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A b s t r A c t

Introduction: Nowadays, 600 genetic syndromes are known with reported cleft palate or cleft lip, however, 
the etiology is not exactly known. 
Objectives: This paper aims to review the medical literature to present the issue of cleft lip and cleft palate in se-
lected rare diseases. The above-mentioned syndromes are due to extremely complex and heterogeneous etiology. 
Material and methods: Using hand and electronic methods, the literature was searched for original papers, 
case studies, review papers, epidemiological databases, and book chapters, which focused on cleft lip and/or cleft 
palate and rare diseases. Publications were dated from 1999 to 2019. The majority of articles were in English, 
except some Polish papers. Key terms used in the search included speech therapy, dental manifestation, rare dis-
eases, Hay-Wells syndrome, Smith-Lemli-Opitz syndrome, diastrophic dysplasia, Apert syndrome, and Kabuki 
syndrome. There were 49 references in total. 
Results: Cleft palate and cleft lip are not the most common birth defects in human population, but are probably 
the most complicated conditions, which require an interdisciplinary approach of specialists from numerous medical 
fields. If a cleft palate occurs, patients are more likely to be exposed to rejection and non-acceptance by society. 
Conclusions: This narrative review provides a description of five rare genetic diseases associated with cleft palate 
and/or cleft lip, with an emphasis on orofacial symptoms. Cleft palate and cleft lip conditions affect patients’ qual-
ity of life and require multidisciplinary treatment. 
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IntroductIon

Cleft lip and/or palate (CLP) is the most common con-
genital malformations of the facial skeleton. The pre va-
lence of this syndrome is 1-7 per 1,000 live newborns [1], 

and represent 14-17% of all malformations. The frequen-
cy of this defect depends on race, region, socio-economic 
conditions as well as methods’ of  research. The  most 
common cleft palates occur in the  Asian population, 
resulting in 0.79-3.74 per 1,000 live births (Indians 
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3.6/1,000, Japanese 2.1/1,000, Chinese 1.7/1,000). In con-
trast, the lowest percentage of these defects occurs among 
Afro-Americans, ranging from 0.18 to 1.67 per 1,000 
live births. Among Caucasians, the average incidence of  
CLP is about 0.91-2.69 per 1,000 live births, while in Eu-
rope, they are quite common in Sweden (2/1,000) and 
Denmark (1.9/1,000) [2-6]. 

CLP is caused by an influence of genetic factors (e.g., 
chromosome aberrations, single-gene mutations, mul-
tiple genetic factors), environmental factors, or both. 
According to the literature, the impact of environmental 
factors in cleft etiology is only rated at 10% [7]. 

Patients with cleft palates demonstrate multiple 
problems, such as early feeding difficulties, nutritional 
problems, developmental delays, abnormal speech and/ 
or nasal resonance, dentofacial and malocclusions, hear-
ing loss, and psychosocial issues [7, 8]. Visible facial de-
formities, usually audible speech defects and dental dis-
orders, often affect personal life and social functioning 
of patients with cleft palate and/or lip [9, 10]. 

Rapid growth of  the  maxillary process occurs be-
tween 5th and 6th week of  fetal life. By the  7th week, 
the  maxillary, and medial and lateral nasal processes 
are integrated to form intermaxillary segment. As a re-
sult, the upper lip and the maxilla (front of  the maxil-
la to incisive foramen) are formed, called ‘the primary 
palate’. Cleft lip develops due to improper proliferation 
of the maxillary and medial nasal processes [11, 12]. 

The secondary palate consists of  hard and soft 
palate. It develops during 7th to 12th week of embryo-
genesis. Palatal shelves derive from the medial surface 
of the maxillary processes by 6-7th week of fetal life. At 
first, that shelves grow medially and then, vertically 
down. Final fusion ensues at 10-12th week of intrauter-
ine life. That usually occurs with a delay in males rather 
than females. Failure of fusion of both sides’ maxillary 
shelves and with frontonasal processes, lead to cleft 
palate [11, 12]. 

Cleft palate can be divided into an incomplete cleft 
of secondary palate, complete cleft of secondary palate, 
unilateral complete cleft of primary and secondary palate, 
and bilateral complete cleft of  primary and secondary 
palate [8]. Abnormalities in oronasal and orofacial struc-
ture, delayed growth, acquired neuromotor patterns 
during early infancy, and/or disturbed psychosocial 
development, are all observed to be the causes of most 
speech problems among individuals with cleft palates. 
The interference of misaligned teeth, residual clefts, and 
fistulas, are considered as the causes of speech fallacies. 
Unless the underlying structural deformity is repaired, 
these errors could not be corrected by speech therapy. 
Speaking errors, which can be corrected by a  therapy, 
are those adaptive articulation skills, learned by children 
during their development [13, 14]. 

Noor et al. reported that as much as 75% of patients 
with a cleft has been the object of unpleasant remarks 
from colleagues [15]. Hunt et al. showed that teasing (not 

the fact of cleft) might be a determinant of bad mental 
condition of  people with this defect [10, 16]. Topolski 
et al. and Oosterkamp et al. emphasized the relationship 
between facial appearance and psychosocial functioning 
[17, 18]. Therefore, it was indicated to include psycho-
logical support into the  treatment [19]. Geneser et al. 
reported that children born with cleft lip and/or palate 
experience a few medical problems, and they require care 
from medical teams involving many specialists. In their 
opinion, pedodontists and orthodontists play an import-
ant role in this interdisciplinary work, because they not 
only provide dental treatment but often coordinate many 
aspects of whole therapy [8]. 

This review presents five rare congenital disorders, 
which were randomly selected, based on authors’ clini-
cal and research experiences. These syndromes are auto-
somally inherited in a dominant or a recessive pattern. 
Furthermore, all of  the  represented diseases are asso-
ciated with cleft palate and/ or lip. Mainly, we have fo-
cused on cleft palate and/or lip, with additional cranio-
facial anomalies and their potential impact on patient’s 
speech. The main clinical implication of these studies is 
to popularize complex problem of  rare diseases, high-
lighting craniofacial deformities and difficulties, which 
have a direct impact on the quality of life of patients. 

Narrative overview of the literature was performed, 
synthesizing the findings retrieved from searches of com-
puterized databases (Mendeley, PubMed, ResearchGate, 
ScienceDirect) and hand searches, including original 
papers, case studies, review papers, epidemiological da-
tabases, and book chapters, focusing on cleft lip/palate 
and rare diseases. Publications dated from 1999 to 2019 
were considered. The  majority of  articles were in En-
glish, with a few Polish articles taken into consideration 
during the preparation of this paper. In total, 49 refer-
ences were used to prepare the review. Key terms used 
in the search included speech therapy, dental manifesta-
tion, rare diseases, Hay-Wells syndrome, Smith-Lemli-
Opitz syndrome, diastrophic dysplasia, Apert syndrome, 
and Kabuki syndrome. 

HAy-Wells syndrome 

Hay-Wells syndrome (HWS), also known as ankylo-
blepharon-ectodermal defects lip/palate (AEC) syn-
drome, is one of over one-hundred forms of ectodermal 
dysplasia. HWS syndrome present autosomal dominant 
inheritance pattern. This disorder affect tissue groups 
that arise from the  ectoderm (outer layer of  the  em-
bryo), which undergo abnormal development. The most 
relevant abnormalities of  HWS are a  partial fusion 
of  the  edges of  the  eyelids (ankyloblepharon filiforme 
adnatum), ectodermal disorders, and cleft lip and/or 
palate. This syndrome is rarely described in the  litera-
ture and the prevalence rate is unknown. Isolated cases 
of AEC syndrome with an additional feature as bilateral 
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choanal atresia were previously described by Hay-Wells 
and Bertola [20]. 

The syndrome is caused by a  missense mutation 
of TP63 gene, locus 3q28, which is encoded as a protein 
p63 [21]. As a transcription factor, it is responsible for 
the  correct fusion of  individual DNA regions and for 
controlling the activity of specific genes [20]. 

Apart from ankyloblepharon and cleft lip and/or 
palate, there are other features of HWS, such as hyper-
trichosis, slight hypohidrosis, recurrent otitis media, 
scalp/skin erosions, nails abnormalities (thin, distorted, 
or absent), hypodontia, and maxillary hypoplasia [22]. 

The clinical variant of Hay-Wells syndrome with the 
same etiology is curly hair-ankyloblepharon-nail disease 
(CHAND) syndrome [23]. Usually, diagnosis is based on 
clinical features. Hair microscopy and genetic tests are 
helpful in further diagnosis. Light microscopy and scan-
ning electron microscopy of hair from patients with AEC 
syndrome showed many changes, including flattening, 
triangular shape, longitudinal deep or shallow grooves, 
and irregular surface indentations. Also, variable pig-
mentation from pallidness to absence of pigment can be 
observed [20, 24]. 

The vast majority (nearly 80%) of patients with Hay-
Wells syndrome are identified with cleft primary and/or 
secondary palate [20]. Only some authors have reported 
a possibility of delayed speech development. The speci-
ficity of speech disorders in this syndrome has not been 
described yet, and the need for speech therapy was occa-
sionally emphasized [25]. 

KAbuKI syndrome 

Kabuki syndrome (Niikawa-Kuroki syndrome) is 
a  rare disorder that is characterized by facial dysmor-
phism, minor skeletal defects, fetal pads in the fingers, 
intellectual disabilities of varying degrees, and post-birth 
growth deficiency. Kabuki syndrome is a  pan-ethnic 
condition. In Japanese population, the incidence of Ka-
buki syndrome is estimated to be 1 in 32,000 live births. 
In other populations, the syndrome is considered to oc-
cur with a similar prevalence [26]. In contrast, in Aus-
tralia and New Zealand, the minimum of Kabuki syn-
drome birth incidence was higher, and was calculated at 
1 : 86,000 rate [27]. No epidemiological data on preva-
lence among the Caucasian race is available. 

Kabuki syndrome is caused by mutations in KMT2D 
(formerly, MLL2) or KDM6A genes. KMT2D (locus 
12q13.12) is responsible for production of  2D lysine- 
specific methyltransferase, which is a histone-modifying 
enzyme. Lysine-specific 2D methyltransferase controls 
the activity of specific genes, which are crucial for nor-
mal development, by attaching the methyl group to his-
tone in the methylation process. KDM6A (locus Xp11.3) 
also codes the enzyme’s protein, i.e., lysine-specific de-
methylase 6A. It is an important enzyme in the process of 

histone demethylation, i.e. the separation of the methyl 
group from some histones. Mutations are inherited in 
an autosomal dominant pattern or X-linked mode. Ap-
proximately, in 30% of  people with Kabuki syndrome, 
the genetic cause remains unknown [26, 27]. 

Dysmorphic facial features characteristic for Kabuki 
syndrome include: 
• prominent, arched, wide eyebrows, thinning on 

the sides, 
• long palpebral fissures, with an extended lateral part 

of the lower eyelid (the impression of ‘big eyes’), 
• epicanthic fold, 
• wide nose bridge, flattened, or depressed tip, and 

short nose column, 
• open mouth, 
• lip pits (also known as ‘lip sinus’), small depressions 

on the  vermilion border or fistulas that penetrate 
the adjacent minor salivary gland discharging saliva, 

• micrognathia, retrognathia, 
• strabismus, 
• blue sclerae, 
• ptosis of the upper eyelid, 
• misshaped ears, with protruding, large, ‘cup-like’ 

ears [26, 28]. 
Intraoral findings, which are seen in patients with 

Kabuki syndrome, are as follows: widely spaced teeth, 
hypodontia, neonatal teeth, misshaped teeth (e.g., 
screwdriver-shaped crowns of  the  incisors), delayed 
teeth eruption, high-arched palate, posterior crossbite, 
cleft lip/palate, and bifid tongue and uvula [28-30]. 

Moreover, there are also skeletal abnormalities, fe-
tal pads, mild to moderate intellectual disability, and 
post-natal growth deficiency (short stature). Additional 
features of  the  disease may be presented concerning 
a variety of internal organs, including heart defects, anus 
atresia, and urogenital defects. Increased susceptibility 
to infections, autoimmune and hormonal disorders as 
well as seizures have also been reported [29]. 

Usually, individuals with Kabuki syndrome devel-
op speech with delay and present improper language 
skills, with a  need for speech therapy. Articulation  
errors often occur and are caused by oral‐motor hypo-
tonia, poor coordination, and malocclusions. Additio-
nally, patients have abnormal oral resonance, which is 
caused by high-arched palate and oral hypotonia [31, 32]. 
Abnormal oral resonance can be misleading as hyper-
nasality [31]. 

Apert syndrome 

Apert syndrome, also known as ‘acrocephalosyn-
dactyly type 1’ (ACS-1), is a  rare congenital disorder, 
inherited in an autosomal dominant pattern. It is one of 
the most severe craniosynostoses. Nowadays, the preva-
lence is reported to be from 1 : 44,000 to 1 : 160,000 live 
births, without predilection by gender [33]. 
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in Finland, this disorder is more common, and occurs in 
1 per 330,000 live births [43]. 

Diastrophic dysplasia is caused by SCL26A2 gene 
mutation. It is located on the long arm of chromosome 5 
(locus 5q32) and codes for a protein responsible for ion 
transport, especially sulfate ions, through cell mem-
branes that are used to produce proteoglycans, giving 
cartilage a gum-gel structure. The mutation is inherited 
in an autosomal recessive manner [43]. 

The main symptoms of  diastrophic dystrophy are 
short stature, limb shortening, normal size skull, spinal 
deformities (scoliosis, lumbar hyperlordosis, pelvic ky-
phosis), contractures of  large joints (with deformities 
and inflammation at an early onset), and so-called ‘hitch-
hiker’s thumbs’. Moreover, the  standardization of the 
fingers of  the hands, sandal furrow (a gap between the 
first and second toe), and club foot are observed. Most 
people with diastrophic dysplasia survive the  neonatal 
period and develop physical limitations, with a normal 
level of intelligence. It is possible to make a diagnosis in 
the pre-natal period as well as after childbirth (diagnosis 
based on clinical symptoms) [42]. 

Cleft palate is observed in approximately 1 of 3 (29%) 
cases with diastrophic dysplasia [44]. Speech disorders 
are associated with a cleft, and include nasal emission, 
abnormal implementation of r, s, l sounds, and a hoarse 
scream [44]. 

smItH-lemlI-opItz syndrome 

Smith-Lemli-Opitz syndrome (SLOS) is a  congen-
ital metabolic disease, inherited in an  autosomal re-
cessive manner. Generally, SLOS is diagnosed during 
the  neonatal period. However, the  milder form of  this 
disorder can also be detected in adolescence. The cause 
of SLOS are mutations of DHCR7 gene (locus 11q13.4). 
In the case of classical and severe forms, the prognosis is 
unfavorable (severe congenital malformations, stillbirth)  
[45, 46]. The  incidence of  SLOS is estimated between  
1 : 20,000 to 1 : 40,000 live births [46]. 

Smith-Lemli-Opitz syndrome is a  syndrome of  se-
vere congenital malformations characterized by, among 
others, disorders:
• craniofacial: microcephaly with narrowing of the 

frontal region, bowed and low set ears, strabismus, 
a wide tip of the nose with snapped nostrils, muscu-
loskeletal system, 

• limbs: single transverse groove of the hand, Y-shape 
syndactyly II and III of  the  toe, short, proximal 
thumbs, polydactyly of the hands, 

• genitourinary system: genital abnormalities (hypo-
spadias, cryptorchidism, micro-penis, etc.) [47]. 
Muscle tension’s disorders are also observed (at first 

flaccidity, then spasticity). Approximately 50% of SLOS 
patients have heart defects, occasional irregularities 
within the central and peripheral nervous system, and 

The main cause of Apert syndrome is a mutation in 
the  FGFR2 gene (fibroblast growth factor receptor-2), 
locus 10q26.13 [34]. Clinical studies have shown that 
about 98% of  people diagnosed with Apert syndrome 
are identified with two mutations, such as Ser252Trp 
(change of  tryptophan into serine at position 252) or 
Pro253Arg (change of proline into arginine at position 
253) in the FGFR2 gene [35]. FGFR2 is a protein, which 
is called ‘fibroblast growth factor receptor-2’. That pro-
tein is encoded by a gene at locus 10q26. FGFR2 is acti-
vated by binding to FGF and participates in a processes, 
including cell proliferation, differentiation, angiogene-
sis, wound healing, and embryonic development. FGFR2 
protein plays a  crucial role in bone growth, especially 
during embryonic development. Moreover, advanced 
paternal age has been described as contributing to Apert 
syndrome (de novo mutations) [36]. That syndrome is 
characterized by premature cranial suture atrophy, cra-
niofacial hypoplasia, and syndactyly (fusion of  fingers 
and/or toes). Clinical features of  Apert syndrome and 
areas of abnormalities are as follow: 
• body growth and development, 
• internal organs, 
• central nervous system, 
• developmental and neuropsychological, 
• craniofacial, 
• skeletal, 
• skin symptoms [37, 38]. 

Among the craniofacial findings are maxillary hypo-
plasia with third class malocclusion, premature fusion 
of the 5th and 6th cervical vertebrae, a short, broad nose 
with a  bulbous tip as well as deviated septum, hyper-
telorism, and flat forehead. Intraoral abnormalities in-
clude anterior open bite, bilateral posterior crossbite, 
narrowing of  both tooth arches with crowding, super-
numerary teeth, delayed eruption of  primary and sec-
ondary dentition, hypodontia, enamel hypoplasia, and 
misshapen incisors [38, 39]. 

The cleft soft palate and bifid uvula affect 30-76% 
of  patients [40] and are much more common in pa-
tients with Ser252Trp mutation [38]. The soft palate is 
thick and relatively long [41]. Moreover, a high-arched 
palate with bilateral swellings of the palatine processes 
may be misdiagnosed as cleft palate [39]. Among chil-
dren with Apert syndrome, delayed speech development 
is often diagnosed. The sounds are nasal. Other defects 
of the oral cavity result in incomprehensible speech [41]. 

dIAstropHIc dysplAsIA 

Diastrophic dysplasia (diastrophic dwarfism) is a rare 
form of dwarfism with short limbs and joint malforma-
tions, which leads to progressive contractures. Currently, 
the exact prevalence in general population is unknown 
[42]. It is estimated that in the United States, diastrophic 
dysplasia affects about 1 per 500,000 newborns. However, 
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organs of vision. Moreover, there is a spectrum of dis-
orders associated with SLOS, including intellectual  
disability (from moderate to severe) and behavioral dis-
orders (autistic traits in 46-53% of patients, aggression 
in 52%, auto-aggression in 35%, obsessive behavior in 
52% of cases). Delayed milestones are noticeable [48]. 

People with milder forms of Smith-Lemli-Opitz syn-
drome may only present delicate facial dysmorphisms, 
muscular hypotension, syndactyly II and III of toes, and 
mild or no intellectual disability. It is worth noting that 
clinical differentiation was even noted within one family, 
because siblings with SLOS were reported with differ-
ent severity of symptoms and developmental disorders 
[45]. Facial deformity is characterized by a broad nasal 
bridge, short nasal root with anteverted nares, and long 
philtrum. Individuals are identified with malocclusions, 
such as micrognathia, high-arched, and narrow hard 
palate with broad alveolar ridges. The  redundant sub-
lingual tissues cause disturbances for proper tongue’s 
functioning. CLP is one of  the manifestations of SLOS 
in the stomatognathic system. Moreover, it could appear 
as a submucous soft cleft palate or bifid uvula [47]. 

Verbal communication problems may result from 
disability or autism spectrum disorders [46]. There 
are no reports in the  literature about association of  
SLOS syndrome with specific speech problems. We 
might hypothesize that they have to measure themself 
with making some consonant sounds such as s, z, sh, and 
nasal sounding. The above-mentioned speech problems 
are generally caused by CLP and other abnormalities in 
the oral cavity. 

conclusIons 

The complex nature of  cleft palate and/or lips and 
rare congenital syndromes as the above-mentioned Hay-
Wells, Kabuki, Apert, and Smith-Lemli-Opitz syndromes 
and diastrophic dysplasia. They all require comprehen-
sive management of  individuals from birth to maturity. 
People suffering from incurable diseases, which undoubt-
edly include genetically determined diseases, must face 
the  problems of  self-acceptance and acknowledgement 
by their peers. Cleft palate is associated with facial defor-
mities and speech difficulties; therefore, patients are often  
rejected by society, and their quality of life is unsatisfac-
tory. Based on the presented examples of syndromes with 
CLP, the crucial role of  cooperation between pedodon-
tists, orthodontists, speech pathologists, maxillofacial sur-
geons, and ENT specialists should be emphasized, which 
can lead to improving quality of life of these patients. 
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