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SUMMARY

Earlier studies on growth and estimation of age
from fetal bones were analyzed from photographs,
radiographs, ultrasonographs and bones from
chemically preserved fetuses. The earlier findings
might not be applicable when information about
growth and age estimation are sought from the
naturally macerated fetal bones. The present study
was undertaken in the Department of Anatomy, BJ
Medical College, Pune, India with the aim to study
the growth of fetal radius and also to estimate the
CRL (crown-rump length) and CHL (crown-heel
length) of fetuses based on osteometry on fetal
radius. A natural process of maceration technique
was adopted to prepare the bones. Osteometry
was taken directly on fetal radius. CRL and CHL
were taken from fresh fetuses. There were seven
osteometric measurements (five measurements
were newly introduced) taken on 912 fetal radii
(right and left) from 456 fetuses (244 males and
212 females) from Indian population. The fetuses
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had the age range between 11 weeks to 40 weeks
of intrauterine life. It was observed that 8.04%
showed significant side differences and 12.5%
showed significant sex differences based on the
osteometry. There was positive growth trend found
in fetal radius on the basis all the osteometric
measurements. The Maximum Length of Radius
(r-ml) showed the fastest rate of growth in females
during weeks 11 to 16 of intrauterine life. For
every 1 mm in the CRL, the r-ml was increased by
.235 mm. Regression equations were calculated
to estimate the CRL and CHL from the osteometry
done on fetal radius. Growth study of the fetal
radius has its anatomical significance. Age
estimation is a crucial factor in dealing with
forensic and archaeological anthropology.
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INTRODUCTION

Somatometric and osteometric studies on the
human fetus help understand the anatomical
growth pattern and development of the human
fetus. This paper presents a study on fetal skeletal
growth of the radius based on a new fetal skeletal
collection obtained by natural maceration.

That means maceration in fresh water. The
study is important because it is based on both
a good skeletal sample of fetuses (244 males
and 212 females) and on Indian population. It
is difficult to construct fetus skeletal collections
of this size and, because of this, there is a
great lack of documented (known sex and age)
skeletal collections of individuals at this stage of
development. In turn, this lack of fetus skeletal
documented collections makes it difficult to
develop skeletal growth studies on this age group,
which are extremely necessary in forensic and
archaeological anthropology, because they help
us to estimate fetal age in cases where a perinatal
or fetal individual is involved. The paper presents
a new documented fetal skeletal collection, an
Indian collection, and furnishes information
on skeletal growth of Indian fetuses, which is
extremely important for osteological research,
and population variability.

Very extensive studies have been carried out,
in respect of growth on infants and children
(Tsuzaki et al., 1990; Shimura et al., 2005;
Smith, 2007; Cardosa et al., 2014; Irurita et al,,
2017), children through adolescence (Kulkarni,
1985; Padmanathan et al.,, 1990; Beunen et
al.,, 1990), and also adults (Munoz et al., 2001;
Mahakkanukrauh et al., 2011; Wang et al., 2012).
Studies are also available on the growth aspects
of human in their intrauterine life on the basis of
osteometric analysis (Simon et al., 1984; Huxley,
1998; Loughna et al., 2009; Carneiro et al., 2013;
Bartosch et al., 2019). Although various studies
are available on fetal growth and development, the
aims of these studies vary from one another. More
studies aimed to concentrate on developmental
aspects rather than growth aspects based on
osteometry (O’Rahilly, 1973; Kulkarni et al.,,
1981; Mahon et al., 2009). Several studies have
established an association between gestational
age and the diaphyseal length fetal long bones

(Fazekas and Kosa, 1978; Carneiro, 2019). Studies
are available to estimate fetal age from the
diaphyses of long bones (Mehta and Singh, 1972;
Vare and Bansal, 1977; Kosa, 1997; Shirley, 2009).
The estimation of fetal age is applicable in clinical,
forensic and archaeological contexts (Butt and
Lim, 2014; Carneiro et al., 2013).

The methodology adopted in the earlier
studies to prepare the fetal material in dealing
with prenatal growth and development was not
uniform. In some studies (Ford, 1956; Mehta and
Singh, 1972), fetal bones were dissected from
preserved fetuses and measured. In the case of
measurements taken on the dissected bones,
not only would there be every chance of tender
fetal long bones getting damaged, but also the
removal of soft tissues from the bones might not
be that perfect, which might result in distorted
measurements. Moore and Persaud (1993)
measured human fetuses which were preserved
in formalin. Moss et al. (1955) studied fetal bones
prepared with alizarin staining. Measurements on
long bones, which were obtained from chemically
preserved fetuses, definitely differ from that of
original long bones.

Therefore, it is necessary to prepare original
bone and take measurements directly on the
bone to get accurate results. In various studies,
observations and measurements were taken
from just photographs (Burdi, 1969), radiographs
(Piercecchi-Marti et al., 2002; Khan and Faruqui,
2006; Carneiro et al., 2019) and ultrasonographs
(Chitty and Altman, 2002; Loughna et al., 2009;
Buttand Lim, 2014). The methodology adopted by
the earlier workers to measure fetal bones from
photographs, radiographs and ultrasonographs
might not be accurate, as there was every
chance of bones being oblique in their exhibits.
Moreover, the bone measurements taken from
these graphs showed only a one-dimensional
approach, while the bone itself exhibited a
multi-dimensional form. While commenting on
measurements taken from the ultrasonographs,
Chitty and Altman (2002) pointed out that
the measurements would vary over a wide
range due to differences in fetal position, and
difficulties would occur in taking correct linear
measurements because of variation of objective



planes due to the movements of the fetuses. Moss
et al. (1955) studied fetal bones prepared with
alizarin staining. In some other studies (Ford,
1956; Mehta and Singh, 1972), fetal bones were
dissected from chemically preserved fetuses and
got measured. Chemical preservation results to
shrinkage of specimens to some extent. Mehta
and Singh (1972) measured the crown-rump
length of fetuses, after fixing them in 10%
formalin for 4 to 6 months. Thus, it is revealed
that no uniform method has been adopted in the
earlier studies in preparing the fetal specimens.

The number of fetal specimens considered in
the earlier studies also varied from one another.
It has been noted that in many cases the number
has been found to be quite inadequate. Gray
and Gardner (1969), and Gardner and Gray
(1970) studied a series of only 40 embryos and
fetuses. Mehta and Singh (1972) measured the
diaphyseal lengths of only 50 fetuses. Dhawan
et al. (2014) measured femur bones from 45
human fetuses. Carneiro et al. (2019) measured
fetal bones from only 17 fetuses. Because of
the inadequacy as well as variability in the
sample size, no proper comparison could be
made between studies. Most of the earlier
studies, which were aimed to estimate age from
fetal long bones, did not include all the long
bones (Feltz, 1954; Moss et al., 1955; Gray and
Gardner, 1969; Gardner and Gray, 1970; Mehta
and Singh, 1972).

Going through the literature, it was revealed
that there were different aims for the earlier
studies. There were variations in methodology
adopted to make the availability of the human
specimens and also to measure them. There
was a lesser number of parameters reported
on small sample size. Thus, the whole scenario
showed an incomplete picture. Thus, it was felt
necessary that a systematic study be undertaken
to rectify the pitfalls highlighted above. The
present work aimed to study the growth pattern
and the rate of growth of the fetal radius with
side and sex differences, and to estimate crown-
rump length (CRL) and crown-heel length (CHL)
from the radius, and also to examine the applied
significance based on the osteometry on fetal
radius.

MATERIAL AND METHODS

Source of fetus

The principal author “(D.S.)” of the paper was
an Anatomy staff member in the Department
of Anatomy, B.J. Medical College (BJMC) with its
attached Sassoon General Hospitals, Pune, India
during 1978 to 2011. The Deans of the BJMC and
Sassoon General Hospitals, and the Heads of the
Department of Anatomy, BJMC were supportive for
the collection of human fetuses from the Sassoon
General Hospitals. The Professors and Heads of the
Departments of Obstetrics and Gynaecology and
Forensic Medicine, BJMC, were also cooperative
to supply the human fetuses from their respective
departments. The fetuses were collected during
the above period. The fetuses were from abortions
of Medical Termination of Pregnancies (MTPs)/
Still Births. Fetus collections procedures include
such as anatomy departmental assistants to
be allotted to collect fetuses, proper labeling
of particulars on the fetus containers, issue
and receipt of related documents of fetus, etc.
The study was conducted in the Department of
Anatomy, BJMC. Required approval was obtained
from the Ethical Committee of BJMC.

Population base

Anatomical study on humans is both on an
individual basis and population-oriented. In
the present study, name of the parents of the
fetuses and their place of living indicated that
all the parents of the fetuses belonged within the
geographical area of Maharashtra, India. This
broad population base of Maharashtra provided
a vital significance, indicating that the fetuses
belonged to the Maharashtra population of India.

In all, there were 912 (left- and right-side bones)
diaphyses of fetal radius bones from 456 normal
human fetuses included for the present study.
Among the 456 fetuses, 244 (53.51%) fetuses were
males and 212 (46.49%) fetuses were females.
The fetuses which were selected for the present
study were of varying sizes ranging from 51mm
to 394mm in crown-rump length (CRL) with 70
mm to 577 mm in crown-heel length (CHL). The
exact gestational age (GA) of the fetuses was not
known. Some of the details, such as regarding the
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LMP (last menstrual period), given by the mothers
of the fetuses could be misleading, as many of
them want to keep their anonymity, as abortions
do not enjoy much social acceptance. Therefore,
in the present study, the fetuses were categorized
on the basis of the CRL and CHL. As there is earlier
literature available to estimate fetal age from the
CRL as well as the CHL, this study adopted the
already established scales, (Davies 1967; Okajima
1975; Williams and Warwick 1980), to estimate
fetal age based on the CRL and CHL. Osteometry
was carried out on all the 912 radius bones.

In spite of such a large collection of 456 fetuses,
there existed obvious biases in the distribution
of samples when individual group and sex were
considered. Ideally, a trimester-wise grouping
would have given better room for tracking the
growth pattern. However, that would leave with
only two such trimesters with meaningful sample
sizes for comparison, leaving quite a few sample
sizes in the remaining groups. Further, the results
would provide us room only for a broad growth
pattern or generalization. As a via media, an eight-
week grouping was adopted, to make a total of
four groups. In this way, we can justify the sample
size under each group. Here too, although there
existed an internal biasness in the distribution of
sex-wise sample size in the group I, the remaining
three groups showed good consistency in the sex-
wise distribution of sample. For the purposes of
discussion, the assigned group numbers, i.e. I, II,
I1I and IV, would be used throughout this paper.
All the 456 fetuses were categorized into four
age groups, each group having eight weeks of
duration of age range, except for the first group
(Table 1). The first group had only a six-week
range, because fetal bones would be available for

Table 1. Distribution of human fetuses for the present metric study.

manual measurements only after the period of 11
weeks of the intrauterine development.

Somatometry

When a fetus was brought to the Department of
Anatomy, it was to be prepared for somatometric
measurements. Only those fetuses that appeared
normal were selected for the purpose of the present
study. Firstly, the umbilical cord of the fetus was
tied tightly with the help of a thread, near the
umbilicus. The purpose of the tying up was to stop
oozing out of the fetal blood from the fetus. The part
of the umbilical cord along with the placenta was
cut off and removed. The fetus was then cleaned
with running water for about few minutes and kept
ready for observation and taking somatometric
measurements. The sex of the fetus was noted down.
There were two somatometric measurements,
CRL and CHL, selected for the present study. After
the completion of the somatometry, the fetuses
were kept for natural maceration process for the
preparation of the fetal bones. No chemical was
used in the maceration process.

Osteometry

There were seven osteometric measurements
(Table 2) taken on the diaphyses of the fetal radii
(Fig. 1) for this study. All the seven osteometric
measurements were measured on both right and
left bones. The maximum length of the radius
is the maximum straight-line distance between
the highest point on the proximal end and the
lowest point on the distal end of the radius. The
remaining measurements were taken at the
proximal/distal/middle part of the radius from the
maximum straight-line distance from anterior/
posterior/medial/lateral-most points as per the

Osteometry (456)
Group Weeks CRL (mm) CHL (mm) Male Female Total
I 11-16 51-100 Upto 150 18 4 22
I 17-24 101-200 151-300 159 152 311
111 25-32 - 301-400 49 42 91
I\Y% 33-40 - 401-550 18 14 32
Total 244 212 456

(Source: Davies, 1967; Okajima, 1975; Williams and Warwick, 1980)
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name of the measurement. Except the length
of the radius (in this study called r-ml) and the N

midshaft transverse diameter (in this study called Byx = --eeoee- =X
r-mml), the remaining five measurements were IX? - oo
newly introduced in this study. N

Table 2. Osteometric measurements on fetal radius. Where, byx _ regression coefficient of dependent

S.No. Osteometric Measurement Abbreviation variable Y (e.g‘, r-ml) on independent variable X
1 | Radius-Maximum Length r-ml (CRL/CHL). In the present study b0 and bl were
2 Radius-Proximal Antero-Posterior | r-pap used in places of by and bx.

Diameter
3 ggdlus-Prommal Medio-Lateral r-pml Tests of Signiﬁcance
lameter
4 | Radius-Distal Antero-Posterior r-dap t-test: The computation of values of ‘t’ was
Diameter according to the given formula.
5 Radius-Distal Medio-Lateral Di- r-dml
ameter L
6 Radius-Middle Antero-Posterior r-map t = X1 —X;
Diameter J(S.E.X)? + (5.E.X3)?
7 Radius-Middle Medio-Lateral Di- r-mml
ameter

Where, X1 and X2 = mean of sample 1 and 2

respectively, and
Statistical considerations
S.E.XjandS.E. Xy =standard error of mean of sam-

Regression coefficient ple 1 and 2, respectively. The value of ‘t’ obtained was

It was calculated using the following formula. checked against the total degrees of freedom to get
the level of significance (Singh and Bhasin, 1989).

VRS TR M N I N
pre e Ea e

SRRV

Fig. 1.- Shafts of fetal long bones (16 to 32 weeks) (Sample).
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The degrees of freedom used were obtained by
using the following formula.

df = (N1+N2)-2

where, N1 and N2 = total number of sample 1
and 2, respectively.

Absolute growth rate calculation

For calculating the absolute growth rate based
on all the present measurements, the following
formula (Biswas and Bhattacharya, 1966) was
followed.

Absolute growth
Absolute growth rate S1
percent permonth=  --------mmmmmommooooo- x100
N

Absolute growth = S2 — S1

S1 = mean of the maximum length of the radius
within the group I

S2 = mean of the maximum length of the radius
within the group II

Thus, the absolute growth for the inter-group I
and II was the subtraction of the mean growth of
group I from the mean growth of group II.

Length of period (N) for the present study is two-
month duration.

Accordingly, the inter-group-wise absolute
growth rate was calculated for the present study
as absolute growth rate percent per month.

RESULTS

Side differences

Side differences (Tables 3 and 4) were analyzed
on all the group-wise radius bones of the
present study on the basis of the osteometric
measurements. In the males, significant left-side
dominance was observed from the group Il in the
r-pml at 1% level and in the r-dap at 5% level.
Also in the males, the r-pml showed significant
left-side dominance at 5% level from the group
III. In the case of females, the r-pap and the
r-map showed significant left-side dominance
at 5% level from the group III. Also in the

females, the r-ml showed significant right-side
dominance and the r-pml showed significant left
side dominance and both the latter r-ml and the
r-pml were at 1% level from the group II. And
also in the females, the r-dml showed significant
right-side dominance at 5% level from the group
I and significant left-side dominance at 5% level
from group IV. On the basis of the analyses, it was
observed that only 8.04% showed significant side
differences in the osteometric measurements
(Table 5).

Sex differences

Sex differences were analyzed on all the group-
wise radius bones of the present study on the
basis of the osteometric measurements (Table 6).
Significant sex differences were found between
the males and females in the r-mml at 5% level
from group I; In the r-pap, r-pml, r-dml at 5%
level and in the r-map, r-mml at 1% level from
group II; In the r-mml at 5% level from group III.
In all these measurements, the females showed
higher values. On the basis of the analyses, it was
observed that only 12.5% showed significant sex
differences (Table 7).

Growth rate

From the regression values (b0, b1) calculated
for the osteometry, all the osteometric
measurements showed an increasing trend of
growth rate for every 1 mm increase in CRL and
CHL. The bl values showed (Tables 8 and 9)
increase in the osteometric measurements for
every one mm increase in CRL/CHL. Among all
the measurements, the r-ml showed faster rate of
growth both in the males and females. The fastest
rate of growth was observed in female radius from
the group I (11 to 16 weeks). For every 1 mm in
the CRL, the r-ml was increased by .235 mm. In
the group I (11 to 16 weeks), mostly the females
showed slightly higher values in almost all the
osteometric measurements than the males. In all
the osteometric measurements, in both the males
and females the group II (17 to 24 weeks) showed
slightly higher rate of growth when compared to
the group III (25 to 32 weeks). The growth rate of
r-ml was higher in the group I compared to the
group IV in both the males and females.
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Table 3. Side differences based on mean and standard deviation of male radius measurements in four age groups of fetuses.

Males Group -1 Group -II Group -III Group -1V
Radius - Left 12-16wks (18) 17-24wks (159) 25-32wKks (49) 33-40wks (18)

Mean SD Mean SD Mean SD Mean SD
r-ml 9.817 3.0269 23.623 5.1219 35.180 2.8206 47.562 6.1978
r-pap 1.172 .2340 2.240 4973 3.430 .3614 4.861 .8213
r-pml 1.261 .2709 2.384 .5181 3.662 .3876 5.181 .8645
r-dap 1.1472 .23293 2.4821 .63814 4.0449 49542 5.8500 1.04867
r-dml 1.44 .292 3.32 .860 5.42 .634 8.10 1.396
r-map .6778 16469 1.3129 .28982 1.8724 .22869 2.7167 149170
r-mml .761 1997 1.484 .3197 2.221 .2665 3.211 6225

Radius - Right

r-ml 9.833 3.0541 23.635 5.1246 35.194 2.8222 47.614 6.3000
r-pap 1.164 .2293 2.245 14930 3.427 3478 4.822 .8512
r-pml 1.264 2721 2.364 .5063 3.615 4011 5.139 .8493
r-dap 1.1556 .23129 2.4682 .62540 4.0306 49474 5.8222 1.13036
r-dml 1.43 .296 3.31 .863 5.42 .609 8.10 1.468
r-map .6778 .16558 1.3145 .28548 1.8735 22915 2.7222 .51684
r-mml .750 .1910 1.485 .3188 2.233 .2709 3.186 .6519

Number in parentheses indicates sample size

Table 4. Side differences based on mean and standard deviation of female radius measurements in four age groups of fetuses.

Females Group -1 Group -II Group -III Group -1V
Radius - Left 12-16wks (04) 17-24wks (152) 25-32wKks (42) 33-40wks (14)
Mean SD Mean SD Mean SD Mean SD
r-ml 12.563 .7487 24.636 49183 35.839 3.3851 46.657 4.0511
r-pap 1.325 1190 2.371 4815 3.480 .3580 4.664 5119
r-pml 1.388 .0629 2.509 14991 3.670 .3857 4.900 4666
r-dap 1.3250 .08660 2.6079 .64096 4.0940 46842 5.7107 .95337
r-dml 1.71 .085 3.51 .828 5.49 .698 7.63 1.055
r-map .8375 .10308 1.4003 .27898 1.9524 .26225 2.6000 24729
r-mml 1.013 1250 1.602 .3355 2.339 .2801 3.096 .3456

Radius — Right

r-ml 12.600 5715 24.666 4.9102 35.868 3.3948 46.582 3.9280
r-pap 1.325 .0645 2.375 4816 3.450 .3518 4.682 .5319
r-pml 1.425 .0645 2.489 4878 3.639 .3630 4.871 .5853
r-dap 1.3250 .06455 2.6020 .63522 4.0952 AT7277 5.6786 99571
r-dml 1.73 .065 3.52 .827 5.52 .701 7.55 1.078
r-map .8500 .10801 1.3967 .27505 1.9286 .26507 2.5571 .24951
r-mml 1.000 1291 1.602 .3345 2.344 2737 3.093 .3257

Number in parentheses indicates sample size
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Table 5. ¢‘values for left and right side comparison for male and female radius measurements in four age groups of fetuses.

Left and Right Group -1 Group -1I Group -III Group -1V
Comparison of Ra-
dius
Males 12-16wks (18) 17-24wks (159) 25-32wks (49) 33-40wks (18)

t Sig-P t Sig-P t Sig-P t Sig-P
r-ml -1.065 .302 -1.225 222 -.608 .546 -.806 431
r-pap 1.144 .269 -.880 .380 .302 764 1.353 194
r-pml -.437 .668 3.763 .000** 2.679 .010* 1.667 114
r-dap -1.144 .269 2.492 .014* 1.089 .282 777 448
r-dml .589 .564 1.687 .094 .254 .801 -.059 954
r-map .000 1.000 -.469 .640 -.141 .888 -.383 .707
r-mml 1.719 .104 -.301 .764 -1.315 .195 1.256 226
Females
r-ml -.270 .805 -2.828 .005%* -.923 .362 1.005 .333
r-pap .000 1.000 =777 438 2.058 .046* =717 486
r-pml -1.567 215 3.202 .002%* 1.756 .086 477 .641
r-dap .000 1.000 1.016 311 -.072 943 1.351 .200
r-dml -1.000 .391 -1.737 .084 -2.460 .018* 2.637 .021*
r-map -1.000 .391 1.118 .265 2.354 .023* 1.790 .097
r-mml 1.000 .391 =112 911 -.488 .628 179 .861

Number in parentheses indicates sample size.*Significance at 5% level;**Significance at 1% level; Paired t-test

Table 6. Sex differences based on mean and standard deviation of radius measurements in four age groups male and female fe-

tuses.

Radius Group -1 Group -1I Group -III Group -1V
Males 12-16wks (18) 17-24wks (159) 25-32wKks (49) 33-40wks (18)

Mean SD Mean SD Mean SD Mean SD
r-ml 9.8250 3.04035 23.6289 5.12287 35.1867 2.82021 47.5881 6.24766
r-pap 1.1681 23117 2.2426 49366 3.4281 .35288 4.8417 .83415
r-pml 1.2625 27120 2.3737 51111 3.6388 .38961 5.1597 .85531
r-dap 1.1514 .23160 2.4752 .63083 4.0378 149295 5.8361 1.08764
r-dml 1.4347 .29245 3.3137 .86056 5.4179 .62023 8.0986 1.42925
r-map .6778 16492 1.3137 .28688 1.8730 .22752 2.7194 .50348
r-mml .7556 .19489 1.4844 .31863 2.2270 .26707 3.1986 .63596
Females 12-16wks (04) 17-24wks (152) 25-32wKks (42) 33-40wks (14)

Mean SD Mean SD Mean SD Mean SD
r-ml 12.5813 .65140 24.6508 4.91378 35.8536 3.38845 46.6196 3.98755
r-pap 1.3250 .08660 2.3729 48036 3.4649 .35183 4.6732 51994
r-pml 1.4063 .05907 2.4992 149199 3.6548 .37016 4.8857 51727
r-dap 1.3250 .07360 2.6049 .63709 4.0946 46753 5.6946 97375
r-dml 1.7188 .07465 3.5164 .82656 5.5065 .69843 7.5893 1.06544
r-map .8438 .10483 1.3985 .27630 1.9405 .26162 2.5786 .24433
r-mml 1.0063 12645 1.6018 .33451 2.3417 27512 3.0946 .33371

Number in parentheses indicates sample size
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Absolute growth rate Absolute growth rate for the r- ml was higher in
the inter-age group I-II (11 weeks to 24 weeks)
and gradually declining through the proceeding
two inter-age groups II-III (17 weeks to 32 weeks)
and III-1V (25 weeks to 40 weeks) (Fig. 2).

The absolute growth rate percent per month
for the male and female fetuses belonged to the
inter-age group I, I and III were calculated (Table
10). The r-ml of males from the inter-age group
I-1I (11 weeks to 24 weeks) showed the highest

absolute rate of fetal growth as 70.25% per month. Bivariate distribution

The lowest absolute growth rate was found in the In the case of osteometry, variations between
r-ml of females from the inter- age group III-IV the CRL with the r-ml were computed. Because
(25 weeks to 40 weeks) as15.01% per month. of the smaller sample size in the groups I and

Table 7. ‘t’ values for male and female comparison of radius measurements in four age groups of fetuses.

Male and Female

Comparison of Group -1 Group -1I Group -III Group -1V
Radius

12-16wks 17-24wks 25-32wks 33-40wks

t Sig-P t Sig-P t Sig-P t Sig-P
r-ml -1.772 .092 -1.794 .074 -1.025 .308 .505 .618
r-pap -1.316 .203 -2.357 .019*% -.497 .620 .661 514
r-pml -1.036 313 -2.203 .028* -.200 .842 1.056 .300
r-dap -1.458 .160 -1.805 .072 -.562 .576 .382 .705
r-dml -1.895 .073 -2.118 .035* -.642 .523 1.113 .275
r-map -1.908 .071 -2.654 .008** -1.317 191 960 .345
r-mml -2.435 .024* -3.169 .002%* -2.013 .047* .554 .584

Number in parentheses indicates sample size *Significance at 5% level; **Significance at 1% level; Unpaired t- test

Table 8. Regression values (b0,b1) for growth rate in radius with CRL in four age groups in male and female fetuses. b1 shows
increase in the osteometric measurements for every one mm increase in CRL.

Radius Group -1 Group -1I Group -III Group -1V
Males 11-16wks (18) 17-24wks (159) 25-32wks (49) 33-40wks (18)
Dependent Independent b0 b1l b0 b1l b0 bl b0 b1l
Variable (Y) Variable (X)

r-ml CRL -6.075 .188 -5.153 .187 10.40 .110 1.614 .149
r-pap 111 .013 -.455 .017 403 .013 -1.197 .020
r-pml -.033 .015 -.404 .018 .168 .015 -1.027 .020
r-dap .081 .013 -.942 .022 .019 .018 -2.500 .027
r-dml -.017 .017 -1.414 .031 .243 .023 -2.714 .035
r-map -.143 .010 -.152 .010 -.006 .008 -.977 .012
r-mml -.159 011 -.196 011 .044 .010 -1.410 .015
Females 11-16wks (4) 17-24wks (152) 25-32wKks (42) 33-40wks (14)
r-ml CRL -10.725 .235 -4.575 .183 4.481 137 1.151 .150
r-pap .500 .008 -.327 .017 .767 .012 -1.920 .022
r-pml -1.275 .027 -.288 .017 .485 .014 -1.610 .021
r-dap 1.325 .000 -1.037 .023 .280 .017 -6.515 .040
r-dml -1.375 .031 -1.200 .030 -.480 .026 -6.445 .046
r-map -3.900 .048 -.046 .009 -.157 .009 .230 .008
r-mml -4.150 .052 -.205 .011 .203 .009 -.697 .012

Number in parentheses indicates sample size
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IV, scatter diagrams were prepared only for the
groups Il and III. The scatter diagrams (Figs. 3 and
4) showed that there were very close relationships
found between the CRL with r-ml. The obtained
scatter diagrams showed a good fit between the
variables correlated.

Correlations

In the present study, there were highly
significant correlations obtained between the
CRL/CHL with all the osteometric measurements
(Table 11). In the males, the highest value of

Age estimation of human fetus

As there were highly significant correlations
obtained between the CRL/CHL with all the
osteometric measurements, necessary regression
equations were calculated to calculate the CRL
and CHL from all the osteometric measurements
(Tables 12 and 13). Necessary regression values
(b0, b1l) were calculated for the osteometric
measurements for age estimation. With the help
of the tables 12 and 13, the CRL and CHL can be
calculated using the two values bO and bl and
given measurements. Once the CRL/CHL was

correlation coefficient .992 at 1% level as found
between the CRL and r-ml in the group I. In the
females, the highest value .977 at 1% level was
found in between the CHL and r-ml in the group II.

calculated, the fetal age could be estimated from
the already established age estimation scale.

The formula to calculate CRL/CHL is as follows:

CRL/CHL = (b1 x measurement on the radius) + b0

Table 9. Regression values (b0,b1) for growth rate in radius with CHL in four age groups in male and female fetuses. b1 shows
increase in the osteometric measurements for every one mm increase in CHL.

Radius Group -1 Group -II Group -III Group -1V
Males 11-16wks (18) 17-24wks (159) 25-32wKks (49) 33-40wks (18)
Dependent Independent b0 bl b0 bl b0 bl b0 bl
Variable (Y) Variable (X)
r-ml CHL -4.480 119 -4.753 124 4.489 .091 -.799 .107
r-pap 217 .008 -.410 .012 -.098 .010 -1.421 .014
r-pml .110 .010 -.355 .012 -.367 .012 -1.163 .014
r-dap .189 .008 -.878 .015 -.769 .014 -2.742 .019
r-dml 118 .011 -1.330 .020 -.560 .018 -2.995 .024
r-map -.050 .006 -.135 .006 -.352 .007 -1.089 .008
r-mml -.065 .007 -.175 .007 -.222 .007 -1.490 .010
Females 11-16wks (04) 17-24wks (152) 25-32wks (42) 33-40wks (14)
r-ml CHL -7.976 141 -4.133 120 232 .104 -2.179 .108
r-pap 2.207 -.006 -.275 011 212 .010 -1.135 .013
r-pml -.523 .013 -.220 .011 .022 .011 -1.067 .013
r-dap 2.648 -.009 -.951 .015 -.396 .013 -5.744 .025
r-dml -.761 .017 -1.093 .019 -1.53 .021 -5.379 .029
r-map -3.180 .028 -.019 .006 -.475 .007 -.073 .006
r-mml -4.230 .036 -.164 .007 -.080 .007 -.753 .009
Number in parentheses indicates sample size
Table 10. Absolute growth rate percent per month for the inter-age groups of human fetuses.
Sex Intergroup I Intergroup II Intergroup III
Males 70.25 24.46 17.62
Females 47.96 22.72 15.01
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Fig. 4.- Scatter diagrams and regression fit lines for r-ml (mm) with

11-24 wks  17-32 wks 25-40 wks CRL (mm) in Group IIL.
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Fig. 2.- Absolute growth rate of fetus based on maximum length of radius.

DISCUSSION
— Side and Sex differences

mn = The side differences in the considered

1w o measurements indicated certain specific trends
Euwo £ that might reveal side dominance. However, there
B B 160

- being a low percentage (8.04%) of significant side

® Nl differences, in the present study all the analyses

" including the mean and standard deviations,

correlation coefficients, regression analyses,
Fig. 3.- Scatter diagrams and regression fit lines for r-ml (mm) with analyses on gI'OWth and age estimation were
CRL (mm) in Group II. calculated on the basis of the mean values of both

Table 11. Correlation between CRL, CHL with radius measurements in four age groups of male and female fetuses.

Correlation between CRL,

CHL with Radius Group -I Group -II Group -III Group -1V
12-16wks (18) 17-24wks (159) 25-32wks (49) 33-40wks (18)
Males CRL CHL CRL CHL CRL CHL CRL CHL
r-ml .992%* .991%* .970%* 977%* .786%* .881%* 917%* .949%*
r-pap .867** .866** .944%* .947%* 767** .809%* .903** .920%*
r-pml .906** .894** .938** .941%* 797%* .832%* .902%* .906**
r-dap .876** .875%* .935%* .937%* 729%* .789%* .956** .966**
r-dml 9471 .948%* .949%* 951%* .746%* .780%* .943%* 951
r-map .944%* .929%* .882%* .890** .739%* 791%* .915%* .927%*
r-mml .890** .886** 911%* .918** .731% 7427%% .903** .903**
Females 12-16wks (04) 17-24wks (152) 25-32wKks (42) 33-40wks (14)
r-ml 723 .719 .967** 977%* .818** .870%* .817%* .903**
r-pap 192 -.232 .913** .919%* 677 .765%* .909%* .824%*
r-pml 917 744 .921%* .9227%* .756%* .812%* .900%* .849%*
r-dap .000 -.410 .929%* .931%* .720%* .794%* .899%* .867**
r-dml .837 757 .927%* .930%* \757%* .833% .9447%* .898**
r-map 914 .875 .850%* .856** .708%* .764%* .689%* .801%*
r-mml .824 944 .878%* .880%* .686™* .728%* .814%* .851%*

Number in parentheses indicates sample size *Significance at 5% level; **Significance at 1% level
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the left and right sides merging together. In the case
of sex differences, in spite of the very low percentage
(12.5%), in the present study all the obtained results
on correlation coefficients, regression constants
for growth rate and also scattergrams along
with regression fit lines and bar diagrams were
presented sex-wise separately for evolving a broad
comparative perspective on both sexes.

Table 12. Regression values (b0, b1) for estimating CRL, from
radius from the total sample of 456 fetuses.

Osteometric measurements Group -All
on Radius

b0 b1
r-ml 16.964 5.890
r-pap 24.464 57.889
r-pml 23.237 55.199
r-dap 45.795 44.009
r-dml 46.668 32.504
r-map 19.278 104.106
r-mml 26.585 85.733

Table 13. Regression values (b0, b1) for estimating CHL, from
radius from the total sample of 456 fetuses.

Osteometric measurements Group -All
on Radius

b0 bl
r-ml 24.491 8.807
r-pap 36.628 86.215
r-pml 35.162 82.080
r-dap 68.524 65.501
r-dml 69.933 48.350
r-map 28.526 155.294
r-mml 39.894 127.623

Growth rate

Studies on bone growth, based on quantitative
analyses, enable a better understanding of the
growth pattern. On the basis of the analyses on
osteometry, the present study revealed that there
was a positive growth trend, which was observed
in all the measurements taken on the fetal radius
from all the four age groups considered. Moss
et al. (1955) stated that several combinations of
osseous shaft lengths revealed a constant ratio
between the specific growth rates of all the bones.
They measured 106 fetuses, which were cleared
and stained with alizarin, ranging from 30 mm

to 169 mm in CRL, whereas in the present study
in the same age group (I and II), 333 fetuses got
measured. The present osteometric study was
carried out on 912 naturally macerated, dried
bones from 456 fetuses. Variations observed with
the earlier results (Table 14) might be attributed
to the very low sample size of the earlier studies
and the mode of preparation of the bone material
for the osteometric study. Moss et al. (1955) noted
a characteristic interphase in the growth of the
body shaft in the CRL interval of 80 - 89 mm.
Before the interval, the body shafts of all the long
bones grew relatively faster than the CRL, and
after that the growth rate was not as fast as it was
before. Fazekas and Kosa (1966a, b) determined
the size of embryos from the dimensions of the
radius. In the present study, measurements on
fetal radius have been correlated with the CRL
and CHL for fetal age estimation. Fazekas and
Kosa (19664, b) in an attempt calculated the mean
lengths of all six limb bones at two weeks intervals
from 12 to 40 weeks, whereas in the present study
the fetuses were categorized with eight-week
intervals, except for the first group which had a six-
week interval. Vare and Bansal (1977) observed a
linear correlation between the diaphyseal length
of the upper and lower limbs and the CRL from
185 fetuses of 116 males and 69 females with
CRL ranging from 185 - 415 mm. The bones
were dissected from the body and got measured.
Although the muscles and connective tissue were
removed from the bones, the periosteum was left
intact. Vare and Bansal (1977) reported about all
the long bones except the clavicle. In these studies,
the calculation of growth rate was found not on
the basis of age groups, whereas in this study
the growth rate was calculated using regression
equations, in all the four age groups under the
male and female categories separately for all the
osteometic measurements. Thus, in this study a
broad understanding was evolved on the growth
rate of fetal long bones, age-wise and sex-wise.
Vare and Bansal (1977) reported that for every 1
mm increase in CRL the length of radius increases
by 0.15 mm, whereas the present study reported
that the groups I, II, IIl and IV showed 0.188 mm,
0.187 mm, 0.110 mm and 0.149 mm respectively
in the males and 0.235 mm, 0.183 mm, 0.137 mm
and 0.150 mm respectively in the females.



Table 14. Mean of Maximum Length of Radius (r-ml): Com-

parison.
Group I Group II
Bones Moss et al. | Present Moss et al. Present
(1955) study (1955) study
Radius | 7.80 11.20 22.32 24.14

Absolute growth rate

As there were four age groups viz. I, II, III, 1V,
the absolute growth rate was calculated between
these four groups. Thus, there were three inter-
age groups formed from the four basic groups
as I-II, II-III, and III-IV. Each inter-age group
had the total number of fetuses from both the
groups concerned. The absolute growth rate was
calculated only for the r-ml for the present study.
The bar diagram (Fig. 2) revealed the absolute
growth rate for the r-ml of both the males and
females between the three inter-age groups.
Thus, the prepared bar diagram not only helps
understand the trend of absolute growth rate but
also shows sex differences.

Age estimation

As the CRL and CHL were found -closely
correlated with all the osteometric measurements,
it showed that that a clear dynamic relationship
existed between the CRL/CHL with all the
osteometric measurements. Expert opinion is
routinely requested from anatomists, by legal
authorities, to know about the age and sex of the
deceased, while dealing with suspected murder
cases. While examining the adult cases, as there
are already established scales available for age
estimation, it becomes easy to estimate the age of
deceased adult individual from the bone remains.
On the contrary, when opinion about the age of a
deceased fetus is asked from the available fetal
bones, asthereisnoestablished scale or standards
available, even anatomists are not in acomfortable
position to provide precise information regarding
the age of fetus from the bone remains. Mehta
and Singh (1972), Vare and Bansal (1977)
and Fazekas and Koésa (1978) measured fetal
long bones, which include the radius, from a
radiographic sample. Kosa (1997) attempted to
estimate fetal age from the chemically preserved

fetal long bones. Simon et al. (1992), Simon
and Baig (2015a, b) and Simon et al. (2020a, b)
estimated CRL/CHL from the clavicle, humerus,
femur, tibia and fibula respectively, and these
studies were carried out on naturally macerated
fetal bones without adding any preservative.
This study emphasizes that definitely there is
variation between taking measurements from
radiographs, ultrasonographs, photographs and
bones from chemically preserved fetuses and
taking measurements directly from the naturally
macerated bones. In this study, once the CRL/CHL
is calculated from the analyzed regression values
based on the osteometry on fetal radius bones,
age can be estimated from the already established
age estimation scale.

Applied significance

Theapplied significance in the clinical aspectsin
this study would enable us to advance a standard,
which would help comprehend the differential
growth pattern between normal and abnormal
fetuses. The analysis in the present study to
estimate fetal age from the measurements on
the human fetal radius bones would definitely
help in solving problems facing the estimation of
fetal age, a crucial factor in medico-legal cases.
The anatomical aspects of this population-based
study on growth pattern in relation to age and sex
variations would open new vistas for research in
the field of fetal growth.
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