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Abstract
Embryonic development of the head and face are among the most complex prenatal developmental events. Any disturbance 

during the developmental stage can result in craniofacial abnormalities, and the timing of the disturbance and intensity of the 
interruption affect the severity and type of the anomaly. Cleft lip and palate are relatively common congenital malformations and 
are readily diagnosed. Treating cleft lip and palate defects is important because of the severe aesthetic, functional, and serious 
psychological problems faced by both patients and their parents. It is recommended that cleft lip and palate patients from 0 to 18 
years old undergo treatment with a multidisciplinary team. In this series of clinical reports, we describe clinical orthodontic treatment 
approaches using a presurgical nasoalveolar moulding (PNAM) in newly born unilateral and bilateral cleft lip and palate babies. Three 
boys and one girl were selected from among other cleft lip and palate patients because some information about the possible aetiology 
of the clefts was observed and the parents were cooperative during treatment. The objectives of PNAM use in unilateral and bilateral 
cleft lip and palate patients are to presurgically decrease the severity of the cleft size, maintain a narrower cleft palate, and increase 
the length of the columella and height of the nostrils. With parental cooperation, the treatment goals were achieved in these cases.
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Introduction
Craniofacial development is one of the most complex events 

during embryonic development, and craniofacial abnormalities are 
among the most common of all birth defects. Compared to many other 
birth anomalies, cleft lip and palate (CLP) are readily diagnosed. The 
primary palate is the keystone to the upper lip and the anterior portion 
of the definitive palate, and embryological maldevelopment can affect 
breathing, sucking, swallowing, mastication, osculation, speech, and 
facial physiognomy. The secondary palate constitutes the floor of the 
nasal cavity and the roof of the mouth, which includes the anterior 
hard palate and posterior soft palate. It is an essential component of 
normal respiration, mastication, deglutition, and speech [1]. 

Cleft lip and/or cleft palate are structural abnormalities that occur 
in the embryonal period of life between the 4th and 10th weeks. Any 
interruption in this tightly controlled processing chain can result in a 
facial cleft, among which orofacial clefts and cleft lip and palate are most 
frequent [2]. The lip and primary palate have distinct developmental 
origins from the secondary palate [3]. Cleft lip defects are usually 
considered a single entity, and an accompanying cleft palate represents 
a more severe form [4].

The aetiology of cleft lip and palate is still unknown, but both 
genetic and environmental factors may be responsible for many 
congenital malformations that can result from the developmental 
process failing to reach some developmental end point or threshold 
[5]. Cleft lip with cleft palate occurs twice as often as cleft lip alone. 
The cause of the familial aggregation of the disease may be genetic, 
environmental, or both [6]. A population- and family-based analysis 
demonstrated a positive association between TGFB3 and non-
syndromic cleft lip and palate. Also, a novel mutation of PAX9 may 
contribute to the development of cleft lip and palate [7]. Recently, 
evidence for the involvement of a major gene in the aetiology of cleft 
lip and palate has been reported [8]. Poor nutrition, tobacco smoke, 
alcohol, viral infection, and medicinal drugs are among the lifestyle 
and environmental risk factors believed to be involved. Interactions 
between maternal and foetal genes are possible in the aetiology of the 
disease. Foetal alcohol syndrome, in which the mother consumes too 
much alcohol during pregnancy, plus maternal smoking increases the 

risk of orofacial clefts; the effect was observed more consistently and 
strongly for cleft lip and palate than cleft lip palate [9].

Clefts, which can be syndromic or non-syndromic, are the most 
common of all birth defects worldwide and a serious malformation; 
most are non-syndromic. Cleft lip and palate affects 1 out of 1000 live-
born Caucasians and 1 out of 500–1000 live-born children worldwide. 
An epidemiological study of nearly 6 million births in 23 EUROCAT 
registries showed that 70.80% of clefts occurred in isolation, whereas 
29.20% were associated with other defects. Associated anomalies in 
multi-malformed cleft lip and palate patients in European countries, 
according to frequency, are musculoskeletal defects, cardiovascular 
defects, and defects of the central nervous system. The most frequent 
chromosomal anomaly was trisomy 13 [10]. Tunçbilek et al. examined 
1229 cleft lip and palate patients and found that 151 had 206 additional 
malformations. In total, 55 were syndromic: Pierre Robin syndrome 
was the most common group [11].

Children born with cleft lip and palate may have severe 
difficulties in feeding, speaking, and hearing and have to cope with 
severe psychological problems at school and in their social lives. The 
management of this developmental malformation is multidisciplinary 
and involves surgical, dental, and orthodontic treatment; speech 
training; audiological treatment; and psychological therapy throughout 
childhood.

The cleft lip and palate -type deformity presents one of the most 
complex surgical challenges. The presurgical nasoalveolar moulding 
(PNAM) technique, developed by Grayson, aims to properly align 
the alveolus, lip, and nose; reduce the severity of the nasal deformity; 
and lengthen the columella without surgery [12]. In patients with both 
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unilateral and bilateral clefts, the PNAM appliance helps to reduce the 
severity of the cleft, allowing the surgeon to achieve a better and more 
predictable stable result after surgery [13].

Case Series
Methods

Patient profile: Cleft lip and palate patients of all classifications 
come to our clinic at the Near East University Faculty of Dentistry 
(Figure 1). Among them, cleft lip and palate babies, three males and 
one female, were selected for this case series. Of the three boys, one had 
non-syndromic unilateral cleft lip and palate, one had non-syndromic 
bilateral cleft lip and palate, and one had syndromic bilateral cleft lip 
and palate. The girl had a non-syndromic unilateral cleft lip and palate.

History and clinical examination, motivation of the parents: A 
general intraoral–extraoral examination was performed on each patient. 
All examinations were performed by an orthodontic consultant (BK). 
Before treatment, a medical history was taken and written informed 
consent for the treatment of the cleft lip and palate was obtained from 
the parents. Before starting the treatment procedure, parents were 
motivated by showing the treatment stages and photos of previously 
treated cleft lip and palate patients at our clinic. Three of the patients 
were first examined at 24–72 h of age. One male patient presented at 
our clinic at 54 days of age wearing a feeding plate applied at another 
orthodontic treatment centre abroad.

Impression tray, impression technique, and stone model: An 
initial impression of the cleft lip and palate from the newborn baby was 
obtained within 72 h of postnatal life. Although a heavy-bodied silicone 
impression material is commonly preferred, we used a thickened 
alginate impression material. The alginate mixture was mixed manually 
using a mixing bowl and spatula. The infants were held in an inverted 
position to prevent the tongue from moving backward and to allow 
saliva to drain out of the oral cavity (Figure 2). A surgeon and general 
anaesthetist were present in case of any airway emergency.

Preliminary impressions were made using self-made acrylic trays 
or fabricated impression trays and orthodontic alginate was used. 
Custom trays were fabricated in the orthodontic laboratory and 
secondary impressions were made again using alginate impression 
material. After the impression, a dental stone cast was made by filling 
the impression with a mixture of dental stone and allowing it to set. 
The dental stone model was made to obtain measurements, to follow 
improvements, and to fabricate the appliance. The cleft region of the 
palate and alveolus was filled with modelling wax. Later the moulding 
prosthesis was finished and polished to be ready for use.

Feeding plate, PNAM appliance, and parent education: The first 
stage of treatment was for a feeding and alveolar moulding appliance. 
A soft denture liner was added in the area that required moulding, and 
selective grinding of the hard acrylic was done where movement was 
expected. The second stage occurred when in unilateral clefts the intra-
alveolar gap had been reduced to 5–6 mm and in bilateral clefts the 
premaxilla and prolabium were located mostly on the alveolar ridge. 
The PNAM targets the nasal cartilage moulding by incorporating a 
nasal stent component. The acrylic at the active tip of the nasal stent 
was covered with a thin layer of soft denture lining material to help 
prevent tissue irritation. An extraoral retentive button was fabricated 
with a ~40° downward angle. Betafix Surgical Hypoallergenic Flexible 
Tape, 2.5 × 5 cm, and orthodontic elastics were used for retentive 
taping. Postinsertion instructions were given to the parents regarding 
the wear and hygiene of both the feeding appliance and the PNAM. 
The parents were asked to disinfect the appliance daily by cleaning it 
first with a toothbrush, soaking it in lukewarm water containing one 
quarter of an effervescent Steradent denture-cleansing tablet for 2 min, 
and later washing the appliance with drinking water. The nasal stent 
was kept out of the disinfecting solution because of the soft acrylic at 
the tip of the stent. The parents were asked to bring the cleft lip and 
palate babies in for weekly follow-up.

Surgical Procedure: All patients then underwent surgical 
procedures after the effects of the PNAM were sufficient. The PNAM 

Figure 1: Different types of CLP patients in Northern Cyprus.

Figure 2: A pretrimmed customised tray. The impression was taken when the patient was in an inverted position (alginate impression, poured cast).
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appliance was constructed when the babies were 6 weeks old and was 
used until the primary surgical closure of the cleft lip and nose, which 
was performed at ~5 months of age. Thus, all of the patients underwent 
operations after 2–3 months of PNAM use.

Case Report 1

 Case 1 was a male baby with non-syndromic complete bilateral 
cleft lip and palate. His medical history was taken. His parents’ 
marriage was non-consanguineous and both parents were middle 
aged. They had another healthy son age 10 with no health problems. 
The baby had previously had a feeding and alveolar moulding plate 
applied at another treatment centre abroad, and the cleft of the alveolus 
had been reduced to ~6 mm in width, which was the indication to add 
the nasal stent for the nasal moulding. The appliance was converted 
into a PNAM by adding a 0.9-mm stainless steel kidney-shaped wire 
with hard self-curing acrylic covered at the tip with semi-soft acrylic 
to prevent soft tissue irritation. The effectiveness of the moulding was 
increased by lip taping. The parents were asked to bring the baby in for 
weekly follow-up to adjust the PNAM appliance. A soft denture liner 
was added in the area that required moulding, and selective grinding 
of the hard acrylic was done where movement was expected. The nasal 
stent was also relocated. Parental cooperation in keeping the appliance 
in the mouth was quite good; the parents’ attitude toward their son was 
loving and caring, and they did not show concern about the appearance 
of their child. The lip and nose operation was performed successfully at 
4 months of age at the initial treatment centre, which was the family’s 
choice. At the age of 3, a conversation was had with the child to 
check for speech problems. His pronunciation of words was clear and 
rhinolalia speech was not observed (Figure 3).

Case Report 2 

This baby boy with unilateral cleft lip and palate was born at a 
private hospital in Nicosia, and we examined him the next day. The 
young mother refused to look at or hug the baby because of the cleft. 
At the 20th week of intrauterine life, her gynaecologist had shown her 

the cleft on ultrasound. The grandmother and father took care of the 
child. At the first visit, an anamnesis was taken. The baby’s parents 
were young, healthy, and non-consanguineous. The mother was a day 
school secretary and commonly used a photocopier at work. The father 
was an official employee. She had not drunk alcohol, smoked, or used 
any medication during pregnancy. The initial alginate impression was 
obtained and a dental stone model was made. A conventional feeding 
plate was prepared to maintain bottle feeding. The parents brought 
the baby for weekly follow-up and modification of the conventional 
feeding appliance. At 6 weeks of age, a secondary impression was made 
to prepare a PNAM. A retention button and 0.9-mm stainless steel wire 
were added outside the appliance. A nasal stent, covered first with self-
curing clear acrylic and the tip covered with a soft liner, was adjusted 
in the nostril aperture, pushing the nasal dome outward. The PNAM 
appliance was supported with orthodontic elastics incorporated into 
loops of thin hypoallergenic tapes. Instructions about the PNAM 
appliance were given, and the parents were told to keep it in the baby’s 
mouth almost 24 h per day. The parents were called at weekly intervals 
to gradually change the direction of the nasal stent. By the age of 4 
months, the lip and nose operation was performed by the reconstructive 
surgery team. No speech problem was observed at age 4 (Figure 4).

Case Report 3

 This female baby had a non-syndromic unilateral cleft lip and 
palate. She was the second daughter in the family. The family had 
no previous history of any congenital anomaly. Her parents were 
healthy and young; her mother was a housewife and her father was a 
farmer living in a small village. They had another healthy 5-year-old 
daughter. The baby was being kept at the neonatal intensive care unit 
of a public hospital and was undergoing gavage feeding through a 
nasogastric tube. The primary aim was to enable mouth feeding of the 
baby with the help of a feeding plate and to discharge her from the 
hospital. A preliminary intraoral impression was taken and a simple 
feeding appliance was prepared. The parents were asked to bring her 
in for weekly follow-up. Soft denture liner was added in the area that 

Figure 3: Case 1. Non-syndromic bilateral CLP. Male patient. Initial, progress, and postoperative photographs.

Figure 4: Case 2. Non-syndromic unilateral CLP. Male patient. Initial, progress, and postoperative photographs.
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required alveolar moulding, and selective grinding of hard acrylic was 
done where movement was expected in narrowing the cleft alveolus. 
At 8 weeks of age, a secondary impression was made to prepare the 
presurgical PNAM appliance. At 5 months of age, the operation was 
performed successfully by the reconstructive surgery team. Later no 
speech problem was detected. Her pronunciation of words was clear, 
the quality of her voice was normal, and no rhinolalia speech was 
observed (Figure 5).

Case Report 4

 Case 4 was a male syndromic complete bilateral cleft lip and palate 
baby. His first visit to our clinic was at 6 days of age. His medical history 
was taken. The parents’ marriage was non-consanguineous. His mother 
was 36 years old and his father was a younger man. They had another 
healthy son, age 3. The mother was a croupier at a casino and was a heavy 
cigarette smoker. The father was unemployed. The mother mentioned 
that she had suffered serious stress during pregnancy because of serious 
financial problems. Additional features of the syndromic bilateral cleft 
lip and palate involved one kidney and a malformed ear. All treatment 
procedures were performed in a planned order but the treatment 
schedule for the PNAM appliance could not be completed because the 
baby had to be operated on urgently for a hernia and the parents then 
moved to their home country for the operation, with the support of 
relatives. The hernia operation and lip operation was performed at 3 

months of age at the parents’ request. This case showed that treatment 
cannot always be performed as planned (Figure 6).

Discussion
Cleft lip and palate is a serious malformation affecting 1 out of 

1000 of live-born Caucasians and 1 out of 500–1000 live-born children 
worldwide. In a study of Danish and Japanese nuclear families, cleft lip 
and/or palate were subjected to a complex segregation analysis based 
on a mixed model. The Japanese population had a higher incidence 
of cleft lip and palate but a lower recurrence risk among families. The 
conclusion was that major gene action and multifactorial inheritance 
played a significant role in the Caucasian (Danish) population but not 
in the Japanese population [14]. The incidence of cleft lip, cleft palate, 
and cleft lip and palate in blacks ranges from 0.18 to 1.67 per 1.000 
[15]. The incidence of cleft palate in Finland is exceptionally high and 
shows geographical variation (higher incidence in eastern provinces). 
Increased drug consumption (salicylates, opiates, penicillin), increased 
frequency of fever and influenza in the first trimester, and abortion in 
the first and second trimesters are important epidemiological factors 
[16]. In fact, we cannot report the exact prevalence and incidence of 
cleft lip, cleft palate, or cleft lip and palate because of miscarriages and 
the elective termination of pregnancies after ultrasound observations. 
This means that we can only estimate the prevalence of cleft lip and 
palate among newborns, stillborns, and late abortions. The prevalence 
of cleft lip and palate varies around the world. The poorest populations 

Figure 5: Case 3. Non-syndromic unilateral CLP. Female patient. Initial, progress, and postoperative photographs.

Figure 6: Case 4. Syndromic bilateral CLP. Male patient. Initial, progress, and postoperative photographs with a malformed ear.
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do not have surveillance systems for birth defects, and the high reported 
prevalence of birth defects in some of these regions is not evidence 
based. The birth prevalence in Asian populations is similar to published 
rates for Caucasians.

Between 2008 and 2014, eight babies (four boys, four girls) with 
different types of clefts presented at our clinic. Two boys had complete 
bilateral cleft lip and palate, one boy had unilateral cleft lip and palate, 
and one boy had soft and hard palate clefts. Among the girls, one had 
a complete bilateral cleft lip and palate, two had unilateral cleft lip and 
palate, and one had only uvula bifida. One of the eight cleft lip and 
palate babies was a syndromic bilateral cleft lip and palate case that 
included auricular and renal defects. The aetiology of the syndromic 
cleft might have been the mother’s older age at her pregnancy and 
stress and heavy cigarette smoking during pregnancy.

Seasonal variation also occurs in various countries. In Asian 
populations, cleft lip and palate is mostly observed between January and 
August. From August through December, prevalence is consistently 
low [17]. In our experience, cleft lip and palate is mostly seen between 
March and September in North Cyprus.

Clefts of the lip and palate are classified into three main categories: 
cleft of the lip; cleft of the palate, which involves the hard and soft 
palates or only the soft palate; and complete bilateral cleft lip and palate, 
the most severe category. Cleft lip and palate can also be classified as 
non-syndromic and syndromic. In syndromic cleft lip and palate, one 
or more additional features are involved with the cleft lip and palate. 
Non-syndromic lip clefts, with or without the palate, and cleft palate 
alone are among the most frequently observed congenital anomalies.

Facing the reality of having a cleft lip and palate baby is a 
disappointing, shocking, and traumatic experience for most parents. 
One of our patients’ mothers refused to see and cuddle her baby 
for a long period of time, and the baby’s grandmother took on the 
responsibility of looking after the child. cleft lip and palate patients may 
have problems with feeding, speaking, and hearing, in addition to social 
and psychological problems [18]. It is important to tell parents that it is 
normal to feel unhappy, anxious, shocked, and scared of having a cleft 
lip and palate baby, and during the first days the newborn’s parents 
need to know basic information about caring for a cleft lip and palate 
baby [19]. 

Of primary importance is teaching a cleft lip and palate baby’s 
mother or relatives how to feed the baby properly with a feeding plate. 
When we handed the plate over to the parents, we explained about 
maintaining oral hygiene and cleaning, inserting, and removing the 
plate. When the feeding plate was first applied in the oral cavity, we 
tested bottle feeding and observed that the baby was able to suckle 
without problems. The baby was kept in an upright position and breast 
milk was preferred for bottle feeding. More detailed information about 
caring for a cleft lip and palate child can be given to the parents later, 
and they can be reassured that after a lip operation the baby will have a 
more aesthetic appearance.

Cleft lip and palate requires multidisciplinary treatment, and 
complete bilateral cleft lip and palate is most difficult for the cleft team 
to treat. The lip operation is performed at 3–5 months according to the 
baby’s general health and weight gain and cleft palate repair is typically 
delayed until about 18 months of age [20]. 

The presurgical treatment of cleft lip and palate cleft lip and palate 
patients begins with taking a preliminary impression and later a 
secondary impression, if necessary. The dental stone model is obtained 

both to make the appliance and to follow up on improvements in the 
deformity. The initial prosthesis is a passive appliance called a feeding 
plate and only facilitates sucking and deglutition and partially seals 
the cleft. A retention button is positioned at a 40° angle to the anterior 
plane, and orthodontic elastics and hypoallergenic tapes help to secure 
the feeding plate in the mouth.

The construction of a nasal stent for nasal moulding is delayed until 
the cleft of the alveolus is reduced to 5–6 mm in width. The treatment 
goal of the PNAM appliance is to restore the normal anatomy of the 
lip, nose, and palate and to ease the surgeon’s alignment of the cleft 
segments. Unilateral cleft lip and palate is associated with significant 
nasal cartilage abnormalities and asymmetry of the alar base and 
cartilage. The lower lateral alar cartilage is depressed and concave [21]. 
A PNAM reduces the severity of the deformity and helps to obtain 
more stable results after the primary lip closure operation, especially in 
unilateral cleft lip and palate babies. The PNAM also reduces the costs 
of more complex treatments and operations. Mishra et al. observed the 
clinical effects of presurgical PNAM appliance use, and their findings 
showed better nostril height and profile in unilateral cases than bilateral 
cases [22]. Our treatment results confirmed these findings.

Nasal stents for the PNAM appliance were constructed on the 
feeding plate and weekly adjustments were required for maximum 
effectiveness [23,24]. Weekly adjustments were made using a semi-
soft acrylic to arrange maxillary lateral segments, shape nostrils, and 
lengthen the columella. Modifications were made by grinding the hard 
acrylic from areas where movement was expected, and a very thin soft 
denture liner (0.5–1 mm) was added in areas where moulding was 
required.

The PNAM appliance is recommended for full-time use, but 
parents must be careful to prevent ulceration of the nostrils and 
maxillary mucosa [25]. Significant reductions in columella deviation 
and increases in columella length, nostril height, and axial inclination 
on the cleft side in unilateral cleft lip and nose have been reported as a 
result of the appropriate use of a PNAM appliance [26].

Conclusions 
In this study, three male and one female cleft lip and palate babies 

were selected according to the following criteria: possible aetiology of 
the cleft, classification (syndromic vs. non-syndromic), and expected 
parental cooperation during treatment. Babies suffering from cleft lip 
and palate may have to face severe aesthetic and functional problems, 
and serious psychological problems may arise both for themselves and 
for their parents. It is recommended that cleft lip and palate patients 
undergo treatment with a multidisciplinary team. The PNAM appliance 
can be used to treat unilateral and bilateral cleft and palate anomalies in 
newborns. This technique is easy, safe to use, and inexpensive. It helps 
increase the length of the columella and height of the nostrils, reducing 
the need for secondary rhinoplasties. The alveolar moulding can also 
help to reduce the number of future alveolar bone grafting surgeries. 
The PNAM appliance is used until the time of the cleft lip operation, 
typically 4–5 months of age, which provides a better appearance for 
the cleft baby and positively affects parental psychology. In this case 
series, the advantages of early management of both bilateral and 
unilateral cleft lip and palate defects with the PNAM appliance have 
been reported. Use of the PNAM application for 2–3 months provided 
a satisfying result before lip and nose surgery.

This series of case reports also provides information about the 
possible aetiologies of the clefts in this population. To the best of our 
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knowledge, no other study or case report has been published on cleft 
lip and palate in Northern Cyprus, which has a small population of 
approximately 350,000 people of many different origins. Thus, this 
information may be beneficial for further studies and for presurgical 
interventions in this particular population.
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