Wan et al. BMC Pregnancy and Childbirth ~ (2024) 24:526 BMC Pregnancy and Childbirth
https://doi.org/10.1186/s12884-024-06729-z

Check for
updates

An effective ultrasound fetal palate screening
software based on the “sequential sector
scan through the oral fissure” and three-
dimensional ultrasound
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Abstract

Background Orofacial clefts are one of the most common congenital malformations of the fetal face and ultrasound
is mainly responsible for its diagnosis. It is difficult to view the fetal palate, so there is currently no unified standard for
fetal palate screening, and the diagnosis of cleft palate is not included in the relevant prenatal ultrasound screening
guidelines. Many prenatal diagnoses for cleft palate are missed due to the lack of effective screening methods.
Therefore, it is imperative to increase the display rate of the fetal palate, which would improve the detection rate and
diagnostic accuracy for cleft palate. We aim to introduce a fetal palate screening software based on the “sequential
sector scan though the oral fissure’, an effective method for fetal palate screening which was verified by our follow up
results and three-dimensional ultrasound and to evaluate its feasibility and clinical practicability.

Methods A software was designed and programmed based on “sequential sector scan through the oral fissure”and
three-dimensional ultrasound. The three-dimensional ultrasound volume data of the fetal face were imported into
the software. Then, the median sagittal plane was taken as the reference interface, the anterior upper margin of the
mandibular alveolar bone was selected as the fulcrum, the interval angles, and the number of layers of the sector scan
were set, after which the automatic scan was performed. Thus, the sector scan sequential planes of the mandibular
alveolar bone, pharynx, soft palate, hard palate, and maxillary alveolar bone were obtained in sequence to display and
evaluate the palate. In addition, the feasibility and accuracy of the software in fetal palate displaying and screening
was evaluated by actual clinical cases.

Results Full views of the normal fetal palates and the defective parts of the cleft palates were displayed, and relatively
clear sequential tomographic images and continuous dynamic videos were formed after the three-dimensional
volume data of 10 normal fetal palates and 10 cleft palates were imported into the software.
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Conclusions The software can display fetal palates more directly which might allow for a new method of fetal palate

screening and cleft palate diagnosis.

Keywords Cleft palate, Three-dimensional, Software, Cleft lip, Ultrasound

Background

Orofacial clefts are one of the most common congenital
malformations of the fetal face and have an adverse effect
on physical and psychological development [1, 2]. The
palate consists of a primary palate and a secondary pal-
ate. The primary palate is the small part of the hard pal-
ate, consisting of lips, maxilla, and nasal bones, while the
secondary palate is the large part of the palate, including
most of the hard palate, the alveolar bones behind fangs
and the whole soft palate which is located behind the
hard palate and ending in the uvula. The palate devel-
ops and merges from the globular process of the median
nasal process and the palatine process of the maxillary
process. The globular processes on both sides form the
premaxillary processes, which fuse at the midline to form
the primary palate. The palatine processes on both sides
grow and fuse at the midline and then grow forward to
fuse with the primary palate at the incisor hole to form
the secondary palate. At the 9th week of the embryo, if
one or both palatine processes fail to fuse with the upper
nasal septum, unilateral or bilateral cleft palate forms. If
one or both primary palates fail to fuse with secondary
palates normally, a primary cleft palate or alveolar cleft
may form. At the 12th week of the embryo, palatine pro-
cesses on two sides fuse from front to back and if the
fusion is obstructed, soft cleft palate and submucosal
cleft can form.

Ultrasound is one of the most important methods to
diagnose orofacial clefts [3, 4]. Fetal palate is a dome-
shaped structure that is hidden by bony structures which
may cause sound attenuation(The property of sound
wave is weakened or reduced in energy due to the diver-
gence, absorption, reflection, and scattering) and sound
shadow(An area through which sound waves fail to prop-
agate, presenting a dark area), as a result, the palate is
easily obscured during screening, making the display of
the palate and the prenatal diagnosis of cleft palate dif-
ficult [5]. And that are parts of why there is currently no
unified standard for fetal palate screening, and the diag-
nosis of cleft palate is not included in the relevant prena-
tal ultrasound screening guidelines [6, 7]. Therefore, it is
imperative to increase the display rate of the fetal palate,
which would improve the detection rate and diagnostic
accuracy for cleft palate.

Our research group designed a fetal palate screen-
ing technique based on the characteristics of the fetal
oral anatomy and the directivity of the ultrasound
beam—the “sequential sector scan through the oral fis-
sure (SSSTOF)” (an ultrasound screening technique that

performing sequential scans starts from the initial sec-
tion of the anterior superior border of the mandibular
alveolar bone-tongue-pharynx and ends up with the final
section of the maxillary alveolar bone-anterior superior
border of the mandibular alveolar bone after selecting
the anterior superior border of the mandibular alveolar
bone as the fulcrum, fissure refers to the gap between the
maxillary and mandibular alveolar bones which are not
covered by bony structures). This technique has been
applied for routine fetal palate screening in our hospital
for several years. Our cases were all compared with the
follow-up results after birth or induction. Excluding the
missing cases and the cases without satisfactory images,
for cleft lip and palate, the sensitivity and specificity of
our method were 100%, and for isolated cleft palate, the
sensitivity was 100%, revealing that the “SSSTOF” is a
feasible and relatively accurate technique for fetal palate
screening [8]. In addition, we designed a training pro-
gram, which revealed that the “SSSTOF” greatly helped
to standardize fetal palate scanning and increase the
display rate of the fetal palate [9]. However, repeated
and targeted training which costs much time and labor
must be provided to help doctors to master this method.
Aiming to further simplify the process, improve the pop-
ularity and practicability of the scanning method and fur-
ther help with the diagnosis of cleft palate, we designed
software for screening the fetal palate according to the
“SSSTOF” and three-dimensional (3D) ultrasound.

Methods
The methodological design of the “SSSTOF” and its
effectiveness
The ultrasound beam was adjusted to follow the supe-
rior border of the mandibular alveolar bone, pointing to
the pharynx through the oral fissure, thus obtaining the
preliminary section-section A image (Fig. 1, Section A,
Fig. 2, Section A), which displayed the arc-shaped strong
echo of the upper edge of the mandibular alveolar bone
(Fig. 2, a) and the anechoic area of the pharynx (Fig. 2, b).
Then, the superior border of the mandibular alveolar
bone was selected as the fulcrum, and a sequential sec-
tor scan was performed with a tilted beam based on sec-
tion A, continuously sliding from the pharynx to the fetal
head side to display the following sections sequentially:
the soft palate section (Fig. 1, Section B, Fig. 2, Section
B), the hard palate section (Fig. 1, Section C, Fig. 2, Sec-
tion C), the maxillary alveolar bone section (Fig. 1, Sec-
tion C, Fig. 2, Section C), and the soft palate (Fig. 2, c),
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Fig. 1 Diagram illustrating sequential sector scan approaches through
the oral fissure: A, section of the superior border of the mandibular alveo-
lar bone, tongue, and pharynx; B, section of the soft palate; C, section of
the hard palate; D, section of the maxillary alveolar bone

the hard palate (Fig. 2, d), and the maxillary alveolar bone
(Fig. 2, ).

The dynamic scan of “SSSTOF” is shown in Additional
file 1 [9].

The “SSSTOF” can make full use of the oral fissure, a
physical lacuna, and the directivity of the acoustic beam,
resulting in avoidance of the coverage of bony struc-
tures to the maximum extent, and thus, obtaining bet-
ter reflected signals of the fetal palate. Furthermore, a
dynamic scan of the “SSSTOF” could show a full view of
the fetal palate, not just a single or several planes. There-
fore, the “SSSTOF” overcomes two major problems:
ultrasound beams cannot directly enter the fetal palate
though conventional two-dimensional (2D) scans and the
whole fetal palate cannot be observed by a single section.

The palates of fetuses with lethal malformations but
normal palates in vitro after induction were scanned
using the “SSSTOF’, and the sections obtained are shown
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in Fig. 2 [8]. It was revealed that the “SSSTOF” could
clearly and completely display the fetal palate.

We applied the “SSSTOF” for routine fetal palate
screening in our hospital and screened a total of 7,154
fetuses at approximately 20-28 weeks of gestation, fifty-
six of whom were lost to follow-up; thus, 7,098 fetuses
were ultimately included in the analysis. Among the
included fetuses, satisfactory images of the palate struc-
ture were obtained for 6,885 fetuses, and the fetal palate
acquisition rate was 97% (6,885/7,098). Our diagnoses
were consistent with the follow-up results. Excluding the
missing cases and the cases without satisfactory images,
for cases of cleft lip and palate, the sensitivity and speci-
ficity of our technique were both 100%, and for cases of
isolated cleft palate, the sensitivity was 100%. Our diag-
nostic accuracy was 100%, and there were no missed
diagnoses [8]. Thus, the “SSSTOF” has been confirmed to
be a feasible method for palate screening.

The design of software base on“SSSTOF” and 3D
ultrasound

To master “SSSTOF’, repeated and targeted training is
essential, which requires relatively high labor, material,
and time costs. To further simplify the whole scan pro-
cess and increase the efficiency of fetal palate scanning,
we designed software for automatic screening of the fetal
palate. The software was designed to simulate the manual
2D ultrasound scanning process of “SSSTOF” to realize
the automatic scanning process to observe the fetal pal-
ate intuitively and completely.

The screening software was designed according to the
“SSSTOF” and 3D ultrasound and was developed by Mat-
lab, and the development environment was also Matlab.
Various interpolation processes are used for the original
3D image volume data to improve the image resolution.
The software was mainly composed of 3D volume data
import, 3D images interpolation processing, fetal palate
sector scanning, image saving and display.

Results

We successfully developed the software and has
obtained the Chinese software copyright (“Software
for fetal screening based on 3D ultrasound V1.0
No0.2023SR0166273). The software interface is shown in
Fig. 3.

We imported the 3D volume data of 10 fetuses with
normal palates and 10 fetuses with cleft palates into the
software and selected the fulcrum coordinates, scan
angles, and number of section layers. First, we obtained
3D volume data of the fetal face through a 3D probe,
then, exported the data (Vol/DICOM3D) offline and
imported them into the software after they were being
converted into Nrrd format files by Slicer5.2.1 software.
Second, we taken the sagittal plane as the reference
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Fig. 2 Sections of the normal palates of fetuses with lethal malformations after induction using the “SSSTOF": a, mandibular alveolar bone; b, pharynx; ¢,
soft palate; d, hard palate; e, maxillary alveolar bone; f, primary palate. We have obtained permission from the copyright holder to reproduction

interface, selected the anterior upper margin of the
mandibular alveolar bone as the fulcrum after visu-
ally adjusted the coronal, transverse, and sagittal planes
(Fig. 3, a), and then set the interval angles of the sector
scan and the number of layers (Fig. 3, b). Third, after
clicking “start’, a continuous sequential sector scan was
performed, which started from the anterior superior edge
of the mandibular alveolar bone-tongue-pharynx section
and ended at the anterior superior edge of the mandibu-
lar alveolar bone- maxillary alveolar bone section. Then,
panorama and continuous scan sections of the fetal pal-
ate were obtained, and the mandibular alveolar bone,
pharynx, soft palate, hard palate, and maxillary alveolar
bone were displayed in sequence to evaluate the pal-
ate (Fig. 3, d). The operation progress of this software is
shown in Additional file 2.

The software was able to display full views of the nor-
mal fetal palates and the defective parts of the cleft pal-
ates and form relatively clear serial tomographic images
(as shown in Figs. 4 and 5) and corresponding continu-
ous sequence dynamic scan is shown in Additional file 3
and Additional file 4, which directly and comprehensively

displayed the fetal palate. In the normal cases, the palate
was clearly displayed as a continuous arc sequence from
the pharynx to the soft palate and to the hard palate,
while the cleft palate was clearly displayed as having an
interruption and loss of echo continuity from the phar-
ynx to palate.

Discussion

Cleft lip and palate are categorized as cleft lip with or
without a cleft palate and isolated cleft palate. Ultrasound
is recognized as the safest and most accurate protocol
for fetal palate screening. It is difficult to display the pal-
ate, resulting in a low detection rate of cleft palate [6, 10].
The main reason is that the fetal palate is hidden by the
bony structures of the fetal head, and the attenuation of
incident sound waves resulting from the large acoustic
impedance (The complex ratio of the sound pressure of
a medium over an area of a wave to the velocity of vol-
ume through that area) of the bony structures causes
acoustic shadows, which obscure the fetal palate. Fur-
thermore, the palate is a dome-shaped structure that
requires multiangle ultrasonic observation. Due to the
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Software for fetal palate screening based on 3D ultrasound

1.import data

3D coordinates

Minimum value Maximum value

Yemis 63.8037 87.7639
Vs [ 802737 802737
Zais [ 654416 176.4864

Interpolation algorithm

2. Interpolation linear 2

3.sector scan

:b Parameters

Fulcrum coordinates.
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Angle range [ 0 ] 10 90

Fig. 3 The operating interface of the fetal palate analysis software based on the “SSSTOF": a, the transverse section, median sagittal section and coronal
section and their coordinate values; b, the sector scan parameters (fulcrum coordinates and scanning angle range); ¢, the spatial distribution diagram of
X,Y and Z coordinate axis values after the 3D volume data were imported into the software; d, continuous section of the fetal palate obtained from the

software

low display rate, fetal palate screening has not yet been
adopted into the essential aspects of prenatal ultrasound
screening guidelines or consensus, and a unified standard
has not yet been formed. Therefore, it is a great challenge
to screening the fetal palate, which is also the purpose of
this paper. Our research group designed the “SSSTOF”
according to the special anatomical features of the fetal
palate, which proved to be effective in screening the fetal
palate, and we further designed a semi-automatic scan-
ning software based on “SSSTOF” and 3D ultrasound.
The software can display the panorama of normal fetal
palates and cleft palates relatively clearly, which, may pro-
mote the ultrasonic scanning of fetal palate and detection
of cleft palate, and be of innovative significance.

In recent years, many researchers have explored 2D
ultrasound signs and techniques for palate screening,
such as the “superimposed-line” sign and the “equal”
sign in the second trimester of pregnancy and the “ret-
ronasal triangle” sign and the “maxillary gap” sign in
the first trimester of pregnancy [11-18]. The “superim-
posed-line’, as a marker for the presence of cleft palate,
is mainly based on the special anatomical basis that the
vomer of the normal fetus is fused with the nasal septum
and forms a joint. Studies have shown that the sensitiv-
ity of diagnosing fetal cleft palate is approximately 89.5%

when this sign is observed which has a high diagnostic
value for the midline cleft of the secondary palate [11].
However, for the soft and primary cleft palates, this sign
cannot provide diagnostic information. For the “equal”
sign, the point is to identify the uvula and take the “equal”
sign (high-low-high echo) of the uvula as a symbol of
secondary palate integrity as the development of cleft
palate always starts from the uvula and develops along
the midline. The “equal” sign also has some limitations.
When the fetal head is obviously flexed, the uvula can-
not be displayed, and the uvula is most clearly displayed
only at 13 to 17 weeks, and it is fused into a single line
after 24 weeks which is not easy to identify and display.
For the “retronasal triangle” sign, generally observed
in the coronal section, the three echo lines of the pala-
tal process of the maxilla on both sides and the primary
palate, consist of a triangle. Its main application value is
to show whether the primary palate is defective, but it
cannot identify the secondary and soft cleft palates and
provide diagnostic information [13-15]. For the “max-
illary gap” sign, in the midsagittal section, if there is a
visible gap between the maxilla- “maxillary gap” sign, it
might indicate the existence of cleft palate. However, cleft
palate cannot be excluded if there is no “maxillary gap”
Furthermore, at 11 to 13 weeks, the maxilla may still be
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Fig. 4 Continuous sequential scan sections obtained from the software for fetuses with normal palates

incompletely ossified, and false negative and false posi-
tive cases might not be excluded. Related scholars have
also explored 3D ultrasound, which revealed that 3D
ultrasound helps in greatly improving the diagnosis of
orofacial cleft [19-27].

The above signs only focus on single plane or several
planes of the palate, which cannot provide whole infor-
mation of the fetal palate. However, our research group
designed a fetal palate screening method— the “SSSTOF”.
This technique has breaks through the scanning blind
area where the palate is hidden by bony structures and
cannot be completely and directly displayed. The sound
beam is directly pointed at the fetal palate though the
oral fissure and sector scanning is performed by select-
ing the anterior superior edge of the mandibular alveolar
bone as the fulcrum to display the full view of the palate,
reducing the influence of the bony structures to a greater
extent and obtaining a better reflex signal of the palate
[8]. Furthermore, the “SSSTOF” has more advantages in
displaying the panorama of the palate and for judging the
type of cleft palate. In addition, it has been indicated that
the technique is a feasible and relatively accurate method
for fetal palate screening [8].

The “SSSTOF” helps to standardize fetal palate scan-
ning by doctors and may provide a consensus for fetal
palate screening [9]. More pregnant women or fetuses
benefit if an automatic screening software could be

designed or if a software could even be implanted into
an ultrasound machine to achieve automatic data acqui-
sition and intelligent evaluation. To realize this idea,
we designed this software. We needed to display the
median sagittal plane of the fetal face, which is more eas-
ily obtained and to obtain all 3D volume data by a 3D
transducer. Then, we imported the data into our soft-
ware offline, set the parameters of the sequential scan,
and selected the anterior superior edge of the mandibu-
lar alveolar bone as the fulcrum to perform an automatic
sequential sector scan, simulating and replacing the for-
mer artificial scan, which is more intelligent in display-
ing the panorama and the continuous sections of the
fetal palate. This improved the display rate and the effi-
ciency in displaying the fetal palate. In our research, we
imported the 3D volume data of 10 fetuses with normal
palates and 10 fetuses with cleft palates into the software
and obtained clear panoramas, continuous sections, and
videos for each fetal palate, which revealed that the soft-
ware has strong clinical feasibility and practicability for
displaying the fetal palate. In addition, the software can
avoid the image variation caused by scanner variation to
a large extent. The image and video in the software can be
saved and exported for repeated research, reducing the
time of fetal ultrasonic exposure, and enhancing safety.
However, whether the software can display the
fetal palate clearly depends on whether we can obtain
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Fig. 5 Continuous sequential scan sections obtained from the software for fetuses with cleft palates

high-quality 3D volume data of the fetal face. For cases of
head hyperflexion, the 3D probe cannot provide complete
volume data of the fetal face, and we should try our best
to obtain data when the fetal head is extended. Therefore,
we should place the 3D probe as close as possible to the
mandibular alveolar bone and avoid the shadow of the
alveolar bones to the greatest extent possible.

Due to the limitation of the exported data file format,
the size and quality of the image rendered by the software
might be slightly affected. In the future development
stage, if the software can be implanted into ultrasound
equipment, raw data could then be used online to com-
plete the automatic scan, and the image quality rendered
by the software would be improved. This software based
on imported 3D volume data could perform automatic
sector scanning by manually setting the sequence scan-
ning fulcrum, and the software might automatically iden-
tify the upper edge of the mandibular alveolar bone as a
scanning fulcrum though combination with the applica-
tion and progress of artificial intelligence in target rec-
ognition in the future. Then, automatic sequential sector
scanning can be carried out to realize the transition from

semiautomatic fetal palate screening to fully automatic
screening.

In the future development stage, more additional func-
tions of the software can be expanded, such as import-
ing raw data directly, thus, no converting data formats
resulted in loss of image resolution, automatically identi-
fying scanning fulcrums and optimizing image resolution
to display more subtle anatomical structures, measuring
the defect parts according to the images of children with
cleft lip and palate, and printing images to provide sug-
gestions for surgical options.

Conclusions

The fetal palate screening software based on the “sequen-
tial sector scan though the oral fissure” has some clini-
cal feasibility and practicability in quickly, accurately, and
comprehensively displaying the fetal palate.

Availability and requirements
Project name: Software for fetal screening based on 3D
ultrasound V1.0.

Project home page: Not applicable.

Operating system(s): Windows.
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Programming language: Matlab.

Other requirements: Not applicable.

License: Not applicable.

Any restrictions to use by non-academics:
applicable.
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SSSTOF  “Sequential sector scan through the oral fissure”
3D Three-dimensional
2D Two-dimensional

Supplementary Information
The online version contains supplementary material available at https://doi.
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Additional file 1 Dynamic scan obtained from directly front of the oral
fissure using “SSSTOF". We have obtained permission from the copyright
holder to reproduction.

Additional file 2 The operation process of fetal palate screening software
based on the “SSSTOF”.

Additional file 3 Continuous sequence dynamic scan obtained from the
software for fetus with normal palate.

Additional file 4 Continuous sequence dynamic scan obtained from the
software for fetus with cleft palate.
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