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Introduction: Accurate estimation of Gestational age is of great value in proper obstetric care and intervention
during pregnancy. Ultrasound has evolved as a reliable method for accurate measurement of gestational age by
measuring various fetal biometric features like Crown Rump Length (CRL), Biparietal Diameter (BPD), Femur
length (FL), Abdominal Circumference (AC), Head Circumference (HC), Trans Cerebellar Diameter (TCD) etc. Femur
being the longest bone in fetus, least movable and easily imagable from second trimester to delivery, can be
measured for estimation of gestational age. The present study was performed to evaluate femur length in second
and third trimester by ultrasonography, assess gestational age from measurement of Femur Length (FL) and
determine the accuracy of gestational age assessed by ultrasonography with gestational age assessed by LMP
method in local population of Gujarat.

Materials and Methods: Cross sectional study of total of 200 pregnant women, 100 second trimester and 100
third trimester, between 13 and 40 weeks of gestational age attending the department of radiology at P.D.U.
Medical college, Rajkot for a fetal ultrasound scan was done. Femur length (FL) was measured; Gestational age
was measured by Hadlock’s method and Loughna P et al’s method; also gestational age was assessed from LMP
of the women. The mean values of femur length and predictive accuracy of fetal femur length was analyzed and
compared with other studies.

Results: Mean of FL increased progressively from 13-40 weeks of gestation. During both second and third trimesters,
Hadlock’s formula and Loughna P’s method were equally accurate to assess the gestational age. But femur length
was more accurate in second trimester than in third trimester. There was discrepancy in values of femur length
as compared to other studies.

Conclusion: Like other studies the present study also found the need of fetal charts that were specific for individual
population and ethnic group to determine gestational age and EDD to enable the development of better clinical
guidelines for the present population.
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age, is defined in weeks beginning from the first
day of the last menstrual period (LMP) prior toGestational age, synonymous with menstrual
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conception [1]. The accurate knowledge of
gestational age is the key for successful
antepartum care and critical interpretation of
antenatal tests and successful planning of
appropriate intervention or treatment [2].
Ultrasound examination and measurement of
fetal biometry has become an integral part of
fetal evaluation during pregnancy [3]. Ultrasound
is a reliable method for establishing the length
of pregnancy and in this way can improve
obstetric care [1].  The most commonly used
fetal biometric parameters are crown rump
length (CRL), Biparietal diameter (BPD), head
circumference (HC), abdominal circumference
(AC), femur length (FL) to determine gestational
age and growth in different trimesters [2].
Measurement of fetal limbs can be used to date
pregnancies as well as forming an important part
of the assessment of fetal anatomy [4]. All fetal
long bones can be adequately examined and
measured by ultrasound; however, femur is the
largest of the long bones, least moveable,
easiest to image and can be adequately visual-
ized from early second trimester of gestation
until delivery [1]. Femur length measurements
may be used to accurately predict gestational
age between 14 weeks gestation and term [1].
The present study was performed to evaluate
femur length in second and third trimester by
ultrasonography, assess gestational age from
measurement of Femur Length (FL) and deter-
mine the accuracy of gestational age assessed
by ultrasonography with gestational age
assessed by LMP method in local population of
Gujarat.

MATERIALS AND METHODS

Radiology department had a certificate of
registration for performing Ultrasonography
under Pre-natal Diagnostic Technique (PNDT) Act
1994
The inclusion criteria for the study were:[4-7]
1. Singleton pregnancy.
2. Known date of beginning of the Last Men-
strual Period (LMP)
3. Regular menstrual cycle close to 28 days.
4. Absence of fetal anomalies or intrauterine
growth retardation (IUGR) detected at the time
of ultrasound examination.
5. No history of maternal chronic diseases known
to affect fetal size like diabetes, hypertension,
renal disease etc.
6. No history of abnormal babies, still births or
abortions.
7. No history of consumption of oral contracep-
tion pill (OCP)
No exclusions were made on the grounds of
small-for-date birth weight [8]. Prior Permission
was taken from the institutional ethical commit-
tee. During the study, first an informed consent
was taken from the pregnant women who
satisfied all the above criteria, by taking her
signature in a completely filled Form – F (in
compliance to PCPNDT Act) which was then
signed by the radiologist conducting the
sonography.
Fetal femur length (FL)[2,6,9]: The measure-
ment was observed with a linear array trans-
ducer. It was measured in a plane where the full
femoral diaphysis was seen almost parallel to
the transducer. Disregarding any curvature, a
straight measurement was made along the long
axis of diaphysis from centre of one end of
diaphysis, i.e. tip of greater trochanter to the
other end, i.e. lateral epicondyle. In the third
trimester, particular care was taken not to
include the distal femoral epiphysis in the
measurement.
Gestational age was calculated from the date
of LMP.
Predictive gestational age from Femur length
was assessed by two different formulas. 1)
Hadlock’s formula – gestational age was
assessed from the USG machine, the software
of which used Hadlock’s formula to calculate

The present study was a cross-sectional study
conducted in the Department of Anatomy and
Department of Radiology, at P.D.U. Medical
College, Rajkot, Gujarat. The study involved a
total of 200 pregnant women (no repetition), 100
second trimester and 100 third trimester,
between 13 and 40 weeks of gestational age
attending the department of radiology for a
fetal ultrasound scan. The fetuses were mea-
sured using Philips Sonodiagnost 360
(NS981480701009) by trained operators, all of
whom were performing more than 2000
ultrasound examinations per year at the time.
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gestational age.  2) As per formula given in
Loughna P et al. [10].
Gestational age (GA) was calculated in
completed weeks.
Mean value and Standard deviation (SD) of each
week of gestational age was calculated; the
predictive accuracy of fetal femur length was
analyzed.The data was statistically analysed for
the significance and accuracy. All the calcula-
tions and analysis were done by using Microsoft
Excel 2007 and Epi Info 7 software.

Fig. 1: Showing Femur Length in Ultra sonography.

Table 1: Mean Femur Length (In mm) Of Different Studies.

FL No. SD

13 12.33 3 2.08 11 11 --- --- 10 9.5
14 12 1 0 14 15 15 17.67 12 15 12.38
15 16 4 2.71 17 18 18 17.6 14 17 15.18

16 18.33 3 3.51 20 21 20 19.5 17 22 18.73
17 25.25 4 4.65 24 24 23 21.24 20 25 21.9

18 28.14 7 3.39 27 27 26 26.06 23 28 24.8
19 29 5 1.58 30 30 29 28.17 26 30 27.55
20 34.2 5 4.15 33 33 32 30.66 29 32 30.2

21 36.75 4 1.26 35 36 35 32.74 32 34 33.1
22 38.58 11 5.3 38 39 37 35.26 35 37 35.13

23 41 9 3.81 41 42 40 37.76 38 43 38.31
24 43.2 5 1.1 44 44 42 40.65 40 45 41.5
25 46.33 12 3.31 46 47 45 43.48 43 48 43.63

26 49.8 5 4.55 49 49 48 45.49 45 49 45.42
27 50.82 11 4.69 51 52 50 48.28 48 50 47.7

28 54.64 11 3.38 54 54 53 50.54 50 54 49.86
29 55.33 3 1.53 56 56 55 52.93 53 55 52.4
30 56.1 10 2.92 58 58 57 54.98 55 58 54.79

31 59.57 7 3.05 60 61 60 57.38 57 59 57.5
32 61.2 10 2.2 62 63 62 59.03 60 62 60.4

33 63.2 5 2.86 64 65 64 60.98 62 65 62.14
34 64.55 11 3.53 66 66 67 62.8 63 66 63.08
35 66.14 14 2.66 68 68 69 64.59 65 67 65.85

36 67.22 9 3.15 70 70 71 65.53 67 69 66.59
37 69.6 5 0.55 72 72 73 67.57 69 72 68.14

38 71.89 9 3.79 74 73 76 68.63 71 73 69.14
39 73.3 10 3.5 75 75 78 69.57 73 75 71.78

Present Study
GA (wks)

Babuta et al 
[2]

Australian 
Population [21]

Iranian 
Population [20]

Lai FM’s 
Study [9]

Seeds’s 
Study [19]

Hadlock’s Study 
1983 [15]

Hadlock’s Study 
1982 [11]

Hadlock’s 
(N)

Loughna P et al 
(N)

Hadlock’s 
(N)

Loughna P et al 
(N)

>3 0 3 0 0

3 4 5 0 1

2 4 5 1 7

1 28 16 9 17

0 36 34 21 24

-1 14 25 25 20

-2 7 8 24 18

-3 4 4 13 10

<-3 3 0 7 3

TOTAL 100 100 100 100

Difference in GA 
(in weeks)

Second trimester Third trimester

Table 2:  Difference in Estimation
of Gestational age.
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Table 3: Comparative study of difference in Estimation
of Gestational age.

0 36 40 > 0.05
± 1 42 54.55 > 0.05

≥-2 14 3.02 < 0.05

0 21 30.91 > 0.05

± 1 34 9.7 < 0.001
≥-2 41 58.79 > 0.05

Trimester
Difference in GA 

(Weeks)
Babuta S. et al [2] 

(% of cases)

Second

Third

P value
Present Study 

(% of cases)

DISCUSSION

studies (Table - 1), there was discrepancy in size
of femur length of present study with that of
other studies. It might be due to relative smaller
number of cases in the present study. The
femur length may differ with population, racial
characteristic, demographic features and
nutrition of the population. Also the technical
difference in measurement of femur length and
difference in selection criteria of cases to
include in the study may influence this discrep-
ancy. Table 2 shows the distribution of number
of cases showing difference between gesta-
tional age assessed from femur length and the
gestational age assessed by Last Menstrual
period. During Second Trimester, using Hadlock’s
fomula and Loughna P et al’s[10] formula for
femur length, 36 and 34 cases respectively
assessed the same gestational age in completed
weeks. Also, 78 and 75 observations assessed
the gestational age within the range of ± 1 week
respectively. The difference was statistically not
significant.
During Third Trimester, using Hadlock’s fomula
and Loughna P et al’s[10] formula for femur
length, 21 and 24 cases respectively assessed
the same gestational age in completed weeks
as by LMP. Also, 55 and 61 cases assessed the
gestational age within the range of ± 1 week
respectively. The difference was statistically not
significant.
Comparing the observations of second trimes-
ter with that of third trimester for femur length,
it was found that there was no statistically
significant difference in the number of observa-
tions assessing the same gestational age as well
as assessing the gestational age within range
of ± 1 week  in both trimester by Hadlock’s or
Loughna P et al’s [10] formula.  But it was found
that accuracy of femur length in assessment of
gestational age decreased from second trimes-
ter (36/100) to third trimester (21/100). Also
there was a shift towards higher inaccuracy in
third trimester within range of 0 to -3 weeks as
compared to second trimester.
As shown in Table 3, in second trimester, present
study found femur length equally accurate in
assessment of gestational age as Babuta S et
al[2], but within the range of ± 1 week Babuta S
et al[2] found femur length more accurate than
present study. In third trimester, within the range

Sonographic biometric measurements are the
most extensively used method for estimation of
fetal size and gestational age.  Morsy et al [6]
have quoted from Hadlock et al and Neufeld et
al that biparietal diameter and femur length  are
routinely  measured  during  every second  and
third  trimester  prenatal  sonogram.
The  present  study  was  a  cross-sectional study,
in  agreement  with Hadlock et al[11], Browne
et al[12],  Snijders RJ et al[13]  and  Figueras  et
al[14]. They mentioned that,  each fetus was
measured once  in  contrast  to  longitudinal
studies  in  which measurements  of each  fetus
were  made at  different gestational  ages [6].
In the present work, there was no pre selection
for maternal age, parity or fetal sex. This was in
agreement with the criteria of Mory M et al[6].
The sample size of the present study was 200
fetuses.  This was smaller compared to that
recorded by Hadlock et al [11,15], Chitty
et al[16], Snijders RJ et al[13] and Figueras
et al[14].
As seen in Table 1, Overall, the mean Femur
length (FL) increased from 12.33 ± 2.08 mm at
13 weeks gestation to 74.29 ± 2.36 mm at 40
weeks of gestation. As shown in table 1 in the
present study, it was found that, the mean FL
increased progressively from 13 to 40 weeks of
gestation. The findings of  the present  study
were  in  agreement  with  the  studies  of
Hadlocket  al[11], Browne et al[12], Snijders RJ
et al[13], Tagni ZD et al[17], Ashrafunnessa et
al[18] and Figueraset  al[14] who said  that  fe-
tal  Femur Length   showed  an  increase  with
progress of gestation.
On comparing the means of femur length at
different gestational age with that of other
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of ± 1 week, present study found femur length
more accurate in assessment of gestational age.
The accuracy of femur length in assessment of
gestational age decreased from second trimes-
ter to third trimester which was in agreement to
Babuta S et al[2].  Macgregor SN et al[1] also
quoted that Hadlock et al and Jeanty P et al found
accuracy of gestational age prediction based on
FL is greatest in the second trimester and least
near term.

CONCLUSION

In the present study, the mean of FL increased
progressively from 13-40 weeks of gestation.
During both second and third trimesters,
Hadlock’s formula and Loughna P’s method were
equally accurate to assess the gestational age.
But femur length was more accurate in second
trimester than in third trimester.
The positive aspects of present study were that
it was population based and measurements
were made according to standard protocols and
method. The limiting factor in the present study
was the relative small size of population and
measurements were not done by single
sonologist.
Due to discrepancy in femur length of the
present study with that of other studies, while
assessing gestational age using the reference
charts of other population there were chances
of significant error leading to under estimation
or over estimation of gestational age.  There-
fore, like other studies the present study also
found the need of fetal charts that were
specific for individual population and ethnic
group to determine gestational age and EDD to
enable the development of better clinical guide-
lines for the present population.

GA – Gestational Age
LMP – Last Menstrual Period
FL – Femur Length
EDD – Estimated Date of Delivery
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