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Abstract
Children born with a cleft lip and or palate face numerous difficulties during the course of their
lives. Their families must respond to the challenge of a high level of burden of care required by
these patients. The studies listed in this thesis benchmark the characteristics of cleft lip and palate
in a cohort of patients living in Northern Finland. These studies strived to consider epidemiologic
aspects, speech results, palatal fistula rates and hearing outcome.
Records of a total of 214 patients treated between 1998-2011 at the Oulu Cleft Lip and Palate
Center were assessed on a retrospective basis. Cleft palate (68.7%) was most frequent followed by
cleft lip and palate (18.7%) and cleft lip with or without alveolus (12.6%). Cleft palate occurred
more frequently in females (63%) and cleft lip and palate was more frequent in males (62.5%)
most commonly affecting the left side (82%).
The overall frequency of speech operations following primary palatoplasty was 21%. This was
significantly higher for girls (27%) than for boys (13%). Patients with cleft lip and palate were
more likely to require speech improvement surgery (24%) than patients with isolated soft or soft
and hard palate clefts (20%).
The overall frequency of postoperative fistulas following primary palatoplasty was (9.6%).
Patients with cleft lip and palate were more likely to develop postoperative palatal fistulas (20%)
than patients with cleft palate (6.6%).
The severity of the cleft, the surgical technique used to repair the palate, hearing outcome, and
the need for ventilation tube placement were determined retrospectively. At least mild hearing loss
was found in 3.3% of cleft patients. Neither the surgical technique used to repair the cleft palate
nor the severity of the cleft were found to be significant factors related to hearing loss or to the
number of ventilation tubes required. Hearing improved significantly with increasing age over a
span of 6 years.

Keywords: cleft lip, cleft palate, cleft surgery, epidemiology, fistula, hearing outcome,
velopharyngeal insufficiency

Lithovius, Riitta, Huuli- ja suulakihalkioihin liittyviä näkökohtia PohjoisSuomessa. Halkiot Pohjois-Suomessa
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Lääketieteellinen tiedekunta
Acta Univ. Oul. D 1336, 2015
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä
Halkiopotilaat kohtaavat elämänsä aikana monenlaisia haasteita samoin kuin heidän vanhempansa. Tämä retrospektiivinen tutkimus esittelee huuli- ja suulakihalkiopotilaisiin liittyviä näkökohtia Pohjois-Suomen alueella käsitellen epidemiologiaa, puheenparannusleikkauksen tarvetta,
postoperatiivisten fisteleiden määrää sekä kuulotuloksia.
Tutkimusmateriaali koostui 214 halkiopotilaasta, jotka olivat hoidossa Oulun yliopistollisessa sairaalassa vuosina 1998–2011. Tutkimusaineistossa suulakihalkio (68.7 %) oli yleisin halkiotyyppi, huulisuulakihalkio (18.7 %) oli toiseksi yleisin ja huulihalkioita oli vähiten (12.6 %).
Suulakihalkio todettiin useammin tytöillä (63 %) ja huulisuulakihalkio (62.5 %) pojilla. Huulisuulakihalkio oli useimmiten vasemmalla puolella (82 %).
Puheenparannusleikkauksen tarvitsi 21 % suulakihalkiopotilaista. Leikkauksen tarve oli merkittävästi yleisempi tytöillä (27 %) kuin pojilla (13 %). Huulisuulakihalkiopotilaat (24 %) tarvitsivat puheenparannusleikkausta todennäköisemmin kuin potilaat, joilla oli pehmeän tai kovan
suulaen halkio (20 %).
Suulaen primaarisulun jälkeen postoperatiivisten fisteleiden ilmaantuvuus oli 9.6 %. Huulisuulakihalkiopotilaille kehittyi todennäköisemmin postoperatiivinen fisteli (20 %) kuin suulakihalkiopotilaille (6.6 %).
Suulakihalkion vaikeusaste, suulaen kirurginen sulkutekniikka, kuulotulos sekä välikorvan
ilmastointiputkien laitto selvitettiin potilastiedoista. Vähintään vähäinen kuulonalenema todettiin
3.3 prosentilla halkiopotilaista. Sulkutekniikan eikä halkion vaikeusasteen todettu merkittävästi
vaikuttavan kuulonalenemaan tai välikorvan ilmastointiputkien laittotiheyteen. Kuulon todettiin
paranevan iän myötä.

Asiasanat: epidemiologia, fisteli, halkiokirurgia, huulihalkio, kuulonalenema, kuulotulos, puheenparannusleikkaus, suulakihalkio
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1

Introduction

Cleft lip and palate and isolated cleft palate comprise the most frequent congenital
anomaly occurring in craniofacial region (Bicknell et al. 2002). It is the most
frequent type of orofacial clefting (Tolorová & Cervenka 1998). Clefting appears
when the structures of the lip and or palatal shelves fail to fuse between the eight
and twelfth weeks of gestation (Pearson & Kirschner 2011).
Numerous attempts to classify clefts (Veau 1931, Fogh-Andersen 1942,
Kernahan & Stark 1958, Kernahan 1990, Kriens 1990) have been survived by the
most robust and inclusive classification of craniofacial clefting which was
described by Tessier (Tessier 1976) using 14 meridians of craniofacial clefting.
The estimates for the incidence of clefting vary depending on countries, racial
and ethnical groups. The incidence of CLP is estimated to be 1 to 2.21 cases per
1000 live births (Derijcke et al. 1996).
Patients with cleft lip and palate face numerous challenges such as unsightly
anatomical deformities, scarring, dental problems, difficulties with feeding and
speech, hearing impairment, deficient maxillofacial growth, low self-esteem and
low quality of life indices (Kortelainen et al. 2015). Teasing and ridicule by peers
at school is yet another challenge that cleft children and their families must bear.
The incidence of various clefting deformities at a specific geographic area of
the world is important as it may affect resource planning. Cleft lip patients face
issues with scarring and facial deformity, cleft lip and palate with scarring, facial
deformity and fistulas and cleft palate patients with speech and scarring.
The sequence of the treatment cascade for these children is long and hard, in
fact it is life-long with an unfair burden of care for parents. The Euro Cleft project
(Shaw et al. 2001) has helped to standardize this approach not only for surgical
treatment milestones but also standardizing follow-up and diagnostic records.
Even with these improvements there are still problems with suboptimal
outcomes. This is especially so with speech problems. Velopharyngeal
incompetence can occur following palatal repair. Residual palatal fistulas may lead
to eating difficulties, regurgitation of fluids from the oral cavity to the nasal cavity
and difficulties with speech.
Cleft children particularly those with a cleft palate are known to suffer from
frequent episodes of otitis media. The prophylactic placement of ventilation tubes
at the time of primary palatoplasty may help reduce the postoperative incidence of
otitis media. Ultimately improved hearing outcomes are the goal of such protocols.
17

Cleft lip and palate is a highly variable deformity with a long history of
conflicting and emerging protocols. There are many aspects to study and improve
for the sake of better outcomes and improved patient care.
The principle aim of thesis was to clarify the epidemiological background,
treatment outcomes and hearing status among cleft children from Northern Finland.
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2

Review of the literature

2.1

Aetiology and genetics of cleft lip and palate

2.1.1 Embryonic development
The development of facial structures begins during the fourth week of pregnancy
when neural crest cells migrate from the dorsal region of the anterior neural tube
and merge with mesodermal cells to generate the facial primordia (Moore et al.
2015). The facial primordia consist of the frontonasal prominence, two maxillary
and two mandibular prominences. The forehead and the nose form from the
frontonasal prominence (Carstens 2008a; Carstens 2008b). Both maxillary and
mandibular prominences are bilateral. The maxillary prominence forms the lateral
stomodeum and the mandibular prominences are responsible for the caudal growth
of the stomodeum. During the fourth week of gestation the medial ends of the
mandibular prominences fuse together to form the mandible, lower cheek region
and lower lip (Moore et al. 2015). The prominences of the maxilla enlarge and grow
towards each other and the nasal prominences. The intermaxillary segment forms
during the sixth and seventh week of gravidity when the nasal prominences merge
together resulting in the philtrum and primary palate. The lateral parts of the upper
lip forms when previously mentioned region fuses to the maxillary prominences
(Steding 2009). Development of the secondary palate starts during the sixth week
with the movement of the palatal shelves from the intermaxillary prominences
toward the midline. The shelves continue to elevate and lengthen (Moore et al.
2015). When the palatal shelves have risen to the right position the programmed
cell death of the medial edges thins the epithelium and tissues from each side are
allowed to join in the midline. Closure of the lip is completed by the 35th day of
embryonic development. Development of the hard palate is completed in the tenth
week and fusion of the soft palate and uvula is finished in the twelfth week of
gestation. Clefts are the result of failure of the earlier mentioned structural merging
(Gorlin et al. 2010).
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2.1.2 Classification of clefts
Clefting appears when the structures of the lip and or palatal shelves fail to fuse
between eight and twelfth weeks of gestation (Pearson & Kirschner 2011). Cleft lip
and palate represents the most frequent type of orofacial clefting (Tolorová &
Cervenka 1998).
While there have been numerous of attempts to classify clefts (Veau 1931,
Fogh-Andersen 1942, Kernahan & Stark 1958, Kernahan 1990, Kriens et al. 1990)
the most robust and inclusive classification of craniofacial clefting was described
by Tessier (Tessier 1976) with 14 meridians of craniofacial clefting. The numbering
indicates the location and extent of the cleft in key landmarks such as the mouth,
nose and eye sockets. The midline is designated as meridian 0. Clefts can be
classified into 4 groups based upon their position: midline clefts (meridians 0 and
14), paramedian clefts (meridians 1, 2, 12 and 13), orbital clefts (meridians 3, 4, 5,
9, 10 and 11) and lateral clefts (meridians 6, 7 and 8). Cleft lip and palate occurs at
the location of meridian two of Tessier’s classification. Kernahan described the
stripped Y classification (Kernahan & Stark 1958) which was criticised for being
too complex and cumbersome to use.
Kriens (Kriens 1989) described the LAHSHAL system for classification of
clefts in which L for lip, A for alveolus, H for hard and S for soft palate. The left
hand letters (LASH) indicates a right sided cleft and right sided letters (SHAL)
stand for a left sided clefts. Submucosal clefts and bifid uvula are mentioned by
small letters.
Tolarová and Cervenka have classified orofacial clefts in nine major groups
according to individual diagnosis or best estimate of etiological origin: isolated
cleft anomalies, sequences of the primary defect, chromosomal aberrations,
monogenic syndromes, results of known teratogens, associations, multiple
congenital anomaly of unknown etiology and conjoined twins (Tolarová &
Cervenka 1998).
Presently clefts are divided into two groups, craniofacial clefts and orofacial
clefts. The two most common forms of orofacial clefts include the various forms of
cleft lip (CL) with or without cleft palate (CLP) and isolated cleft palate (CP). The
International Classification of Diseases (ICD) is globally used for epidemiology,
health management and diagnostic purposes and its use has simplified the
classification of clefts. ICD-10 includes congenital malformations such as different
cleft types. Group Q35 includes palatal cleft, Q36 indicates cleft lip and Q37 stands
for cleft lip and palate (ICD-10, version: 2015).
20

Orofacial clefting varies in severity and degree, from small notches in the lip
to the clefts that extend through the maxillary alveolar ridge and cover the floor of
the nostril and palate. Since the lip and primary palate have differing embryonic
developmental origins than the secondary palate, clefts can be subdivided into
(CLP) and (CP) in which the lip is undisturbed (Mossey et al. 2009). CP can occur
on the soft and/or hard palate area (Fig 1.).

Fig. 1. Isolated cleft of hard and soft palate.
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The mildest form of CP is bifid uvula which can also be a sign of submucosal
cleft palate (SMCP). This is clinically hidden under the oral mucosa. Other signs
of SMCP include notching of the posterior margin of the hard palate in the midline
and lucency of palatal midline due diastasis of the palatal muscular are signs of
SMCP (Goodarce & Swan 2008, Klockars et al.2010) (Fig. 2.).

Fig. 2. Submucosal cleft palate

Clefts can occur only one side as unilateral CLP (Fig 3.) or bilateral CLP (Fig
4.) when both sides are involved. Furthermore, clefts are classified as incomplete
and complete CLP. Incomplete CLP involves the lip and anterior part of the maxilla.
This is distinguished from complete CLP which includes the lip, anterior part of
maxilla and both the soft and hard palate (Mossey et al. 2009). Clefts can be also
classified as a forme fruste which may involve minimal muscle dehiscence
(Goodarce & Swan 2008).
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Fig. 3. Unilateral cleft lip and palate on left side.

Fig. 4. Bilateral cleft lip and palate.
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Fig. 5. Incomplete cleft lip on left side with knotching of the alveolus.

Clefts are also divided into non-syndromic and syndromic clefting. A cleft is
called non-syndromic if the patient has only a single malformation and no other
physical or developmental anomalies. In syndromic clefts, affected individuals
have more than one malformation involving more than one developmental field
(Cohen 2000). It has been estimated in the literature that 70% of CLP cases and 50%
of CP are non-syndromic (Dixon et al. 2011). Syndromic clefts comprise a wide
range of malformations, including more than 500 Mendelian syndromes caused by
mutations in single genes and chromosomal syndromes such as trisomy 13 or 21.
Van der Woude syndrome, velocardiofacial syndrome or 22q11.2 deletion
syndrome and Pierre Robin sequence have high frequency among syndromic cleft
cases (Brito et al. 2012).

2.1.3 Inheritance and risk factors
CLP and CP are complex multifactorial birth defects resulting from a combination
of environmental exposures, gene variations and their interactions. Inheritance may
be chromosomal, Mendelian or sporadic (Dixon et al. 2011). Recurrence risk of
unaffected parents with one child having non-syndromic CLP having a second child
with cleft is 4%, while with two affected children the risk increases to 9%. If one
24

of the parents has CLP the risk for having child with cleft is 4% and the risk
increases to 17% for a second affected child (Curtis et al. 1961).
Fogh-Andersen (Fogh-Andersen 1942) was the first to define genetic factors
in clefting. Several studies have identified multiple candidate genes that have a
major role in development of CLP. The following genes, among several others,
have been shown to have an impact on CLP formation: transforming growth factor
alpha (TGFA) and beta 2 and 3 (TGFB3), fibroblast growth factor receptors 1 and
8, interferon regulatory factor-6 and MSH homeobox 1 (MSX1) (Carinci et al.
2007).
Warkany et al. (Warkany et al. 1943) reported on environmental components,
exposures or deficiencies that could be the cause of CLP. Maternal alcohol intake
(Molina-Solana et al. 2013), maternal active and passive tobacco smoking
(Wyzynski et al. 1997, Sabbagh et al. 2015), maternal fever during early pregnancy
(Hashmi et al. 2010) and several chemicals such as exposure to the antileptic drugs:
phenytoin and valproic acid, thalidome, herbicides such as dioxin and retinoid acid
has been shown to be teratogenic and cause birth defects and increase the risk for
CLP (Brito et al. 2012).
Gene-environmental interactions with clefting have been also widely studied.
Connections between TGFA, TGFB3, MSX1 and alcohol, smoking and nutritional
factors have been investigated. It has been suggested that environmental factors
may disturb the critical role of these genes during the lip and palate formation (Brito
et al. 2012, Mossey et al. 2009).
2.2

Incidence of cleft lip and or palate

The overall incidence of orofacial clefts is about 1 to 2.21 cases per 1000 live births.
The incidence of clefting varies between countries, socioeconomic status, racial or
ethnic groups (Derijcke et al. 1996). Reliable data of incidences is not available in
some parts of the world and there is quite wide range between registrations in
different countries.
In general the incidence of CL and CLP in the European population is higher
than incidence of CP (Doray et al. 2012, Magdalenić-Meštrovic & Bagatin 2005).
Rates of CL and CLP are high in Asia (China, Japan) and parts of Latin America
and low in South Africa, southern Europe and Israel. Rates of CP are high in parts
of Northern Europe (Finland, Norway) and Canada and low in parts of Latin
America and South Africa (Tolarová & Cervenka 1998).
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Since 1963 all congenital malformations that have been diagnosed during the
first year of life or later have been reported to national register (Rintala 1986). In
Finland the overall incidence of CL and CLP is 0.96 and the incidence of CP is 1.36
per 1000 live births. There is also regional variation between different cleft types.
CP is more common cleft type in Northern and Eastern Finland and CLP is more
common in Southern and Western parts of Finland. The incidence of CP in Oulu
University Hospital (OUH) area between 1993 and 2011 was 1.78 per 1000 live
births and abortions and incidence of CLP was 1 per 1000 live births and abortions
(National Institute for Health and Welfare 2013).
The frequency of CL and CLP varies by gender and laterality. CLP is most
frequent in males and isolated CP is most common in females (Stanier & Moore
2004). Clefts involving the lips occur more frequently on the left side than the right
side in unilateral CL and CLP cases (Blanco-Davila 2003, Hagberg et al. 1998,
Jensen et al. 1988).
2.3

Anatomical structures of lip and palate

The superficial muscles around the lips are subdivided into two groups: the various
parts of the orbicularis oris muscle and muscles that are around the orbicularis oris
muscle. The muscle is divided into four parts and each part corresponds to one
quadrant of the lips. The muscle fibres do not directly attach to bone and originating
on the deep surface of the skin, superiorly from maxilla and inferiorly from
mandible. The orbicularis oris inserts into the mucous membrane of lips and muscle
fibres in the philtrum and attach on the nasal septum. The orbicularis oris acts as
an oral sphincter including lip closure, protrusion and pursing. The superficial
muscles of the upper lip are: the levator labii superioris, levator labii superioris
alaeque nasi and zygomaticus major and minor. The levator anguli oris is a deep
muscle of upper lip. The levator muscles elevate the upper lip and the zygomaticus
muscles pull the lip superiorly and laterally. The superficial muscle of lower lip is
the depressor anguli oris and the deep muscles of lower lip are: the depressor labii
inferioris and the mentalis muscle. These muscles are responsible for pulling the
lower lip inferiorly and laterally and the mentalis muscle elevates and protrudes
lower lip (Berkovitz et al. 2009, Baker 2010) (Fig 6.).
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Fig. 6. Muscular structures of the lips. Green: musculus orbicularis oris, orange:
musculus levator angulis oris, yellow: musculus zygomaticus minor & major, blue:
musculus levator labii superioris, purple: musculus depressor labii inferioris, red:
musculus mentalis.

The palate forms the roof of the oral cavity and the base of the nasal cavity. The
palate is divided into hard and soft palate. The hard palate covers two thirds of the
bony anterior palate and it is covered by a thick attached mucosa layer. The soft
palate forms posterior third of the palate and is covered by a thin flexible and loose
alveolar or non-attached mucosa. The soft palate includes five muscles: the levator
veli palatini, the tensor veli palatini, the palatoglossus, the palatopharyngeus and
the musculus uvulae. These muscles enable movements of soft palate and closing
of the nasopharynx during swallowing (Hansen 2010).
The origin of the levator veli palatini is located on the temporal bone and on
the cartilaginous part of the auditory tube. The levator veli palatini curves
downwards forward and medially to reach the palate below the opening of the
auditory tube. The tensor veli palatini orginates from the scaphoid fossa of medial
pterygoid plate and from lateral side of the cartilaginous part of the auditory tube.
The fibres orient toward the pterygoid hamulus and tendionous muscle bends
around the hamulus. The anterior part of the tensor veli palatini is attached to the
posterior border of the hard palate and posteriorly it merges with submucosa at the
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posterior border of the soft palate. The palatopharyngeus muscle originates from
two heads, one from posterior part of hard palate and other from the upper surface
of palatine aponeurosis. These two heads merge and insert to the lateral wall of
pharynx. The palatoglossus muscle arises from the aponeurosis of soft palate and
inserts to the side of tongue (Berkovitz et al. 2009).
The levator veli palatini elevates the soft palate during swallowing and the
tensor veli palatini tenses anterior part of the soft palate and opens auditory tube
during yawning and swallowing. The palatopharyngeus muscle also tenses the soft
palate by pulling pharyngeal walls superiorly, anteriorly and medially during
swallowing. The palatoglossus muscle elevates the tongue posteriorily. Finally the
musculus uvulae elevates and shortens uvula (Baker 2010).

Fig. 7. Muscular structures of soft palate. Blue: musculus tensor veli palatini, green:
musculus

levator

veli

palatini

orange:

musculus

palatopharyngeus, red: musculus palatoglossus.
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uvulae,

yellow:

musculus

2.4

Velopharyngeal insufficiency

The sequelae of primary palatoplasty may include velopharyngeal problems and
residual palatal fistulae. Both of these complications will potentially result in the
need for further speech related management which could be non-surgical or
surgical in nature.
Speech abnormalities may occur at a number of levels, including: articulatory,
velopharyngeal, laryngeal and respiratory. The acronym VPI, could represent one
of three possible terms (Sándor et al. 1997). Velopharyngeal inadequacy is the
generic all-inclusive term for dysfunction of the velopharyngeal valve.
Velopharyngeal incompetence connotes abnormal function of an anatomically
normal velopharyngeal valve that may be caused by neurologic disorders.
Velopharyngeal insufficiency describes an anatomical abnormality or structural
deficiency of the velopharyngeal valve. It may be congenital, as in cleft palate, or
acquired traumatically. Velopharyngeal insufficiency may also be caused
iatrogenically after removal of adenoid tissue or following orthognathic surgery
(Sándor et al. 1997). In the context of this thesis VPI is defined as velopharyngeal
insufficiency, an anatomic deficiency of the velopharyngeal valve.
2.5

Fistula formation

A fistula is defined as an epithelial lined tract connecting one epithelium-lined
cavity with another epithelium-lined cavity. In the case of cleft palate surgery,
fistulas connect the oral cavity with the nasal cavity or the maxillary sinus. Fistulas
may be small and asymptomatic or they may be large and allow regurgitation of
fluids from the oral cavity or mouth to the nasal cavity (Bureau et al. 2001). The
fistula may also be large resulting in a characteristic hypernasal speech (Landheer
et al. 2010). Fistulas can be palatally positioned being on the soft or hard palate or
they can be nasolabial in position. The most common residual fistula following
palatoplasty is a soft or hard palate fistula in the midline. If fistulas are
asymptomatic they can be managed without surgery. If the fistula is large, it can be
obturated with a palatal prosthetic plate or the fistula can be closed with local flaps
in layers to try to prevent recurrences (Goiato et al. 2011).
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2.6

Otitis media and hearing impairment among cleft children

Otitis media is a very common condition in children with CLP and CP. Several
studies reporting prevalence rates of at least 90% (Stool et al. 1967, Grant et al.
1988, Sheahan et al. 2002). Otitis media with effusion is defined as a collection of
fluid in the middle ear space with an intact tympanic membrane. The condition lasts
at least 3 months or longer and can lead to conductive hearing loss (Kuo et al. 2014,
Gani et al. 2012). The pathogenesis of otitis media with effusion in CP patients is
multifactorial. Anatomical features of clefting includes: displacement of the palatal
muscles, including tensor veli palatini and levator veli palatini (Kriens 1969, 1970),
curvature of Eustachian tube lumen and density of Eustachian tube cartilage
(Bluestone 2009). As mentioned earlier the tensor veli palatini and levator veli
palatini muscles are responsible for the opening of the Eustachian tube and their
displacement results in Eustachian tube dysfunction. This dysfunction leads to poor
middle ear ventilation and negative pressure and it weakens mucociliary clearance
which then leads in a retracted tympanic membrane and mucous secretion which
becomes trapped behind the tympanum resulting in effusion (Broen et al. 1996
Chauhan & Chauhan 2013).
Several studies have shown the connection between hearing loss and its
association with otitis media with effusion and CP (Bluestone 1971, Bennet 1972,
Paradise 1975, Sheahan & Blayney 2003). Several studies have shown that 2-24%
of cleft palate patients suffer from conductive hearing loss (Sheahan and Bailey
2003). It has been also shown that long-term hearing loss has a negative influence
on speech development (Schönweiler et al. 1999).
The otological and audiological assessment of cleft palate patients continues
from infancy to adulthood. It begins with the screening of newborns. Regular
audiology appointments follow so that any unexpected hearing outcome will be
noticed and treated as needed (Shaw et al. 2001, Kuo et al. 2013). The most
common type of hearing loss in children with CLP and CP is conductive hearing
loss resulting from otitis media with effusion (Kuo et al. 2013) and its treatment
with the placement of ventilation tubes (VT) is an important aspect of cleft
management.
2.7

Surgical treatment of cleft patients

The majority of cleft children require multiple surgeries with life-long and costly
multidisciplinary treatment for their rehabilitation. Patients with cleft lip and palate
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face numerous challenges such as anatomical deformities, scarring, dental
problems, difficulties with feeding and speech, hearing impairment, deficient
maxillofacial growth, low self-esteem and low quality of life indices (Kortelainen
et al. 2015). Surgeries are scheduled with their timing depending on the nature and
extent of the cleft deformity and the overall health of the child, who may have other
concurrent congenital malformations such as cardiac defects.
2.7.1 Primary surgery
The goal of primary cleft lip repair or cheiloplasty is to reconstitute the orbicularis
oris muscle ad allow its normal function as a muscular sphincter. Another important
goal is to achieve the maximum esthetic appearance of the lip (Tibesar et al. 2009).
Some centers provide lip taping treatment prior to cheilorhinoplasty which is
often performed after 3 months of age. Still other centers provide nasoalveolar
molding to adapt the otherwise stretched and misshapen nasal cartilages to adapt
(Peltomäki et al. 2001; Grayson & Garfinkle 2014)). Bennun provides dynamic
nasoalveolar molding using a soft silicone covered spring to mold the nasal
cartilages with the goal of providing improved nasal symmetry which has been a
historical problem in cleft treatment (Bennun & Langsam 2009).
Usually at the same surgery the lip is reconstructed and a primary rhinoplasty
or cheilorhinoplasty is also performed in which nasal floor and nostril sill will be
closed and nasal asymmetry will be corrected (Clark et al. 2003). The unilateral
cleft lip closure is usually performed by using a rotation-advancement or triangular
flap repair. For bilateral cleft lip most surgeons prefer straight line repair, a
modified Mulliken repair or Millard technique and its variations.
The primary goal of cleft palate closure is to form an anatomically and
functionally intact palate to improve feeding, allow normal speech and hearing
development and maxillofacial growth (Gart & Gosain 2014). In the cleft area
muscles are directed anteriorly with abnormal insertion to posterior border of the
bony hard palate. Furthermore these muscles are usually atrophic and hypoplastic.
All techniques aim to reorientate these disorganized muscles. During the surgical
operation oral cavity will be separated from the nasal cavity which prevents nasal
reflux of food and secretions. An adequate palatal length is also important to
achieve by surgery to allow the closure of nasopharyngeal port during swallowing
and speech to prevent VPI. The reorientation of soft palatal muscles is also
important to improve function of Eustachian tube function (Tibesar et al. 2009).
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There are several surgical methods for the initial cleft palate repair or primary
palatoplasty. The choice of the procedure depends on extent and severity of cleft,
the surgeon’s judgement with many global variations between different centers.
The most commonly used procedures for primary palatoplasty are 1- and 2- flap
palatoplasty, Furlow double-opposing Z-plasty, or von Langenbeck repair
(Goodacre & Swan 2008, Rossell-Perry et al. 2015, Shaye et al. 2015). For surgical
treatment of CLP different 1- and 2-stage palatoplasties are used. One common
method is to close the lip in and soft palate cleft at the same operation and hard
palate cleft in second operation at the age of 12 months. In Finland lip closure is
often performed at 3-6 months of age and the entire palatal cleft is closed at the age
of 6-12 months (Mossey et al. 2009).
Timing of the primary surgery is also widely debated. Most cleft centers
perform lip repair at the age of 3 to 5 months (Shaye et al. 2015). The timing of
palatoplasty varies more extensively according to different aspects of maxillofacial
growth and speech development varying from 6 to 60 months. Commonly
palatoplasty will be performed at the age of 6-36 months (Goodacre & Swan 2008,
Mossey et al. 2009).
2.7.2 Secondary surgery
Although improvements in surgical techniques have improved primary outcomes,
some cleft children will need secondary surgical procedures such as speech
improvement surgery, fistulae closure, alveolar bone grafting and orthognathic
surgery after adolescent growth (Goodacre & Swan 2008). For speech
improvement surgery in those cases where velopharyngeal insufficiency is
unmanageable by speech therapy alone, then a Furlow repair to lengthen the soft
palate using a double opposing “Z-plasty” (Furlow 1986), a superiorly based
posterior pharyngeal flap inserted into the soft palate (Skoog 1965) or a
sphincteroplasty is used (Orticochea 1997).
Some patients will have residual recurrent fistulae in the soft palate, hard palate
and nasoalveolar region to manage. Such fistulae may cause hypernasal speech or
allow the regurgitation of oral fluids into the nasal cavity.
Scarring or tissue excess or lack may require patients to undergo secondary
“touch-up” procedures. Dysatifaction with the appearance of the nose may lead the
patient to seek a secondary cleft lip rhinoplasty (Sándor & Ylikontiola 2006)
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2.8

Treatment of otitis media with effusion

While VT insertions have been reported to prevent short-term hearing loss and
improve speech and language development in CP patients (Kuo et al. 2014, Gani
et al. 2012; Ponduri et al. 2009) the use of prophylactic VT insertions can also be
associated with complications such as eardrum atrophy, perforations, otorrhea and
cholesteatoma (Kuo et al. 2014; Ponduri et al. 2009). Other studies have shown an
association between multiple VT insertions and increased risk of conductive
hearing loss in the long term (Sheahan et al. 2002).
While primary palatoplasty can slightly improve the ventilatory function of the
Eustachian tube (Kriens 1969, 1970), the function of the repaired palatal
musculature may never normalize and otitis media with effusion may remain a
chronic problem following palatal repair (Dhillon et al. 1988, Matsune et al. 1991,
Robinson et al. 1992, Nunn et al. 1995). However, it has also been observed that
after the adolescent growth phase, Eustachian tube function improves and the
incidence of otitis media with effusion which hopefully ultimately resolves
(Bluestone et al. 1975, Sheahan et al. 2003).
2.9

Quality of life among cleft patients

Orofacial clefts have lifelong implications for the wellbeing and quality of life of
affected children and their families (Wehby & Cassell 2010, Ward et al. 2013). As
mentioned earlier, functional deficits such as problems with speech, hearing and
eating, as well as the aesthetics of facial appearance can influence the self esteem
and well-being of children and adolescents and can cause psychosocial problems
(Broder et al. 2014, Wehby et al. 2014). The impacts of orofacial clefting on the
individual and society are multifaceted, including notable lifetime costs, increased
use of mental health services and increased morbidity and mortality through the life
(Wehby & Cassell 2010, Leslie & Marazita 2013). Cleft care requires
multidisciplinary team work and its goal is to improve both physiological and
psychosocial functions of cleft patients and their families and also the burden of
society.

33

34

3

Aims of the present study

The general aim of this study was to describe incidences of cleft lip and/or cleft
palate and evaluate the treatment outcomes in this unique group of patients from
Northern Finland.
The specific objectives of this research were:
1.
2.
3.
4.

To determine incidences of different cleft types in Northern Finland (Study I).
To investigate the need for secondary speech related surgery among cleft
patients in Northern Finland (Study II).
To analyse the incidence of postoperative palatal fistula formation in cleft
children following primary palatoplasty (Study III).
To determine the interrelationship between cleft severity, palatoplasty
technique and hearing outcome (Study IV).
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4

Subjects and methods

4.1

Subjects

The subjects of this study were cleft patients who were treated at the Oulu
University Hospital (OUH) cleft lip and palate center between 1998 and 2011. The
study protocol was approved by the Ethical Committee of OUH and the data were
treated with the principles of the Helsinki Declaration.
Data from the 214 cleft children were collected retrospectively from the
electronic patient records of the OUH. For epidemiological study records of all 214
cleft patients were examined in study I. In study II 169 and in study III 136 patients
were accepted for analysis. As studies II-III concerned speech matters and palatal
fistulas, those patients with CL were excluded from the speech part of the study
since isolated cleft lips usually have little impact on speech results and fistula
formation. The first phoniatric control was at three years of age. Patients who were
under three years of age were not included when collecting data concerning delayed
speech, velopharyngeal insufficiency and velopharyngoplasty for study II and III.
Patients with submucosal cleft palate, who presented late were also excluded from
the study II-III. Incomplete data and lost to follow-up were also exclusion criteria
in study II-IV. Only patients who had been treated by the same surgeons at the OUH
cleft lip and palate center were included in study II-IV.
In study IV 90 patients from 3 to 9 years of age were included in the study.
These patients were divided into 2 groups: those aged 3 to 5 years and those aged
6 to 9 years. There were 42 patients who had hearing examinations performed at
both the 3 to 5 year and 6 to 9 year time points.
4.2

Epidemiological aspects (study I)

In study I data of 214 patients were collected. The patient´s gender, type of cleft:
cleft lip with or without alveolus (CL), cleft lip and palate (CLP) and cleft palate
(CP) were recorded. CLP were further subdivided into unilateral (UCLP) and
bilateral (BCLP) and according to the side of the cleft, left or right. Also history of
clefting in other members of family was determined. Inheritance was divided
between maternal and paternal sources. Syndromic relationships were also
recorded and analyzed.
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4.3

Frequency of secondary surgical procedures (studies II, III)

For the study II and III the patient´s gender and date of birth were recorded. Type
of cleft was defined and collected as in study I. In study II CP was further
subdivided to hard and soft cleft palate (HSCP) and soft cleft palate (SCP). In all
patients with cleft palate a one-stage palatal closure was performed, in which the
hard and soft palate were closed simultaneously. A 3-layered closure including
intravelar veloplasty was used. The primary palatoplasty was performed by one
following techniques: a straight line closure without lateral incisions, von
Langenbeck repair with bilateral relasing incisions or vomer repair according to
cleft severity. Timing of palatoplasty was divided into four groups according
children ages at initial palatal repair: under 6 months, 6-9 months, 9-12 months and
12-24 months of age. Also presence of syndromes, delayed speech at age of 3 and
6 years, velopharyngeal insufficiency and age at velopharyngoplasty surgery were
recorded and analyzed. For study III the location and size of fistula were gathered
from patient records. The soft palate, junction of hard and soft palate and hard
palate were sites where fistulas were detected. Palatal fistulas that developed after
a primary surgical repair were taken into account. Patients with nasal-alveolar
fistulas were not included in study because with these patients’ fistulae are
unrelated to palatoplasty but rather more of a consequence of lip repair. Palatal
fistulas were graded as small (1-2 mm), medium (3-5 mm), and large (5 mm or
more). Problems with speech, food or fluid leakage through the nose were
symptoms caused by fistula and were observed from the records. Also need for
speech therapy or surgical treatment of fistula were studied.
4.4

Hearing outcomes (study IV)

Study IV concerned hearing outcomes and included 90 cleft patients. Patients
gender, date of birth, type of cleft, surgical technique used for primary repair,
number of VT placements, hearing test results with pure tone averages (PTA) and
the dates of the audiologic assessments were collected. Clefts were grouped as
follows: CP or CLP. In all patients with CP a one-stage palataloplasty with one
following procedures was performed: a straight line closure, von Langenbeck
closure or vomer repair as in studies II-III. The ventilation tubes (VTs) were
inserted proactively before or at the time of palatoplasty. Patients were followed up
by an otolaryngologist 1-3 times per year or more often, if necessary. VTs were
replaced according to the national guidelines in Finland, which included the
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diagnosis of glue ear or recurrent otitis media with at least 3 infections over a six
month period or more than 4 infections in a year.
The hearing protocol included audiological examination using standard pure
tone audiometry. Air-conduction pure tone tresholds were measured at 0.5 kHz, 1
kHz, 2 kHz and 4 kHz using headphones. Audiologists trained to examine children
performed the measurements. The three-frequency PTAs (0.5, 1, 2 kHz) were
calculated for each ear. Patients were divided into two age groups: 3-5 years old
and 6-9 years old, as mentioned earlier. The best hearing result at each time point
was recorded for each group and analyzed. The oldest audiograms were not in
electronic format and the PTAs were calculated with the guidance of an
otolaryngologist. A PTA score more than 20 dB was categorized as at least mild
hearing loss.
The severity of CP was determined from three dimensional scanned cleft
models by using Jensens´scale (Jensen et al. 1989). The scale includes four
categories ranging from grades 1 to 4. In this study grades 1 and 2 were merged
into group 1 as minor to moderate severity clefts and grades 3 and 4 were combined
into group 2 as severe clefts. Patients with isolated CL or SMCP were not
considered to the study because the anatomy of these deformities inhibits their
determination by the cleft severity scale category.
4.5

Statistical methods

Statistical analyses were done using IBM SPSS statistics 20.0 software for
Windows (IBM SPSS, Chicago, Illinois, USA). The Pearson Chi-Square and
Fisher’s Exact Test were applied for incidence, Mean and standard deviation were
used to describe the continuous variables. A paired-samples t-test and Wilcoxon
signed rank test was used to compare hearing scores between two age groups, 3-5
year-olds and 6-9 year-old patients. Kruskal-Walls test was used when comparing
PTAs to the surgical technique and to the severity of cleft and the cleft type. The
Mann-Whitney test was used when determining the association between cleft
severity or cleft type and PTAs. The Mann-Whitney was also used when analyzing
the association between cleft severity and number of tube placements. Median and
ranges were used with these tests. Anova was used to compare the number of tube
insertions by surgical techniques. The Mann-Whitney test was used. Those
differences which were of p < 0.05 were considered to be statistically significant.
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5

Results

5.1

Epidemiology of cleft lip and or palate in Northern Finland
(study I)

During the 14-year period, 214 cleft children were treated in OUH. CP was most
frequent cleft type followed by CLP and CL. Of the 214 patients in the study, 147
(68.7%) had CP, 40 (18.7%) had CLP and 27 (12.6%) had CL. Of the 40 CLP
patients, 28 had ULCP, 12 had BCLP. The study population consisted of 119
females and 95 males. The distribution of cleft types by gender was statistically
significant when considering CP, CLP and BCLP (p=0.006). CP was more frequent
in females 93 (63%) than in males 54 (37%). As for CLP were more frequent in
males 25 (63 %) than in females 15 (37%). When the CLP patients was subdivided
into UCLP and BCLP, the distribution of males in UCLP group was 15 (54%) and
females 13 (46%). BCLP was more frequent in males being 10 (83%) compared to
2 (17%) in females. CL was slightly more frequent in male patients 16 (59 %) than
in female 11 (41%) (Table 1).
Table 1. Cleft distribution according to sex, n (%),
Sex
Female

CP

CLP

CL

Total

93 (63.3)

15 (37.5)

11 (40.7)

119 (55.6)

Male

54 (36.7)

25 (62.5)

16 (59.3)

95 (44.4)

Total

147 (68.7)

40 (18.7)

27 (12.6)

214 (100)

Among study participants, the left sided clefts were detected more frequently in
both genders compared to the right sided clefts in patients with UCLP. The cleft
was located on the left side in 42 (82%) patients and on the right side in 9 (18%)
patients. The distribution of cleft type between genders was not statistically
significant. Twenty-three males and 19 females had a cleft on the left side. The right
side was affected in 6 males and 3 females (Study I, Table 3). The cleft was bilateral
in 15 patients.
Among these cleft children a family history of previous clefting was found in
20.1 % of patients. These patients had at least one relative with a cleft. There was
no statistical significance when comparing maternal and paternal inheritance (Table
2). CP was most common family related cleft type cleft (76.7%) whereas family
history was found in 16.3% of CLP patients and in 7% of CL patients.
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Table 2. Family history of cleft according to cleft type.
Hereditary

CP

CLP

CL

Total

Maternal

14 (6.54)

5 (2.34)

1 (0.47)

20 (9.35)

Paternal

11 (5.14)

2 (0.93)

2 (0.93)

15 (7.00)

Both parents

3 (1.40)

0 (0)

0 (0)

3 (1.40)

Siblings

5 (2.34)

0 (0)

0 (0)

5 (2.34)

No

114 (53.27)

33 (15.42)

24 (11.22)

171(79.91)

Total

147(68.69)

40 (18.69)

27 (12.62)

214 (100)

5.2

Need for subsequent velopharyngeoplasty (study II)

Of the initial 214 patients, a total of 138 patients passed the criteria to be included
in study II. Of the 138 patients, 29 (21%) needed secondary pharyngoplasty. The
patient pool consisted of 77 females and 61 males. Gender was a significant factor
in analyzing the need for subsequent pharyngoplasty (p=0.043). Twenty-one (27%)
of the 77 females underwent secondary pharyngoplasty while 8 (13%) of the 61
males required secondary surgery. Of the 138 cleft patients, 90 had HSCP, 14 had
SCP, 23 had UCLP and 11 had BCLP, (Table 3). The type of cleft was not significant
in determining the need for subsequent pharyngoplasty (p=0.785). Patients with
HSCP (19/90 or 21%) and patients with SCP (2/14 or 14%) needed secondary
pharyngoplasty. Patients with BCLP (2/11 or 18%) and patients with UCLP (6/23
or 26%) required subsequent creation of a pharyngeal flap.
For 133 patients 3 different palatoplasty techniques were used according to the
cleft severity: 68 patients underwent straight closure, 16 patients underwent von
Langenbeck repairs, 49 patients had vomer flap repair for palatal closure (Table 3).
The surgical technique or cleft severity were significant factors (p=0.020) in
determining the need for subsequent pharyngoplasty. Patients who required vomer
flaps (17/49) were more likely to require secondary pharyngoplasty than those who
underwent either straight/line closure (9/68) or von Langenbeck procedure (3/16).
The timing of primary palatoplasty was also considered. The timing of primary
repair was not significant factor in determining the need for secondary
pharyngoplasty (p=0.89). A total of 134 patients underwent initial repair between 6
and 24 months: 66 patients before 6 months of age, 45 patients between 6 and 9
months, 18 patients between 9 and 12 months and 5 patients between 12 to 24
months of age (Table 3). The need for speech improvement surgery using
pharyngoplasty was most frequent in patients who underwent initial palatal closure
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at age less than 6 months and least common in those who were treated between the
ages of 9 to12 months.
Table 3. Speech procedures after primary palatoplasty.
Variable

n (%)

Gender

P
.043

Female

21/77 (27)

Male

8/61 (13)

Type of cleft

.785

HSCP

19/90 (21)

SCP

2/14 (14)

UCLP

6/23 (26)

BCLP

2/11 (18)

Surgical technique

.020

Vomer

17/49 (35)

Straight line closure

9/68 (13)

von Langenbeck

3/16 (19)

Timing of repair

.890

<6 mo

16/66 (24)

6-9 mo

9/45 (20)

>9-12 mo

3/18 (17)

>12–24 mo

1/5 (20)

Speech delay was not significant in determining the need for subsequent
pharyngoplasty. A total of 6/42 of patients who had delayed speech detected at the
age of 3 and 6 required secondary velopharyngoplasty. Four patients of 27 in the
three years old group and 2/15 patients who had delayed speech at the age of 6
required secondary velopharyngoplasty.
5.3

Fistula formation (study III)

The overall frequency of postoperative fistula was 9.6% of patients. Of the 136
patients, 13 had palatal fistulas. The patient pool consisted of 75 females and 61
males. Gender was not a significant factor in determining the formation of
postoperative palatal fistula. Seven (9.3%) of the 75 females and 6 (9.8%) of the
61 males had developed fistula (p=0.897). Of the 136 patients in the study, 86 had
HSCP, 14 had SCP, 6 had SMCP, 21 had UCLP and 9 had BCLP. The type of cleft
was a significant in determining palatal fistula formation when comparing CP
versus CLP but not when these groups were divided into subgroups of HSCP, SCP,
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SMCP, UCLP and BCLP. Fistulae were more common among CLP patients (6/30,
20.0%) than patients with CP (7/106, 6.6%) (p=0.029). When the data was analyzed
stratified into subgroups fistula formation was noted among patients with BCLP in
2/9 patients (22.2%), in UCLP 4/21 patients (19.0%), while with HSCP 5/86
patients had fistulas (5.8%) and in SCP 2/14 patients (14.3%) while in SMCP 0/6
patients (0%) had palatal fistulas (p=0.119) (Table 4).
Table 4. The incidence of fistula according to different cleft types.
Type of cleft

Patients (n)

Fistula (n)

UCLP

21

4

Fistula (%)
19.0

BCLP

9

2

22.2

HSCP

86

5

5.8

SCP

14

2

14.3

SMCP
Total

6

0

0

136

13

9.6

Total of 136 children, 72 patients underwent straight line closure, 17 patients
underwent von Langenbeck palatoplasty, and 47 patients required vomer flap repair
for initial palatal closure. The surgical technique or cleft severity were not a
significant factors (p=0.198) in analyzing the development of postoperative fistulas.
The incidence of postoperative palatal fistulas in those patients who had vomer
flaps was 14.9% (7/47), in von Langenbeck palatoplasty group 11.8% (2/17) of
patients and with straight line closure 5.6% (4/72) patients (Table 5).
Table 5. Incidence of fistula related to the primary procedure used for palatoplasty.
Surgical technique

n

Straight line closure

72

Fistula n, (%)
4 (5.6)

von Langenbeck

17

2 (11.8)

Vomer repair

47

7 (14.9)

Total

136

13 (9.6)

These patients underwent primary repair between 6 and 24 months: 87 patients
before 6 months of age, 36 patients between 6 and 9 months, 9 patients between 9
and 12 months and 4 patients between 12 to 24 months of age. The timing of
primary repair was not a significant factor in determining the development of
palatal fistulas (p=0.79). The incidence of fistulas was highest in patients who
underwent initial palatal closure at an age less than 6 months and least common in
those who were treated between 12-24 months. In the under 6 months age group 10
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of 87 patients (11.5%) were noted to have a fistula. One patient who had primary
palatal surgery at age of 9 to 12 months developed palatal fistula (1/9, 11.1%). Two
palatal fistulas were found in patients who had their primary palatal closure at the
age of 6-9 months (2/36, 5.6%). No fistula was found among patients who had their
primary palatoplasties between the ages of 12-24 months (0/4, 0%) (Table 6).
Table 6. Incidence of fistula according to the timing of initial palatoplasty.
Timing of primary palatoplasty

n

Fistula, n (%)

<6 months

87

10 (11.5)

6-9 months

36

2 (5.6)

9-12 months

9

1 (11.9)

12-24 months
Total

4

0 (0)

136

13 (9.6)

The majority of fistulas were noted to be small (n=9) being 1 to 2 mm in diameter.
Medium sized fistulas, measured 2 to 3 mm, were found in 2 patients and 2 patients
had large fistulas being greater than 5 mm in diameter (Study III. Table 3).
Most of the fistulas were detected on the soft palate (n=6). The next most
common site was the hard palate (n=5), followed by fistulas at the junction of the
hard and soft palate (n=2) (Study III, Table 4).
Delayed speech together with the presence of a palatal fistula was not a
significant association. Only one of 25 patients with speech delay also had a
postoperative palatal fistula. Ten of the 13 fistula patients had symptomatic fistulas
requiring speech therapy. Residual palatal fistulae were surgically closed in 5
patients. These fistula closures were successful in all reoperated patients.
5.4

Hearing outcome among cleft patients (study IV)

A total of 3 of the 90 patients (3.3 %) had at least mild hearing loss (above 20 dB).
The mean PTA for the whole study pool was 10.7 dB. The patient pool comprised
51 females and 39 males. Children in this study were from 3 to 9 years with a mean
age of 5.5 years.
Of the 90 patients 71 had CP, 19 had CLP. Thirty-three patients had minor to
moderate clefts and 38 had severe palatal clefts. Forty-four patients were managed
with a straight closure, 12 patients underwent von Langenbeck repairs and 34
patients were treated with vomer repairs. Gender, type of cleft, severity of cleft or
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surgical techniques were not associated with a significant difference in PTA (Table
7).
Table 7. Mean pure tone average by surgical technique and severity and type of the cleft.
Post-op 3 to 9 years PTA

P-value

score median (range)
Surgical technique
Straight line closure (n=44)
von Langenbeck (n=12)
Vomer repair (n=34)

0.980ᵃ
8.8 (1.5, 62)
6.8 (2, 29)
9.8 (0.5, 22)

Severity of cleft

0.682ᵇ

Grades 1-2 (n=33)

8.5 (1.5, 62)

Grades 3-4 (n=38)

9 (0.5, 40)

Type of cleft

0.07ᵇ

CP (n=71)

9 (0.5, 62)

CLP (n=19)

11 (5, 21)

a=Kruskal-Wallis
b=Mann-Whitney Test

There were no significant differences with PTAs (p=0.573) between right or left
ears with one (mean 9.3 dB) or more than one (mean 10.4 dB) tube placements.
Surgical techniques were also not associated with the number of VT placements
(P=0.57) (Table 8).
Table 8. Number of ventilation tubes placed in 3 to 9 year old children after palatoplasty..
Number of tubes mean (std)
Surgical tehnique
Straight line

P-value
0.570ᵃ

3.8 (3)

closure (n=43)
von Langenbeck (n=12)

4.5 (2.3)

Vomer repair (n=31)

3.6 (2.1)

Severity of cleft
3.5 (2.5)

Grades 3-4 (n=35)

3.6 (2.7)

a=Anova
b= Mann-Whitney Test
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0.773ᵇ

Grades 1-2 (n=32)

Forty-two of the 90 patients had hearing examinations at the age of 3 to 5 year-old
and 6 to 9 year time points. It was clear that hearing improved by age when
combining all factors: cleft type, severity of cleft and surgical technique (Study IV,
Table 3, Figure 1).
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6

Discussion

6.1

Epidemiological aspects (study I)

The most common cleft type in Northern Finland was CP (68.7%) followed by CLP
(18.7%) and CL (12.6%). These results are in line with other studies that concern
Scandinavian populations. The overall incidence of clefting in all Scandinavian
countries is similar but there is a variations in the distribution of cleft types. In
Finland CP is the most common cleft type while patients with CL and CLP form
the largest group in other Scandinavian countries, much larger than patients with
CP (Åbyholm 1978, Rintala & Stegars 1982, Hagberg et al. 1998, Jensen et al.
1988). The frequency of clefting is higher in Finland than other European countries
(National Institute for Health and Welfare 2013). Studies (Derijcke et al. 1996,
Doray et al. 2012, Magdalenić-Meštrovic & Bagatin 2005) have also shown that
CL and CLP are more common cleft types in Europe than CP. Incidence of CL and
CLP is also reported to be higher than CP in many other countries of the world such
as Australia (Bell et al. 2013), USA (Genisca et al. 2009), Brazil (Martelli et al.
2012, Souza & Raskin 2013) and Taiwan (Lei et al. 2013).
In the current cohort females (63.3%) showed a greater incidence of CP than
males (36.7%). This finding is similar to studies in several European countries
(Derijcke et al. 1996, Magdalenić-Meštrovic & Bagatin 2005, Kozelj 1993),
Australia (Bell et al. 2013), Pakistan (Elahi et al. 2004) and Kenya (Wanjeri &
Wachira 2009). As for CLP and CL were more frequent in males (62.5% and 59.3%)
than in females (37.5% and 40.7%). Similar observations have been reported
previously among different populations: in Sweden (Hagberg et al.1998), Spain
(Yáñez-Vico et al. 2012) Mexico (Blanco-Davila 2003), Kenya (Wanjeri &
Wachira 2009) and Brazil (Martelli et al. 2012).
In our study unilateral clefts were detected more frequently on the left side
(82%) than on the right side (18%) although there were no statistical difference
between genders. These findings have been reported several times in earlier studies
(Derijcke et al. 1996, Wanjeri & Wachira 2009, Blanco-Davila 2003, Hagberg et
al.1998, Jensen et al. 1988, Magdalenić-Meštrovic & Bagatin 2005). Laterality of
birth defects has also been investigated and CLP usually develops on the left side
(Kurnit et al. 1987, Paulozzy & Larry 1999, Maclean & Dunwoody 2004). As
clefting has proved to be multifactorial condition the involvement of mitochondria
genetic material has been suggested to be one etiological cause of CLP (Mittwoch
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2008). Mitochondria provide energy at the cellular level and are responsible factors
for triggering apoptosis (Dumollard et al. 2007). It has been suggested that action
and presentation of mitochondria, gene products and signalling of transcription and
growth factors are different on the left and right side micro-environments. These
mitochondrial differences and differential growth rates have been proposed to be
reason for the cleft laterality (Mittwoch 2008).
According to our study 20.1% of patients had a family history of clefts.
Distribution of positive family history of clefts followed the overall distribution of
cleft types. We found no statistical significance in relation to maternal or paternal
hereditary. The most common family-related cleft type was CP (76.7%) following
CLP (16.3%) and CL (7%). It has been shown (Yáñez-Vico et al 2012) that 21.9%
of patients had an associated family history of clefts in Spanish population. The
same study observed that clefting was more often paternal origin than maternal. A
study from Sweden (Hagberg et al.1998) reported that a positive family history was
found in 26.2% of CLP patients. As for in study from Kenya (Wanjeri & Wachira
2009) found that only 3.5% of CLP patients had a positive family history of clefting.
In a Pakistani study (Elahi et al. 2004) they reported a positive family history for
an orofacial cleft in 17% of cleft cases.
Frequencies of clefting vary quite widely between studies. This variation may
be partly due to differences in registration or classification systems. Some studies
include only healthy live births with isolated clefts while some authors also
registered stillborn children or miscarriages. Some studies have also included
syndromic clefts. In less-developed countries registration systems are not sound
and for example in areas where home birthing is common practice registration may
not even occur. Fortunately in Finland there is an already existing thorough and
reliable registration system for birth defects. The National Institute for Health and
Welfare collects information regarding congenital anomalies from all regions of
Finland and its University Hospital districts.
6.2

Velopharyngeal insufficiency (study II)

In the present study, 75% of cleft patients had isolated palatal clefts, compared to
most studies which report CLP to be more common than CP (Derijcke et al. 1996,
Calzolari et al. 2004). Twenty-one percent of the total of 138 cleft patients required
secondary pharyngoplasty following primary palatoplasty. This finding is in line
with the range of previously published studies although the need for
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pharyngoplasty after initial cleft repair has been observed to be variable ranging
from 9% to 42% (Study II, Table 2).
In this study gender was a significant factor in determining the need for
secondary pharyngoplasty. Females were far more likely to require secondary
pharyngoplasty than males. This finding was opposite to some other studies
(Bicknell et al. 2002, Owusu et al.2013) in which males needed more frequently
speech related pharyngoplasty. It was also noted that CP was more frequent in
females and thus the need for pharyngoplasty was greater in females than in males.
Females also received vomer flap repairs for initial closure more often than males.
The need for secondary pharyngoplasty was observed to be greater in patients who
were treated by vomer flap repairs.
The cleft type and severity of clefting have also been studied when concerning
the need for speech related surgery. Among 138 cleft patients, patients with UCLP
and HSCP were slightly more likely to need secondary pharyngoplasty than other
cleft types. Other studies have observed that patients with BCLP (Park et al. 2000)
and BCLP and HSCP (Bicknell et al. 2002) needed pharyngoplasty more often than
patients with other cleft types. Some studies (Owusu et al. 2013, Andersson et al.
2010, Krause et al. 1976, Härtel et al. 1994, Yuan et al. 2015) have shown
relationship between severity of clefting and outcome of primary palatoplasty. In
these studies the most serious and extensive clefts were most likely to need
velopharyngoplasty procedure. This might be due to the extent of the cleft,
involvement of the vomer, and the presence of underlying disturbances of
velopharyngeal musculature.
The surgical technique employed in this study was also guided by the size and
extent of the pre-existing cleft deformity. This was also a significant factor in
determining the need for secondary pharyngoplasty. The proportion of patients who
required secondary pharyngoplasty was greater for those who required a vomer flap
procedure (Kubácek 1964) and this was greater than for those who underwent
straight line closure or a von Langenbeck type of procedures. On the other hand
other authors found no significant difference between surgical techniques and the
need for secondary pharyngoplasty (Bicknell et al. 2002, Marrinan et al. 1998, Lin
et al. 1999, Dreyer & Trier 1984). The choice of the type of palatoplasty in this
study was directly determined by the severity of the cleft.

51

6.3

Palatal fistula formation (study III)

The palatal fistula rate was 9.6%. This finding is in agreement with the range of
previously published studies although the formation of palatal fistula following
primary cleft closure has been noted to be variable, ranging from 4.0% to 45%
(Study III, Table 5).
In our study gender did not significantly affect the rate of fistula formation
which was a finding also supported by the studies published by Emory et al. (Emory
et al. 1997), Muzaffar et al. (Muzaffar et al. 2001) and Lu et al. (Lu et al. 2010).
Amaratunga (Amaratunga 1988) which reported that palatal fistulas seemed to
occur more commonly in males.
The type of cleft was significant in determining the incidence of palatal fistulas.
Patients with CLP were more likely to develop palatal fistulas than CP. This finding
was supported by the observations of Hardwicke et al. (Hardwicke et al. 2014).
Amaratunga (Amaratunga 1988) found that patients with bilateral cleft lip and
palate had palatal fistulas more often than other cleft patients. Andersson et al.
(Andersson et al. 2008) observed that patients with a cleft of the hard and soft palate
were significantly more likely to develop a fistula than other cleft types.
Several studies have suggested that increased cleft width may be associated
with a higher rate of fistula formation (Cohen et al.1991, Muzaffar et al. 2001,
Schultz 1986, Yuan et al. 2015) inferring a relationship between the severity or
extent of clefting and fistula formation. The findings of some other authors did not
support this association (Emory et al. 1997, Wilhelmi et al. 2001). While our study
did not specifically measure the width of the cleft relative to fistula rate, the wider
clefts received a different treatment. Our center uses a graded approach to
determine the choice of a particular palatoplasty technique ranging from simple
straight line closure for narrow clefts to von Langenbeck palatoplasty with vomer
flaps for the widest clefts. The number of fistulas in this study was higher in groups
which required treatment with vomer repairs versus straight closure or von
Langenbeck type procedure without vomer flaps. The reason for this higher rate of
fistula formation in patients treated with a vomer flap may be that these are the
most severe clefts which require the vomer flap and there may be increased tension
on these flaps resulting in wound dehiscence and subsequent fistula formation.
Otherwise the surgical technique was not significant when determining the
incidence of fistulas in this study. Differences between the numbers of fistulas
following repairs which required treatment with straight closure or von Langenbeck
palatoplasty were not statistically significant. Some other authors have found an
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association between the type of surgical repair and a higher fistula rate. Cohen et
al. (Cohen et al. 1991) found a higher fistula rate with patients who underwent
Wardill-type palatoplasty and Amaratunga (Amaratunga 1988) noted higher fistula
rate in patients operated with the von Langenbeck palatoplasty versus the Wardilltype procedure. Other authors found no significant difference between surgical
techniques and the incidence of postoperative fistulas (Emory et al. 1997, Muzaffar
et al. 2001, Schultz 1986).
The timing of primary repair was not a significant factor in determining the
occurrence of palatal fistula (p=0.79). Postoperative palatal fistulas were most
common in patients who underwent initial palatal closure under 6 months of age
and least common in those who were treated at age 12-24 months. Opposing
findings have been reported (Emory et al. 1997) in which patients treated at ages
younger than 12 months had a lower incidence of fistula formation than patients
who had been treated between ages of 12-25 months. Some authors have found no
association between fistula formation and timing of primary palatal closure (Lu et
al. 2010, Cohen et al. 1991).
Previous studies have reported that the most common site for fistula formation
was at the junction between hard and soft palate (Lu et al. 2010, Amaratunga 1988,
Schultz 1986). In the current study palatal fistulas developed most often at the soft
palate, then the hard palate, followed by junction of soft and hard palate.
6.4

Hearing outcomes among cleft children (study IV)

One aim of this study was to analyze the hearing outcome after primary palatal
closure in cleft patients from Northern Finland where the incidence of isolated cleft
palate is known to be high. The patients’ palates were repaired using one of three
graded techniques according to severity of clefting. This included a straight line
closure for the most simple and least severe clefts, von Langenbeck method for
moderate sized clefts and finally vomer flaps (Bütow 1987) were used for the most
severe clefts. An intravelar veloplasty was performed in closing all of the palatal
clefts (Kriens 1969, Kriens 1970).
Previous studies have shown variable results between different surgical
methods and hearing outcomes. Patients who were treated by double-reverse zplasty had lower median PTAs than patients who underwent V-Y pushback or von
Langenbeck repairs (Carrol et al. 2013). On the other hand, some authors found no
difference in hearing outcome when compared double-reverse z-plasty and von
Langenbeck repair (Antonelli et al. 2011). Our results are supported by other
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studies which found no significant difference in hearing outcome associated with
the anatomic extent or severity of the cleft (Carrol et al. 2013, Paleobei et al. 2005,
Tunçbilek et al. 2003). In the current study there was no statistical difference in
PTAs between the various palatoplasty methods. Since this is a young population
it makes sense to continue this study longitudinally and assess the hearing outcome
during and after adolescent growth.
The severity of the cleft or surgical technique used to repair it was not found
to affect the number of ventilation tubes required three to nine years after primary
palatal closure. Others failed to find an association between the severity of the cleft
and number of VTs required after initial palatoplasty, whereas surgical technique
was found to be a significant factor in determining the number of tubes inserted
(Carrol et al. 2013, Smith et al. 2008). Some clinicians reported a reduction in tubes
required in children managed with double reverse z-plasty compared to a 4 flap
repair (Smith et al. 2008). Others found that children treated with a 4 flap repair
required fewer tubes than children who underwent V-Y pushback or von
Langenbeck repairs (Carrol et al. 2013).
In this study hearing improved significantly with increasing age. Such age
related hearing improvement is supported by the findings of previous studies
(Flynn and Lohmander, 2014; Flynn et al., 2013; Skuladottir et al., 2015; HandzićCuk et al., 1996) In the present study the majority of ears analyzed had normal
hearing outcomes, only 3.3% of patients with CP or CLP had at least mild hearing
loss (PTA above 20 dB). This result can be compared to two Finnish studies in a
non-cleft control population (Marttila, 1986; Haapaniemi, 1997) where hearing loss
was found in 2.5% (at a PTA screening threshold of 20 dB) and in 20.1% (at a
screening threshold of 15 dB) in school aged children. The expectation was that
PTAs in CLP and CP patients from the current study would have hearing outcomes
that are worse than that reported in non-cleft children. The fact that hearing
outcomes were similar in cleft and non-cleft children supports careful ontological
follow-up of the patients and the proactive protocol of tube placement at the time
of palatoplasty and tube replacements as indicated by the protocol described.
6.5

Future Directions

The most important development of cleft care in the last decade has been the
standardization of cleft treatment protocols and also follow-up protocols which has
been fostered by the Euro Cleft project (Shaw et al. 2001). Such standardization
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gives us a solid future platform to base comparison. Effective comparison will give
rise to the realization of which treatment protocols are most worthwhile.
The resolution of monitoring equipment is rapidly improving. The advent of
3D photography will usher in less invasive and much more patient friendly tools
for case diagnosis and result analysis without the need for radiation exposure at all
(Vuollo et al. 2015). Cone Beam CT scans have already become more readily
available with a significantly reduced radiation exposure benefiting the patient
greatly (Bujtár et al. 2014) and giving new possibilities for the monitoring of
alveolar bone grafts for example (Suomalainen et al. 2014).
Less invasive methods of reconstruction of the various tissues missing in a cleft
zone will continue to develop. Growth harnessing concepts will continue in
orthodontics (Sándor et al. 2008) and surgeons will hopefully learn to include
growth harnessing approaches into their surgical design (Carstens et al. 2008a).
Surgeons will learn to use stem cells to engineer the tissues they are planning to
replace, whether it be the soft tissues of the lip (Bueno et al. 2009) or missing bone
(Sándor et al. 2014).
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7

Conclusions

The epidemiological aspects, the outcomes of surgical treatment and hearing loss
were determined among this cohort of cleft children from Northern Finland. The
following conclusions can be drawn from this research:
1.
2.

3.

4.

The incidence of isolated cleft palate in Northern Finland is amongst the
highest in the world (Study I).
The overall incidence of secondary surgical management of velopharyngeal
insufficiency following primary palatoplasty among cleft patients in this cohort
was 21% (Study II).
The incidence of postoperative palatal fistula formation associated with the
primary repair of the cleft palate was found to be 9.6% in this cohort of cleft
children (Study III).
Continuous follow-up with proactive placement of ventilation tubes before the
time of primary palatoplasty results in hearing outcomes in cleft children that
are similar to those reported in non-cleft children. Neither the surgical
technique nor the severity of the clefts were significant factors related to
hearing outcome (Study IV).
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