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Abstract

Background: Cleft lip and palate (CL/P) are among the most common congenital craniofacial anomalies, resulting from the
failure of embryonic facial prominences to fuse. This defect creates a communication between the oral and nasal cavities, leading
to significant functional impairments in feeding, speech, and hearing, and can occur in isolation or as part of a broader genetic
syndrome.

Aim: This article synthesizes the interdisciplinary management of cleft palate, aiming to outline the comprehensive care
pathway from prenatal diagnosis through longitudinal rehabilitation. It emphasizes the need for a coordinated team to address
the complex anatomical, functional, and psychosocial challenges.

Methods: A comprehensive review of the embryology, epidemiology, and pathophysiology of cleft palate is presented. The
evaluation and management strategies are detailed, encompassing prenatal imaging, systematic postnatal assessment, and a
timeline of surgical interventions (e.g., lip repair at ~3 months, palatoplasty by 12-15 months). Key techniques like the Furlow
Z-plasty and V-Y pushback are discussed.

Results: Successful management requires a lifelong, interprofessional approach. Outcomes are generally favorable for isolated
clefts with timely intervention, leading to near-normal function and life expectancy. However, complications such as oronasal
fistulae, velopharyngeal insufficiency, and midfacial growth disturbances can occur, necessitating secondary procedures and
continuous monitoring of speech, hearing, and dental development.

Conclusion: The prognosis for individuals with cleft palate is optimized through dedicated, coordinated care from a
multidisciplinary team that addresses surgical, dental, audiological, speech, and psychosocial needs from infancy to adulthood.
Keywords: Cleft Palate, Palatoplasty, Interdisciplinary Care, Craniofacial Anomaly, Velopharyngeal Insufficiency,
Multidisciplinary Team.

1. Introduction Each phenotype imposes distinct anatomic and

Cleft lip and palate represent one of the most
frequent congenital craniofacial malformations. The
defect results from failure of normal embryologic
fusion of the facial prominences, producing a visible
discontinuity of the lip or the palate at birth. These
anomalies encompass a spectrum that ranges from
isolated cleft palate to combined cleft lip and palate.

functional consequences for the neonate. Beyond their
aesthetic impact, cleft lip and palate cause substantive
functional morbidity. The structural gap interrupts the
separation between oral and nasal cavities. Infants
therefore experience increased nasal regurgitation and
inability to form an effective oral seal. These deficits
raise the work of feeding and accelerate the onset of
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fatigue during feeds. As a result, many affected infants
fail to achieve adequate intake, which compromises
early weight gain and elevates the risk of feeding
related complications. The clinical implications
extend to speech development, middle ear ventilation,
dentoalveolar growth, and psychosocial adaptation.
Early surgical repair addresses anatomic discontinuity
but does not eliminate the need for longitudinal
multidisciplinary care. Effective management requires
coordinated input from surgeons, dentists, speech
pathologists, audiologists, nurses, and
anesthesiologists. This integrated approach targets
feeding optimization, timely operative reconstruction,
postoperative airway and pain management, and
staged habilitation of speech and occlusion. Clinicians
must also recognize that a substantial proportion of
clefts occur in the context of broader syndromic
pathology. Up to thirty percent of cases are associated
with chromosomal anomalies or defined genetic
syndromes that carry additional medical and
developmental risks. Early identification of syndromic
associations permits prompt genetic evaluation,
targeted surveillance for comorbidities, and initiation
of comprehensive interprofessional management plans
that improve short and long term outcomes [1].
Etiology

Cleft palate arises from perturbations in the
complex embryonic program that constructs the palate
and adjacent facial structures. The formation of the
craniofacial skeleton depends on coordinated
processes of neural crest cell migration, epithelial
mesenchymal transformation, proliferation,
differentiation, and programmed cell death. Neural
crest derivatives colonize the developing craniofacial
field early in gestation and intercalate with ectodermal
and mesodermal populations to generate the branchial
arches and facial prominences that give rise to the lip,
primary palate, and secondary palate [2][3]. The
morphogenetic sequence begins in the fourth week of
gestation when five facial prominences surround the
stomodeum. These primordia include a single
frontonasal prominence, paired maxillary
prominences, and paired mandibular prominences.
Subsequent patterning of the frontonasal prominence
during the fifth week produces medial and lateral nasal
processes that extend and fuse with the adjacent
maxillary processes to construct the upper lip. Fusion
of the medial nasal processes at the midline forms the
intermaxillary segment, which contributes the
philtrum and the primary palate anterior to the incisive
foramen by the sixth week of development. The lateral
nasal processes contribute the nasal alae while the
mandibular prominences unite to form the lower lip
and mandible. Failure or interruption of any of these
fusion events yields a discontinuity that manifests
clinically as a cleft lip often associated with primary
palate involvement [4].

The secondary palate develops from bilateral
palatal shelves that originate as outgrowths of the
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maxillary processes. Initially positioned vertically and
lateral to the tongue, these shelves elevate to a
horizontal orientation during the eighth week of
gestation and advance toward the midline in a
coordinated anterior to posterior sequence. Contact of
the medial edge epithelia of opposing shelves
produces a midline epithelial seam that subsequently
degrades, permitting mesenchymal confluence and
establishing continuity of the palatal mesenchyme.
This mesenchymal bridge then differentiates into the
osseous hard palate anteriorly and the
musculotendinous soft palate posteriorly. Disruption
of shelf growth, elevation, contact, or epithelial seam
breakdown prevents mesenchymal continuity and
results in clefting of the secondary palate [4][7][8].
The close temporal and spatial relationships among
these morphogenetic events explain the frequent
concurrence of cleft lip and primary palate defects. A
failure of fusion between the nasal and maxillary
processes during the period when the primary palate is
forming will often produce a combined cleft of lip and
primary palate. Conversely, aberrations that affect
palatal shelf growth or fusion produce isolated cleft
palate. Regional or atypical patterns of fusion failure
account for less common craniofacial clefts
exemplified by classification schemas such as the
Tessier clefting system, in which failure of lateral
maxillary mandibular fusion yields a Tessier 7 cleft

[5].

Because weeks four through six encompass
the critical window for lip and primary palate
morphogenesis, teratogenic influences and genetic
perturbations that act during this interval carry a
disproportionately high risk of inducing orofacial
clefts. Environmental exposures maternal nutritional
deficits and disruptions of molecular signaling
pathways governing neural crest behavior and
epithelial mesenchymal transitions have all been
implicated in the pathogenesis of clefting. Genetic
syndromes and chromosomal anomalies that alter the
regulation of craniofacial patterning further increase
the likelihood of cleft formation and frequently
accompany other systemic malformations [6].
Collectively, the embryologic account of cleft palate
underscores that the defect is not a single mechanistic
failure but the phenotypic endpoint of multiple
potential disturbances in cell migration growth
polarity and intertissue signaling. Understanding these
sequential developmental milestones informs both the
timing of preventive strategies and the rationale for
multidisciplinary management in affected infants.
Detailed knowledge of the embryologic origins of
palatal clefting also supports accurate phenotypic
classification and directs genetic and teratologic
investigations aimed at clarifying risk factors and
mechanisms of malformation [2][3][4]1[5]1[61[71[8]
Congenital Syndromes Associated with Cleft Palate

Cleft lip and palate (CL/P) and cleft palate
only (CPO) represent a heterogeneous group of
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craniofacial malformations that frequently occur as
part of broader congenital syndromes rather than in
isolation. More than two hundred syndromic entities
have been documented to include clefting within their
phenotypic spectrum, illustrating the complexity of
craniofacial development and the interdependence of
multiple embryologic systems. Among the most
frequently described are CHARGE syndrome—an
acronym for coloboma, heart defects, atresia choanae,
growth retardation, genital abnormalities, and ear
abnormalities—and velocardiofacial syndrome, also
known as DiGeorge syndrome, which arises from a
22q11.2 chromosomal deletion [7][9][10]. The
incidence of syndromic  association  differs
significantly  between the two cleft types.
Approximately half of all CPO cases occur within the
context of other congenital anomalies, a markedly
higher proportion compared to CL/P, which is
syndromic in roughly fifteen percent of cases. The
distinction underscores the embryologic divergence
between primary and secondary palate formation,
where abnormalities affecting the later phase of palatal
shelf fusion are more frequently linked with broader
systemic maldevelopment. One of the most recognized
associations with CPO is the Pierre Robin sequence, a
cascade of developmental anomalies characterized by
mandibular hypoplasia or retrognathia, glossoptosis,
and resultant cleft palate. This sequence can appear as
an isolated condition but is most commonly seen
within the context of recognized syndromes such as
Stickler syndrome, Treacher Collins syndrome, Nager
syndrome, DiGeorge syndrome, and fetal alcohol
syndrome [7][9][10]. In these syndromes, the cleft
palate is a secondary manifestation resulting from
impaired mandibular growth that prevents normal
elevation and fusion of the palatal shelves. Stickler
syndrome, in particular, is known for its connective
tissue abnormalities due to mutations in collagen
genes, explaining both its craniofacial and systemic
manifestations.

Beyond the well-characterized syndromic
cases, numerous genetic and molecular abnormalities
have been implicated in cleft pathogenesis. The
complexity of molecular signaling underlying lip and
palate formation introduces wide variability in clinical
presentation. Several key developmental pathways
play critical roles, including the sonic hedgehog
(SHH) and SPRY 2 signaling cascades, which regulate
facial patterning and tissue proliferation; the bone
morphogenetic protein (BMP4 and BMP2) pathways,
which influence bone and cartilage formation;
fibroblast growth factor (FGF7 and FGF10) pathways,
which modulate epithelial-mesenchymal interactions;
and transforming growth factor-beta (TGFp) receptors
and ligands, which govern epithelial fusion and
mesenchymal differentiation. Disturbances in these
signaling mechanisms, whether due to gene mutations
or regulatory failures, can produce a wide range of
phenotypes varying in severity, laterality, and
anatomical extent [9][11]. While the genetic
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contribution to CL/P and CPO is substantial,
environmental and maternal factors significantly
modulate risk. Epidemiological studies consistently
demonstrate that maternal smoking, diabetes, and
gestational diabetes elevate the likelihood of cleft
formation, likely through hypoxic stress and altered
embryonic signaling. Exposure to known teratogens
such as valproic acid, phenytoin, retinoic acid,
thalidomide, and dioxins during critical weeks of
craniofacial development (weeks 4-8 of gestation) has
been repeatedly linked to orofacial clefts. These agents
interfere with neural crest migration, oxidative
balance, and cell proliferation, disrupting the delicate
orchestration of palatal morphogenesis.

Familial clustering further highlights the
heritable nature of these defects. A clear genetic
predisposition exists, with recurrence risks varying
according to parental and sibling involvement. When
a parent is affected, the risk of a child having CL/P is
approximately 3-4%, and for CPO, around 6%. When
one child in a family is affected, the recurrence risk for
another child rises to about 4% for CL/P, and when
two siblings are affected, the risk increases to roughly
9%. For CPO, these corresponding risks are
approximately 2% and 1%. The likelihood of
recurrence further escalates when both a parent and a
child are affected, reaching 14-17% depending on the
type of cleft [7][9][10]. These data underscore that
cleft palate is a multifactorial disorder resulting from
the convergence of genetic susceptibility and
environmental influences. Identification of molecular
pathways and gene-environment interactions has not
only clarified the biological mechanisms of clefting
but also strengthened preventive strategies, including
genetic counseling and maternal health optimization.
Comprehensive understanding of both syndromic and
nonsyndromic  clefting continues to guide
interdisciplinary approaches involving genetics,
obstetrics, pediatrics, and craniofacial surgery to
improve early diagnosis, management, and long-term
outcomes for affected individuals.

Epidemiology

Cleft lip and palate (CL/P) represent the most
frequent congenital craniofacial anomaly identified at
birth and rank as the fourth most common congenital
disorder overall. Epidemiological data indicate a wide
variation in prevalence across geographic regions and
ethnic groups, reflecting genetic, environmental, and
sociodemographic influences. Reported global
incidence rates range from approximately one in every
650 to 1000 live births, with significant population-
based disparities. Studies consistently demonstrate
that individuals of Asian descent experience the
highest prevalence, with rates nearly double those
observed in White populations, while individuals of
African ancestry show the lowest recorded incidence
[7][10][12][13]. Sex-based differences in occurrence
are also well established. Males are affected
approximately twice as often as females, particularly
in cases involving cleft lip with or without cleft palate.
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In contrast, isolated cleft palate occurs more
frequently in females, a distinction attributed to
differences in embryologic timing of palatal shelf
fusion and hormonal influences during gestation.
These epidemiological patterns suggest that both
genetic and hormonal factors contribute to
susceptibility and may interact with environmental
exposures during critical developmental periods.

A large-scale global epidemiological analysis
conducted by the National Institute for Dental and
Craniofacial Research, encompassing more than 7.5
million births, provides a comprehensive overview of
the condition’s prevalence. The study reported an
overall CL/P prevalence of 6.64 per 10,000 total
births, a figure inclusive of both live births and
stillbirths as well as pregnancy terminations. The
prevalence for cleft palate alone was noted to be 3.28
per 10,000 births, confirming that cleft lip with or
without cleft palate remains more common than
isolated cleft palate. Within the analyzed cohort, 77%
of cases were classified as isolated, lacking other
congenital malformations. However, 16% presented
with additional structural abnormalities, and 7% were
associated with identifiable congenital syndromes
[71[10][12][13]. The variability in prevalence also
reflects the influence of regional screening programs,
prenatal detection rates, and reporting standards. In
countries with established neonatal and antenatal
screening systems, detection of CL/P has improved,
leading to more accurate epidemiologic data and
facilitating early multidisciplinary intervention. In
contrast, underreporting remains an issue in low-
resource settings where surveillance infrastructure and
diagnostic capacity are limited. Overall, the global
distribution of CL/P emphasizes the interplay between
genetic predisposition and environmental risk factors.
Continuous monitoring of incidence trends, combined
with genetic screening and public health initiatives,
remains essential to understanding etiologic patterns
and improving prevention, early detection, and
outcomes for affected newborns.

Pathophysiology

The palate plays a vital role in separating the
nasal and oral cavities, a structural distinction
fundamental to effective speech, swallowing, and
respiration. A cleft palate disrupts this anatomical
barrier, resulting in a persistent communication
between the two cavities and leading to multiple
functional impairments. This disruption directly
interferes with normal speech production, as air
escapes through the nasal cavity during articulation,
preventing the formation of adequate intraoral
pressure required for plosive sounds such as “p,” “b,”
and “t.” The outcome is hypernasal or hyponasal
speech, depending on the extent and configuration of
the cleft, often accompanied by compensatory
articulatory errors that persist even after surgical
correction. If left untreated, the speech deficits caused
by a cleft palate may become ingrained, requiring
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prolonged and intensive speech therapy with limited
success in achieving normal resonance and
articulation [14]. In the neonatal period, the functional
implications of a cleft palate are particularly severe.
Newborns are obligate nasal breathers, relying
primarily on unobstructed nasal airflow for
respiration. The abnormal communication between the
oral and nasal cavities allows the tongue to intrude into
the nasal space, disrupting normal breathing patterns
and creating potential airway instability. Furthermore,
the inability to generate adequate negative pressure
within the oral cavity prevents proper latching during
feeding. This defect severely impairs the neonate’s
ability to coordinate the complex suck-swallow-
breathe sequence essential for nutrition, often resulting
in poor weight gain, aspiration risk, and feeding
fatigue [15].

Over time, the consequences of an unrepaired
cleft palate extend beyond feeding and speech
difficulties. Chronic dysfunction of the orofacial
musculature may lead to aberrant dental eruption,
malocclusion, and abnormal maxillofacial growth.
The altered mechanics of swallowing and articulation
also affect the development of surrounding soft tissue
structures, leading to compensatory facial
asymmetries. As the child grows, psychosocial
consequences emerge as another major dimension of
morbidity. The aesthetic and functional consequences
of cleft-related speech distortions, nasal air emission,
and regurgitation of food or fluids through the nose
contribute to social withdrawal, stigmatization, and
emotional distress, particularly in school-age children
and adolescents [16][17]. From a physiological
standpoint, the cleft palate exemplifies how a
seemingly localized anatomical defect can have
widespread systemic and developmental effects. Early
identification and interdisciplinary intervention—
encompassing surgical repair, speech therapy,
nutritional management, and psychosocial support—
are critical to restoring essential functions and
preventing long-term complications [16][17].
History and Physical

Prenatal identification of orofacial clefts is
feasible and increasingly routine in contemporary
obstetric  practice. Standard second trimester
ultrasonography performed around 18 weeks gestation
frequently detects cleft lip; detection of isolated cleft
palate by two dimensional imaging remains more
challenging and is highly dependent operator.
Advances in three dimensional ultrasonography have
substantially improved diagnostic sensitivity for
palatal clefting. When a cleft lip is present, three
dimensional fetal imaging has demonstrated near
complete sensitivity in identifying an associated
palatal defect, thereby enabling more precise antenatal
characterization of the craniofacial anomaly and
facilitating early multidisciplinary planning [10][18].
Prenatal magnetic resonance imaging serves as a
complementary modality when additional anatomic
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definition is required or when suspicion exists for
intracranial or syndromic associations; MRI clarifies
soft tissue relationships and assists in the assessment
of adjacent structures when complex anomalies are
suspected [10][18]. When a cleft is diagnosed
antenatally, referral to an interprofessional cleft team
should occur promptly to permit comprehensive
counseling and to permit coordinated prenatal care.
The prenatal consultation emphasizes a targeted three
generation family history that seeks prior instances of
clefting, syndromic diagnoses, or consanguinity.
Detailed obstetric history is taken including prior
ultrasonographic findings invasive prenatal testing
results and maternal exposures. Social history must
record tobacco use alcohol consumption recreational
drugs occupational risks and known teratogenic
exposures. Medication history and maternal medical
comorbidities such as diabetes or malnutrition are
documented because these factors influence
recurrence risk and perinatal planning. Genetic
consultation is integral to the prenatal visit; when
indications arise geneticists evaluate the need for
karyotype microarray or targeted molecular testing
and discuss recurrence probabilities and reproductive
options with the family [19].

The initial postnatal assessment by the cleft
team occurs shortly after birth and is individualized
according to the anatomic type of cleft and the
newborn’s clinical stability. The key objectives are to
confirm the prenatal diagnosis to evaluate airway
patency feeding ability and early growth and to screen
for associated anomalies. A focused history of the
immediate perinatal course documents respiratory
effort episodes of desaturation feeding attempts
presence of nasal regurgitation and the infant’s ability
to maintain birthweight and subsequent weight gain.
Feeding patterns and the suck swallow breathe
sequence are observed because impaired oral suction
or nasal air escape may necessitate early feeding
interventions [20]. Physical examination begins with
general inspection and assessment of cardiorespiratory
status. Work of breathing is evaluated in multiple
positions including supine and upright while feeding
to detect dynamic airway compromise. Continuous
pulse oximetry and formal respiratory assessment
guide urgency of intervention in infants who
demonstrate  increased  respiratory effort or
desaturation. Head and neck examination includes
inspection of craniofacial symmetry ocular anomalies
and external ear morphology which may reveal
syndromic stigmata. Otologic evaluation pays
particular attention to evidence of middle ear effusion
and external auditory canal patency; newborn hearing
screening results are reviewed and, if abnormal,
prompt audiologic referral is arranged [21].
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Figure-1: Submucous cleft palate.

Intraoral inspection documents the precise
anatomy of the cleft. The clinician records whether the
defect involves the lip the primary palate the
secondary palate or combinations thereof and whether
clefting is unilateral bilateral or midline and whether
atypical or oblique clefting patterns are present. The
relationship of the cleft to the alveolar ridge and the
incisive  foramen is described because this
classification informs surgical timing and technique.
Assessment of mandibular size and position and of
oral reflexes is performed to identify features such as
micrognathia or glossoptosis that may predict airway
obstruction or feeding difficulty. Palatal tissue quality
and the presence of palatal musculature attachments
are noted for operative planning. A comprehensive
examination extends to cardiopulmonary auscultation
abdominal palpation and extremity inspection to
detect noncraniofacial anomalies. When the
phenotype or history raises suspicion for a syndromic
condition, targeted diagnostic studies are expedient; an
echocardiogram screens for congenital heart disease a
renal ultrasound evaluates renal morphogenesis and a
dysmorphology assessment by genetics assists in
syndrome delineation. Early identification of
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extracraniofacial anomalies permits timely referral to
subspecialists and incorporation of additional
diagnostic testing into the child’s care pathway [2].
Documentation and family communication constitute
essential components of the initial visit. Clinicians
provide clear explanation of the findings anticipated
surgical timeline and available feeding strategies
while setting realistic expectations. Practical guidance
frequently includes demonstration of specialized
feeding techniques and provision of adaptive feeding
devices when indicated. The team outlines the
schedule for longitudinal surveillance including
audiology speech therapy dental and orthodontic
follow up and psychosocial support services.
Establishing this coordinated plan early reduces
parental anxiety and optimizes the infant’s
developmental trajectory. In summary, accurate
antenatal imaging coupled with an organized postnatal
history and systematic physical examination forms the
foundation for effective cleft care. Early
multidisciplinary evaluation identifies infants who
require immediate airway or nutritional interventions
clarifies the need for genetic investigation and
establishes a longitudinal management plan that
integrates surgical reconstruction speech restoration
hearing preservation and psychosocial support
[10][18][19][20][21][2].
Postnatally Diagnosed Cleft Palate

When a cleft palate is first identified after
birth, the initial assessment combines elements of both
prenatal and postnatal evaluations. The clinical
approach begins with a detailed family and prenatal
history, emphasizing maternal health, medication use
during pregnancy, and any history of clefting or
congenital anomalies in the family. This information
helps establish potential genetic predispositions and
environmental contributions. A comprehensive review
of the child’s developmental milestones and feeding
history is essential, as feeding difficulty is often the
earliest presenting symptom in infants with previously
unrecognized clefts. Many of these infants experience
poor weight gain, nasal regurgitation, or prolonged
feeding times that alert caregivers to the underlying
defect. Once a cleft is identified, the child should be
referred to an interprofessional cleft team for
multidisciplinary ~ evaluation  and long-term
management planning [19]. Physical examination
must be methodical and complete. The clinician
inspects the oral cavity carefully, noting whether the
cleft involves the soft palate, hard palate, or both. The
presence of a bifid uvula or translucency in the midline
of the soft palate may indicate a submucous cleft.
Palpation along the posterior hard palate helps identify
subtle defects that may not be visible. Assessment of
the ears is critical, as middle ear effusions and
conductive hearing loss are common due to eustachian
tube dysfunction associated with clefting. Referral for
audiometric testing should be made early to establish
a baseline and to guide further otologic care. If the
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physical findings or family history suggest a possible
syndromic association, genetic consultation s
indicated. Evaluation by other specialists, such as
otolaryngology or speech-language pathology, is often
required to address the complex functional sequelae of
clefting [19].

A submucous cleft palate represents the
mildest and often most elusive form of cleft palate. Its
presentation  varies  widely, ranging  from
asymptomatic  bifid uwvula to  significant
velopharyngeal dysfunction. A bifid uvula, though
sometimes benign, should always prompt a thorough
oral and palatal examination. During inspection, the
clinician may observe a zona pellucida, a thin
translucent line in the midline of the soft palate. On
palpation, a posterior bony notch may be felt where the
hard and soft palates meet, representing incomplete
muscular fusion. Either or both findings can exist even
without a bifid uvula [22]. Anatomically, the zona
pellucida reflects incomplete midline fusion of the
palatal sling muscles, despite intact nasal and oral
mucosal surfaces. This muscular discontinuity
weakens palatal elevation and closure during speech
and swallowing, predisposing the patient to eustachian
tube dysfunction and velopharyngeal insufficiency
[23]. These pathophysiologic mechanisms explain
why some patients present later in childhood with
speech abnormalities or chronic otitis media, rather
than feeding issues in infancy. Speech assessment
plays a pivotal role in diagnosis and management.
Evaluation by a speech-language pathologist should
focus on detecting hypernasality, nasal air emission, or
articulation errors. Nasal endoscopy provides direct
visualization of palatal motion and the velopharyngeal
gap, helping confirm functional impairment. For
children who cannot tolerate endoscopy, mirror-
fogging or simple bedside airflow tests can reveal trace
nasal air escape during phonation [24].

Feeding history remains central to the
evaluation. Even mild submucous clefts can cause
intermittent nasal regurgitation, particularly during
vigorous sucking or with thin liquids. Caregivers
should be asked about feeding duration, fatigue during
feeds, and growth trends. Persistent regurgitation or
failure to thrive warrants intervention, often with
specialized feeding techniques or devices [25].
Management depends on symptom severity and
associated complications. Many children with
submucous cleft palate who exhibit normal speech,
hearing, and feeding can be managed conservatively
with observation and regular follow up. However,
ongoing surveillance through childhood and puberty is
crucial, as velopharyngeal insufficiency or recurrent
otitis media can develop later due to growth-related
changes or adenoidal involution [26]. Surgical
correction may be indicated in cases of significant
speech or swallowing dysfunction, chronic ear
disease, or persistent nasal regurgitation unresponsive
to conservative measures. Special caution must be



Mohammed Ahmed Eissa Hakami et. al. 535

taken when considering adenoidectomy in patients
with submucous cleft palate, as removal of adenoidal
tissue can worsen velopharyngeal insufficiency by
eliminating a compensatory mechanism for palatal
closure [24]. Hence, adenoidectomy should be
reserved for cases of clear necessity and ideally
performed in coordination with the cleft team.
Ultimately, postnatal diagnosis of cleft palate, whether
overt or submucous, requires an integrative approach
that combines clinical vigilance, multidisciplinary
collaboration, and longitudinal monitoring. Timely
recognition allows for interventions that prevent
complications such as speech delay, hearing loss, and
psychosocial difficulties. Consistent follow up with
the cleft team ensures that developmental outcomes
are optimized and emerging functional issues are
addressed promptly [19][22][23][24][25][26].
Evaluation

Neonates born with cleft lip and/or palate
require prompt assessment by an interprofessional
craniofacial team to secure airway stability, ensure
adequate nutrition, and initiate a coordinated plan for
surgical and developmental care. The initial clinical
priority is to evaluate respiratory function and feeding
mechanics because these domains determine the
infant’s capacity to grow and tolerate definitive
reconstructive procedures. Respiratory assessment
should include observation for obstructive symptoms,
evaluation for sleep disordered breathing, and
documentation of oxygen saturation patterns during
wakefulness and sleep. Families must receive clear
guidance regarding signs of airway compromise and
the indications for urgent re-evaluation or hospital
admission. Feeding assessment begins at the bedside
and extends to structured caregiver education. Trained
speech-language pathologists or specialized lactation
consultants should demonstrate and supervise feeding
techniques that maximize oral intake while
minimizing nasal regurgitation and aspiration risk. A
range of adaptive feeding devices and specialized
bottle-nipple systems are available; these devices can
reduce inspiratory work during feeds, protect the nasal
cavity from reflux, and improve caloric delivery.
Caregivers require hands-on coaching to acquire the
coordinated techniques these devices demand. In
selected cases, direct breastfeeding may be feasible
and can be more efficient than bottle feeding when
proper positioning and support are provided [27].
Objective monitoring of weight gain and feeding
duration is essential because failure to achieve
appropriate  growth necessitates escalation of
nutritional support and may delay surgical
reconstruction.

Dental and orthodontic input should be
obtained early when a cleft involves the alveolus or
primary dentition. Consultation can determine
whether interim oral prosthetics are indicated to
facilitate feeding or to guide maxillary arch alignment
prior to surgery. Nasoalveolar molding and other
presurgical orthopedic interventions can modify the
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nasal and alveolar anatomy, improving the surgical
field and potentially reducing the number or extent of
future procedures. Decisions regarding prosthetics and
molding require integration of surgical timing, feeding
needs, and family preference [28]. Audiologic
evaluation forms a critical element of early
surveillance. Newborn hearing screening should be
performed per standard protocols and results
documented in the craniofacial record. Even when
initial screening is normal, serial audiometry and
tympanometry are necessary to detect eustachian tube
dysfunction and the development of conductive
hearing loss from middle ear effusion. When
behavioral audiometry is not yet possible and the
newborn fails the screen, auditory brainstem response
testing provides an objective measure of neural
conduction and should be completed in the first
months of life to permit timely intervention and
habilitation when required [29]. Speech-language
assessment is integral from the earliest encounters and
must extend through the prelingual period into the
school years. Early functional evaluation emphasizes
feeding but also establishes a baseline for resonance,
vocalization patterns, and oromotor competence. As
the child develops expressive language, periodic
formal assessments identify compensatory articulation
patterns,  hypernasality, and  velopharyngeal
insufficiency that may require surgical or behavioral
intervention. Longitudinal collaboration between
surgeons and speech-language pathologists optimizes
timing and type of palate repair to support
nasopharyngeal competence and effective speech
development.

Dental monitoring must commence with
eruption of the primary dentition and continue
throughout the transition to permanent teeth. Regular
assessment identifies malocclusion, dental agenesis,
and enamel anomalies associated with clefting. Early
orthodontic planning anticipates the need for mixed
dentition interventions, alveolar bone grafting to
support tooth eruption, and later orthognathic surgery
in adolescence when skeletal discrepancies require
correction [30]. Integration of pediatric dentistry,
orthodontics, and oral surgery within the cleft team
secures continuity of care from infancy through
skeletal maturity. Psychosocial evaluation and support
constitute an enduring component of care. Counseling
services should be offered to families prenatally when
possible and at the initial postnatal visit to address
parental concerns, set realistic expectations, and foster
adaptive coping. Mental health resources must remain
accessible through childhood and adolescence as
children confront social challenges related to
appearance, speech, and peer interaction. Early
engagement with psychosocial services reduces
caregiver distress and promotes resilience in affected
children. Genetic counseling should be available to all
families to explain recurrence risks, discuss testing
options, and situate the child’s condition within the
broader context of family planning. A geneticist’s
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assessment is indicated when family history,
dysmorphic features, or additional anomalies suggest
a syndromic etiology. Counseling supports informed
reproductive decision making and coordinates targeted
diagnostic testing when indicated [7][31]. Evaluation
is continuous rather than episodic. The initial
assessment addresses immediate threats to airway and
nutrition, but comprehensive surveillance
encompasses audiology, speech and language, dental
and orthodontic development, psychosocial wellbeing,
and genetic risk across infancy, childhood, and
adolescence. Coordinated scheduling of follow up
visits and clear documentation of findings and
recommendations ensure timely interventions. Early,
structured  evaluation by an  experienced
interprofessional team improves functional outcomes
and reduces the burden of preventable complications.

!

Figure-2: Severe prolabial segment protrusion.
Treatment / Management

Definitive correction of cleft palate relies on
surgical reconstruction aimed at reestablishing
separation between the oral and nasal cavities,
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restoring palatal length sufficient to achieve
velopharyngeal competence, and reconstituting the
musculature that contributes to eustachian tube
function. Surgical goals emphasize normalization of
anatomy and function rather than a single cosmetic
endpoint. Because individual anatomy and associated
anomalies vary considerably, no single operative
technique suffices for all patients. Experienced cleft
surgeons therefore command a repertoire of
procedures and adapt their approach to the child’s
specific palatal defect, alveolar relationships, nasal
morphology, and any coexisting syndromic
conditions. When a cleft lip coexists with a palatal
cleft, timing is staged to address the lip first in most
protocols. Lip repair is typically scheduled at
approximately three months of age, reflecting a
balance between anesthesia safety and the functional
and psychosocial benefits of earlier repair. The
threshold of near three months corresponds to reduced
perioperative cardiac risk once the infant reaches
roughly 60 weeks postconceptional age, and it aligns
with historical and contemporary practice patterns that
prioritize physiologic maturity before general
anesthesia. Many centers incorporate the pragmatic
“rule of tens”—ten weeks of age, ten pounds weight,
and a hemoglobin of ten—as a guideline for candidacy
for early lip reconstruction, though contemporary
practice also weighs comorbidities and nutritional
status on an individual basis [32][33].

Palatoplasty is performed later, most
commonly within the first year to fifteen months of
life, although the exact timing varies by center and by
the surgeon’s philosophy regarding speech versus
facial growth outcomes. Early palatal repair supports
speech development by restoring palatal anatomy
before the onset of rapid language acquisition; studies
demonstrate improved speech outcomes with
palatoplasty performed around ten to eleven months
compared with delayed or staged repairs that leave the
palate unrepaired during critical speech development
windows. However, earlier closure increases the
potential for midface growth disturbance and palatal
foreshortening as the craniofacial skeleton matures. To
mitigate this tradeoff, some programs adopt a staged
approach in which the soft palate is repaired early to
optimize velopharyngeal function while postponing
hard palate closure to reduce the risk of maxillary
growth inhibition. This strategy seeks to balance the
competing objectives of normal speech acquisition
and preservation of midfacial growth [34][35][36].
Preoperative measures frequently aim to improve
surgical conditions and feeding performance. For cleft
lip, conservative measures such as taping to
approximate lip segments begin in early infancy and
can enhance orbicularis oris continuity prior to
definitive repair. Some centers employ temporary lip
adhesion procedures when mechanical approximation
by taping proves insufficient. Nasoalveolar molding
represents a more proactive presurgical orthopedic
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intervention. Fitted from a maxillary impression and
adjusted serially, nasoalveolar molding (NAM)
remolds the nasal cartilages and narrows alveolar
gaps, thereby improving nasal symmetry and reducing
the extent of soft tissue and skeletal correction
required at surgery. NAM demands substantial family
commitment to maintain continuous appliance wear
and attend frequent adjustments; compliance strongly
influences outcome [37][10][38].

Interdisciplinary  coordination  underpins
successful perioperative care. Nutritional optimization
is essential because adequate weight gain reduces
anesthetic risk and supports wound healing. Speech-
language pathologists assess feeding mechanics and
coach caregivers in adaptive feeding techniques that
preserve caloric intake while minimizing nasal
regurgitation. Dental and orthodontic specialists
evaluate the need for interim prosthetics or presurgical
orthopedics that facilitate feeding and align alveolar
segments. Audiology surveillance identifies middle
ear dysfunction early so that conductive hearing loss
can be addressed prior to speech therapy and school
entry. Postoperative management focuses on pain
control, airway surveillance, protection of the repair
site, and early initiation of feeding strategies
compatible with the surgical reconstruction.
Longitudinal follow up evaluates speech trajectory,
hearing, dental arch development, and psychosocial
adaptation. Secondary procedures, including revisions
for velopharyngeal insufficiency, nasal deformity
correction, alveolar bone grafting in mixed dentition,
and orthognathic surgery in adolescence, are
anticipated elements of the reconstructive continuum
rather than failures of primary repair. Clinical decision
making requires individualized risk-benefit analysis
that integrates the child’s anatomic phenotype, growth
parameters, family circumstances, and local resources.
High-volume multidisciplinary centers provide the
infrastructure to sequence interventions optimally,
deliver presurgical counseling, and support families
through the extended course of care. In all settings, the
guiding principles remain consistent:  restore
functional separation of the airway and alimentary
tracts, optimize conditions for speech development,
minimize adverse effects on craniofacial growth, and
coordinate long-term rehabilitative services to achieve
durable anatomic and psychosocial outcomes
[10][34][35]1[361[371[38].

Palatoplasty Techniques

Palatoplasty aims  fundamentally  to
reestablish an effective separation between the nasal
and oral cavities and to reconstruct palatal musculature
so that velopharyngeal competence and normal
swallowing function are restored. The operative
strategy centers on multilayered closure of the
mucosal and muscular elements to reduce the risk of
oronasal fistula and to recreate the levator veli palatini
sling with correct orientation and tension. Technique
selection is individualized according to cleft
morphology including laterality, extent of primary and
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secondary palate involvement, tissue quality, and prior
presurgical orthopedics. Each established method
carries distinct benefits and limitations; hence,
mastery of multiple approaches enables a surgeon to
tailor the repair to patient specific anatomy and
developmental aims [39]. Historical straight line
closures evolved into more sophisticated multilaminar
repairs that explicitly separate nasal mucosa oral
mucosa and muscle for staged reconstruction. Early
attempts at simple edge approximation achieved
anatomic continuity but suffered high rates of
dehiscence and fistula because they failed to respect
distinct tissue planes and vascular supply. Subsequent
refinements emphasized elevation of well vascularized
flaps and closure in independent layers to minimize
tension across the suture line and to preserve palatal
perfusion [40][41]. These principles remain
foundational to contemporary palatoplasty.

Dieffenbach and contemporaries developed a
straight line multilayer method for hard palate
reconstruction  that involved elevation of
mucoperiosteal flaps from the palatal shelves and
vomer followed by staged closure of nasal then oral
layers. Preservation of the palatine vessel pedicle and
careful subperiosteal dissection permitted wider
mobilization of palatal tissues while maintaining
perfusion. Modern iterations of this concept continue
to emphasize meticulous mucoperiosteal handling to
avoid devascularization and to limit postoperative
fistulation [42][43]. Von Langenbeck introduced the
addition of lateral relaxing incisions that converted
palatal tissue into pedicled flaps, thereby reducing
closure tension and enabling repair of broader defects.
The von Langenbeck approach maintains separate
nasal and oral layer closure and facilitates
reapproximation of mucosa without aggressive
undermining of adjacent structures. This technique
does not produce significant palatal lengthening and
therefore is optimally applied when soft palate contact
with the posterior pharyngeal wall is adequate or when
presurgical molding has narrowed the gap sufficiently
to permit direct closure [44][45]. Contemporary
palatoplasty expands on these historical foundations
by integrating explicit muscle reconstructions aimed at
functional restoration rather than mere tissue
apposition. Modern intravelar veloplasty techniques
mobilize aberrantly inserted levator musculature
detach it from anomalous posterior palatal insertions
and reconstruct a transverse muscular sling positioned
to elevate the palate effectively during phonation and
swallowing. This realignment of muscle fibers is
critical to reducing persistent velopharyngeal
insufficiency and to improving long term speech
outcomes. Soft tissue redesign is coupled with
multilayer mucosal closure to secure the repair and to
protect the reconstructed muscle layer.

Surgeons frequently choose among several
named techniques such as von Langenbeck, Furlow
palatoplasty, intravelar veloplasty, and two flap or
pushback methods depending on the clinical priorities
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of palatal lengthening, muscle reconstruction, and
minimization of maxillary growth disturbance. The
Furlow double opposing Z-plasty simultaneously
repositions the levator muscle and lengthens the soft
palate through opposing Z-shaped mucosal incisions
that transpose tissue while reorienting muscle fibers.
This method has demonstrated favorable outcomes for
palatal length and speech but requires adequate tissue
and technical precision to avoid undue tension. By
contrast, pushback techniques create posterior
advancement of palatal mucosa to increase soft palate
length but may exert greater influence on transverse
maxillary growth if applied too early or aggressively.
Decision making about the timing and choice of
palatoplasty reflects an attempt to balance competing
objectives. Early repair can promote more normal
speech development by restoring velopharyngeal
function before the critical period of language
acquisition. Conversely early, extensive palatal
dissection may contribute to midfacial growth
inhibition and palatal shortening. Some centers adopt
staged protocols that repair the soft palate early to
optimize speech while delaying hard palate closure to
mitigate growth interference. Others employ
presurgical orthopedics such as nasoalveolar molding
to decrease cleft width and thereby permit less
aggressive palatal mobilization at the time of repair
[39][40][41].

Technical execution requires rigorous
attention to anatomic landmarks, delicate tissue
handling to preserve vascularity, and precise
reorientation of muscle fibers. Suture selection and
placement aim to obtain secure approximation without
ischemic compromise. Intraoperative assessment of
palate length and passive velopharyngeal closure
guides adjustments in flap design and muscle repair.
Postoperative care focuses on airway surveillance pain
control and protection of the repair to prevent early
disruption. In sum, palatoplasty is a dynamic field in
which historical methods inform modern refinements.
The surgeon’s judgment integrates defect-specific
anatomy, developmental timing, and long term
functional goals to select and execute a technique that
maximizes  velopharyngeal competence while
minimizing adverse effects on craniofacial growth.
Continuous outcome assessment and adaptation of
technique to evolving evidence remain essential to
achieving optimal speech swallowing and growth
outcomes  for children with cleft palate
[39][40][41][42][43][44][45].

V to Y Pushback Closure and Related Techniques

The V to Y pushback modification
represented an important evolution in palatal repair
during the early 20th century. Veau, Wardill, and
Kilner independently refined anterior hard palate
closure between 1931 and 1937 by developing a
method that mobilizes bilateral mucoperiosteal flaps
and repositions them posteriorly in a V to Y
configuration. This maneuver permits effective palatal
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lengthening that the von Langenbeck straight-line
repair does not provide. The oral mucoperiosteal flaps
are elevated anterior-to-posterior while their posterior
pedicles remain intact. The retropositioned flaps are
advanced and reapproximated in the midline, thereby
increasing soft palate reach and improving the
potential for velopharyngeal contact during phonation
[46][47]. Nasal layer management in the V to Y
approach typically involves primary closure in situ,
leaving the inferior oral aspect of the nasal layer to
heal by secondary intention. This staged handling of
tissue planes reduces tension on the reconstructed oral
mucosa and allows preservation of vascular supply.
The technique remains suited to narrow clefts and to
palates with moderate foreshortening. Contemporary
surgeons retain the V to Y pushback as a reliable
option when palatal lengthening is required without
excessive undermining of palatal periosteum or undue
risk to palatal growth centers [47].

The Furlow double opposing Z-plasty
emerged in 1976 as an alternative means to achieve
palatal lengthening while simultaneously
reconstructing the levator musculature. The technique
employs mirrored Z-shaped myomucosal flaps on the
oral and nasal surfaces. Transposition of these flaps
accomplishes two goals. First, it reorients and realigns
the levator veli palatini muscle into a transverse sling
to restore physiologic elevation of the soft palate.
Second, the Z-plasty design accomplishes a geometric
lengthening of the soft palate, improving the
likelihood of velopharyngeal closure. When executed
with appropriate arm angles and tissue mobilization,
Furlow palatoplasty can achieve meaningful palatal
extension and favorable speech outcomes, particularly
in wide or foreshortened palates [48][49]. Hard palate
closure in contemporary practice often integrates
straight-line  mucoperiosteal flap elevation with
adjunctive strategies to limit tension and maximize
palatal length. Surgeons may combine lateral relaxing
incisions in a von Langenbeck fashion or employ a V
to Y pushback to achieve posterior advancement of
palatal tissue. When the palatal Z-plasty limbs are
configured with  45-degree angles, reported
lengthening can approximate 25 percent, though the
precise gain depends on tissue quality and cleft width.
Critics of Furlow and other Z-plasty based methods
have noted a potential for higher postoperative fistula
rates, especially in the hard palate segment. Surgeons
mitigate this risk by supplementing repair with
technical modifications such as tendon transposition
around the hamulus or using additional oronasal flaps
to buttress the suture line [50][51].
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Figure-2: V to Y Pushback closure.

Adjunctive buccal-based flaps have assumed
a greater role in both primary and secondary
palatoplasty, especially in wide clefts and revision
contexts. Buccal mucosal options include facial artery
musculomucosal flaps, formal buccinator flaps, and
buccal fat pad mobilization. These flaps provide a
robust mucosal or musculomucosal tissue source that
can decrease closure tension, obliterate dead space
between nasal and oral layers, and extend palatal
length when native mucosa is deficient. In revision
surgery where prior repair has failed or where flap
necrosis has occurred, buccal flaps supply well
vascularized  tissue that facilitates  durable
reconstruction and lowers the risk of recurrent
fistulation [52][53]. The use of buccal flaps in primary
palatoplasty has expanded in centers that treat very
wide clefts or in cases with markedly foreshortened
palates. By augmenting mucosal coverage, buccal
flaps permit more conservative undermining of palatal
tissues and reduce reliance on distant grafts. When
combined with intravelar veloplasty or Z-plasty
techniques, buccal tissue can improve both the
mechanical closure and the muscular reconstruction
necessary  for  velopharyngeal =~ competence.
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Nonetheless, the surgeon must balance benefits with
potential donor site morbidity and must counsel
families on the expected outcomes and postoperative
course [53][54]. Technique selection remains
individualized. The surgeon must weigh cleft
morphology, tissue availability, age at repair, prior
interventions, and the center’s longitudinal data on
speech and growth outcomes. Palatal length, muscle
orientation, and the risk of fistula formation guide the
choice between pushback, Z-plasty, or combined
approaches with buccal augmentation. Mastery of
multiple techniques allows the cleft surgeon to tailor
reconstruction to the patient’s anatomy while pursuing
the twin objectives of restoring velopharyngeal
function and minimizing adverse effects on midfacial
development [46][47][48][49][50][51][52][53][54].
Bilateral Cleft Palate

A bilateral cleft palate involves failure of
fusion of the primary palate on both sides and may
coalesce with defects of the secondary palate to form
a single continuous cleft. The premaxillary or
prolabial segment is typically suspended on the nasal
septum and the central philtral tissue. Preservation of
the vascular supply to this prolabial segment is
therefore a central concern in operative planning
because its blood supply is intrinsically tenuous and
vulnerable to circumferential undermining or
aggressive tissue mobilization. Surgical strategy for
bilateral clefting must balance the competing
objectives of restoring form and function while
protecting tissue viability. Initial management
commonly prioritizes repair of the lip to reestablish
continuity of the orbicularis oris and to create a more
favorable anatomic environment for subsequent
palatal reconstruction. The Manchester approach and
related staged lip repair techniques are widely
employed because they preserve secondary sources of
perfusion to the premaxillary segment and provide
alternative vascular inflow pathways after soft tissue
closure [55][56]. When the prolabial segment projects
markedly and obstructs closure or endangers
perfusion, staged interventions such as temporary lip
adhesion or, in more extreme presentations,
premaxillary setback may be necessary. A
premaxillary setback repositions the bony and soft
tissue prominence posteriorly and allows healing
before undertaking definitive primary palate repair.
This staged correction reduces the risk of ischemia to
the prolabial tissue when later addressing alveolar or
palatal defects [57][58].

Timing and sequencing of alveolar and
primary palate repairs vary across centers and among
surgeons. Some programs elect to repair one side of
the alveolus at a time to preserve residual blood flow
to the premaxilla while encouraging gradual
contraction of the contralateral gap. This unilateral
staged approach may facilitate subsequent
gingivoperiosteoplasty or alveolar bone grafting and
reduces the likelihood of complete devascularization
of the premaxillary segment [59]. Where feasible,
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gingivoperiosteoplasty performed at the time of
primary repair can achieve alveolar continuity and
obviate later grafting. When successful, immediate
GPP may support tooth eruption through a contiguous
osseous ridge. However, outcomes for GPP vary and
the technique may be associated with anterior
maxillary constriction in some series [60]. When an
alveolar cleft is isolated to the primary palate and
demonstrates partial bony continuity, conservative
management with longitudinal observation is a
reasonable option. In such cases definitive alveolar
bone grafting may be deferred until the preadolescent
or adolescent period when canine eruption can guide
timing and enhance graft incorporation. The use of
tissue engineered scaffolds and adjunct biologics has
expanded options for grafting, although long term
comparative data remain limited [61]. For complete
clefts traversing the primary and secondary palate,
combined strategies are required. Narrow alveolar
defects may be amenable to simultaneous
gingivoperiosteoplasty during primary palatoplasty,
which can encourage spontaneous bony bridging.
When GPP is not feasible, primary palatal closure
should proceed according to institutional algorithms
while the alveolar gap is reassessed longitudinally at
multidisciplinary reviews [62].

The decision to perform GPP at the time of
primary palatoplasty versus deferring alveolar bone
grafting involves tradeoffs. Early GPP can reduce the
need for a later alveolar graft but may increase the risk
of anterior arch constriction. Delaying alveolar
reconstruction until the mixed dentition allows the
orthodontic team to plan grafting to support eruption
of the permanent canine and to optimize arch form.
Annual interprofessional appraisal permits
individualized timing based on dental development,
arch symmetry, and functional symptoms such as
persistent nasal regurgitation or dental instability
[51][63]. Throughout management the cleft team must
maintain  vigilant attention to growth and
development. Surgical maneuvers that maximize short
term anatomic repair can nevertheless influence
maxillofacial growth trajectories. Surgeons therefore
tailor flap design and the extent of bony manipulation
to minimize interference with midfacial development
while achieving durable closure. Interdisciplinary
coordination that includes pediatric surgery,
craniofacial surgery, pediatric dentistry, orthodontics,
speech-language pathology, and genetics improves
timing decisions and reconciles immediate functional
needs with long term craniofacial outcomes. In
summary, bilateral cleft palate presents unique
reconstructive challenges because of the central
position and fragile vascularity of the prolabial
segment and frequent involvement of the alveolus.
Staged lip repair, conservative tissue handling,
selective use of premaxillary setback, and
individualized timing of gingivoperiosteoplasty or
alveolar grafting constitute the core strategies for
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preserving tissue viability and optimizing functional
and aesthetic outcomes. Ongoing reassessment by a
coordinated interprofessional team ensures the
treatment plan adapts to the child’s growth, dental
development, and evolving functional requirements
[55][56][57][58][59][60][61][62][51][63].
Differential Diagnosis

Cleft palate is typically apparent on physical
examination, yet accurate differentiation among its
variants remains critical for appropriate management
and prognostic assessment. Distinguishing between a
complete or incomplete cleft palate, a bifid uvula, and
a submucous cleft palate requires careful inspection
and palpation of the palate. Incomplete clefts may
involve only a portion of the soft or hard palate,
whereas a bifid uvula often represents the mildest
manifestation of the cleft spectrum. Submucous clefts
can be easily overlooked because the mucosal layer
appears intact, while the underlying muscular or bony
elements remain unfused. Recognition of these subtle
presentations is essential to prevent delayed diagnosis
and untreated speech or feeding difficulties. Beyond
the structural variations, cleft palate may present as
part of a broader syndromic disorder. Thorough
evaluation is therefore required to identify or exclude
associated genetic conditions. CHARGE syndrome,
characterized by coloboma, heart defects, choanal
atresia, growth retardation, genital anomalies, and ear
abnormalities, frequently includes clefting within its
craniofacial features. Stickler syndrome is another
important consideration, presenting with midfacial
underdevelopment,  joint  hypermobility, and
progressive  myopia alongside cleft palate.
Chromosomal abnormalities are also significant
contributors. The 22911 deletion syndromes,
including DiGeorge and velocardiofacial syndromes,
commonly manifest with cleft palate, cardiac
malformations, and immune dysfunction. Pierre Robin
sequence, although sometimes isolated, is often part of
a syndromic presentation, characterized by
micrognathia, glossoptosis, and airway obstruction
secondary to palatal clefting. Other chromosomal
deletions or duplications may produce craniofacial
malformations involving the palate, necessitating
chromosomal microarray or targeted genetic testing
for definitive diagnosis. Accurate differentiation and
syndromic evaluation ensure appropriate
multidisciplinary management, genetic counseling,
and tailored surgical planning for optimal functional
and developmental outcomes [62][63][64].
Treatment Planning

Treatment planning for cleft palate requires a
coordinated, longitudinal framework delivered by an
interprofessional  craniofacial  team.  Prenatal
identification allows early engagement of surgical,
genetic, and counseling resources and enables
structured perinatal planning. During the antenatal
consultation the team confirms the diagnosis refines
anatomic characterization with advanced imaging and
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discusses genetic testing and recurrence risk.
Counselors and surgeons address feeding strategies
anticipated surgical timing and the need for neonatal
assessment to detect additional anomalies. Early team
involvement frames parental expectations and
streamlines referrals to specialties such as neonatology
otolaryngology and genetics [7]. The immediate
perinatal strategy emphasizes airway stability feeding
support and establishment of early rehabilitative
measures. Speech pathology input begins at birth to
instruct caregivers in posture positioning and
specialized feeding techniques and to recommend
appropriate feeding devices. When a cleft lip coexists
presurgical measures such as lip taping or nasoalveolar
molding may be instituted to reduce tissue tension and
improve nasal and alveolar alignment prior to
definitive lip repair. The initial surgical priority is
restoration of lip continuity in medically stable infants
to reconstitute peri-oral muscle function and to
improve feeding mechanics while preparing the infant
for later palatal reconstruction [7]. Infancy and early
childhood planning centers on timely palatoplasty and
concurrent interventions that preserve speech potential
while minimizing adverse effects on midfacial growth.
Palatal repair is scheduled in the interval that balances
speech development against maxillary growth
considerations with  most centers performing
palatoplasty within the first year of life. Audiologic
surveillance commences early because eustachian tube
dysfunction and conductive hearing loss are common;
ventilating tube placement is considered when
indicated to protect speech and language acquisition.
Dental and orthodontic assessment begins with
eruption of primary teeth with consideration of
nasoalveolar molding or interim prosthetic measures
when alveolar continuity is deficient [7].

Evaluation of speech language and hearing
continues through the preschool years with iterative
reassessment to detect velopharyngeal insufficiency
and articulation disorders. The team monitors growth
and developmental milestones and intensifies speech
therapy when delays emerge. Decisions regarding
secondary speech surgery or palate revision are made
on the basis of functional assessment and objective
measures of velopharyngeal competence rather than
solely on chronological age. Psychosocial support and
family counseling are integral during this phase to
support caregiver coping and to prepare families for
potential staged procedures [7]. During mixed
dentition and adolescence the focus shifts toward
alveolar bone grafting orthodontic management and
skeletal assessment. Alveolar reconstruction timed to
canine eruption restores bony continuity supports
tooth eruption and optimizes dental arch form.
Orthodontic planning spans mixed and permanent
dentition and culminates in consideration of
orthognathic procedures when residual craniofacial
skeletal discrepancies persist. Surgical rhinoplasty and
soft tissue revisions are evaluated in late adolescence
once facial growth approaches maturity [7].
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Throughout the lifespan genetic counseling remains
available to inform reproductive planning and to
clarify recurrence risks. The cleft team maintains a
schedule of longitudinal follow up that integrates
audiology speech-language pathology dental and
psychosocial services. Documentation of outcomes
and regular multidisciplinary review permit dynamic
adjustment of the care plan according to the child’s
growth development and functional status. This
coordinated long-term approach optimizes feeding
speech hearing dental and psychosocial outcomes and
aligns surgical interventions with developmental
priorities [7].
Prognosis

The prognosis for individuals with cleft
palate is contingent primarily upon the presence or
absence of associated systemic pathology. For patients
with isolated cleft lip and/or palate who receive timely
and comprehensive multidisciplinary care, long-term
survival and functional outcomes approximate those
of age matched peers. Once reconstructive and
rehabilitative interventions are complete, overall life
expectancy shows no reliable decrement attributable
to the cleft itself. Quality of life metrics, however,
reveal a complex temporal pattern. Childhood and
adolescence are frequently characterized by
diminished disease specific quality of life attributable
to the cumulative burden of multiple surgical
procedures, recurrent appointments, and psychosocial
stressors; these decrements are most pronounced
during the years of active intervention and gradually
attenuate following definitive reconstruction and
successful rehabilitation [64]. When a cleft occurs
within the context of a syndromic disorder, prognostic
considerations shift from craniofacial factors to the
broader systemic manifestations of the underlying
syndrome. In such cases craniofacial reconstruction
addresses feeding, speech, and aesthetic concerns, but
the overall trajectory for health and function is
dominated by cardiac, neurologic, respiratory, or
metabolic comorbidities intrinsic to the syndrome.
Thus, life expectancy and global quality of life in
syndromic clefting are primarily determined by
multisystem disease severity, organ dysfunction, and
the efficacy of syndrome specific management, with
the palatal defect representing only one element of a
multisystem clinical picture [65]. Prognostic
stratification therefore requires integration of cleft
phenotype, timing and quality of surgical repair,
access to coordinated multidisciplinary services, and
the presence of additional anomalies. Early restoration
of palatal integrity within a structured program that
includes audiology, speech therapy, dental and
orthodontic care, and psychosocial support correlates
with superior functional outcomes in speech, hearing,
nutrition, and social adaptation. Longitudinal follow
up through adolescence and into early adulthood
further optimizes outcomes by enabling staged
secondary  procedures,  targeted  orthodontic
interventions, and anticipatory psychosocial support.
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Complications

Cleft palate engenders a spectrum of adverse
outcomes that may be attributable to the anatomic
defect itself or to the reconstructive interventions
intended to correct it. This distinction between
sequelae of unrepaired anatomy and complications of
repair is critical for counseling, surveillance, and
therapeutic planning. The natural history of an
untreated palatal cleft encompasses persistent
impairments in feeding, respiration, and speech that
evolve into structural dental and skeletal consequences
and psychosocial morbidity if left unaddressed.
Conversely, the surgical pathway designed to
remediate these deficits carries risks of wound failure,
fistula formation, velopharyngeal dysfunction, and
secondary growth disturbance; these iatrogenic
sequelae in turn necessitate additional interventions
and long term follow up.
Complications Due to an Unrepaired Cleft Palate

An unrepaired cleft palate produces
predictable functional deficits that can be
conceptualized as chronic sequelae rather than discrete
iatrogenic complications. The persistent oro-nasal
communication compromises the generation of
intraoral pressure required for effective suckling and
for the articulation of pressure consonants.
Consequently, neonates and infants with untreated
clefts are at risk for inadequate caloric intake, failure
to thrive, recurrent aspiration, and prolonged feeding
times. The inability to generate normal intraoral
pressures also disrupts the normal trajectory of speech
acquisition, leading to hypernasal resonance,
maladaptive compensatory articulation, and delayed
language milestones that become progressively harder
to remediate with time. The cumulative effect of
feeding disruption and speech impairment contributes
to social stigmatization and psychosocial stress that
may impair caregiver bonding, peer integration, and
school performance. Beyond functional domains the
unrepaired cleft exerts structural influences on dental
and facial development. Abnormal eruption patterns,
dental agenesis, and malocclusion are common when
the alveolus is involved. Maxillary hypoplasia and
altered growth vectors may emerge as the craniofacial
skeleton matures, particularly if palatal continuity is
not restored in a timely fashion. The overall clinical
objective is therefore to achieve palatal repair within a
window that maximizes speech development while
minimizing adverse effects on midfacial growth.
Practical feeding strategies such as specialized nipples
or temporary obturators reduce the need for alternative
enteral access and support nutritional sufficiency until
definitive repair, thereby mitigating some of the
immediate sequelae of an unrepaired defect [66][67].
Complications Due to Palatoplasty

Surgical palatoplasty, while corrective,
introduces a distinct set of potential complications.
The principal technical failures include wound
dehiscence and the development of oronasal fistulae.
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Fistulae vary widely in clinical significance; small
posterior fistulae may be asymptomatic or produce
minimal nasal air emission, whereas larger anterior or
palatal fistulae can precipitate persistent speech
hypernasality, recurrent nasal regurgitation, and dental
contamination that undermine quality of life.
Management options for fistulae are likewise varied
and must be tailored to fistula size, location, tissue
quality, and the child’s developmental stage. Revision
palatoplasty remains the definitive treatment for many
symptomatic fistulae, but interim strategies such as
obturator placement or prosthetic obturation may
provide functional restoration while allowing the child
to continue speech development and schooling. Other
postoperative concerns include persistent
velopharyngeal insufficiency despite intact mucosal
closure, which necessitates secondary surgical
procedures such as pharyngeal flap, sphincter
pharyngoplasty, or targeted palatal revision.
Hemorrhagic complications, anesthesia related events,
infection, and donor site morbidity from adjunctive
flaps or bone graft harvest are additional
considerations. Long term, palatoplasty performed at
an early age can influence maxillary growth; surgeons
must therefore weigh the benefits of early speech
facilitation against the potential for midfacial
hypoplasia and plan staged interventions accordingly.
The interplay between primary repair technique,
timing, and craniofacial growth trajectories
underscores the importance of individualized surgical
planning to minimize adverse outcomes [68].
Consultations

Optimal management of cleft palate
mandates early and sustained engagement of an
interprofessional team. Core participants include the
primary care pediatrician or general practitioner,
speech-language  pathology, medical genetics,
otolaryngology, audiology, social work, orthodontics,
dentistry, and  craniofacial ~ surgery.  This
multidisciplinary constellation ensures comprehensive
assessment of airway and feeding, timely audiologic
surveillance and middle ear management, genetic
evaluation for syndromic associations, coordinated
surgical planning, and longitudinal dental and
orthodontic rehabilitation [10][31]. Integration of
psychosocial services and social work supports family
navigation of complex care pathways and addresses
psychosocial determinants of follow up and
adherence. The team model facilitates collective
decision making regarding timing of repair,
indications  for  secondary procedures, and
coordination of rehabilitative services that span
infancy through skeletal maturity.
Patient Education

Although a minority of cases can be linked to
identifiable environmental teratogens, the majority of
orofacial clefts arise sporadically or through
multifactorial inheritance. Familial recurrence risk is
measurable but modest; when a parent is affected the



Mohammed Ahmed Eissa Hakami et. al. 543

empiric risk for a subsequent child approximates two
percent even in the absence of a defined genetic
syndrome [69]. Accordingly genetic counseling
should be offered routinely to affected families to
clarify recurrence probabilities, evaluate for
syndromic features, and inform reproductive planning.
Counseling provides opportunity to review prenatal
screening options, discuss the implications of a
syndromic diagnosis, and align expectations for
surgical sequencing and long term care. Educational
efforts must also address modifiable maternal risk
factors such as tobacco exposure, poorly controlled
diabetes, and teratogenic medication use where
relevant, reinforcing preventive measures in
preconception and antenatal care. Structured patient

and family education delivered by the
multidisciplinary  team improves engagement,
supports adherence to feeding and therapy

recommendations, and empowers caregivers to
participate actively in long term surveillance.
Enhancing Healthcare Team Outcomes

Maximizing outcomes for individuals with
cleft palate depends on sustained interprofessional
collaboration, timely access to specialized services,
and seamless care coordination across developmental
stages. Surgeons, pediatricians, speech-language
pathologists, audiologists, geneticists, orthodontists,
dentists, nurses, social workers, and allied health
professionals must operate within an integrated
framework that aligns surgical timing with speech and
dental milestones, monitors hearing and language
development, and anticipates psychosocial needs.
Shared care pathways, regular multidisciplinary case
reviews, and standardized outcome tracking enhance
decision making and allow iterative refinement of
protocols based on measured results. Embedding
family centered communication, cultural competence,
and proactive transition planning into the team’s
operations strengthens long term adherence and
facilitates transition to adult services. Ultimately, the
synergy of specialized expertise, coordinated
scheduling, and longitudinal follow up underpins
improvements in speech, hearing, dental occlusion,
facial growth, and psychosocial adjustment,
translating surgical success into durable functional and
quality of life gains for patients and families [69].
Conclusion:

In conclusion, the management of cleft palate
is a profound demonstration of the necessity and
efficacy of longitudinal, interprofessional care. While
the condition presents significant initial challenges—
including life-threatening airway issues and profound
feeding difficulties in the neonate—the prognosis for
individuals with isolated clefts is excellent when
managed within a structured, multidisciplinary
framework. The journey begins with accurate prenatal
diagnosis and counseling, extends through
meticulously timed surgical interventions such as lip
repair and palatoplasty, and continues into adulthood
with ongoing surveillance and rehabilitation. The
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primary goal of surgery is to restore the anatomical
separation between the oral and nasal cavities, thereby
establishing the functional foundation for normal
speech and swallowing. However, surgical success is
only one component of a positive outcome. The true
measure of success lies in the seamless integration of
ancillary services, including audiology to prevent
speech-delaying hearing loss, speech-language
pathology to guide articulation, and orthodontics to
manage complex dental and occlusal development.
Furthermore, the psychosocial support provided to
patients and their families is indispensable, addressing
the emotional and social challenges that accompany
this visible difference. Ultimately, a patient-centered,
team-based model that coordinates the expertise of
surgeons, dentists, therapists, and counselors from
infancy through skeletal maturity is paramount. This
collaborative approach ensures that each child not
overcomes the functional deficits of cleft palate but
also achieves their full potential for communication,
social integration, and a high quality of life.
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