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Preface
To help achieve these goals, the material in the book is presented in a developmental framework that emphasizes the
most critical needs of the individual from
birth to adulthood. This organizational
approach has both practical and conceptual advantages. Practically, it allows the
reader to access information more readily according to the age and presenting
condition of the individual (i.e., birth, lip
repair, palate repair, alveolar cleft repair
or bone grafting, maxillary advancement).
Conceptually, it chronicles the lifelong
impact of craniofacial birth defects on the
individual and elucidates the timing and
rationale of surgical, dental, and behavioral interventions.
Part I provides necessary fundamentals for the student and professional.
Chapter 1 reviews anatomy and physiology of the facial, oral, and velopharyngeal structures that are affected by clefts.
Chapter 2 describes the types and causes
of clefts with an emphasis on embryological development and classification. The
controversy regarding timing of palate
repair is discussed from the perspective
of speech and language development.
Chapter 3 provides an overview of genetics and the terminology used to categorize and identify congenital anomalies.
A select group of craniofacial anomalies
most likely to be encountered by the professional is reviewed.
Part II focuses on evaluation and
management of the individual from birth
to 3 years of age. Chapter 4 describes normal feeding physiology, feeding problems associated with cleft palate, and
approaches to facilitate feeding prior to

This book is intended to be a concise,
practical, and evidence-based text on cleft
lip and palate and related craniofacial
disorders for advanced undergraduate
students, graduate students, and professionals in speech-language pathology.
Students and professionals in related disciplines such as dentistry, medicine, psychology, and social work also may find
this book useful in providing information
on individuals with craniofacial conditions. Cleft palate with or without cleft
lip is a congenital defect that varies both
in its severity and impact on facial and
oral structures and communication. Treatment of individuals is typically a long and
often-complicated process, extending into
early adulthood and beyond, that is best
accomplished in a team setting. In addition
to the speech-language pathologist, other
team members typically include a plastic
surgeon, dentist, orthodontist, oral and
maxillofacial surgeon, otolaryngologist,
audiologist, geneticist, social worker, and
psychologist. Even though all members
of the team contribute to the habilitation
of the individual througout his or her
life span, certain team members assume
critical roles at specific times of life. The
purpose of the book is to provide the student and professional in speech-language
pathology the information needed to (a)
evaluate and treat communication disorders associated with cleft palate regardless of their primary place of employment
(i.e., craniofacial team, hospital, school, or
private practice), and (b) understand the
complex — and sometimes controversial — 
surgical and dental management of individuals across the life span.
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palate repair. Chapter 5 describes presurgical and surgical management of cleft lip
and palate. Chapter 6 covers the almost
universal occurrence of otitis media with
effusion and conductive hearing loss that
occurs in infants with cleft palate and current methods of management. Chapter 7
reviews early linguistic development in
infants with cleft palate and intervention
strategies before and after palate repair.
Part III focuses on evaluation and
management of the individual from age
3 throughout the middle school years.
Chapter 8 describes the resonance, nasal
emission, articulation, voice, fluency, and
intelligibility characteristics of children
with repaired cleft palate. Chapter 9 provides detailed coverage of perceptual
assessment and an overview of instrumental assessment techniques. Chapter 10
describes practical approaches to treating children with articulation problems
in the school setting. Chapter 11 presents
an overview of behavioral, surgical, and
prosthetic options to manage velopharyngeal inadequacy that persists following
initial palate surgery. Chapter 12 describes
the orthodontic preparation and surgical
correction of clefts of the alveolus.
Part IV focuses on evaluation and management of adolescents and adults with cleft
palate. Chapter 13 describes the rationale
and timing of maxillary advancement in
adolescents to improve facial aesthetics,
dental occlusion, and articulation. Chapter
14 discusses issues facing adult patients.
Although clefts of the lip and palate
are among the most frequently occurring
birth defects, the actual number of indi-

viduals affected in the United States is
relatively low. It is not unusual, therefore,
for speech-language pathologists working
in the schools to infrequently see children
with clefts. It is our hope that the materials in this book will be a valuable resource
for school-based clinicians when they do
encounter children with clefts. Some material traditionally covered in other texts is,
unfortunately, omitted in the book. Due to
a goal to be concise and follow a developmental framework, separate chapters on
craniofacial team function and psychosocial aspects of individuals with craniofacial anomalies are not included. These
are obviously important areas. We have,
however, interweaved these materials in
various chapters throughout the book.
Maternal reactions to an infant born with
a cleft are covered in Chapter 4, learning
disabilities of children with cleft palate
and treatment collaboration models with
teams are reviewed in Chapter 10, and the
last chapter deals exclusively with quality
of life issues facing the adult.
Finally, the book has been written
with a goal to be concise and cite evidencebased sources to support intervention
approaches. In some areas, there is little
objective evidence available to guide
clinical decision making. In those areas,
we note the lack of evidence and suggest
directions for future research. It is our
hope that this book will not only inform
but also challenge clinicians in speechlanguage pathology to provide the best
evidence-based evaluation and management of individuals with craniofacial
anomalies as possible.
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We intend this book to serve as a roadmap
to the diagnosis and care of individuals
with orofacial clefts and other craniofacial
conditions from birth through adulthood.
To do so, the speech-language pathologist (SLP) and other health care providers
must know certain fundamentals. Chapter
1, Orofacial and Velopharyngeal Structure
and Function, provides information on
normal anatomy and physiology. Major
landmarks of the face, nose, and oral cavity are identified, and detailed descriptions of the velopharyngeal muscles and
functions are provided. Chapter 2, Clefts
of the Lip and Palate, describes the types

of clefts that are commonly encountered in
the clinic. Special attention is given to submucous clefts as these may be subtle and
difficult to identify. Causes of clefts and
epidemiology relative to prevalence and
recurrence are reviewed. Finally, Chapter
3, Syndromes and Associated Anomalies,
provides an overview of genetics and the
terminology used to categorize and identify congenital anomalies. A select group
of craniofacial anomalies that impact communication is presented. The information
in Part I sets the stage for the remainder
of the book.

1
Orofacial and Velopharyngeal
Structure and Function
Jamie Perry and David J. Zajac

Introduction

The Face

Orofacial clefts can involve structural
anomalies of the upper lip and gum ridge,
nose, hard palate, and soft palate to various degrees. If a cleft is part of a syndrome
or sequence, then additional craniofacial
anomalies may be present involving the
lower jaw, face, ears, and skull. In order to
understand the nature and management
of clefts — including embryological development, anomalies at birth, impact on
feeding, hearing and speech, and surgical
repair — the speech-language pathologist
must have a fundamental understanding
of orofacial and velopharyngeal structures and function. The purpose of this
chapter is to review (a) structures of the
face, nasal cavity, oral cavity, pharynx,
and velopharynx that may be affected by
clefts, and (b) velopharyngeal function of
normal speech production.

The face is part of the skull that contains
the forehead and bony framework for the
eyes, nose, and mouth. Facial landmarks
of the nose and upper lip can be seen in
Figure 1–1. The nasion is the bony structure at the root of the nose between the
eyes. The nasal columella consists of skin
and underlying tissue that separates the
nose into two nostrils. It courses from
the anterior nasal spine (shown in Figure
1–3) to the nasal tip. Nostrils, also called
nares, are openings bounded laterally by
a cartilaginous ala nasi (curved lateral
portion of the nose) and alar rim (outer
rim). The alar base connects the alar rim
to the upper lip. The philtrum, also called
philtral dimple or groove, is a midline
indentation that courses from the nose
to the upper lip and is bounded laterally
by the philtral ridges, also called philtral

3

4

Evaluation and Management of Cleft Lip and Palate: A Developmental Perspective

Figure 1–1. Facial landmarks.

columns. The philtral ridges are created
by fusion of the maxillary, medial nasal,
and lateral nasal processes during embryological development (see Chapter 2). The
vermilion zone is the pigmented portion
of the lips. The Cupid’s bow is defined by
a double curve along the superior edge of
the upper lip. The white roll is a distinctive landmark that surrounds the vermilion zone. When a cleft of the lip occurs,
symmetrical reconstruction of the Cupid’s
bow presents a particular challenge for
the surgeon (see Chapter 5).

Nasal Cavity
The nasal cavity consists of the airway
from the nares to the nasopharynx (Figure 1–2). The nasal cavity is the first and
last point of airflow to and from the lungs
and provides important physiologic func-

tions such as filtering, humidification, and
temperature regulation of inspired air. During speech production, the nasal cavity also
functions as an air-filled resonator for nasal
consonants (see Chapter 8). The smallest
cross-sectional area of the nasal cavity is
called the internal nasal valve (Hixon,
Weismer, & Hoit, 2008; Proctor, 1982). This
valve is located approximately 1 cm from
the vestibule (entrance) of the nose and is
bounded by the upper lateral cartilage, the
medial wall of the septum, and the anterior
part of the inferior turbinate. The internal
nasal valve provides the greatest resistance
to inspired airflow, accounting for approximately two-thirds of the total resistance of
the nasal airway (Foster, 1962). Just before
entering the nasopharynx, the nasal airway
narrows again into a funnel-like structure
called the choanae.
The nasal cavity is lined with mucous
membrane that is continuous with the
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Figure 1–2. Lateral view of the nasal cavity, oral cavity, and nasopharynx and related
structures.

pharynx and oral cavity. The lateral walls
of the nasal cavity are made up of three
bones called nasal turbinates or nasal
conchae (see Figure 1–2). The superior
and middle nasal turbinates are part of
the ethmoid bone and the inferior turbinate articulates with the maxilla anteriorly and the palatine bone posteriorly.
The mucous-covered turbinates function
to warm and moisten incoming air. The
grooves formed under each turbinate
are called nasal meatuses. Proctor (1982)
refers to the middle and inferior meatuses
and turbinates as the “main nasal airway”
and the area above the middle turbinate
as the “olfactory airway.” As discussed
in Chapter 9, clinicians attempt to pass a
nasal endoscope over the inferior turbi-

nate and through the middle nasal meatus
to obtain a view of the nasal surface of
the velum.
The midline nasal septum consists of
cartilage and bone. Specifically, the septum contains the single unpaired vomer
bone, perpendicular plate of the ethmoid
bone, and septal (quadrangular) cartilage
(Figure 1–3). The septal cartilage connects
to the nasal columella forming the anterior portion of the nasal septum. In an
unrepaired cleft palate, the vomer bone
can be visualized during oral inspection
(Figure 1–4).
The floor of the nasal cavity — which
also forms the roof of the mouth— is made
up of the bones of the hard palate. A bony
ridge, called the nasal crest, runs the
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Figure 1–3. Structures of the midline nasal septum.

Figure 1–4. Oral view of a complete cleft palate. Note the midline
nasal septum visible through oral inspection.

length of the superior nasal surface of the
hard palate and serves as the attachment
of the nasal septum (vomer bone) to the
nasal floor. As shown in Figure 1–4, how-

ever, the vomer bone does not attach to
the hard palate when a complete bilateral
cleft of the secondary palate occurs (see
Chapter 2).

Orofacial and Velopharyngeal Structure and Function

Oral Structures
Figure 1–5 shows structures of the oral
cavity. The palate consists of hard bony
and soft muscular parts. The soft palate,
also called the velum, extends beyond the
hard palate and terminates at the uvula.
As seen in Figures 1–2 and 1–5, the anterior and posterior faucial pillars attach
the soft palate to the tongue and pharynx,
respectively. The palatoglossus muscle
courses inferiorly through the anterior
faucial pillar, while the palatopharyngeus
muscle courses inferiorly through the
posterior faucial pillar (see Figure 1–8).
Between the two pillars is the faucial isthmus, where the palatine tonsils can be
found. Lingual tonsils are located on the
base of the tongue (not visible in Figure
1–5). The alveolar ridge is the raised portion of the upper and lower dental arches,
which provides support for the teeth.

Figure 1–5. Oral structures.
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Hard Palate
The hard palate is the bony structure that
forms the floor of the nasal cavity and roof
of the oral cavity. During embryological
development, the hard palate evolves
from two vertical shelves of bone that elevate and fuse in the midline (see Chapter 2,
Figure 2–12). The line of fusion is called the
median palatine suture, or the intermaxillary suture (Figure 1–6). The bony hard
palate is divided into the premaxilla, palatine processes, and palatine bones. The
premaxilla is anterior to the incisive foramen and contains the central and lateral
incisors. The incisive foramen is a small
opening that passes nerves (nasopalatine
nerve) and blood vessels (sphenopalatine
artery) to the oral mucosa of the hard palate. The premaxilla is separated from the
palatine processes by the incisive sutures.
As discussed in Chapter 2, the premaxilla fuses to the palatine processes along

