oping, aging and sexing criteria from various
skeletal elements have been a primary research
focus in skeletal biology. Estimates of sub adult
skeletal age are typically based on long bone
length (diaphysis), epiphyseal fusion and den-
tal development or eruption sequences and are
more precise and accurate than adult age esti-
mates based on degenerative changes at pubic
symphysis, auricular surface, sternal rib ends,
cranial sutures or dental attrition. However sex
estimation is more accurate with adult skeletons
than with sub adults.This work will explore age
estimation of fetuses from clavicle in
Maharashtra (India). Age estimation will focus
on measurement of actual diaphysial length of
fetal clavicles.

Material and Methods:
The present study was conducted on thirty seven
apparently normal human fetuses of both sexes
obtained from the Department of Obstetrics and
Gynecology, Shri. Chatrapati Shivaji Maharaj
General Hospital, Solapur.
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All the specimens were fresh. Measurement of
crown-rump length (CR length) was done im-
mediately. The CR length was measured with
the help of osteo metric board from vertex to
tip of coccyx. The fetuses in the present study
ranged from 120mm to 310mm CR length.
Each specimen was kept in a separately labeled
container for maceration and removal of bones.
After maceration the bones were collected and
dried at room temperature. The bones collected
for the present study were devoid of cartilagi-
nous epiphysis ends and only the diaphysis was
taken for measurement. The diaphyseal length
of the long bones was measured with the help
of venire caliper (Photograph -1). The bones
of right and left sides were measured separately
at least three times to avoid personal error. The
mean of measurement of bones of two sides
was obtained for finding the regression coef-
ficient. Values of regression coefficient for
each bone from thirty seven specimens were
obtained separately so as to arrive at regres-

Photograph No. 1: Showing Measurement of
Length of Fetal Clavicle

Sr.
No.

Table 1: Measurements of CR Length and
                both the Clavicles

Test CR Length
(cm)

Rt Clavicle
(cm)

Left Clavicle
(cm)

1.

2.

3.

Mean

S.D.

SEM

22.65

44.02

7.23

3.13

0.85

0.14

3.04

0.95

0.15

sion equation to find the CR length.
Results:
Clavicle:
Measurements of clavicle ranged from mini-
mum 1.73cm to maximum 5.54cm with mean
of 3.13cm for right clavicle and 3.04cm for left
clavicle (Table 1). Correlation coefficient be-
tween C.R. length and clavicle was 0.938.
Standard error (S.E) was calculated and was
found to be negligible. Probable error (P.E) was
also found to be negligible which is determined
by the formula: P.E=0.6745×S.E(r) where
0.6745 (r) is a constant. Significance level as-
sessed was found to be highly significant (Graph
No. 1 and 2). Regression equation derived is as
follows
CR Length = 70.78 + 49.67 Clavicle.  (Length
in mm) Growth rate is 0.13mm per 1mm in-

crease in C. R. length.

Discussion:
The diaphyseal length of long bones and its re-
lation with crown-rump length helps to deter-
mine the age of the fetus.
The clavicle is considered as a long bone, as it
has a shaft and an epiphysis at either end to per-
mit the growth. The clavicle is the first fetal
bone to undergo primary ossification, and its
medial epiphysis is the last to fuse [1]. How-
ever, the clavicle ossifies via intramembranous
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ossification with no prior endochondral ossi-
fication whereas other long bones undergo ini-
tial endochondral ossification [2]. The two pri-
mary ossification centers appear by the 6th in-
trauterine week and fuse together about one
week later [3]. These two primary centers, me-
dial and lateral which appear between 5th to 6th

weeks of intrauterine life and fuse at about the
45th day [4]. After the osteoid matrix is laid
down, cartilage appears at the acromial and ster-
nal ends of the bone, at which point growth be-
comes a combination of endochondral and
membranous ossification. The medial cartilagi-
nous mass contributes more to clavicular
growth in length than does the lateral mass,
perhaps as much as 80% of the bone length [3].
The combination of the spatial location of the
two ossification centers at either end of the
bone and endochondral ossification at these
sites gives the clavicle its unique s-shape by 8-
9 prenatal weeks. The bone attains its adult form
by 11 prenatal weeks [3]. Growth slows after
birth until the growth spurt between 5 and 7
years, then slows again until the pubertal growth
spurt [5]. Whenever a fetal bone is sent to an
anatomist for opinion on the probable age of
the fetus it becomes difficult to give an opin-
ion on this aspect due to lack of information in
most of the standard textbooks on embryology.
Most of the studies on estimation of fetal age
used radiological or ultrasonographic tech-
niques [6-8] have studied the correlation of dia-
physeal length of long bones and fetal age by
ultrasonographic methods. These studies do not
correlate the length of a dry long bone with the
length obtained on radiography or ultrasonog-
raphy. Therefore, present study was carried out
on 37 dry fetal clavicles to find out correlation

between length of clavicle and C. R. length of
fetuses to estimate fetal age for the
Marathwada region [9] and observed a linear
correlation between diaphyseal length of up-
per and lower limb bones and CR length. We
could not compare the findings of present study
because most of studies exclude clavicle.

Conclusion:
The regression equations worked out in the
present study are as follows:
CR length=70.78 + 49.67 clavicle.
Clavicle grows 0.13mm per one mm increase
in CR length. It is observed in the present study
that it is possible to calculate the fetal age from
the diaphyseal length of clavicle.
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