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ABSTRACT  
Introduction: Down syndrome (DS) is the most common 
chromosomal aneuploidy to result in a live birth. Absent  
nasal bone has been consistently observed in fetuses with DS.  
Multiple studies have been conducted to measure and compare 
the nasal bone length (NBL) in different races and ethnicity and 
is found to vary in size. In countries, such as India where often 
only the second trimester scan is performed for screening of 
aneuploidies, NBL could be regarded as a useful marker.
Aims and objectives: To estimate the NBL of fetuses at 18 to 
22 + 6 weeks gestational age in an Indian population, estab-
lish a normogram and compare it with that of the Caucasian 
population.
Materials and methods: Prospective observational study in 
a tertiary care hospital with 500 antenatal subjects after con-
sidering the inclusion and exclusion criteria.
Results: The normogram was established and found to be 
comparable to previously established ones for Indian subjects. 
The 5th centiles for 18-18.6, 19-19.6, 20-20.6, 21-21.6 and 22-
22.6 weeks of gestations were 3.4, 3. 5, 4.2, 4.3 and 5.4 mm 
respectively. The NBL increased with gestational age (GA), 
and the mean NBL was 5.48 mm. No correlation was noted 
with maternal age, sex of fetus or religion. The NBLs were 
significantly shorter than those of the Caucasian population. 
Conclusion: Mean NBL values of Indian population are less 
than the mean NBL of Caucasian population. This along with 
the GA needs to be considered in counseling patients and 
decisions regarding further invasive and noninvasive tests.
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INTRoduCTIoN    

Down syndrome (DS) is the most common chromosomal 
aneuploidy to result in a live birth.1 Prenatal diagnosis 
can be performed using variety of sonographic markers. 
Absent nasal bone has been consistently observed in 
fetuses with DS. 
 Nasal bone has been shown to be absent in 73% of 
fetuses with DS in the first trimester, compared with 
8.3% of control fetuses in Caucasian population.2 Nuchal 
translucency and absent nasal bone are now established 
aneuploidy markers for DS in the first trimester.3,4 Other 
first trimester aneuploidy markers include abnormal flow 
velocity patterns in the Ductus venosus, maxillary hypo-
plasia, frontomaxillary facial (FMF) angle and tricuspid 
regurgitation.5

 In the second trimester identification of aneuploid 
fetuses is dependent mainly on sonographic markers 
such as a thickened Nuchal skin fold, long-bone length, 
pyelectasis, echogenic intracardiac foci and hyperechoic 
bowel.6 Absent or hypoplastic nasal bone length (NBL) 
has been described as a marker for trisomy 21 at 15 to  
22 weeks gestational age (GA) with a likelihood ratio of 
50 to 832,7 and a sensitivity of 60% at a FPR of 1 to 5%, 
making it as sensitive as the maternal serum biochemistry 
in detecting DS in the second trimester.7,8

 Multiple studies have been conducted to measure and 
compare the NBL in different races and ethnicity and is 
found to vary in size.9 Very little systematic studies has 
been done on NBL in the second trimester as a marker 
for DS in the Indian Population. The Indian NBLs falls 
below the average on the Caucasian reference curves 
often enough to warrant development of indigenous 
normal curves of NBLs.10

 In this study, we seek to evaluate the normal values of 
NBL in fetuses of 18 to 22 + 6 weeks GA and to establish 
its normal range in a south Indian population by using 
two-dimensional (2D) ultrasound and compare it with 
that of a Caucasian population.

MATERIALS ANd METhodS

This is a prospective observational study conducted in 
Edappal hospitals Pvt Ltd, Edappal, India, in the Division 
of Fetomaternal Medicine under Obstetrics and Gyneco-
logy Department, for 1 year from November 1st 2012 to 
October 30th 2013.
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 Initially, approval from institutional ethical commi-
ttee was obtained. The inclusion criteria were pregnant 
Indian women with singleton pregnancies in second 
trimester (18-22 + 6 weeks) in the age group 17 to 35 years 
with excellent dates confirmed with a dating scan and 
willing to get enrolled. Gestational age was calculated by 
the last menstrual period, if the discrepancy between it 
and GA calculated from crown rump length (CRL) was 
less than 6 days. If discrepancy ≥ 7 days, GA was corrected 
using CRL. 
 The exclusion criteria were pregnant women of age 
< 17 or > 35 years, multiple gestations, previous history of 
chromosomal abnormality, referral because of suspected 
fetal abnormality by a previous ultrasound examination 
and presence of structural abnormality in fetus.
 After considering the inclusion and exclusion criteria, 
500 consecutive antenatal subjects married to Indian 
partners with singleton pregnancies attending the Feto-
maternal department for a Target scan (18-22 weeks) were 
included and followed up in the study. Most of the women 
were from the IVF clinic of this center. Informed consent 
was obtained from all individual participants included 
in the study. The sample size of 500 was chosen consi-
dering 95% confidence level and 4.5 confidence interval. 
The gestational window of 18 to 22 + 6 was chosen as this 
constitutes the bulk of population attending the target 
scan and in a substantial subset their first scan in the  
Indian scenario. The Medical termination of pregnancy 
act in India its current form with the proposed amend-
ment of raising upper limit to 24 weeks limits the useful-
ness of screening strategies beyond 23 to 24 weeks.
 Pregnancies were followed up for their outcomes and 
those women with a confirmed normal outcome without 
structural or chromosomal abnormalities (Euploid and 
non-malformed) were included for analysis.  
 The image of the fetal facial profile were taken in the 
midsagittal plane after write zoom so that head and upper 
thorax occupied 2/3rd of the screen and tips of the nose, 
lips and chin were visualized. The angle of insonation 
was around 45º to a line passing along to anterior aspect 
of frontal bone. At this angle ultrasound beams are per-
pendicular to nasal bone. The nasal bone was identified 
as a discrete thin echogenic line (Fig. 1). The NBL was 
measured from the base of the nose closest to the frontal 
bones to the farthest extent of ossification on the nose.
 The fetal target scan was performed by an experi-
enced fetomaternal medicine consultant on GE Voluson 
730 Expert (GE Healthcare, Vienna, Austria) ultrasound 
machine using 3 to 5 MHz 2D curvilinear transducer.
 Nasal bone length was obtained thrice and its mean 
was taken. A permanent record of the image was retained 
in digital format for future review. The data were entered 
into a case record form and was analyzed in detail to 

assess the outcome measures. The results were assessed 
by plotting the NBL distribution in centiles at each ges-
tational age. Correlation and regression analysis using 
NBL as the dependent variable and GA as independent 
variables was performed.
 Salient features of the regression analysis used for 
this study are as follows:
1. The regression analysis was performed using SPSS 

statistical software 20.
2. The R-square value obtained was 0.392. It suggests 

that 39.2% of the variation of the NBL values can be 
explained by GA Variation.

3. The F value is 321.7 and sig F value is < 0.001. It suggests 
 a. The Variables, i.e. GA and NBL are linearly 

correlated.
 b. The Sig F Value is less than 0.001%, it suggests 

that there is 99.9% possibility that the relationship 
among the NBL and GA is not due to chance.

4. The regression equation derived, can help determine 
the value of NBL (Dependant variable), given the 
value of GA (Independent variable).

RESuLTS 

All 500 antenatal subjects belonged to south Indian popu-
lation. The study was conducted from November 1, 2012 
to October 30, 2013. Where appropriate the results were 
compared with a similar Indian study by Sharma et al10 
and studies on Caucasian population by Sonek et al11 

and Gamez et al.12

 Of the 500 subjects, the major proportion of the sub-
jects were in the GA 20 to 20.6 weeks and 21 to 21.6 weeks 
(32.2 and 33.8% respectively). The mean GA was 20 weeks 
6 days. 40.8% of the subjects were in the age group 21 to  
25 and 32.2% in the age group 26 to 30 years. The age 

Fig. 1: Representative sonogram for nasal bone length (NBL) 
measure ment: a mid-sagittal view of the face with the nasal 
bones appearing as a linear echogenic structure. The NBL was 
measured from the base of the nose closest to the frontal bones 
to the farthest extent of ossification on the nose. The appropriate 
caliper placement for NBL measurement is shown
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group 17 to 20 years had the least number of subjects 
(11.6%). The mean maternal age was 25.7 years. There was 
no correlation between maternal age and NBL.
 The NBL increased with GA, and the mean NBL was 
5.48 mm. A scatter plot was plotted with GA and means 
NBL measurements (Graph 1). It showed a line with R2 
value of 0.392 suggestive of a positive correlation between 
GA and NBL.
 A comparison of the NBL in the respective gestational 
ages from 18 to 22 weeks with the sex of the fetuses was 
performed and the p-value were obtained by analysis 
of variance (ANOVA). p-values were 0.694, 0.896, 0.324, 
0.714 and 0.039 respectively for 18, 19, 20, 21 and 22 weeks-
showing that there is no statistical significant difference 
in the NBL in male and female fetuses at 18 to 21 weeks, 
except at 22 to 22.6 weeks with male NBL being slightly 
more compared to the female NBL.
 The observed values of NBL in the study subjects were 
systematically analyzed. The results were tabulated (Tables 
1 and 2) and line diagrams were drawn (Graphs 2 and 3).

 The 5th Centile NBL values correlated with the values 
from the study done by Sharma et al.10 The NBL value at 
19 to 19.6 weeks are slightly less (3.5185 vs 3.8 mm) and 
those at 21 to 21.6 and 22 to 22.6 weeks are more compared 
to those of Sharma et al (4.297 vs 4.2, 5.35 vs 4.4 mm).
 The 5th Centile NBL values differed from those 
of values obtained by Sonek et al.11 The 5th Centile  
NBL lengths in Indian population are shorter com-
pared to those of Caucasian population at all GA (18 to  
22 weeks). 
 The 50th Centile of the NBL values with gestational 
age was compared with those from studies done by 
Sharma et al10 and Sonek et al.11 The 50th Centile NBL 
values correlated with those values of the Study done 
by Sharma et al. The NBL value at 19 to 19.6 weeks are 
slightly less (4.755 vs 4.9 mm) and those at 20 to 22.6 weeks 
are more compared to those of Sharma et al (5.25 vs 5.2, 
5.78 vs 5.6, 6.525 vs 6 mm). The 50th Centile NBL values 
differed from those of values obtained by Sonek et al. 
The 50th Centile NBL lengths in Indian population are 
shorter compared to those of Caucasian population. 
 Similarly, the 95th Centile NBL values correlated with 
those values of the study done by Sharma et al. The NBL 
value at 19 to 19.6 to 21 to 21.6 weeks was slightly less 
(6.118 vs 6.3,6.09 vs 6.5 and 7.018 vs 7.2 mm) compared to 
those of Sharma et al.
 The 95th centile NBL values differed from those of 
Values obtained by Sonek et al. The NBL lengths in Indian 
population are shorter compared to those of Caucasian 
population. 
 The mean NBL values correlated with those values of 
the Study done by Sharma et al. The NBL value at 19 to 
19.6 weeks was slightly less (4.756 vs 4.97 mm) compared 
to those of Sharma et al and more at 21 to 21.6 and 22 to 
22.6 weeks (5.78 vs 5.62 and 6.389 vs 5.96).

Table 2: Results of comparable study from Indian population,Sharma et al10 and Caucasian population, Sonek et al11

Gestational age                    N             5th centile             50th centile          95th centile
Sonek et al Sharma et al Sonek et al Sharma et al Sonek et al Sharma et al Sonek et al Sharma et al

18-18 + 6 252 668 4.3 3.4 5.7 4.6 7 5.8
19-19 + 6 388 1237 5 3.8 6.3 4.9 7.9 6.3
20-20 + 6 440 1009 5.2 4.05 6.7 5.2 8.3 6.5
21-21 + 6 322 870 5.6 4.2 7.1 5.6 9 7.2
22-22 + 6 208 928 5.8 4.4 7.5 6 7. 9.3 6
23-23 + 6 72 6.4 4.8 7.9 6.3 9.6 7.83

Table 1: Statistical measurements of the nasal bone lengths (All measurements in mm )

Ga-weeks N 2.5th centile 5th centile 50th centile 95th centile Range Median Sd Mean
18-18.6 19 3.2085 3.357 4.52 5.664 3.06-5.79 4.52 0.709551 4.54
19-19.6 75 3.2585 3.5185 4.755 6.118 2.9-4.62 4.75 0.776394 4.756
20-21.6 161 4.02 4.16 5.25 6.09 2.99-6.6 5.25 0.646746 5.181
21-21.6 169 3.815 4.297 5.78 7.018 3.11-7.05 5.78 0.825733 5.788
22-22.6 76 5.1225 5.35 6.525 7.625 4.4-7.87 6.525 0.69789 6.389

GA: Gestational age; SD: Standard deviation

Graph 1: Scatter plot—gestational age vs mean nasal bone length
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dISCuSSIoN 

Though nasal bone is more frequently present in DS  
fetuses during second trimester than in the first trimester, 
a greater proportion of them are hypoplastic.13 Strong 
likelihood ratios and sound positive predictive values 
warrant NBL documentation during second trimester. 
Though interpretation was done traditionally based on 
centiles, recent studies showed improved efficacy with 
Multiple of Medians (MoMs).14

 In countries, such as India where often only the second 
trimester scan is performed for screening of aneuploidies, 
NBL could be regarded as a useful marker. Prenatal 
screening for fetal aneuploidies is not yet incorporated 
in our national health program, which means that the 
majority of the population is screened for fetal chromo-
somal abnormalities mainly at the time of the anomaly 
scan. This therefore remains a form of primary prenatal 
screening in many of the Indian centers.10

 By studying the values of NBLs in the fetuses of a 
South Indian population, a normal reference curve was 
drawn in our study. The values closely correlated with 
a similar study conducted by Sharma et al10 which com-
prised of both the south and north Indian population.
 Nasal bone length has considerable variation with  
ethnicity as is seen with any anthropometric measure-
ment. The fetal NBL in Chinese population appeared 
shorter than that of Caucasian and African-Americans.11,15 
NBL in Thai fetuses at 11 to 13 + 6 weeks GA was found 
to be on average shorter than that in Caucasian, African-
American and Chinese populations, but similar to those 
reported in Korean and Latin-American populations.16 
The NBL was found to be shorter in Korean fetuses than 
Caucasian and Chinese fetuses.17 Nasal bone length in 
Japanese population was significantly shorter and BPD/ 
Nasal bone length was significantly greater than those 
in the Caucasian and black populations.18

 In our study the NBLs of the fetuses at 18 to 22 weeks 
were significantly shorter to those of the Caucasian 
population. This is an important observation as the 
interpretation of NBL for an Indian fetus should not be 
from normograms based on western population which 
are widely available. The 5th centile for different GAs 
in Indian fetuses is significantly less than in Caucasian 
population. A lot of false positive cases can be avoided 
thereby reducing invasive tests hence averting a signifi-
cant number of procedure related adverse risks.
 Though all the measurements were performed by 
an experienced fetomaternal medicine consultant; the 
validation of this reference curve would further have 
to be carried out by studying a larger population and  
finding out the sensitivity for detection of DS using these 

Graph 3: Line diagram comparing gestational age with 5th 
percentile nasal bone length (NBL) values of Sharma et al10 and 
Sonek et al11: line diagram of the  5th centile of the NBL values 
with gestational age comparing those with studies done by Sharma 
et al and Sonek et al. The 5th centile NBL values correlated with 
those values of the study done by Sharma et al. The NBL value at 
19 to 19.6 weeks are slightly less (3.5185 vs 3.8 mm)  and those 
at 21 to 21.6  and 22 to 22.6 weeks are more compared to those 
of Sharma et al  (4.297 vs 4.2, 5.35 vs 4.4 mm)

Graph 2: Line diagram comparing gestational age and  
nasal bone length values

 The mean NBL values differed from those of values 
obtained by Gamez et al.12 The NBL lengths in Indian 
population are shorter compared to those of Caucasian 
population. 
 Correlation analysis was performed and yielded the 
following results:
1. The NBL and GA are positively correlated (r = +0.626).
2. There is moderate correlation between NBL and GA.
3. The relationship is significant (p-value < 0.001).
4. The covariance of 0.581 suggests that the variables GA 

and NBL are positively correlated.
 A regression analyis was performed and yielded the 

following equation:
Regression equation: NB = (0.5708 × GA) – 6.329.
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reference values. Large population based data can be con-
verted to MoMs values aiding improved interpretations. 
Statistical measures of performance (sensitivity and false 
positive values) of hypoplastic nasal bone based on such 
normograms needs to be investigated.
 Also, it needs to be assessed whether there are any 
changes in the lengths in the different populations within 
India. Nasal bone length can form an effective screening 
tool in combination with the serum markers for DS by 
incorporating the adjustment according to the ethnicity.
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