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Abstract
Cleft lip with or without cleft palate (CP) is one of the 
most common congenital malformations. Ultrasono
graphers involved in the routine 20-wk ultrasound 
screening could encounter these malformations. The 
face and palate develop in a very characteristic way. 
For ultrasonographers involved in screening these 
patients it is crucial to have a thorough understanding 
of the embryology of the face. This could help them 
to make a more accurate diagnosis and save time 
during the ultrasound. Subsequently, the current post
natal classification will be discussed to facilitate the 
communication with the CP teams.
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Core tip: Cleft lip/palate is a very common craniofacial 
malformation. Currently a thorough ultrasound ex
amination during the 20-wk ultrasound is performed to 
exclude an oral cleft of the face. This study provides 
important embryological information to facilitate the 
ultrasonographer in making an accurate diagnosis 
and safe time during the ultrasound. Subsequently, 
the current postnatal classification will be discussed 
to facilitate the communication with the cleft palate 
teams.
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INTRODUCTION
Orofacial clefts (OFCs) are common craniofacial malfor­
mations. Cleft lip (CL) with or without cleft palate 
(CL/P) occur more commonly in males, while 1:1000 
Caucasians, 2:1000 Asians, and 0.3:1000 Africans are 
affected[1]. However, isolated cleft palate (CP) is more 
common in females and an equal incidence of 0.4:1000 
live born is encountered in all races[1]. Although the 
distribution for clefts differs per region it is estimated 
to be 20%-25% CL, 40%-50% CLP and 30%-35% CP. 
Clefts occur in a ratio of 6:3:1 unilateral left, unilateral 
right, and bilateral[2]. The etiology of OFCs is complex 
and believed to be multifactorial, representing an 
interaction between genetics and environment during 
a critical stage of development[3]. Recently several 
genes causing CL and palate have been discovered. 
The nature and function of these genes vary widely, 
illustrating high complexity within the craniofacial 
developmental pathways[4-6]. The interested reader 
is referred to comprehensive studies that focus speci­
fically on these genes. 

In different countries routine ultrasound screening 
in pregnancy does not consistently include screening 
for facial clefts. However, the increased use of trans­
abdominal ultrasound (3D) certainly leads to an 
increased frequency of oral clefts being diagnosed 
antenatally[7]. There are few articles that focus on 
different ultrasound approaches to visualize the palate 
and lips both 2D and 3D[8-10]. 

As oral clefts typically occur in facial areas where 
the normal embryological fusion of structures did not 
occur, knowledge of the embryological background 
could aid the ultrasonographer to understand and 
more accurately diagnose these clefts. 

The aim of this review is to familiarize the ultrasono­
grapher with the embryology of the face, which will 
subsequently aid in more accurate diagnosis of the 
extent of the facial cleft. For a more extensive overview 
the reader is referred to textbooks[11-13]. The different 
classifications systems of clefts are also summarized. 
This might facilitate communication between the ultra­
sonographer and the CP team after birth. 

DEVELOPMENT OF THE LIP
The basic morphology of the face is established 
between the 4th and 10th week after conception. Upper 
lip formation commences at 24 d postconception and 
is completed by 37 d[11-13]. At five weeks’ gestation, 
when the embryo is 3 mm long, the ectoderm in the 
vicinity of the neural plate folds on itself to form the 
neural tube. Special neural crest cells of ectodermal 
origin differentiate to form a special ectomesenchyme. 
The ectomesenchyme migrates over and around the 
head and participates in the formation of five facial 
prominences that surround the primitive oral cavity: 
The frontonasal prominence, the paired maxillary 
prominences and the paired mandibular prominences. 

The frontonasal prominence develops in the midline 
over the brain. During the 5th week of embryogenesis 
the nasal component of the frontonasal prominence 
forms bilateral two ectodermal thickenings, the nasal 
placodes (Figure 1)[13]. Each nasal placode invaginates 
to form an oval nasal pit and divides the frontonasal 
prominence into a medial and lateral nasal process. 
During the 6th week, the two medial nasal processes 
fuse and gives rise to the midline of the nose, medial 
part of the upper lip, philtrum, incisor teeth and the 
primary palate. The primary palate is the part of 
the palate that is located ventrally to the foramen 
incisivum, while the secondary palate is the part located 
dorsally to the foramen incisivum. The lateral nasal 
process subsequently forms the nasal alae and alar 
base. 

During the 6th week the maxillary processes on 
each side of the mouth grow forward and merge with 
the medial nasal processes that lead to the formation 
of the lateral upper lip, the majority of the maxilla and 
the secondary palate. The mandibular prominences 
give rise to the mandible and lower lip. The fusion of 
the facial swellings occurs between the 4th-6th weeks 
postconception. Failure of fusion between any of the 
facial swellings results in facial clefts and can occur 
either unilaterally or bilaterally and typically happens at 
the junction of the lateral incisor and the first premolar 
teeth.

In patients with mild CL defects the cleft could be 
limited to a notch in the vermillion border of the lip 
that probably represents a failure of localized growth of 
the medial nasal process. In more severe defects, the 
cleft runs through all the lip structures and completely 
separates the lateral lip from the philtrum and nasal 
cavity. These clefts are caused by failure of fusion 
between the medial nasal process and the maxillary 
prominence. The depth of the cleft may vary from the 
soft tissue of the lip to a complete cleft of the maxillary 
bone. The normal palate fusion process starts at 
the foramen incisivum and subsequently closes in a 
posterior direction. The actual lip fusion starts cranially 
and subsequently closes in a caudal direction.

Oblique OFCs can also involve the side of the face 
and even involve the orbit. These clefts comprise less 
than 1% of facial clefts and can be classified according 
to Tessier’s anatomical classification[14]. Midline clefting 
syndromes can be divided into two groups: The 
premaxilla agenesis-holoproencephaly syndrome and 
frontonasal-median cleft syndrome[15]. Midline clefts 
arise due to incomplete merging of the median nasal 
prominences that form the inter-maxillary segment. 
The premaxilla agenesis-holoproencephaly syndrome 
(Demyer sequence) has a frontonasal deformity asso­
ciated with hypotelorism, holoprosencephaly and facial 
deformity ranging from cyclopia to midline facial cleft 
with pre-maxillary ageneses. The median cleft face 
syndrome is often associated with a nasal deformity 
and hypertelorism usually either with no or little brain 
deformity (corpus callosum agenesis). In these cases 
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surgical reconstruction is feasible due to the probability 
of normal life expectancy.

DEVELOPMENT OF THE PALATE
Palatogenesis begins at the end of the 5th week and 
the development of the palate is not completed 
until the 12th week postconception[11-13]. The palate 
develops from two primordia: The primary and the 
secondary palate. The most important cell types in 
palate development are the neural crest-derived palatal 
mesenchyme, ectoderm-derived epithelial lining and 
the most apical layer composed of periderm cells[16]. 
The soft palate also includes the cranial paraxial 
mesoderm derived myogenic cells. 

The primary palate is formed by merging of the 
medial nasal prominences during the 6th week and 
gives rise to the four central incisors and extends to 
the foramen incisivum.

The secondary palate that separates the nasal 
cavity from the oral cavity is the primordium of the 
hard and the soft palate and is formed by the fusion of 
neural crest mesenchyme that lies within the maxillary 
primordia. The development of the secondary palate 
starts with the outgrowth of two palatine shelves from 
the maxillary process that extend vertically on either 
side of the tongue. As the mandible grows downward 
and forward, the tongue’s position descends. The 
palatal shelves subsequently rotate to a horizontal 
position dorsal to the tongue and then undergo intra­
membranous ossification to form the palatine process 
of the maxilla and the palatine bone. The transition 
from vertical to horizontal position happens in the eight 
week postconception and is completed, incredibly, in 
only some hours. There is considerable sex difference in 
the timing of palatal closure. Shelf elevation and fusion 
begin a few days earlier in males than in females[13]. 
Just as the formation of the lip, the subsequent fusion 
process is an incredibly complex process. Before fusion 
the palatal shelves are two cell layers thick. The outer 
layer is sloughed off (by apoptosis), leaving only a 
basal epithelial layer which composes the medial 
edge of each palatal shelf. The shelves grow towards 

each other in the midline and approximate to form 
the midline epithelial seam. The seam subsequently 
degenerates, leading to mesenchymal confluence 
between the two palatal shelves. The fusion process 
of the shelves starts immediately behind the foramen 
incisivum and extends dorsally to close the palate like a 
“zip” (Figure 2). At the same time fusion with the nasal 
septum and the primary palate occurs. Gradually, bone 
extends from the palatine process of the maxilla and 
the palatine bone into the palatal shelves to form the 
hard palate. The posterior parts do not become ossified 
and extend posteriorly and fuse to form the soft palate, 
including the uvula[13].

If the fusion process of the palate which occurs 
between the 9th and 12th week of gestation, is disrupted 
by either genetic, mechanical or teratogenic factors, 
a cleft of secondary palate results. Because the 
secondary palate closes from the foramen incisivum 
in a posterior(dorsal) direction, it is not possible for 
the palate to be open just posterior to the foramen 
incisivum in the hard palate and then subsequently 
fuse again in the soft palate part. If the initial process 
of fusion is defect the rest of the fusion process will not 
take place. This means that an intact soft palate implies 
the presence of an intact hard palate. Only a handful of 
cases have been described where “fenestrations” have 
been found in the midline of the palate seam[17]. These 
cases have been attributed to trauma and not due to a 
defective fusion process. Especially the submucous cleft 
could be vulnerable[17]. However, some mouse models 
do suggest that initial contact is made in the middle-
anterior region with fusion proceeding in both anterior 
and posterior directions[17].

Abnormality of the mandible appears to have a 
related cause with CP. Hypoplasia of the mandible 
(micrognathia) interferes with descent of the tongue 
and positions the tongue superiorly between the two 
palatal shelves. This causes mechanical disruption of 
palatal closure and could result in a CP. Micrognathia 
could be associated with Robin sequence. This sequence 
or phenomenon consisting of a triad of micrognathia, 
glossoptosis and breathing problems often involves an 
associated CP[18]. This condition could be associated 
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Figure 1  Development of the lip.
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as heart defects) with the micrognathia, evaluation of 
the palate is mandatory. 

SPECTRUM OF OFCS
Some forms of CL only have a small indentation in 
the vermillion. This “forme fruste” with a small notch 
within the borders of the vermillion and a band of 
fibrous tissue running from the edge of the red lip 
to the nostril floor or a deformity of the nasal ala on 
the side of the notch, is unlikely be diagnosed by 
ultrasound. When CL is seen on 2D or 3D ultrasound, 
the position of the alar base (nostrils) can help to 
determine whether the alveolar ridge or palate is 
involved as well. An isolated incomplete CL without 
a maxillary or palatal defect will appear as a linear 
defect running from the lip towards the nasal floor 
(Figure 3A). In complete CL the lip defect could be 
well visualized, although the nose distortion is likely to 
be minimal (Figure 3B). In complete bilateral CL the 
maxilla is intact (there is no maxillary protrusion) and 
the alar bases or nostrils are symmetrical. Recently 
we have demonstrated that with a normal maxilla-
nasion-maxilla angle, it was unlikely to find a cleft 
that included the alveolus[22]. A complete CL with 
alveolar ridge involvement but without involvement 
of the primary palate is called an incomplete CL. 
Incomplete involvement of the alveolar ridge usually 
does not substantially change the position of the alar 
base. A complete CL is diagnosed as involvement of 
the complete lip, alveolar ridge and primary palate. A 
complete CLP includes the lip, alveolus, primary palate 
and whole secondary palate from foramen incisivum 
to include the uvula. In a complete CLP the lip in­
volvement is relatively easy to detect by ultrasound, 
while the alar base is characteristically lateralized 
away from the cleft (Figures 3C and 4). In cases with 
bilateral CLP there is a protrusion of the maxillary 
process that is visible as an echogenic structure below 
the alar base (Figure 3D and E). This protrusion is not 
commonly seen in cases without a secondary CP and 
could help the ultrasonographer when confronted with 
a bilateral CL deformity. An important message for 
sonographers is that cleft alveolus does not necessarily 
equal CP. Lateralization of the alar base could help the 

with life threatening breathing problems postnatal and 
is often associated with other anomalies such as heart 
defects[19].

IMPLICATIONS FOR DIAGNOSING AN 
OROFACIAL CLEFT
Fusion between the two maxillary processes differs on 
a molecular level from the fusion between the medial 
nasal process and the maxillary process. Together with 
the epidemiological differences this supports the view 
that CL/P (CL with or without CP) and isolated CP are 
two different entities[6-13]. 

Postnatal the prevalence of associated anomalies is 
lowest in CL and ranges from 7.6%-41.4%[6-13]. Data 
from postnatal studies show that concerning CLP the 
frequency is higher and ranges from 21.1%-61.2%. 
CP is the category most frequent associated with 
additional congenital anomalies and the prevalence 
of associated malformations with CP ranges from 
22.2%-78.3%. Antenatally isolated CP is usually not 
diagnosed and associated abnormalities are reported 
in 39.1%-66.0% of foetuses with CLP[20,21]. This high 
percentage probably reflects many different factors: 
The intra-uterine lethality of associated syndromes such 
as trisomy 13 or 18, pregnancy termination for severe 
malformations and the greater likelihood of diagnosing 
CL/P in the case of more associate abnormalities, 
especially if evaluation of the lip does not constitute 
part of routine screening.

It is becoming more frequent to use the trans­
abdominal ultrasound screening during the second 
trimester of pregnancy to evaluate the face. Evaluation 
of the upper lip for possible CL/P is an optional 
element and has a sensitivity of 88% for detecting 
CL/P[21]. However the overall sensitivity for OFCs 
is lower because the prenatal detection rate of CP 
is only 0%-1.4%[21]. The very low detection rate 
of CP demonstrates that there are no satisfactory 
sonographic indicators of an isolated CP that might 
be one of the reasons why the palate is often not 
visualized during the ultrasound screening. Yet, the 
ultrasonographer should be aware that micrognathia 
could be associated with a CP. Subsequently, when the 
ultrasonographer encounters other malformations (such 
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Figure 2  Caudal view of the fusion process of the palatal shelves.
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ultrasonographer to diagnose complete CLP patients 
where the visualisation of the CP is difficult. Different 
techniques such as the oblique-face or flipped-face view 
make better 3-D visualization of the alar base[8,9,10,23].

Unless other anomalies alert the ultrasonographer 
to the possibility, isolated CP is usually not diagnosed 
prenatally whereas the palate has a dome shaped 
structure and is surrounded by osseous structures 
making it difficult to visualize. The fact that the em­
bryological fusion of the secondary palate starts from 
the foramen incisivum and proceeds dorsally is of 
importance during ultrasonography. An unremarkable 
uvula implies the presence of an intact palate. If the 
uvula is deformed or absent this might indicate a 
defect in the palate. The uvula can be visualized by 
ultrasound and the echo pattern of a normal uvula is 
typical and strongly resembles an “equals sign” (Figure 
5)[16]. It is important to realize that the vocal cords also 
have “two lines” and could resemble the “equal sign 
of the palate”. However, the vocal cords are located 
lower than the soft palate. If the equals sign cannot 
be seen, CP cannot be ruled out and should be further 
examined by imaging the soft palate in a median 
sagittal section to visualize the palate structure in 
more detail. Larger prospective studies are needed to 
confirm this hypothesis. Implementation of the equals 
sign technique may improve the prenatal detection rate 
of isolated CP[16,24]. Moreover if the ultrasonographer 
cannot visualise the middle part of the secondary 
palate (e.g., obstruction of the tongue) but the “equals 

sign” is visible, it is suggestive of an intact palate. 
This could subsequently save the ultrasonographer 
time. However important techniques such as the 
“3D-reverse face” view technique[8] and improved 
ultrasonography equipment and probes will also lead to 
better visualization of the palate. Martinez-Ten et al[9,23] 
described the importance of incorporating the “reverse-
face view, with the flipped-face views and subsequently 
the oblique-face view into the algorithm of analysis a 
possible CP in the neonate. They also demonstrated 
that an accurate visualization of the palate required good 
initially acquired volume, fluid between the fetal tongue 
and palate, and curving of the plane to follow the 
structure of the palate[23]. Subsequently, the oblique-
face or flipped-face view makes better visualization in 
selected cases. 

CLASSIFICATION
Orofacial clefting is multifactorial and etiologically 
heterogeneous. Therefore, proper classification is 
essential as different types of clefts may be variably 
associated with additional anomalies and chromosomal 
disorders. Over the years many different classifica­
tion systems based on morphological, anatomical or 
etiological features of OFCs have been proposed. How­
ever, postnatal classification may not be applicable to 
prenatal findings. 

An antenatal sonographic classification system has 
been proposed by Nyberg et al[25,26]. This classification 

A B C

D E

Figure 3  Different types of cleft lips. A: Unilateral microform cleft lip; B: Unilateral cleft lip and alveolus; C: Unilateral cleft lip and palate; D: Bilateral cleft lip and 
palate with protrusion of the intermaxillary process; E: Lateral view of bilateral cleft lip and palate.

Smarius B et al . Accurate diagnosis of prenatal cleft lip/palate



98 September 26, 2017|Volume 7|Issue 3|WJM|www.wjgnet.com

shows four types of clefts and their relationship with 
the primary and secondary palate. Type 1: Isolated 

CL alone, type 2: Unilateral CL and palate, type 3: 
Bilateral CL and palate and type 4: Median CL and 
palate. The so called type 5 clefts is another group 
of facial clefts associated with the amniotic band 
syndrome or the limb-body-wall complex and does not 
follow embryologic patterns but rather shows random 
types of often large and devastating defects[25]. They 
further suggest that type 1 clefts are associated 
with a low rate of anomalies and type 2 and 3 clefts 
with intermediate prognosis. Type 4 and 5 clefts are 
universally associated with concurrent anomalies and 
with fatal outcome[26]. The Nyberg classification has 
several shortcomings; CP for instance is not mentioned 
at all, while not all midline clefts have a fatal outcome. 

A myriad of classification systems has been pro­
posed and utilized over the years, however only a few 
have found clinical application. The most generally 
accepted classification was developed by Kernahan in 

Figure 4  Prenatal, postnatal and post-surgery images of three different patients with cleft lip and alveolus, cleft lip and palate and bilateral cleft lip and 
palate respectively.

Figure 5  Echo pattern of a normal uvula visualized by ultrasound is 
typical and strongly resembles an “equals sign”.
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1971 (Figure 6), who proposed a striped Y-classification 
with the incisive foramen as the reference[27]. This 
system is based on the resemblance of an intra-oral 
view of a CL and palate to the letter “Y”. The area 
affected by the cleft is labeled from 1-9, each of which 
represents a different anatomical structure.

There has been a general move to adopt a simple 
classification system for clefts. The LAHSHAL code is 
often used as the preferred classification system by 
cleft surgeons (“L” = lip, “A” alveolus, “H” hard palate, 
“Soft palate”). It is compatible with ICD10 and allows 
clefts to be coded for computer use. The LAHSHAL 
codes split the relevant parts of the mouth in six parts 
and is written from the perspective of someone looking 
at the patient (i.e., the first letter is for the patients 
right lip and the last letter for the patients left lip). The 
LAHSAL code indicates for each patient whether there 
is a complete cleft (upper case letter, e.g., “L”) or an 
incomplete cleft (lower case, e.g., “l”) or no cleft. LAs 
would subsequently connote a complete cleft of the 
right lip/alveolus and incomplete cleft of the soft palate. 
SHAL would connote a complete left-sided unilateral 
CL, alveolus and palate. The midline Tessier clefts 
occur very infrequently, and are not included in these 
classifications. 

CONCLUSION
Knowledge of the embryology of the face should 
add to the understanding and correctly diagnosing 

OFCs. Failure of fusion between any of the facial 
swellings results in facial clefts and can occur either 
unilaterally or bilaterally and typically happens at the 
junction of the lateral incisor and the first premolar 
teeth. The depth of the cleft may vary from the soft 
tissue of the lip to a complete cleft of the maxillary 
bone. Lateralization of the alar base could help the 
ultrasonographer to diagnose a complete CLP patient 
where the visualisation of the CP is difficult. Maxillary 
protrusion seen with a bilateral CL is highly suggestive 
of a bilateral complete CL/palate. The embryological 
fusion of the palatal shelves starts anteriorly and 
proceeds posteriorly like a zip. An unremarkable uvula, 
visualised by ultrasound as an “equals sign”, suggests 
an intact normal palate. If the ultrasonographer cannot 
visualise the middle part of the secondary palate, but 
the “equals sign” is visible, it is suggestive of an intact 
palate. This could safe the ultrasonographer time.
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lip; 2: Right alveolus; 3: Right premaxilla; 4: Left lip; 5: Left alveolus; 6: Left 
premaxilla; 7: Hard palate; 8: Soft palate; 9: Submucous cleft.
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