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INTRODUCTION
The term syndrome refers to the association of signs, symptoms,
features, or characteristics which occur together in the same
individual (from the ancient Greek = run together).
Clinical dysmorphology is the study of abnormal human
development with particular emphasis on rare syndromes
causing malformations or alterations in body form. Many
syndromes are associated with mental retardation indicating
that genes affecting physical development are also likely to be
important in the development of the central nervous system.
The pioneers of dysmorphology concentrated on the
delineation of syndromes by clinical description. Where specific
malformations were present, a syndrome would be defined by a
particular combination—so called major criteria, essential to
the diagnosis—together with minor findings, that might be
absent. In cases without malformations, syndromes were defined
by a specific facial appearance. It takes a particular skill to be
able to delineate a syndrome in this way. This attitude has been
called “pattern recognition” or “gestalt”. The etiology of each
syndromic condition is not always easily identifiable, despite
the ability to recognize those features that could recall a known
syndrome, and search for other signs that could help in the
formulation of the exact diagnosis. On the other hand the
diagnosis is important especially in the delineation of the best
care for the patient, to identify the correct recurrence risk and
the best approach to monitor future pregnancies.
A great number of syndromes have been described but
new entities are still coming to the attention of clinical
geneticists, as genetic basis of these new conditions are
discovered.
According to their etiology, syndromes can be grouped
into chromosomal and non-chromosomal condition.
Prenatal diagnosis for chromosomal syndromes can be
achieved with conventional karyotype of different tissues such
as chorionic villi, amniocytes or limphocytes. In the remaining
cases, unless the phenotype can be disclosed by fetal imaging
and the responsible gene can be tested, they can only be
suspected during pregnancy by obstetric ultrasound.
Every syndrome is associated with the prevalent
involvement of a system or of an organ, so the search for

characteristics features of the suspected syndrome is essential
in the affected child as well as the affected fetus.
As already stated, genetic syndromes in children are often
diagnosed on the basis of craniofacial dysmorphism,1 so the
aim of researchers has been the definition of similar dysmorphic
features in the fetus with the help of clinical geneticists and
pediatricians.
Three-dimensional ultrasound has improved the detection
rate of facial anomalies,2-5 and helped the definition of syndromic
entities.
Three-dimensional Ultrasound: Technical Aspects
and Clinical Applications
Three-dimensional (3D) ultrasound is a powerful new addition
to the tool-box of medical sonographers. With 3D ultrasound it
is possible to obtain a volume scan starting from the classic
two-dimensional (2D) image. In fact, the system acquires pixels
from each of the three orthogonal planes of the space, and
elaborates a volume box. Obtaining volumes rather than a single
tomographic slice, makes it possible to display information on
any plane and from any angle. When the planes are reformatted,
surface rendering shows a 3D image, and it is these postprocessing capabilities which make 3D ultrasound such a useful
instrument for the visualization of normal and abnormal fetal
anatomy. Clearly, being able to visualize structure in any plane
in real time or simultaneously in multiple planes has great
potential for medical diagnosis with ultrasound.
There have been extensive research into the clinical
applications of 3D ultrasound in obstetrics, and many papers
have shown the usefulness of this new technology, and in
particular, when and where it compares favorably to
conventional 2D ultrasound. One of the strongest areas is the
visualization of fetal anatomy, where the realistic images it
provides are far more readily comprehended by both clinicians
and patients. In particular, 3D imaging of the fetal face, either
with multiplanar reconstruction (Fig. 1), or with surface rendering
(Fig. 2), has led to a better understanding of facial anomalies
and may well assist in a better definition of syndromes.
Systematic analysis of the fetal face using 3D ultrasound
was described by Rotten and colleagues in 2004.6
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Fig. 1: Multiplanar display of the fetal face

Fig. 2: Surface rendering of the fetal face

The midsagittal plane is the best section for obtaining
information on the fetal profile and measuring nasal bone length,
as well for evaluating the appearance of the forehead, lips and
chin, and for calculating facial angles, both superior and inferior.
The parasagittal section plane allows for analysis of the
size, shape and position of the ears. The axial plane allows
measurement of outer and inner interorbital diameters and the
size of the mandible. The rendered image gives subjective
information on the fetal face.
The criteria for diagnosing fetal dysmorphism are based on
the same parameters used in the postnatal evaluation:
• the shape of head, with identification of flat or prominent
occipital bones;
• closure of sutures;
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variation in interorbital diameters resulting in hyper- or
hypotelorism;
• reduction in mandible width or retroposition of the mandible,
resulting in micro- or retrognathia;
• low-set or abnormal conformation of the ears and presence
of preauricular tags;
• asymmetry of the face;
• variation of the facial angles: the superior (between nasal
bone and forehead), and the inferior (between nasal root
and chin);
• malformations such as cleft lip or palate, microphthalmia,
etc.
One of the most important is the Jaw-Index, defined by the
ratio between anteroposterior diameter of the mandible and
biparietal diameter. This makes definition of micrognathia
possible in presence of a ratio less than 0.23.7
Recently, a craniofacial variability index has been described
to be used to evaluate fetal facial anatomy, and distinguish
between normal and abnormal craniofacial development. Its
modifications have been correlated with syndromic features,
especially in fetuses with cleft lip/palate.8,9
The role of 3D ultrasound is also unique in achieving a
subjective evaluation of the fetal face:10 it should be born in
mind that fetal phenotype should always be compared with
parental phenotype.
The syndromes associated with craniofacial anomalies can
be grouped as follows: craniosynostoses, orofacial clefting,
abnormal development of the branchial arches (Goldenhar,
Treacher Collins) and simply unusual face.
Syndromic craniosynostoses (Apert, Crouzon, and Pfeiffer),
are autosomal dominant condition whose differential diagnosis
is based on associated anomalies and molecular analysis of
fetal DNA.
Fetal craniosynostoses can be suspected by the
observation of the deformation of the skull and of the premature
closure of the cranial bone sutures:11,12 synostosis of the coronal
sagittal and lambdoid sutures and subsequent acrocephaly is
present in Crouzon syndrome; brachycephaly is a feature of
Pfeiffer and Apert syndrome, due to synostosis of coronal and
sagittal sutures.
The associated anomalies have been reported in several
cases of prenatal diagnosis.
The visualization of fetal cranial sutures with the help of 3D
ultrasound has been the aim of many studies:13-22 surface
rendering combined with the transparent maximum mode
enables visualization of the progressive ossification of skull
bones and the onset of fusion of frontal bones (Figs 3 and 4).
It has been demonstrated that in fetuses with Apert
syndrome there is a premature closing of the coronal suture
between the frontal and parietal bones, associated with a wide
gap between frontal bones.17 A view of fetal profile can show
frontal bossing and the depressed nasal bridge, but only a
three-dimensional scan can reveal typical midfacial hypoplasia.
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can be manipulated to ensure that the defect observed is not
due to artifacts and to evaluate the level of the defect (isolated
cleft lip or associated cleft lip and palate). The area of the defect
can be observed on the three planes of the volume and its exact
location can be identified.
The mixture of surface and light rendering mode has been
demonstrated to be the most appropriate for viewing facial clefts
(Figs 5 and 6).
Another technique described for a correct diagnosis of this
anomaly is the 3D “reverse face” view:27 It consists in rotating
the frontal facial image through 180° along the vertical axis,

Fig. 3: Craniosynostosis: rendering of the skull

Fig. 5: Labioschisis. Surface rendering of the fetal face

Fig. 4: Craniosynostosis: surface rendering of the fetal face

Abnormal development of first and second branchial arches
can result in orofacial clefting or in mandible and ears anomalies.
Cleft lip/palate is one of the most frequent fetal anomaly. It
can be isolated or part of a syndrome.
Prenatal diagnosis of this malformation can be easily
achieved with classic 2D ultrasound, but many studies have
stressed how 3D can improve its detection rate beyond the
second trimester,23-26 especially in cases of isolated cleft lip:
using the modification of threshold, the surface-rendered image

Fig. 6: Palatoschisis. Rendering of the fetal palate
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Fig. 7: Micrognathia. Surface rendering of the fetal profile (Note the preauricular tags in Figure)

thereby obtaining the reverse side of facial bones. It is worth
pointing out that isolated cleft palate is less common than cleft
lip/palate, but more undiagnosed.
A new challenge for 3D is the identification of isolated
secondary palate cleft. The secondary palate consists of both
hard and soft palates: a cleft of the hard palate always affect the
soft palate but not vice versa.
There have been recent reports of identification of a cleft in
the soft palate using new 3D techniques,28-30 which would mean
that MRI might no longer be necessary.
Prenatal diagnosis has been greatly facilitated by 3D
ultrasound especially in presence of syndromes characterized
by an abnormal development of mandible and ears.
Mandible anomalies are usually defined only subjectively,
while it is important to distinguish between retrognathia, a
position anomaly, from micrognathia, an anomaly of size (Figs 6
and 7).
The study by Rotten and colleagues31 introduced a new
measure of great help in differential diagnosis. One of these is
the inferior facial angle (IFA) commonly used by orthodontics,
which in the fetus has a mean value of 65.5°.
Other authors have analyzed the role of measures such as
fetal mandible length31-34 or anteroposterior and transverse
diameters, but the one which has proved the highest sensitivity
is the Jaw-Index7. In this case, 3D ultrasound is extremely useful
in keeping the length of the examination to a minimum, since
once the images of the area concerned have been captured and
stored, they can be manipulated at leisure until the required
section planes are obtained.
Given their common embryological origin in the branchial
arches, the finding of a mandible anomaly should be followed
up with an examination of fetal ear, which can be studied
thoroughly only by means of 3D ultrasound, since it gives
information on the size, position and shape of the ears.33
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Mandible and ear anomalies are common feature of many
conditions, such as Goldenhar’s and Treacher Collins’
syndrome.
In Goldenhar’s syndrome there is usually a unilateral
hypoplasia of the mandible (Fig. 8) and condyle which is related
to the asymmetric hypoplasia of the face, whereas in Treacher
Collins syndrome, the hypoplasia is always bilateral so there is
micrognathia (Fig. 9). In both syndromes, microtia along with
preauricular tags between the tragus and the mouth has been
described.35 Cleft lip/palate and various organ malformations
can be associated, typically unilateral in Goldenhar and bilateral
in Treacher Collins. Successful prenatal diagnosis of these

Fig. 8: Surface rendering of Goldenhar’s syndrome, with
asymmetry of the face

M Lanna et al

approach seems to be the best prerequisite to speed up this
process and to reach the point when a better communication to
the prospective parents will be granted.37
Before that, the clinicians must be conscious that the field
of fetal dysmorphology is one the hardest in prenatal diagnosis
of congenital defects.
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syndromes using 3D ultrasound has been described. 36
However, the need to detect or exclude structural malformations
of the inner ear and evaluate any cortical development anomaly
can make MRI necessary.
The differential diagnosis is with Pierre-Robin and Nager
syndromes, so a systematic examination of the limbs, hands
and feet, and skeleton is required. The detection of skeletal
anomalies is best done with transparent maximum mode.
CONCLUSIONS
The main pitfall in prenatal diagnosis of malformation syndromes
is related to clinical variability and genetic heterogeneity of
several conditions. Since most of them are an unexpected
discovery during an uncomplicated pregnancy, usually with a
negative family history, a great caution must be used before
counselling the parents about the fetal diagnosis and prognosis.
During the last ten years there has been an increase in the
number of reports that have described the prenatal diagnosis
of specific syndromes with 3D ultrasound. In most cases a
definite diagnosis has been reached only postnatally on the
newborn or on the aborted fetus. In these cases the pathological
examination was considered a precious tool to correlate the
phenotypic manifestation during fetal development with
neonatal phenotype.
It is possible to foresee that the development of new
techniques and the more and more frequent use of 3D
ultrasound, will improve the diagnostic accuracy: however a lot
must be done to acquire more knowledge about the early
manifestations of genetic syndromes. A multidisciplinary
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