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SUMMARY
Fetal gestational age is routinely calculated 

in sonography by the radiologists, with the 
dimensions of fetal biometric parameters, as 
the expectant mother may not remember the 
exact date of the last menstrual period. The 
expected date of delivery is then calculated 
accordingly and the antenatal period is managed 
consequently. Accurate fetal age estimation is 
of crucial importance for proper antenatal care 
in order to reduce infant mortality, and achieve 
the goal of delivering a healthy child. Various 
studies have been done to derive fetal nomograms 
for indigenous populations claiming that the 
Western data being used cannot be applied to 
their population. Therefore, need of deriving 
ultrasonographic fetal gestational nomograms for 
fetal biometric parameters (head circumference, 
abdominal circumference and femur length) for 
the population of Udaipur in the northwestern 
region of India was investigated. Fetal sonography 
records of pregnant women in second and third 

trimesters were studied. The study derived 

fetal gestational nomograms for fetal head 
circumference, fetal abdominal circumference 
and fetal femur length for estimating the fetal 
age. These nomograms were compared with 
the standard nomograms of Hadlock et al. used 
by radiologists for the same parameters. No 
significant difference was found between the 
two, and it was concluded that the routinely 
used nomograms may be also used for the local 
population of Udaipur, Rajasthan, India.
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INTRODUCTION
Gestational age (GA) refers to the length of 

pregnancy after the first day of the last menstrual 
period (LMP). The precise estimation of gestational 
age is the key for successful antepartum care and 
for judicious explanation of antenatal tests and 
successful planning of appropriate intervention 
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or treatment. The expected date of delivery is an 
important means for the doctor, who is responsible 
for the safe delivery of the child. Failure of 
accurate gestational age assessment can result 
in iatrogenic prematurity or post-maturity, both 
of which are associated with increased perinatal 
mortality and morbidity (Konje et al., 2002).

Estimation of gestational age on the basis of the 
LMP is most reliable and is universally followed. 
Yet LMP cannot be used for all patients because 
10-40% of all patients seen in the antenatal clinics 
have no knowledge of their LMPs.

Nowadays, high-resolution ultrasound imaging 
makes assessment of fetal biometry at early 
stages of pregnancy. Ultrasound gives more 
objective evidence of gestational age (Otto et 
al., 1991). Ultrasonography is preferred over 
other methods, because it is noninvasive, with 
no radiation exposure (Nyborg et al., 2002), less 
expensive, usually available and safe for both 
mother and child. The ultrasound has been used 
for the examination and evaluation of high-risk 
pregnancies and for the diagnosis of congenital 
malformations (Al-Bayyari et al., 2010).

Many existing references for fetal biometric 
measurements have been reported by a number 
of investigators with results that show the 
uniqueness to their setting. The fetal biometric 
charts used in Udaipur are set from a different 
geographical setting, race and nutritional status. 
No data are available for estimation of fetal 
gestational age for the population of pregnant 
women of Udaipur. It was therefore important 
to conduct a study to investigate the reliability 
of the presently used Hadlock references for the 
local population of Udaipur, India. The results of 
this study may help in creating a baseline data on 
estimation of the fetal gestational age in pregnant 
women in the region of Udaipur.

MATERIALS AND METHODS
This retrospective, descriptive, cross-sectional 

study was carried out on the subjects from the 
Udaipur region, after obtaining ethical clearance 
from the institutional ethical committee of 
Geetanjali University (GU/UEC/EC/2014/686). 
Fetal biometric (Abdominal Circumference, 

Head Circumference, Femur Length) sonography 
records of pregnant women who registered for 
antenatal care (ANC) in Geetanjali Medical College 
and Hospital and Rabindranath Tagore Medical 
College and Hospital, Udaipur, India, were taken 
(as this study was a record-based retrospective 
study, informed consent of pregnant women 
could not be taken). Their dates of last menstrual 
period (LMP) were also recorded. Records of 
second and third trimesters were included in the 
study. Care was taken to include only singleton 
pregnancies having regular menstrual cycles 
and known LMP. Records of anomalous fetuses 
and maternal diseases – diabetes mellitus and 
hypertension – were excluded from the study. 
Total sample size was 1212 with 659 records for 
the second  trimester (13-28 weeks) and 553 for 
the third trimester (29-40 weeks). the identities of 
the pregnant women were not revealed.

In each of the record collected, HC, AC and FL 
determined by sonography were noted along 
with gestational age of the fetus based on the 
last menstrual period (LMP). Gestational age 
determined by fetal biometric measurements 
were also noted. A mean of the three parameters 
was then calculated and plotted for each 
gestational age in weeks for the second and third 

trimesters.

Standard nomograms by Hadlock et al. 
currently used for measuring fetal biometric 
parameters were taken from text to compare with 
the gestational age derived by LMP (Callen, 2007).

SPSS package was utilized for statistical analysis 
in this study.

The mean of all three parameters was calculated 
(Tables 1, 2 and 3). A comparison of the means of 
the parameters of the present study with standard 
fetal growth charts inthe second and third 

trimesters was done (Figs. 1, 2 and 3). Regression 
equations for determination of gestational age 
from each of the fetal parameters was calculated 
using SPSS. A gestational age nomogram was 
plotted for each parameter and in each of these 
the nomogram, based on the table by Hadlock et 
al. (Callen, 2007), was also plotted. An attempt 
was made to see whether these plots were in 
agreement with each other.
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Table 1. Mean gestational age (GA) (weeks) determined from ultrasonographic measurements of fetal head circumference (HC) 
from 100 to 400 mm HC corresponding to 14.43 to 33.14 weeks gestational age.

HC (mm) GA Mean 
weeks HC (mm) GA Mean 

weeks HC (mm) GA Mean 
weeks HC (mm) GA Mean 

weeks HC (mm) GA Mean 
weeks

100 14.43 155 18.28 210 22.85 265 28.55 320 35.72

105 14.86 160 18.64 215 23.32 270 29.13 325 36.42

110 15.14 165 19.37 220 23.76 275 29.71 330 37.11

115 15.43 170 19.44 225 24.28 280 30.37 335 37.95

120 15.82 175 19.84 230 24.91 285 30.91 340 38.59

125 16.17 180 20.17 235 25.33 290 31.7 345 39.53

130 16.45 185 21.21 240 25.91 295 32.13 350 40.28

135 16.84 190 21.12 245 26.34 300 32.5 390 31.28

140 17.14 195 21.39 250 26.86 305 33.63 400 33.14

145 17.52 200 21.98 255 27.41 310 34.26

150 17.92 205 22.4 260 27.64 315 34.99

Table 2. Mean gestational age (GA) (weeks) determined from ultrasonographic measurements of fetal abdominal circumference 
(AC) from 85 to 400 mm AC corresponding to 14.71 to 34.71 weeks GA.

AC (mm) GA Mean 
weeks AC (mm) GA Mean 

weeks AC (mm) GA Mean 
weeks AC (mm) GA Mean 

weeks AC (mm) GA Mean 
weeks

85 14.71 145 19.57 205 24.86 265 30.35 325 36.06

90 15.09 150 20.04 210 25.37 270 30.92 330 36.65

95 15.5 155 20.48 215 25.81 275 31.48 335 37.13

100 15.81 160 20.94 220 26.2 280 31.94 340 37.7

105 16.26 165 21.33 225 26.69 285 32.31 345 38.14

110 16.61 170 21.83 230 27.15 290 32.81 350 38.57

115 17.11 175 22.19 235 27.19 295 33.29 355 39.09

120 17.47 180 22.68 240 28.05 300 33.86 360 39.43

125 17.92 185 23.15 245 28.47 305 34.28 400 34.71

130 18.65 190 23.56 250 29.01 310 34.71

135 18.75 195 23.99 255 29.44 315 35.18

140 19.16 200 24.39 260 30.08 320 35.63

Table 3. Mean gestational age (GA) (weeks) determined from ultrasonographic measurements of femur length (FL) from 13 to 79 
mm corresponding to 13.79 to 40 weeks GA (last reading of 89mm may be due to technical error).

FL (mm) GA Mean 
weeks FL (mm) GA Mean 

weeks FL (mm) GA Mean 
weeks FL (mm) GA Mean 

weeks FL (mm) GA Mean 
weeks

13 13.79 28 18.41 42 23.47 56 29.11 70 35.7

15 14.29 29 18.75 43 23.93 57 29.76 71 36.15

16 14.5 30 19.14 44 24.33 58 30.14 72 36.62

17 15 31 19.47 45 24.67 59 30.62 73 37.11

18 15.14 32 19.8 46 25.12 60 30.96 74 37.66

19 15.61 33 20.16 47 25.49 61 31.41 75 38.12

20 15.84 34 20.53 48 25.87 62 31.91 76 38.64

21 16.15 35 20.89 49 26.2 63 32.4 79 40

22 16.4 36 21.27 50 26.77 64 32.83 89 27.57

23 16.74 37 21.57 51 27.14 65 33.36

24 17.11 38 21.96 52 28.1 66 33.76

25 17.41 39 22.36 53 27.92 67 34.2

26 17.78 40 22.96 54 28.42 68 34.71

27 18.1 41 23.15 55 28.83 69 35.21
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Further, Student’s t test was used to evaluate 
statistical consonance of the present data with the 
table by Hadlock et al. 

The correlation coefficient between gestational 
age by LMP method and by the three parameters 
(HC, AC, FL) using USG was calculated to 
determine a negative or positive relationship 

between the nomograms of the present study and 
that of currently used nomograms for various 
fetal biometric parameters.

ANOVA test was done to study the statistical 
difference of means for all the parameters, namely 
HC, AC and FL.

Fig. 2.- Gestational age nomograms derived from ultrasonographic Abdominal circumference measurements of present study vs 
that of Hadlock et al. (1982).

Fig. 1.- Gestational age nomograms derived from ultrasonographic Head Circumference measurements of present study vs that of 
Hadlock et al. (1982).
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In the present study, the average full-term 
baby’s mean head circumference is 32.2 cm, with 
a standard deviation of 0.59 cm as compared to 
33-38 cm given in text. The mean abdominal 
circumference in this study is 31.76 cm with a 
standard deviation of 0.2 cm as compared to 30.5-
36.5 cm (Avery et al., 2000). The mean femur 
length at term (42 weeks) was found to be 70.5 cm, 
with a standard deviation of 0.13 cm as compared 
to 76-79 mm.

In this study, the mean gestational age by USG 
at term (42 weeks by LMP) was found to be 32.7 
weeks, with a standard deviation of 5.8 weeks. The 
mean gestational age by USG at 28 weeks (LMP) was 
27.29 weeks, with a standard deviation of just 1.31 
weeks. It shows that the gestational age obtained 
in the second trimester was more accurate if 
compared to that obtained in the third trimester.

RESULTS
The mean head circumference, the abdominal 

circumference and the femur length were obtained 
for each gestational week determined by LMP. At 
full term, the mean head circumference was of 
32.2 cm (+5.9 cm), the abdominal circumference 
was of 31.76 cm (+2 cm), the femur length was of 
70.5 cm (+1.3 cm) (Tables 1-3).

The regression equation calculated in the 
present study for determination of gestational 
age from the head circumference is y = 0.973x + 
3.958, where y = Gestational Age (weeks), x = head 
circumference (cm). The correlation coefficient r 
= 0.98, which means a strong positive relationship 
between the curves of the present study and that 
of the currently used nomogram for HC (Fig. 1).

The regression equation in the current study 
for the determination of gestational age from the 
abdominal circumference is y = 0.941x + 6.531, 
where y = Gestational Age (weeks), x = abdominal 
circumference (cm). The correlation coefficient r 
= 1, which means a strong positive relationship 
between the curves of the present study and that 
of the currently used nomogram for AC (Fig. 2).

The regression equation calculated in the 
present study for the determination of gestational 
age from the femur length is y = 0.973x + 3.958, 
where y = Gestational Age (weeks), x = femur 
length (cm). The correlation coefficient r = 1, 
which means a strong positive relationship 
between the curves of the present study and that 
of the currently used nomogram for FL (Fig. 3).

The gestational age determined by various 
ultrasonographic measurements of fetal biometric 
parameters (HC, AC, FL) was not significantly 

Fig. 3.- Gestational age nomograms derived from ultrasonographic Femur Length measurements of present study vs that of Had-
lock et al. (1982).
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different from that derived from LMP (P > 0.05). 
Student’s t test showed that the difference in 
gestational age determined by combining all the 
readings of all the fetal biometric parameters 
by USG and gestational age determined by the 
LMP method in the second trimester was not 
significant (P = 0.39).

DISCUSSION

Available literature

It is an established fact that fetal age can be 
determined by the regression equations available 
for various fetal biometric parameters like HC, 
AC, FL and biparietal diameter. Different studies 
have found that there is a need for developing 
regression equations for fetal age determination 
of different geographical and ethnic regions 
(Konje et al., 2002; Al-Bayyari et al., 2010; Acharya 
et al., 2009; Varol et al., 2001; Snijders, 1994). 
The availability of such data for the population of 
Udaipur is scarce, and therefore this study was 
conducted to ascertain whether the Western data 
for fetal age determination by measuring fetal 
biometric parameters could be utilized for the 
local population of Udaipur.

Review of literature

According to a study on Indian women, until 
the end of the thrirty-fourth 34 week the growth 
parameters are quite same for the BPD, HC and 
FL, but then these parameters start lagging 
behind until the fortieth week (Acharya et al., 
2009). However, in this study, the abdominal 
circumference was found to differ significantly 
after 30 weeks as compared to our study, where 
the difference was not found to be significant. 
In another study, significant correlations exist 
between BPD, AC, FL and estimated GA based 
upon correct last menstrual history (Varol et 
al., 2001). A study on the population of Africa 
also showed no significant ethnic differences 
between mothers in fetal biometry at the second 
trimester. They support the recommendation that 
ultrasound in practical healthcare can be used 
to assess gestational age in various populations 
with little risk of error due to ethnic variation 
(Salpou, 2008). A study of fetal biometry between 

weeks 14 and 40 of gestation showed that, despite 
methodological differences between the various 
studies, the meanfifth and ninety-fifth centiles 
were essentially the same (Snijders et al., 1994). 
Another previous study of fetal ultrasound 
biometry on Puerto Rican population, by De la 
Vega, showed similar fetal growth patterns as 
those reported from mixed US populations (De La 
Vega et al., 2008).

However, some studies by previous researchers 
have shown contrasting results. A study on 
a population of Jaipur, Rajasthan, India saw 
that sonography at 18 weeks underestimated 
gestational age compared with the LMP date by a 
median of -1.4 days (Babuta et al., 2013). Another 
study shows that the growth of rural Indian 
fetuses differs from the Western sonographic 
references that are generally used in clinical 
practice in India (Kinare, 2010). In the present 
study, the data consists of a mixed rural and urban 
population, and its sonographic references are 
not significantly different from the Western ones.

Inference of statistical analysis of present study

Comparison of gestational age nomogram 
derived from the measurements of head 
circumference by Hadlock et al. (1982) with our 
study revealed no significant difference (P value 
0.36 for the second trimester and 0.28 for the 
third trimester). Comparison of gestational age 
nomogram derived from the measurements of the 
abdominal circumference by Hadlock et al. (1982) 
with our study showed no significant difference (P 
value 0.31 for the second trimester and 0.17 for 
the third trimester). Comparison of gestational 
age curve derived from the measurements of the 
femur length by Hadlock et al. (1982) with our 
study also showed no significant difference (P 
value 0.24 for the second trimester and 0.16 for 
the third trimester).

ANOVA test was applied and the F value was 
calculated to be 9.584167421, which is more 
than the critical value. This concludes that the 
difference in gestational age determined by 
various fetal parameters and LMP method is not 
significant. Thus, the present study recommends 
the use of conventionally used tables for 
determination of the gestational age of the fetus. 
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However, regression tables for more accurate 
gestational age determination for the local Indian 
population of pregnant women of Udaipur region 
have been constructed.

Impact of the present study

Regression equations for estimation of fetal 
age by USG measurements of fetal biometric 
parameters – HC, AC, FL – are now made available 
and can be utilized for the local population of 
the Udaipur region. Yet the study confirms that 
the previously used standard Western data 
is applicable to the local Indian population of 
Udaipur also.

CONCLUSION
Thus, to sum up, fetal age determination by 

sonography measurement of AC, HC and FL 
with utilization of already available Western 
nomograms was found to be applicable to a subset 
of the northwestern region of India, namely 
Udaipur.

Strengths of the study - The results of the current 
study are generalizable to the population of 
Udaipur region, reliable and versatile.

ACKNOWLEDGEMENTS

We are grateful to the Head of Department 
of Anatomy, Professor Dr. L.K. Jain for his 
guidance throughout this study; Medical Records 
Departments of Geetanjali Medical College 
and Hospital and of R.N.T. Medical College and 
Hospital, Udaipur, India in helping us procure the 
data.

REFERENCES
ACHARYA P, ACHARYA (2009) A evaluation of applicability of 

standard growth curves to indian women by fetal biometry. JSAFOG, 
1(3): 55-61.

AL-BAYYARI N, ABU-HEIJA (2010) A fetal weight normograms for 
singleton pregnancies in a Jordanian population. Ann Saudi Med, 30(2): 
134-140.

AVERY GB, MACDONALD MG, FLETCHER MA (2000) Neonatology. 
Philadelphia: Lippincott Williams & Wilkins.

BABUTA S, CHAUHAN S, GARG R, BAGARHATTA M (2013) 
Assessment of fetal gestational age in different trimesters from 
ultrasonographic measurements of various fetal biometric parameters. 
J Anat Soc India, 62(1): 40-46.

CALLEN PW (2007) Ultrasonography in Obstetrics and Gynecology. South 
Asia Edition, 5th ed. Saunders.

DE LA VEGA A, RUIZ-FEBO N, ROBERTS ZC (2008) Fetal ultrasound 
biometry: normative charts for a Puerto Rican population. P R Health Sci 
J, 27(1): 81-84.

HADLOCK FP, DETER RL, HARRIST RB, PARK SK (1982) Fetal head 
circumference: relation to menstrual age. Am J Roentgenol, 138(4): 649-
653.

KINARE AS, CHINCHWADKAR MC, NATEKAR AS, COYAJI KJ, 
WILLS AK, JOGLEKAR CV, YAJNIK CS, FALL CHD (2010) Patterns of 
fetal growth in a rural Indian cohort and comparison with a Western 
European population: data from the Pune maternal nutrition study. J 
Ultrasound Med, 29(2): 215-223.

KONJE JC, ABRAMS KR, BELL SC, TAYLOR DJ (2002) Determination 
of gestational age after the 24th week of gestation from fetal kidney 
length measurements. Ultrasound Obstet Gynecol, 19(6): 592-597.

NYBORG W (2002) Safety of medical diagnostic ultrasound. Seminars 
in Ultrasound, CT and MRI, 23(5): 377-386.

OTTO C, PLATT LD (1991) Fetal Growth and Development. Obstetrics 
Gynaecol Clinics North America, 18(4): 907-931.

SALPOU D, KISERUD T, RASMUSS S, BIOMED CENTRAL [Online] 
(2008) Available from  http://www.biomedcentral.com/1471-2393/8/48.

SNIJDERS RJ, NICOLAIDES KH (1994) Fetal biometry at 14-40 weeks’ 
gestation. Ultrasound Obstet Gynecol, 4(1): 34-48.

VAROL F, SALTIK A, KAPLAN PB, KILI, YARDIM T (2001) Evaluation of 
gestational age based on ultrasound fetal growth measurements. Yonsei 
Med J, 42(3): 299-303.

http://www.biomedcentral.com/1471-2393/8/48

	_Hlk101874772
	_Hlk101874802
	_Hlk74660816
	_Hlk73624502
	_Hlk94620951
	_Hlk74741741
	_Hlk63345295
	_Hlk92804205
	_Hlk93577429
	_Hlk93411835
	_Hlk93575895
	_Hlk93317413
	_Hlk93498763
	_Hlk74922349
	_Hlk74922127
	_Hlk93495390
	_Hlk93580788
	_Hlk94534125
	_Hlk96028925
	_Hlk96473819
	_Hlk96475113
	_Hlk82784795
	_Hlk96471274
	_Hlk96471406
	_Hlk74384590
	_Hlk97181919
	_Hlk103764804
	_Hlk102672081
	_Hlk96423269
	_Hlk96422210
	_Hlk96422227
	_Ref444416250
	_Ref444420223
	_Ref444420647
	_Hlk43732328
	_Hlk43732360
	_Hlk43732369
	_Hlk43732389
	_Hlk43732397
	OBITUARY
	Dimension variability of the M2 human molar teeth: comparisons between prehistoric and medieval samples
	Ozana-Maria Petraru1,2, Vasilica-Monica Groza1, Luminita Bejenaru1,2, Mariana Popovici1

	Immunolocalization of intermediate filaments in the kidney of the dromedary camel (Camelus dromedarius)
	Lemiaa Eissa1, Mortada M.O. Elhassan1, Rasha B. Yaseen1, Hassan A. Ali2, Haider I. Ismail1, M.-C. Madekurozwa3 

	Radiographic assessment of maxillary sinus lateral wall and anatomy of posterior superior alveolar artery: a cone beam computed tomographic study
	Renuka Devi KR, Mahima V. Guledgud, Karthikeya Patil, Sanjay CJ, Nagabhushana D, Harshitha N

	Insulin improves ovarian function during the ovarian cycle in adult mice
	Ali Younesi1,2*, Mohammadhosssein K. Godaneh1,2*, Mohammadmahdi Gheibi1,2, Mohammad A.T. Zavareh1, Sanaz Ziaeipour1, Abbas Aliaghaei1, Amirhosein Hasani1, Amirreza Khosravi1, Vahid Ebrahimi3, Amir Raoofi4, Shabnam Abdi5, Mohammad-Amin Abdollahifar1,2

	Prevalence of styloid process elongation on digital panoramic radiography in South India population from Chengalpet district
	Krishnaeswari Veluchamy1, D.H. Gopalan2, Murali Punniakotti3, M. Vani1

	A study on the effects of ageing on mandibular morphology: A digital radiographic assessment
	N. Harshitha, Karthikeya Patil, C. J. Sanjay, D. Nagabhushana, S. Viveka

	Reversion of neuronal differentiation induced in human adipose-derived stem cells
	Rosa Hernández1,2,3,†, Gloria Perazzoli1,2,†, Cristina Mesas1,2,3, Francisco Quiñonero1,2,3, Kevin Doello1,4, Raul Ortiz1,2,3, Jose Prados 1,2,3, Consolación Melguizo1,2,3

	Micro-CT to study and reconstruct fetal and infant coronary arteries: a pilot study on a novel post-mortem technique
	Francesco Lupariello1, Tullio Genova2,3, Federico Mussano3, Giancarlo Di Vella1, Giovanni Botta4

	A retrospective study on the need of deriving ultrasonographical fetal gestational nomograms for fetal biometric parameters in the population of Udaipur Region
	Hina Sharma1, Ila Sharma2, Dharamanjai K Sharma3

	Bizygomatic distance as a predictor of age and sex determination: a morphometric analysis using cone beam computed tomography
	Karthikeya Patil1, K.P. Mahesh1, C.J. Sanjay1, M. Aparna Vijayan1, D. Nagabhushana1, Aishwarya Ramesh2

	Self-reported anatomy skills among Norwegian physicians - Need for improved postgraduate teaching provision
	Camilla S. Mehlum*1, Hanan Mahmood*2, Kristoffer Ellingsen*3, Ole Øyen4, Trygve B. Leergaard4, Anne Spurkland4

	A review of the importance of research in Anatomy, an evidence-based science
	Mariana Tapia-Nañez, Alejandro Quiroga-Garza, Francisco D. Guerrero-Mendivil, Yolanda Salinas-Alvarez, Guillermo Jacobo-Baca, David de la Fuente-Villarreal, Santos Guzman-Lopez, Rodrigo E. Elizondo-Omaña 


