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Abstract

Objectives: To study the correlations between facial profile markers and crown-lump length (CRL) in a Chinese
population, and to evaluate the clinical value of these markers for abnormal fetuses during the first trimester (11 to
13 gestational weeks).

Methods: The facial profile markers were as followings: inferior facial angle (IFA), maxilla-nasion-mandible (MNM)
angle, facial maxillary angle (FMA), frontal space (FS) distance and profile line (PL) distance. These markers were meas-
ured in facial mid-sagittal section through ViewPoint 6 software. The diagnostic value of these markers for abnormal
fetuses was assessed by receiver operating characteristic (ROC) curves.

Results: According to the first-trimester scanning (FTS) and follow-up, 31 fetuses were enrolled in the abnormal
group, including 14 cases of trisomy 21, 7 cases of trisomy 18, 10 cases with cleft lip and palate (CLP), and 1000 normal
fetuses were selected. Among the normal fetuses, the IFA, FS distance and PL distance had negative correlations with
CRL. The MNM angle and FMA had positive correlations with CRL. The mean IFA values for fetuses with trisomy 21

and trisomy 18 were 74.11° (standard deviation (SD) 7.48) and 69.88° (SD 7.08), respectively, which were significantly
smaller than the normal fetuses (p =0.013; p=0.003). The mean MNM angle of fetuses with trisomy 18 and CLP were
6.98° (SD 2.61) and 9.41° (SD 2.57), respectively, which were significantly greater than the normal fetuses (p=0.005;

p <0.001). The mean FMA values of trisomy 18 fetuses were 63.95° (SD 4.77), which was significantly smaller than

the normal fetuses (p < 0.001). The mean FS distance of CLP fetuses was -0.22 mm (SD 1.38), which was significantly
smaller than the normal fetuses (p <0.001). The mean PL distance of trisomy 21, trisomy 18 and CLP fetuses were

2.89 mm (SD 0.41), 291 mm (SD 0.56) and 2.71 mm (SD 0.37), respectively. The difference with the normal fetuses had
no statistical significance (p=0.56; p=0.607; p=0.54).

Conclusions: Fetal facial profile markers had excellent correlations with CRL during the first trimester. IFA had certain
clinical significance in detecting trisomy 21. FMA, IFA and MNM angle were reliable indicators for screening trisomy 18.
The abnormal MNM angle and FS distance could be used as sensitive indicators for CLP. However, PL distance was not
the best markers for trisomy 21, trisomy 18 and CLP.
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of nuchal translucency (NT) scan and chromosomal ane-
uploidy risk assessment during the first trimester, the
screening time for fetal structural abnormalities has been
advanced from the mid-trimester to the first trimester,
which provides adequate time to pregnant women for
genetic counseling and reasonable choice of pregnant
outcome [3].

The fetal facial profile contains abundant information.
The fetal facial mid-sagittal section is an important sec-
tion to evaluate the facial profile in first-trimester scan-
ning (FTS). In this section, not only the NT thickness can
be measured, but also such facial structures as the fore-
head, nasal bone, palate, upper lip, lower lip and mandi-
ble can be observed from top to bottom. In recent years,
some scholars have converted these complex facial struc-
tures into objective ultrasonographic measured markers,
such as inferior facial angle (IFA), maxilla-nasion-mandi-
ble (MNM) angle, facial maxillary angle (FMA), frontal
space (FS) distance and profile line (PL) distance, et al.
Some studies have reported that the abnormal values of
facial markers are closely related to fetal chromosomal
abnormalities (such as trisomy 21, trisomy 18) and facial
deformities (such as CLP, micrognathia) [4—10]. How-
ever, studies on these markers are mainly concentrated in
the second and third trimester, and there are few reports
during the first trimester. The purpose of this study was
to study the correlations between facial profile markers
and crown-lump length (CRL) in a Chinese population,
and to evaluate the early diagnostic value of these mark-
ers for abnormal fetuses (such as trisomy 21, trisomy 18
and CLP) during the first trimester.

Methods

Study subjects

The normal fetuses had normal ultrasound and normal
follow-up outcomes. Fetuses diagnosed as chromosomal
abnormalities by invasive genetic diagnosis or those with
facial structural abnormalities suspected by ultrasound
and confirmed after induced abortion or birth were cat-
egorized as the abnormal group. Ultrasound images of
FTS, performed in the Affiliated Suzhou Hospital of Nan-
jing Medical University during August 2017 to December
2020, were selected. We have included all the cases in the
selected time frame without a priori calculation of the
sample size.

Inclusion criteria: (1) both parents of the fetus were
Chinese; (2) singleton pregnancy; (3) Two-dimensional
(2D) stored images were the fetal facial mid-sagittal sec-
tion, which strictly followed the guidelines of Fetal Medi-
cine Foundation (FMF). The forehead, nasal bone, palate,
mandible, upper lip and lower lip of the fetuses were
clearly distinguishable; (4) There was no umbilical cord
or limb in front of the fetal face.
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Exclusion criteria: (1) pregnancies with signifi-
cant maternal complications; (2) fetuses were lost to
follow-up.

This study was approved by the Ethics Committee of
the Affiliated Suzhou Hospital of Nanjing Medical Uni-
versity (K2016038). Pregnant women voluntarily par-
ticipated in the follow-up and signed informed consent
forms.

Equipment and software

A GE Voluson E8 Expert and a Philips Affiniti70
four-dimensional (4D) color wultrasound diagnostic
instruments were used in this study. The ultrasound
examinations were performed transabdominally, using
convex probe C5-1 (frequency 1~5 MHz) and C9-2 (fre-
quency 2~9 MHz). The image was stored in DICOM
(Digital Imaging and Communications in Medicine)
format and the measurement software was ViewPoint 6
ultrasound workstation.

Ultrasonic measurement of facial profile markers

(1) IFA [4, 5, 11]: the angle between the line orthogo-
nal to the vertical part of the forehead at the level of
the synostosis of the nasal bones and a second line
joining the tip of the mentum to the anterior point of
the more protruding lip (Fig. 1).

(2) MNM angle [6, 11]: the angle between the max-
illa—nasion line and the mandible-nasion line
(Fig. 2). The nasion [10, 11] was defined as the most
anterior point at the intersection of the frontal and
nasal bone.

(3) FMA [7, 11]: the angle between the line overly-
ing the maxilla and the line across mentum tip and
upper lip (Fig. 3).

(4) ES distance [8, 9]: the maximum perpendicular
distance from the mandibulo-maxillary line (MML)
to the most prominent part of the fetal forehead
(Fig. 4). The MML [8] was an extended line inter-
secting the most anterior portions of the mandible
and the maxilla.

(5) PL distance [10, 11]: the maximum perpendicular
distance from the facial profile line (FPL) to the outer
border of the forehead (Fig. 5). The FPL [10, 11] was
the line passing through the middle point of the ante-
rior border of the mandible and the nasion.

These facial markers were measured through View-
Point 6 software by two experienced sonographers, who
had obtained the NT screening qualification certificate
issued by the FMF.
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1 Ang 90.00°
2 Ang 8691°

Fig. 1 The measurement of IFA (86.91°); 12w6d, normal Chinese fetus

1 Ang 4.70°

Fig. 2 The measurement of MNM angle (4.7°); 13w1d, normal Chinese fetus

Neither of the two surveyors knew the fetal karyo-  Statistical analysis
type, and the mean value of each marker was taken  All statistical analysis was performed by SPSS21.0 (Chi-
after three measurements. It took 5 to 6 min for three  cago, IL, USA) and Graphpad Prism8.0. Continuous
measurements of all 5 markers. variables with a Gaussian distribution were expressed
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1 Ang7253°

Fig.4 The measurement of FS distance (1.6 mm); 13w1d, normal Chinese fetus

1 D21.1mm
2 D 1.6mm

as mean (standard deviation, SD). Continuous varia-
bles without a Gaussian distribution were expressed by
Median (Inter-Quartile Range, IQR). Spearman’s rank
correlation test was used to analyze the correlations

between fetal facial markers and CRL. The Student’s T
test or Mann—whitney U test were used to analyze the
differences among the groups. When p <0.05, the dif-
ferences were considered as statistically significant. The
diagnostic value of these markers for abnormal fetuses
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1 D25.9mm |
2 D 3.1mm

Fig. 5 The measurement of PL distance (3.1 mm); 13w1d, normal Chinese fetus

was assessed by receiver operating characteristic (ROC)
curves.

Results

Data of the normal fetuses and correlations between fetal
facial markers and CRL

One thousand normal fetuses whose image was clear
and typical for measurement were selected. The median
maternal age was 28 years (IQR 26-31). The median
CRL was 66 mm (IQR 62-71), and the median NT
thickness was 1.6 mm (IQR 1.3-1.9).

IFA was distributed from 55.9° to 107.89°, and the
median was 78.25° (IQR 74.75-82.98). Spearman’s
rank correlation analysis showed that IFA was nega-
tively correlated with CRL during the first trimester
(ry=-0.614, p<0.001). MNM angle was distributed
from 1.38° to 10.7°, and the median was 4.07° (IQR
3.21-5.29). MNM angle depended significantly on CRL
during the first trimester (r,=0.574, p<0.001). FMA
was distributed from 56.29° to 91.87°, and the mean
was 73.02° (SD 5.01). FMA had significant positive cor-
relation to CRL (r,=0.451, p<0.001). FS distance was
distributed from 0 to 4.3 mm, and the median was
1.97 mm (IQR 1.53-2.37). FS distance decreased with
CRL (r,=-0.42, p<0.001). PL distance was distributed
from 1.1 to 4.67 mm, and the mean was 2.81 mm (SD
0.53). PL distance decreased with CRL (r,=-0.271,
p<0.001).

Comparison of facial profile markers

between the abnormal fetuses and normal fetuses
Thirty-one fetuses were selected in the abnormal group,
including 14 cases of trisomy 21, 7 cases of trisomy 18, 10
cases of CLP. The mean maternal age was 32.48 years (SD
5.32). The mean CRL was 65.65 mm (SD 6.23), and the
mean NT thickness was 3.13 mm (SD 1.84). Ultrasono-
graphic measurements of each facial marker of trisomy
21, trisomy 18 and CLP fetuses were shown in Figs. 6a-e,
7a-e and 8a-e, respectively. Ultrasonographic measure-
ment results of fetal facial markers in the normal fetuses
and abnormal group were shown in Table 1.

The mean IFA values of trisomy 21 and trisomy 18
fetuses were 74.11° (SD 7.48) and 69.88° (SD 7.08), respec-
tively, which were significantly smaller than the normal
fetuses (Z=-2.496, p=0.013; Z=-3.018, p=0.003). The
mean IFA values of CLP fetuses were 82.03° (SD 11.52).
The difference with the normal fetuses had no statistical
significance (Z=-1.495, p =0.135).

The mean MNM angle of trisomy 18 and CLP fetuses
were 6.98° (SD 2.61) and 9.41° (SD 2.57), respectively,
which was significantly greater than the normal fetuses
(Zz=-2.83, p=0.005; Z=-5.05, p<0.001). The mean
MNM angle of trisomy 21 were 4.59° (SD 1.71). The dif-
ference with the normal fetuses had no statistical signifi-
cance (Z=-0.386, p=0.7).

The mean FMA values of trisomy 18 fetuses were
63.95° (SD 4.77), which was significantly smaller than
the normal fetuses (t=4.777, p<0.001). The mean FMA
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Nuch Luc 5.14 mm

PL distance 2.5 mm

Fig. 6 The measurements of each facial marker of trisomy 21 fetus; 12w5d. a IFA 75.03% b MNM angle 2.75°% ¢ FMA 68.89° d FS distance 2.0 mm; e

Nuch Luc 5.14 mm

values of trisomy 21 and CLP were 74.33° (SD 6.25) and
74.42° (SD 7.62), respectively, which had no statistically
significant difference (t=-0.967, p=0.334; t=-0.577,
p=0.578).

The mean FS distance of CLP fetuses was -0.22 mm
(SD 1.38), which was significantly smaller than the nor-
mal fetuses (Z=-4.259, p<0.001). The mean FS distance

of trisomy 21 and trisomy 18 fetuses were 2.26 mm (SD
0.85) and 1.70 mm (SD 1.81), respectively, which had no
statistically significant difference (Z=-1.23, p=0.219;
7=0.277,p=0.782).

The mean PL distance of trisomy 21, trisomy 18
and CLP fetuses were 2.89 mm (SD 0.41), 2.91 mm
(SD 0.56) and 2.71 mm (SD 0.37), respectively. The
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1 Ang90.00°

2 Ang6652°

1 Ang10.63°

1 D17.6mm

Fig. 7 The measurements of each facial marker of trisomy 18 fetus; 12w4d. a IFA 66.52° b MNM angle 10.63°% ¢ FMA 62.13° d FS distance 1.3 mm; e

PL distance 2.5 mm
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Dist 0.155 cm
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Dist 0.155 cm

Dist 0.155 cm
e ——

Fig. 8 The measurements of each facial marker of CLP fetus; 13w1d. a IFA 81.91% b MNM angle 6.92°; ¢ FMA 71.04°; d FS distance 0 mm; e PL

difference with the normal fetuses had no statistical
significance (t=-0.583, p=0.56; t=-0.515, p=0.607;
t=0.613, p=0.54).

ROC curve was used to evaluate the diagnostic
value of IFA for trisomy 21 fetuses; IFA, MNM angle

and FMA for trisomy 18 fetuses; MNM angle and FS
distance for CLP fetuses, respectively, as shown in
Fig. 9a-c. The area under curve (AUC) of each ROC
curve and its corresponding p value were shown in
Table 2.
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Table 1 The mean (SD)/median (IQR) value for IFA, MNM angle, FMA, FS distance and PL distance in the normal fetuses and abnormal

group, respectively

Normal Abnormal
Trisomy 21 Trisomy 18 CLP

IFA 78.25° (74.75-82.98) 74.11° (7.48) 69.88° (7.08) 82.03°(11.52)
MNM angle 407°(3.21-5.29) 459°(1.71) 6.98° (2.61) 9.41°(2.57)
FMA 73.02°(5.01) 74.33°(6.25) 63.95° (4.77) 74.42°(7.62)
FS distance 1.97 mm (1.53-2.37) 2.26 mm (0.85) 1.70 mm (1.81) -0.22 mm (1.38)
PL distance 2.81 mm (0.53) 289 mm (0.41) 2.91 mm (0.56) 271 mm (0.37)
Cases 1000 14 7 10

IFA inferior facial angle, MNM angle maxilla-nasion-mandible angle, FMA facial maxillary angle, FS distance frontal space distance, PL distance profile line distance
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Fig. 9 ROC curve of IFA for trisomy 21 fetuses (a); IFA, MNM angle and FMA for trisomy 18 fetuses (b); MNM angle and FS distance for CLP fetuses (c)

Discussion

Facial profile markers during the first trimester is com-
posed of facial bones. The development of facial bones is
related to the migration and differentiation of neural crest
cells from ectoderm, and presents a certain sequence
[12]. At the 4th week of embryonic development, there
are five protuberances around the primitive oral cav-
ity: the frontonasal protuberance, the paired mandibu-
lar protuberances and the maxillary protuberances [13].
CLP is due to the growth and fusion disorders of these

five protuberances [14]. The ossification of maxilla and
mandible begins from 8 weeks onward [15]. During the
first trimester, the mandible is indirectly connected to
the skull through the temporomandibular joint and mus-
cles, and the forward growth rate is not as fast as that of
the maxilla, which is directly connected to the skull [16,
17]. From 20 weeks of gestation, the development of fetal
swallowing function accelerates the growth of the mandi-
ble, while the maxilla ossification has initially completed.
Subsequently, the position of the facial bones is relatively
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Table 2 The diagnostic value and cut-off of IFA for trisomy 21 fetuses; IFA, MNM angle and FMA for trisomy 18 fetuses; MNM angle and

FS distance for CLP fetuses

Trimosy 21 Trimosy 18 CLP

IFA IFA MNM angle FMA MNM angle FS distance
AUC 0.694 0.831 0.81 0914 0.964 0.89
95% Cl 0.536~0.852 0.668~0.993 0.659~0.961 0.827~1 0.926~1 0.794~0.987
Sensitivity 0.643 0.704 0933 0.85 0912 0.868
Specificity 0.714 0.857 0.571 0.857 0.9 0.8
Cut-off 76.34° 75.37° 7.24° 67.96° 6.83° 0.35mm
p value 0013? 0.003? 0.005° p<0.001° p<0.0012 p<0.001°

AUC area under curve, Cl confidence interval, CLP cleft lip and palate, IFA inferior facial angle, MNM angle maxilla-nasion-mandible angle, FMA facial maxillary angle, FS

distance frontal space distance
2 Denotes significant values if p <0.05

constant, and the fetal facial profile is basically formed
[17]. In this study, multiple facial markers reflecting the
relative position of forehead, maxilla, nasion and mandi-
ble were selected to analyze their early diagnostic value
for trisomy 21, trisomy 18 and CLP fetuses during the
first trimester.

In 2002, Rotten et al. [4] first introduced a quantitative
facial angle called IFA to describe the relative position
between mandible and frontal bone. They found that IFA
was below the 5th percentile in 25% of trisomy 21 fetuses
during the second and third trimester. When it was
below 49.2° (average-2SD), micrognathia could be sus-
pected, with a sensitivity of 100%, a specificity of 98.9%, a
positive predictive value of 75% and a negative predictive
value of 100%. IFA was mainly used to objectively evalu-
ate the micrognathia, so as to indicate Pierre-Robin syn-
drome, Stickler syndrome, trisomy 18 and trisomy 13 [5,
18, 19]. In our study, the IFA values of trisomy 21 and tri-
somy 18 fetuses were significantly smaller than the nor-
mal fetuses. Moreover, the diagnostic accuracy of trisomy
18 was much higher than trisomy 21 (83.1% > 69.4%). IFA
below 75.37° during the first trimester was significant
for suggesting trisomy 18, with a sensitivity of 70.4% and
specificity of 85.7%. This cut-off was much larger than
Rotten et al. [4] (49.2°), which might be due to the slower
forward growth rate of mandible than maxilla during the
first trimester. However, the clinical significance of the
cut-off need to be confirmed by a large sample study.

The MNM angle could reflect the relative position of
maxilla, nasion and mandible. Bakker et al. [10] reported
the MNM angle abnormally increased (above the 97.5th
percentile) in bilateral CLP and micrognathia during
the first trimester, confirming the predictive value in
abnormal facial profile and special facial malformations.
According to Lu et al. [7], in 4 cases of trisomy 18 with
micrognathia, the MNM angle values were above the
upper limit of normal values, which were similar to the

results of de Jong-pleij et al. [6]. Similarly, in our study,
the MNM angle was above the 95th percentile of normal
values in 42.9% of trisomy 18 and 80% of CLP fetuses.
However, it had an accuracy of 96.4%, a sensitivity of
91.2% and a specificity of 90% to detect CLP, which was
superior to detecting trisomy 18. Therefore, we boldly
speculated that the MNM angle was a sensitive indica-
tor for judging facial profile during the first trimester.
When it abnormally increased and was above 6.83°, the
possibility of CLP should be considered. Meanwhile, we
found that there was no statistically significant differ-
ence in MNM angle between trisomy 21 and the normal
fetuses. It might be related to the fact that most trisomy
21 fetuses were accompanied by midfacial hypoplasia,
low tongue tension and outside oral cavity [20]. Another
possible explanation was that trisomy 21 had hypoplasia
of the maxilla as well as hypoplasia of the mandible to a
less degree [21, 22]. In that case, the position of the max-
illa and mandible was changed, but the angle between
them (MNM angle) might remain normal.

FMA could directly reflect the relative position of max-
illa and mandible.

Lu et al. [7] observed that the variation of the value of
FMA changed very little after 16 weeks’ gestation (the
minimum was 64.6° at 16 weeks, and the maximum was
67.1° at 28 weeks). Using 66° as a cut-off, FMA had a
detection rate of 100% for micrognathia (the false posi-
tive rate as low as 2.5%). In our study, the FMA values
of trisomy 18 were significantly smaller than the normal
fetuses. The cut-off of FMA in diagnosing trisomy 18 was
67.96°, with a sensitivity of 85% and a specificity of 85.7%.
The value was similar to the results of Lu et al. [7]. A large
prospective cohort was needed to confirm the accuracy
of FMA in the diagnosis of trisomy 18 during the first
trimester.

The FS distance could be used to evaluate the rela-
tive position of maxilla, mandible and frontal bone on
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the basis of MML. Yazdi et al. [8] showed that when
ES distance was added into the first-trimester com-
bined screening for aneuploidy, the false positive
rate could be reduced from 5 to 3% while the detec-
tion rate of aneuploidy (90%) remained unchanged. In
2016, Hoopmann et al. [9] pointed out abnormal FS
distance could detect some tiny maxillary protrusion,
which had a definite implication for fetal CLP during
the first trimester. Similarly, we found that the FS dis-
tance of CLP was significantly smaller than the normal
fetuses. Setting the cut-off to 0.35 mm, the FS distance
had an accuracy of 89%, a sensitivity of 86.8% and a
specificity of 80% to diagnose CLP. Once abnormal FS
distance was found, it was necessary to pay attention
to whether the fetus had facial malformations (such as
CLP) and chromosomal abnormalities.

The PL distance was affected by the position of man-
dible, nasion and frontal bone. Jong-pleij et al. [23]
pointed out that the PL distance above 4 mm was an
objective indicator to predict frontal bossing during
the second and third trimester. Nevertheless, in our
study we concluded that the PL distance of trisomy
21, trisomy 18 and CLP fetuses had no significant dif-
ference from the normal fetuses. Therefore, PL dis-
tance was not the best ultrasound markers for trisomy
21, trisomy 18 and CLP during first trimester. This is
consistent with Bakker et al. [10]. However, we need a
large number of prospective studies to verify it.

The main limitation of our study is the number of
abnormal cases. It’s a bit less. A large multi centered
prospective cohort study is required. Secondly, 6
cases of trisomy 21 and 1 case of trisomy 18 fetuses
had absent or shortened nasal bone, and the other
14 cases of trisomy fetuses showed no obvious facial
malformations. Thirdly, chromosomal analysis was
not performed in 10 cases of CLP fetuses due to per-
sonal reasons, which limited the analysis of results
to a extent. Additionally, 2D ultrasound images were
used in this study. Some scholars considered that
three-dimensional (3D) ultrasound could obtain a real
standard mid-sagittal section through multi-plane
mode [24]. However, numerous researches show that
2D ultrasound is the basis of 3D ultrasound recon-
struction imaging and 10% of 3D reconstructed images
could not be used for NT evaluation [25]. As a con-
sequence, the measurement of facial markers by 2D
ultrasound was easier for clinical application. Lastly, it
was worth mentioning that the measurement of these
facial markers was time-consuming and complicated.
In the future, we will integrate artificial intelligence
(AI) with these markers to promote the establishment
of intelligent medical mode and increase the efficiency.
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Conclusion

There was a good correlation between fetal facial pro-
file markers and CRL during the first trimester in a
Chinese population. IFA had a certain value in the
diagnosis for trisomy 21 and trisomy 18, with the cut-
off of 76.34° and 75.37°, respectively. The advantage of
MNM angle in detecting CLP was superior to trisomy
18. When the MNM angle was above 6.83° or FS dis-
tance below 0.35 mm, the possibility of CLP should be
considered. Among FMA, IFA and MNM angle, FMA
had the highest accuracy (91.4%) in detecting trisomy
18, with a cut-off of 67.96°. These cut-off need to be
confirmed by a large number of prospective studies.
While PL distance was not the best ultrasound mark-
ers for trisomy 21, trisomy 18 and CLP during first
trimester.

Abbreviations

Al: Artificial intelligence; AUC: Area under curve; Cl: Confidence interval; CLP:
Cleft lip and palate; CRL: Crown-rump length; DICOM: Digital Imaging and
Communications in Medicine; FMA: Facial maxillary angle; FMF: Fetal Medicine
Foundation; FPL: Facial profile line; FS distance: Frontal space distance; FTS:
First-trimester scanning; IFA: Inferior facial angle; IQR: Inter-Quartile Range;
MML: Mandibulo-maxillary line; MNM: Maxilla-nasion-mandible angle; NT:
Nuchal translucency; PL distance: Profile line distance; ROC: Receiver operat-
ing characteristic; SD: Standard deviation; 2D-US: Two-dimensional ultrasound;
4D: Four-dimensional.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512884-022-05028-9.

[ Additional file 1. }

Acknowledgements

We are grateful for the cooperation and support from all of our study
participants. Thanks to all members in the Center for Medical Ultrasound, the
Affiliated Suzhou Hospital of Nanjing Medical University, especially Dr. Bing Lu,
Dr. Wei Jiang, Dr Xiaoli Jiang, Dr Qing Liang, Dr. Hongmei Chang, Dr. Yaqi Tang,
Miss. Yixin Yu, Mr. Yanping Lu, for their supports and follow-up.

Authors’ contributions

XFZ, CYJ, LLS, LLY: Conceptualization; XFZ, CYJ, LLY: Data collection and analy-
sis; XFZ, CYJ: Manuscript writing; CYJ, LLY, XDD: Funding acquisition, Project
administration; CYJ, LLY, QP: Supervision; JZ, ZY, CHZ, CL, LPS, YQW: Proof-read
the draft. All authors of this paper have read and approved the final version
submitted.

Funding

This study was sponsored by Chinese Multi Centered Clinical Trial (ChiCTR-
SOC-17010976), Suzhou Gusu Health Talents Program (GSWS2019006,
GSWS2020055), Jiangsu Provincial Maternal and Child Health Scientific Project
(F202044), Suzhou “Rejuvenating Health through Science and Education”
Youth Science Project (KJXW2021032) and Scientific Program from Gusu
School, Nanjing Medical University (GSKY20210232).

Availability of data and materials

The datasets and code are not publicly available due to the hospital policy
and personal privacy, but are available from the corresponding author on
reasonable request.


https://doi.org/10.1186/s12884-022-05028-9
https://doi.org/10.1186/s12884-022-05028-9

Zhou et al. BMC Pregnancy and Childbirth (2022) 22:738

Declarations

Ethics approval and consent to participate

The study was approved by the Ethics Committee of the Affiliated Suzhou
Hospital of Nanjing Medical University (Protocol number: K2016038). Informed
consents were obtained from all pregnant women. The study was conducted
ethically in accordance with the World Medical Association Declaration of
Helsinki.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Ultrasound, Changshu Hospital Affiliated to Nanjing Univer-
sity of Chinese Medicine, No. 6 Huanghe Street, Changshu 215500, Jiangsu,
China. *Center for Medical Ultrasound, The Affiliated Suzhou Hospital of Nan-
jing Medical University, Suzhou Municipal Hospital, Gusu School, Nanjing
Medical University, No. 26 Daogjian Street, Suzhou 215002, Jiangsu, China.

Received: 28 March 2022 Accepted: 5 September 2022
Published online: 02 October 2022

References

1. Maarse W, Rozendaal AM, Pajkrt E, et al. A systematic review of associ-
ated structural and chromosomal defects in oral clefts: when is prenatal
genetic analysis indicated. ] Med Genet. 2012;49:490-8.

2. CaoY,LiZ Rosenfeld JA, et al. Contribution of genomic copy-number
variations in prenatal oral clefts: a multicenter cohort study. Genet Med.
2016;18:1052-5.

3. Kagan KO, Wright D, Baker A, et al. Screening for trisomy 21 by maternal
age, fetal nuchal translucency thickness, free beta-human chorionic
gonadotropin and pregnancy-associated plasma protein-A. Ultrasound
Obstet Gynecol. 2008;31:618-24.

4. Rotten D, Levaillant JM, Martinez H, et al. The fetal mandible: a 2D and 3D
sonographic approach to the diagnosis of retrognathia and microg-
nathia. Ultrasound Obstet Gynecol. 2002;19:122-30.

5. Luedders DW, Bohlmann MK, Germer U, et al. Fetal micrognathia: objec-
tive assessment and associated anomalies on prenatal sonogram. Prenat
Diagn. 2011;31:146-51.

6. de Jong-Pleij EA, Ribbert LS, Manten GT, et al. Maxilla-nasion-mandible
angle: a new method to assess profile anomalies in pregnancy. Ultra-
sound Obstet Gynecol. 2011;37:562-9.

7. LuJ, Sahota DS, Poon LC, et al. Objective assessment of the fetal facial
profile at second and third trimester of pregnancy. Prenat Diagn.
2019;39:107-15.

8. Yazdi B, Riefler P, Fischmuller K, et al. The frontal space measurement in
euploid and aneuploid pregnancies at 11-13 weeks' gestation. Prenat
Diagn. 2013;33:1124-30.

9. Hoopmann M, Sonek J, Esser T, et al. Frontal space distance in facial clefts
and retrognathia at 11-13 weeks' gestation. Ultrasound Obstet Gynecol.
2016;48:171-6.

10. Bakker M, Pace M, de Jong-Pleij E, et al. Prenasal Thickness, Prefrontal
Space Ratio and Other Facial Profile Markers in First-Trimester Fetuses
with Aneuploidies, Cleft Palate, and Micrognathia. Fetal Diagn Ther.
2018;43:231-40.

11. JiC Jiang X, Yin L, et al. Ultrasonographic study of fetal facial profile mark-
ers during the first trimester. BMC Pregnancy Childbirth. 2021;21:324.

12. Paladini D. Fetal micrognathia: almost always an ominous finding. Ultra-
sound Obstet Gynecol. 2010;35:377-84.

13. Som PM, Naidich TP Illustrated review of the embryology and develop-
ment of the facial region, part 1: Early face and lateral nasal cavities. AJNR
Am J Neuroradiol. 2013;34:2233-40.

14. Maarse W, Boonacker CW, Breugem CC, et al. A practical prenatal
ultrasound classification system for common oral clefts. Prenat Diagn.
2015;35:894-900.

Page 12 of 12

15. Morimoto N, Ogihara N, Katayama K, et al. Three-dimensional ontoge-
netic shape changes in the human cranium during the fetal period. J
Anat. 2008;212:627-35 Anat. 1984;139:639-51.

16. Trenouth MJ. Shape changes during human fetal craniofacial growth. J
Anat. 1984;139:639-51.

17. Som PM, Naidich TP. lllustrated review of the embryology and develop-
ment of the facial region, part 2: Late development of the fetal face and
changes in the face from the newborn to adulthood. AJNR Am J Neurora-
diol. 2014;35:10-8.

18. Bromley B, Benacerraf BR. Fetal micrognathia: associated anomalies and
outcome. J Ultrasound Med. 1994;13:529-33.

19. Merz E, Abramovicz J, Baba K, et al. 3D imaging of the fetal face -recom-
mendations from the International 3D Focus Group. Ultraschall Med.
2012;33:175-82.

20. Dagklis T, Borenstein M, Peralta CF, et al. Three-dimensional evaluation
of mid-facial hypoplasia in fetuses with trisomy 21 at 11 +0to 13+ 6
weeks of gestation. Ultrasound Obstet Gynecol. 2006;28:261-5.

21. Ferrario VF, Dellavia C, Serrao G, et al. Soft tissue facial angles in Down'’s
syndrome subjects: a three-dimensional non-invasive study. Eur J Orthod.
2005;27:355-62.

22. Suri S, Tompson BD, Cornfoot L. Cranial base, maxillary and mandibular
morphology in Down syndrome. Angle Orthod. 2010;80:861-9.

23. de Jong-Pleij EA, Ribbert LS, Pistorius LR, et al. The fetal profile line:

a proposal for a sonographic reference line to classify forehead and
mandible anomalies in the second and third trimester. Prenat Diagn.
2012;32:797-802.

24. Rembouskos G, Cicero S, Longo D, et al. Assessment of the fetal nasal
bone at 11-14 weeks of gestation by three-dimensional ultrasound.
Ultrasound Obstet Gynecol. 2004;23:232-6.

25. Borrell A, Santolaya-Forgas J, Horbaczewski C, et al. Is the starting section
for 3D volume acquisition in the first trimester relevant in the post hoc
analysis of aneuploidy screening markers and fetal anatomy. Prenat
Diagn. 2011;31:1305-10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Clinical value of fetal facial profile markers during the first trimester
	Abstract 
	Objectives: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study subjects
	Equipment and software
	Ultrasonic measurement of facial profile markers
	Statistical analysis

	Results
	Data of the normal fetuses and correlations between fetal facial markers and CRL
	Comparison of facial profile markers between the abnormal fetuses and normal fetuses

	Discussion
	Conclusion
	Acknowledgements
	References


