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Background: Abnormal fetal ear length is a feature of chromosomal
disorders. Fetal ear length measurement is a simple measurement that
can be obtained during ultrasonographic examinations.
Aims: To develop a nomogram for fetal ear length measurements in our
population and investigate the correlation between fetal ear length, gestational age, and other standard fetal biometric measurements.
Study Design: Cohort study.
Methods: Ear lengths of the fetuses were measured in normal singleton pregnancies. The relationship between gestational age and fetal ear
length in millimetres was analysed by simple linear regression. In addition, the correlation of fetal ear length measurements with biparietal
diameter, head circumference, abdominal circumference, and femur
length were evaluated.Ear length measurements were obtained from
fetuses in 389 normal singleton pregnancies ranging between 16 and
28 weeks of gestation.

Results: A nomogram was developed by linear regression analysis of
the parameters ear length and gestational age. Fetal ear length (mm)
= y = (1.348 X gestational age)-12.265), where gestational ages is in
weeks. A high correlation was found between fetal ear length and gestational age, and a significant correlation was also found between fetal
ear length and the biparietal diameter (r=0.962; p<0.001). Similar correlations were found between fetal ear length and head circumference,
and fetal ear length and femur length.
Conclusion: The results of this study provide a nomogram for fetal
ear length. The study also demonstrates the relationship between ear
length and other biometric measurements.
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Abnormal fetal ear length is a feature of many chromosomal
anomalies and aneuploidy conditions (1-3). In many studies,
fetal ear length measurement has been identified as an additional marker for fetal chromosomal anomalies (4, 5).
Fetal ear length measurement is one that can be obtained
during virtually all ultrasonographic examinations, from early
in the second trimester of pregnancy until delivery. Moreover,
ultrasound is a cheap and non-hazardous imaging modality.
This provides the sonographer with a simple and effective
means to assess fetal ear length, which is an additional marker
for chromosomal anomalies.
There have been a few studies that have given prenatal standards for fetal ear length measurement (5, 6). However, the
majority of these studies have focused on Western populations.
In this cross-sectional study, we measured the ear lengths of
fetuses of Turkish women with normal pregnancies between
16 and 28 weeks gestation, in order to build an intrauterine ear

length nomogram of our population. Our aim was to help to
define normal and abnormal fetal ear lengths, particularly in
the Turkish population.
We hope that this specific nomogram will be better tailored
to the Turkish population than the nomograms based on Western population data.

MATERIAL AND METHODS
Ear length measurements were obtained prospectively in
389 singleton fetuses of gestations between 16 and 28 weeks.
All sonographic evaluations were performed between August
2009 and August 2010 in the prenatal diagnosis unit at the
Süleymaniye Maternity Hospital using a Voluson 730 Expert
machine (Voluson 730 ;General Electric, Tiefenbach, Austria)
fitted with a 2-7 MHz convex abdominal probe. The study was
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approved by the ethics committee of the institution. Written
informed consent was obtained from each patient.
Cases with normal sonographic findings were included.
Cases with sonographic abnormalities such as intrauterine
growth retardation, structural anomalies, oligohydramnios,
and polyhydramnios were excluded from the study. Patients
with a history of chromosomal abnormality in previous offspring were also excluded from the study.
Gestational age was assessed using the woman’s menstrual
history in conjunction with ultrasonographic estimates of biparietal diameter, head circumference, abdominal circumference, and femur length according to established nomograms
for these parameters. Women with unreliable menstrual histories were excluded from the study. Discrepancies between
menstrual date and ultrasonographic gestational age were both
accepted as exclusion criteria. In 21 patients (5.1%), the fetal
ear length could not be measured because of positional problems. Hence, the final study population comprised 389 healthy
fetuses. After definition of the helix-lobe and the tragus, the
maximum distance between the cranial tip of the helix and the
caudal tip of the lobe was measured in the parasagittal view
(Figure 1).
Fifteen fetuses were randomly measured by two different
investigators to obtain inter-observer variability. Three measurements were taken in each case and the mean value of these
was used in calculations.
The patients were divided into groups according to gestational age of the fetus. A single measurement at that gestational week was considered.
In addition to these measurements, a detailed anomaly scan
was undertaken for each fetus. The relationship between gestational age and fetal ear length in millimetres was analysed
using simple linear regression. On sonography, a regression
model was constructed for ear length, with the best adjustments represented by a formula.

FIG. 1. Foetal ear length measurement

For a given gestational age, predicted values were obtained
for the 5th, 10th, 25th, 50th, 70th, 90th, and 95th percentiles to develop the nomogram.
Statistical analyses were performed by the NCSS 2007
(NCSS; Utah, USA) pocket program. The association between
fetal ear length (MoM and Z scores) and gestational age was
calculated using regression analysis; thus, the percentile values were found. A 95% confidence interval was used for the
results. Pearson correlation analysis was used.
RESULTS
In total, 410 pregnant women were initially selected; however, 21 women were excluded because of an inability to obtain
appropriate fetal ear measurements. Therefore, for the final statistical analysis, 389 pregnant women with normal pregnancies
between 16 and 28 weeks gestation were included.
The mean maternal age±SD was 27.92±5.85 years (range,
16-46 years). The mean gestational age was 22.9±3.78 weeks
(range, 16-28 weeks and 6 days).
The mean ear length increased from 9.59±1 (range, 8.2011.60 mm) in the 16th week to 26.61±3.29 (range, 17.60-31.90
mm) in the 23rd week (Table 1).
A correlation was found between fetal ear length and gestational age. A regression model was constructed for ear length
on ultrasound, with the best adjustments represented by the
following equation: Fetal ear length (mm) = y = (1.348 X gestational age ) -12.265), (Figure 2, Table 2).
TABLE 1. Descriptive analysis of ear length measurements at each
gestational age interval
Gestational
age

Ear length (mm)
Mean±SD

Minimum

Maximum

16

9.59±1

8.20

11.60

17

10.07±1.33

8.60

12.90

18

11.82±1.6

9.00

14.30

19

12.98±1.52

10.60

15.50

20

16.1±1.53

11.50

19.70

21

16.62±1.69

12.90

21.20

22

17.45±1.27

13.20

18.90

23

18.26±1,76

14.90

21.10

24

19.47±1.77

15.30

22.30

25

21.93±2.16

15.70

26.30

26

21.69±2.17

16.60

24.20

27

24.41±1.6

19.40

27.80

28

26.61±3.29

17.60

31.90

SD: standard deviation
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A nomogram was obtained with the predicted values at 5th,
10th, 25th, 50th, 75th, 90th, and 95th percentiles (Table 3).
Correlations between fetal ear length and other biometric
measurements (biparietal diameter, head circumference, and
femur length) were also evaluated.
A significant correlation was found between fetal ear length
and biparietal diameter (r=0.962, p<0.001) (Table 4). A similar correlation was found between fetal ear length and other
parameters (head circumference and femur length) (Table 4).
Biparietal diameter/fetal ear length ratios were fairly constant between 16 and 28 weeks of gestation (Table 4).
DISCUSSION
A decade ago, sonographic markers of fetal karyotypic abnormalities were limited to major structural malformations.
However, in recent years, several investigators have reported
many detailed structural findings in the second and third trimester ultrasound evaluations, for identifying those fetuses
with karyotypic abnormalities (7).
Ear length measurement as a marker of aneuploidies was
first reported in a study published by Birnholz et al. (8). Many
subsequent studies have agreed with the findings of Birnholz
et al. (5, 9, 10). Different investigators have used different cutoff points to define a “small ear” or “short ear” (2, 4, 11, 12).
Sivan et al. (13) defined a “small ear” as having measurements
35

Fetal ear length (mm)

30
25
20
15
10

R Sq Linear = 0.855

5
16

18

20

22

24

26

28

LMP
FIG. 2. Relationship between gestational age and foetal ear length (R
Square =0.855)

less than the mean-2 SD. However, in general, it appears that
a measurement in the <5th percentile, or the <10th percentile
for gestational age is a reasonable cut-off value for screening
fetuses for chromosomal abnormalities.
Reported studies suggest that short ear length measurements alone can possibly detect one-third or more of all fetuses with significant aneuploidies. The prevalence of short
ear length for Trisomy 13 and Trisomy 18 would be much
higher (2, 4, 6, 10, 12). Chitkara et al. (12) reported that
32.3% of fetuses in their study presenting with chromosomal
abnormalities had short ear lengths. Among all fetuses with
significant chromosomal abnormalities, six (17.6%) fetuses
showed no other structural abnormalities apart from short
ear length (5). In the study reported by Shimizu et al., the
predictive value of ear length measurement was similar to or
better than that of the nuchal fold. However, there are questions regarding the validity of this ratio in cases of Trisomy
21 and Trisomy 18 with growth retardation (3, 14). An abnormally small ear is associated with chromosomal abnormalities as well as with other structural abnormalities (15).
Studies of live newborn infants and autopsies from second
and third trimester fetuses have shown a significant correlation between small ears and Trisomy 21 and other chromosomal abnormalities (1, 16).
All of these findings have prompted many investigators to
use abnormal ear length measurement as an additional marker
in the detection of these anomalies.
Ear length in normal fetuses has also been measured in
many studies (6, 7, 9, 17). These studies are mostly based
on Western populations. Our study was based on the Turkish population, and our findings suggest that there is a linear
relationship between fetal ear length and gestational age. This
result is consistent with other studies.
We have formulated a nomogram for a Turkish population
sample, which shows that fetal ear length in the Turkish population is similar to that of the Western population. The 50th percentile for fetal ear length at 24 weeks gestation was 19.80 mm
in our study and was 20 mm in the study reported by Yeo et
al. (11). The relationship between ear length and biometric parameters (biparietal diameter, head circumference, and femur
length) was also comparable with previous studies (7, 14, 18).
We observed that the ratio between biparietal diameter and
fetal ear length were fairly constant between 16 and 23 weeks
gestation. This means that there is a uniform growth pattern of
these parameters.

TABLE 2. Summary of relationship of fetal ear length and gestational week
Y axis

X axis

Regression formula

Fetal ear length

LMP

y = (1.348 X Gestation Age) -12.265

LMP: last menstrual period
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TABLE 3. Fetal ear length percentiles by GA
Gestation (weeks)

Fetal ear length (mm)
5

16

Percentile
%95 CI

17
18

Percentile

21

Percentile

%95 CI
%95 CI
22

9.55

10.1

11.19

11.5

(9.4-9.6)

(10.1-10.2)

(11.1-11.2)

(11.2-11.6)

8.7

9

9.6

11.2

12.54

12.8

(8.6-8.8)

(9-9)

(9.6-9.8)

(10.9-11.2)

(12-12.6)

(12.6-12.9)

9.2

10.2

12

12.9

14

14.2

(9-9.4)

(10-10.8)

(11.8-12.1)

(12.9-13.1)

(14-14)

(14-14.3)

10.7

11.5

12.9

14.1

14.99

15.1

(10.6-10.9)

(11,5-11,6)

(12.8-13.1)

(14.1-14.7)

(14.9-15)

(15-15.5)

12.9

15.9

16.3

17

17.2

17.3

(11.5-12.9)

(15.6-16)

(16.2-16.4)

(17-17)

(17.1-17.2)

(17.3-19.7)

13.4

15.7

16.9

17.5

18

19.6

(13.4-13.8)

(15.7-16)

(16.6-16.9)

(17.4-17.7)

(18-18.1)

(18.1-19.6)

15.21

16.83

17.8

18.35

18.9

18.9

(13.2-15.1)

(16.8-16.9)

(17.4-17.9)

(18.2-18.4)

(18.8-18.9)

(18.9-18.9)

15.2

17.1

18.3

19.8

20.9

21

(14.9-15.2)

(16.9-17.2)

(17.7-18.5)

(19.6-19.8)

(20.3-20.9)

(21-21.1)

16.5

18.13

19.8

20.75

21.9

22.1

(15.3-16.5)

(18.1-18.2)

(19.5-19.9)

(20.6-20.8)

(21.6-21.9)

(22.1-22.3)

Percentile
%95 CI

23

Percentile
%95 CI

24

Percentile
%95 CI

25

Percentile
%95 CI

26
27

17.1

19.64

22.1

23.5

24.1

24.0

(17.1-17.1)

(19.6-19.8)

(22.1-22.2)

(23.4-23.7)

(24.1-24.1)

(24-25.3)

Percentile
%95 CI

18.7

20.4

22.3

23.7

23.99

24.5

(15.7-18.7)

(20.1-20.5)

(22-22.6)

(23.5-23.7)

(23.9-24)

(24.5-25.9)

Percentile
%95 CI

28

Percentile
%95 CI

95

8.7

Percentile
%95 CI

90

(8.7-8.8)

Percentile

20

75

8.3

%95 CI
19

50

(8.2-8.3)

Percentile
%95 CI

25

19

22.8

24.85

26.1

26.2

27.5

(19-19)

(22.6-22.9)

(24.4-24.9)

(26.1-26.1)

(26.2-27.1)

(27.1-27.5)

20.1

24.2

27.4

28.7

29.89

30.1

(20.1-21.9)

(24.2-24.2)

(27.3-27.5)

(28.4-29.2)

(29.8-29.9)

(30.1-30.1)

GA: gestational age; CI: confidence interval

TABLE 4. Summary of relationship of fetal ear length and BPD, HC and FL
Y axis

Regression formula

Correlation
coefficient (r)

y= (0.390 X BPD ) -3.772

0.962

HC

y= (0.109 X HC ) -3.862

0.958

FL

y= (0.474 X FL) -0.175

0.961

X axis

Fetal ear length BPD

BPD: biparietal diameter; HC:  head circumference; FL: femur length

Antenatal evaluation of fetal ear length may be useful for
the detection of various congenital anomalies, including chromosomal abnormalities and several other structural abnormalities. Therefore, we have developed a nomogram for our
population to detect deviations in fetal ear length that will help
to provide better detection rates for aneuploidy in the Turkish
population.
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