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rontomaxillary facial angle in fetuses with trisomy 21 at
1-136 weeks

iri Sonek, MD; Marisa Borenstein, MD; Themistoklis Dagklis, MD; Nicola Persico, MD; Kypros H. Nicolaides, MD
BJECTIVE: The objective of the study was to investigate the location
f the front of the maxilla in relation to the forehead in fetuses with
risomy 21 at 11-13 weeks of gestation.

TUDY DESIGN: A three-dimensional volume of the fetal head was ob-
ained before karyotyping in 100 fetuses with trisomy 21 and 300 eu-
loid fetuses. The frontomaxillary facial (FMF) angle, defined as the
ngle between the upper surface of the upper palate and the frontal
one in a midsagittal view of the fetal face, was measured.

ESULTS: The FMF angle was significantly larger in the trisomy
based on the combin
oi: 10.1016/j.ajog.2006.10.891
s mean 78.1°, range 66.6-89.5°, P � .001). The FMF angle
as more than 85° in 69% of the trisomy 21 fetuses and in
% of the euploid fetuses. There was no significant asso-
iation between the FMF angle and nuchal translucency thick-
ess.

ONCLUSION: Measurement of FMF angle is likely to be a useful ad-
unct in screening for trisomy 21.

ey words: frontomaxillary facial angle, maxilla, 3D ultrasonography

1 than in the euploid fetuses (mean 88.7°, range 75.4-104° first-trimester screening, trisomy 21

ite this article as: Sonek J, Borenstein M, Dagklis T, et al. Frontomaxillary facial angle in fetuses with trisomy 21 at 11-136 weeks. Am J Obstet Gynecol
007;196;271.e1-271.e4.

risomy 21 is associated with a spe-
cific phenotype, which includes a

at profile. This observation is part of
angdon Down’s original description of
hat later became known as Down syn-
rome.1 Several radiological studies re-
orted underdevelopment of the upper

aw, delayed dental growth, reduction in
he number and size of teeth, and ab-
ence or hypoplasia of the nasal bone in

individuals with trisomy 21.2–7 Further-
more, prenatal sonographic studies have
reported that a significant proportion of
fetuses with trisomy 21 have shortening
of the maxillary length and maxillary
depth.8 –10 However, the reported differ-
ences between maxillary measurements
in between trisomy 21 and euploid fe-
tuses have not been shown to be large
enough to be clinically useful.8 –10 It is
possible that the clinically evident flat
nature of the profile in trisomy 21 indi-
viduals is in part due to not only the size
but also the location of the maxilla.

The aim of this study was to determine
whether the maxilla is dorsally displaced
with respect to the forehead in fetuses
with trisomy 21 at 11-136 weeks of gesta-
tion. This was accomplished using a
novel technique of measuring the angle
between the upper palate and the frontal
bone on images generated by three-di-
mensional (3D) ultrasonography.

MATERIALS AND METHODS
This study utilized 3D volumes of the fe-
tal face, which had been acquired before
fetal karyotyping by chorionic villus
sampling at 11-136 weeks of gestation.
The fetuses were at risk of trisomy 21

age and nuchal translucency measure-
ment.11 Singleton pregnancies only were
used. In each fetus the crown-rump
length and nuchal translucency thick-
ness were measured in a standard fash-
ion.11 A midsagittal image of the fetal
face was examined for the presence or
absence of the nasal bone.9,12

We searched our database and identi-
fied 100 consecutive cases of fetal tri-
somy 21 and 300 consecutive euploid fe-
tuses in which a 3D volume of the fetal
face had been obtained. This was done
with the fetus in the midsagittal plane
with the transducer being parallel to the
long axis of the nose. All 3D examina-
tions were carried out transabdominally
(RAB 4-8L probe, Voluson 730 Expert,
GE Medical Systems, Milwaukee, WI),
by sonographers with extensive experi-
ence in first-trimester scanning and 3D
ultrasound.

Analysis of the 3D volumes was carried
out by sonographers who were not aware
of the fetal karyotype. The 3D volumes
were displayed in the 3 orthogonal
planes that compose the multiplanar
mode of the 3D image. In this mode, an
optimal sagittal view was produced to
show the fetal profile. As this plane was
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erse and coronal images of the fetal face
ere simultaneously demonstrated. A
idsagittal view of the fetal face showing

he maxilla was thus obtained. The fron-
omaxillary facial (FMF) angle was mea-
ured. We defined this angle as the angle
etween a line along the upper surface of
he upper palate and a line that traverses
he upper corner of the anterior aspect of
he maxilla extending to the external sur-
ace of the frontal bone at the point of its
reatest anterior excursion (Figure 1).
The 3D volumes of the trisomy 21 and

uploid fetuses were used for previous
tudies, but this is the first study describ-
ng the measurement of the FMF angle.

tatistical analysis
he potential association between the
MF angle and the crown-rump length
nd nuchal translucency thickness was
xamined using linear regression analy-
is. The Student t test was used to exam-
ne whether there was a significant differ-
nce in the mean FMF angle between
etuses with present and those with ab-
ent nasal bone. The Student t test for
ndependent samples was used for the
omparison of the FMF angle between
uploid and trisomy 21 fetuses. The in-
ra- and interobserver agreement for the

easurement of the FMF angle were
ested in sets of 30 cases each, as de-
cribed by Bland and Altman.13 The
ata were analyzed using the statistical
oftware SPSS 13.0 (Chicago, IL) and
xcel for Windows 2000 (Microsoft
orp, Redmond, WA). A P value of less

han .05 was considered statistically
ignificant.

ESULTS
he median maternal age was 36 years of
ge (range 17 to 47) in both the trisomy
1 and the chromosomally normal
roups. The median fetal crown-rump
ength was 68 (45-84) mm and the me-
ian gestation was 12 (11-136) weeks in
oth groups. An absent nasal bone was
ound in 6 (2%) of the 300 euploid fe-
uses and in 58% of the 100 trisomy 21
etuses.

The FMF angle was successfully mea-
ured in all 400 patients. In the euploid
FIGURE 1
Fetal profiles and facial angles (euploid and trisomy 21 fetuses)

ltrasound images of facial angle in A, a euploid fetus and B, 1 with trisomy 21.
FIGURE 2
Graphs of facial angle measurements (euploid and trisomy 21
fetuses)
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raphs of facial angle measurements in A, euploid fetuses and B, trisomy 21 fetuses with their
orresponding crown-rump lengths are plotted on the reference range (mean and 95th and 5th
ercentiles) with crown-rump length of the euploid fetuses. Normal ranges (mean and 5th and 95th
ercentiles) are shown.
roup, the mean FMF angle was 78.1°
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range 66.6° to 89.5°). No significant as-
ociation was found between the FMF
ngle and crown-rump length (r �
.058, P � .318; Figure 2) or nuchal
ranslucency thickness (r � 0.017, P �
774). The median FMF angle was not
ignificantly different between those eu-
loid fetuses in which the nasal bone was
resent or absent (mean difference 1.35°,
5% confidence interval [CI] � –2.31° to
.01°, P � .469).
In the fetuses with trisomy 21, the mean

MF angle was 88.7° (range 75.4° to 104°).
his was significantly larger than in the eu-
loid group (mean difference 10.6°, 95%
I � 9.5° to 11.7°, P � .001). In 69% of the

risomy 21 fetuses, the FMF angle was
arger than the 95th percentile (85°) of the
uploid population. In 40% of the trisomy

FIGURE 3
Bland-Altman graphs of paired fac
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ntra- and interobserver agreement (Bland-Altma
aired measurements for the facial angle.

TABLE
Table Mean difference in degrees
between 30 paired measurements
between 30 paired measurements
Paired measurements Mean differen

Observer 1 �0.004% (2.35
...................................................................................................................

Observer 2 �0.008% (2.53
...................................................................................................................

Interobserver 0.147 (2.67
1 fetuses, the FMF angle was above the
pper limit of the range of angles (90°) of

he euploid population. There was no sig-
ificant association between the FMF an-
le and crown-rump length (r � 0.02, P �
686; Figure 2) or nuchal translucency
hickness (r � 0.12, P � .286). The median
ngle was not significantly different be-
ween those trisomy 21 fetuses with an ab-
ent or present nasal bone (mean differ-
nce 0.53°, 95% CI � �1.86° to 2.94°, P �
658).

Mean difference and the 95% limits of
greement between paired measure-
ents of the FMF angle by the same

onographer in 30 cases and between
aired measurements by different ob-
ervers in 30 cases are shown in Figure 3
nd the Table.

angle measurements

75 80 85

bserver 1

red measurements (o)

65 70 75 80 85

Intra observer 2

0

2

-2

-4

-6

4

6

s expressed as difference against the average of

d the 95% limits of agreement
the same sonographer and
two sonographers

(°) and SD 95% Confidence interval

�4.600 to 4.592
..................................................................................................................

�5.105 to 5.089
..................................................................................................................

�5.021 to 5.315

i
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omment
e previously published a two-dimen-

ional (2D) sonographic study at 11-136

eeks, which showed that trisomy 21 fe-
uses had a significantly shorter maxil-
ary length as compared with normal. It
as below the 5th percentile of the nor-
al range in 24% of affected fetuses.8

owever, the degree of deviation from
ormal was too small (mean of 0.7 mm)

or this measurement to be useful in
creening for trisomy 21. Similarly, a 3D
onographic study at 11-136 weeks re-
orted that in trisomy 21 fetuses the
axillary depth was shorter than normal

y a mean of only 0.3 mm, and it was
elow the 5th percentile of the normal
ange in only 10% of affected fetuses.9

herefore, we suspect that additional
actors leading to the clinically evident
at profile in trisomy 21 exist.
The increased FMF angle in trisomy 21

etuses noted in our study may be due to
dorsal displacement of the apex of the

ngle (front of the maxilla) with respect
o the forehead. This effect can also be
roduced by a certain degree of frontal
ossing. However, frontal bossing is not
ecognized as a feature of trisomy 21.
astly, the difference in the FMF angles
ould result from differences in the di-
ection of the longitudinal axis of the up-
er palate: a deviation of this axis toward
he base of the skull would lead to an in-
rease in the FMF angle. However, this
ypothesis does not lend itself easily to
n objective evaluation.

This study has demonstrated the feasi-
ility of measuring the FMF angle at
1-136 weeks of gestation. The use of 3D
ltrasonography allowed us to obtain a
erfect midsagittal view of the fetal face
nd to rotate the image to the optimal
lane for measurement of the FMF an-
le. The maxilla was successfully visual-
zed and the FMF angle was measured in
ll fetuses and in 95% of cases the differ-
nce between two consecutive measure-
ents was less than 5°.
Determination of the FMF angle may

ecome useful in screening for trisomy
1 between 11 and 136 weeks of gesta-
ion. The potential utility in trisomy 21
etection is underscored by the fact that
ial
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2

ngle was above the 95th percentile of
he normal range, and in 40% of trisomy
1 fetuses, the angle was above the upper
imit of the normal range. Measurement
f the FMF angle may also be useful in
educing the false-positive rate: only 2%
f the affected fetuses had angle sizes that
ere below the 50th percentile. Because

he FMF angle is a continuous variable,
ikelihood ratios can be constructed for
ach measurement. The fact that there is
o significant association among the
MF angle, nuchal translucency thick-
ess, and the presence or absence of the
asal bone will allow its inclusion in the
ombined first-trimester ultrasound-
ased assessment of risk for trisomy
1.11,12 Whether these results can be du-
licated using 2D ultrasonography needs
o be evaluated in a prospective fashion.

Before the FMF angle is incorporated
nto routine screening, it is imperative
hat the results are confirmed in pro-
pective studies and that sonographers

ndertaking risk assessment receive ap- 1

71.e4 American Journal of Obstetrics & Gynecol
ropriate training and certification of
heir competence in measuring the FMF
ngle. f
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