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Preface

The quest for optimal patient outcomes is a driv-
ing force for health care professionals. This is espe-
cially true for those caring for children and adults
born with cleft lip and palate. Significant advances
in interdisciplinary cleft care, coupled with exponen-
tially expanding information dissemination, facilitate
knowledge sharing and quality improvement on a
global level. A remaining aspiration of those involved
in cleft care is to “level the playing field” and achieve
ideal outcomes at all income and resource levels. That
goal inspired the current work.

Through print, illustration, and videography, this
book presents the knowledge, skill, and evidence-
based practice of an interdisciplinary group of cleft

experts from around the world. Lessons from individ-
uals practicing in a variety of cultures and resource
environments have been thoughtfully assembled.
The resulting work provides the reader with practi-
cal and personally vetted solutions for all aspects of
cleft care. Highly accurate illustrations by surgeon-
artist Dr. David Low and technical videos accompa-
nying this book also enhance the reader’s ability to
understand and apply techniques used by the authors
to achieve successful outcomes. A multidisciplinary
team approach is essential for rendering the best pos-
sible cleft care, and we hope this book serves as a
catalyst for development of comprehensive cleft pro-
grams worldwide.
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Embryology, Anatomy, and
Classification of Cleft Lip and Palate

Carolyn R. Rogers-Vizena and Anne M. Burrows

Introduction

Shape and form of the human face is rooted in early
embryonic development. Similarly, cleft lip and/
or palate (CL/P) begins with malformation early in
embryonic development that persists as tissues dif-
ferentiate and development progresses. This chapter
will provide the embryologic and anatomic founda-
tion necessary to understand CL/P pathology. In addi-
tion, common classification systems used to describe
and document the extent of anatomic findings in
CL/P will be presented to foster consistent language
for communicating CL/P phenotype.

Embryology

Knowledge of normal facial embryology is impor-
tant for understanding the underlying basis of cra-
niofacial anomalies such as CL/P. Basic morphology
of the face is established between the 4th and 8th
embryonic weeks, developing from five primor-
dia surrounding a central stomodeum (primitive
mouth). These primordia include a single midline
frontonasal prominence (FNP), paired maxillary
prominences, and paired mandibular prominences.
These prominences undergo mostly symmetrical
growth followed by subsequent fusion to form
the face.

Development of the Face

During the 4th week, the stomodeum invaginates,
and nasal pits, or placodes, form in the FNP. In the
5th week, medial and lateral nasal processes form
around the nasal pits (Figure 1-1). The FNP gives rise
to the nose, philtrum, primary palate, perpendicular
plate of the ethmoid bone and vomer (nasal septum),
cribriform plates, and forehead. The medial nasal pro-
cesses go on to form the nasal tip, columella, phil-
trum, and premaxilla/primary palate (central portion
of the alveolus and anterior hard palate, including
the central and lateral incisors). The lateral nasal pro-
cesses form the nasal alae.

Concomitant with FNP development, the first
pharyngeal arch forms paired maxillary prominences
that enlarge and migrate ventrally. The maxillary
prominences give rise to the upper cheek and most
of the upper lip, maxilla, zygoma, and secondary
palate. The medial nasal processes and maxillary
prominences fuse to form a continuous upper lip and
primary palate by the end of the 6th week (Sperber
et al., 2001). Disrupted fusion of the medial nasal
process and maxillary prominence results in cleft lip
and alveolus (Larrabee et al., 2004).

Development of the Palate

The palate develops between the 6th and 12th weeks
from a single midline nasal septum originating on the
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FIGURE 1-1. Embryologic and fetal facial development. The face forms from the frontonasal prominence (FNP, orange), paired maxil-
lary prominences (pink), and paired mandibular prominences (green). At the beginning of week 5, the mandibular prominences have
merged, a stomodeum begins to invaginate, and nasal pits start forming in the FNP. By the end of week 5, medial (yellow) and lateral
(blue) nasal processes form around each invaginating nasal pit and the optic placodes form. In week 6, the medial nasal process and
maxillary prominence fuse and the stomodeum narrows as the maxillary and mandibular prominences fuse. A primitive septum forms
from the FNP, and vertically oriented palatal shelves form from the maxillary prominence. During weeks 7 to 8, primitive eyes migrate
medially, the medial nasal processes fully form the philtrum and primary palate, palatal shelves elevate, and the primary palate begins
to fuse with the secondary palate. By week 10, primitive ears have formed from the first and second branchial arches and migrate
superolaterally and the palatal shelves fuse with each other and the developing septum in an anteroposterior direction. By week 12, the

secondary palate has fully fused.

FNP and paired lateral palatine processes originat-
ing on the maxillary prominences (see Figure 1-1).
The palatine processes grow inferiorly, lateral to the
developing tongue. As the maxilla and mandible
develop and enlarge, the tongue moves caudally,
permitting the palatine processes to elevate into a
horizontal position (known as “palatal shelves”) dur-
ing the 7th and 8th weeks. The palatal shelves fuse
with the primary palate in a Y-shaped configuration,
with the apex forming the incisive foramen in the
6th and 7th weeks. Posterior to the incisive foramen,
the palatal shelves fuse with each other and with the
nasal septum starting anteriorly and extending pos-
teriorly beginning around the 8th week and ending
by the 12th week. Ossification of the primary palate
and anterior secondary palate forms the hard palate.
The posterior secondary palate does not ossify and
forms the soft palate and uvula (Sperber et al., 2001).
Failure of the palatal shelves to elevate and fuse at the
midline results in a cleft palate (Larrabee et al., 2004).

Anatomy

Normal Lip and Nasal Anatomy

Upper lip surface anatomy reflects its embryologic
formation and underlying muscular anatomy. Under-
standing key surface landmarks is critical for properly
designing a cleft lip repair (Figure 1-2). The colu-
mellar-labial junction is the intersection between the
columella and superior part of the upper lip. Inferior
to this is the philtral dimple, a cutaneous indentation
in the center of the upper lip. The philtral ridges are
raised areas of skin flanking the philtral dimple on
either side. They extend inferiorly to elevated areas of
vermilion called the peaks of Cupid’s bow. Between
these two elevated areas is a vermillion depression,
the low point or nadir of Cupid’s bow. The white roll
is a raised area of skin just superior to the vermil-
lion. The red line represents the transition from dry,
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FIGURE 1-2. Surface anatomy of the lip. Key landmarks include
columellar-labial junction (blue line), philtral dimple (green asterisk),
philtral ridges (yellow dotted line), high points of Cupid’s bow (purple
dots), low point of Cupid’s bow (black dot), white roll (white dotted
line), red line (red dotted line), and median tubercle (teal asterisk).

keratinized vermillion to labial mucosa. Finally, the
median tubercle is the prominence at the most infe-
rior extent of the upper lip.

In a normal upper and lower lip, the orbicularis
oris muscle (OOM) extends from modiolus to modio-
lus (the confluence of facial muscles lateral to the oral
commissure), creating a muscular sphincter. There
are two major OOM subdivisions in the upper lip, the
pars marginalis (inferior) and the pars peripheralis
(superior). Pars marginalis is a continuous band of
muscle fibers while pars peripheralis fibers decussate
at the midline with fibers from the contralateral side
inserting deep to dermis of the contralateral philtral
ridge (Figure 1-3). This forms the underlying muscu-
lar architecture of the philtral ridges and dimple but
is not the only factor contributing to philtral shape.
Thickened dermis and connective tissue are present
at the ridges, and there is a paucity of connective tis-
sue at the dimple. In cross section, the configuration
of the OOM is a subtle “J” shape with the distal tip of
the “J” lying deep to the white roll and contributing
to its raised appearance (Rogers et al., 2014).

In the normal nose, three-dimensional shape is
primarily supported by the paired lower and upper
lateral cartilages as well as the single midline carti-
laginous septum (see Figure 1-3). The arch-shaped
lower lateral cartilages are conceptualized as three
sections. Inferiorly, the medial crura are narrow por-
tions of the arch beginning superficial to the anterior
nasal spine and extending along the inferior border

normal

peripheralis
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FIGURE 1-3. Orbicularis oris muscle and nasal cartilage anatomy. (Left) Normal anatomy. (Center) Unilateral cleft lip.

(Right) Bilateral cleft lip.
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of the septum, before bending laterally. This bend,
or genu, is called the middle crus and supports the
nasal tip. The cartilages widen, extending superolat-
erally from the genua as the lateral crura, providing
soft tissue support to the lateral nasal tip and alae.
The upper lateral cartilages lie superior to the lower
lateral cartilages and extend laterally from the sep-
tum supporting the middle vault of the nose. The
midline nasal septum supports the dorsum of the
nose and separates the two nasal vaults. It intersects
posteriorly with the perpendicular plate of the eth-
moid bone (superior) and the vomer (inferior), which
merges with the hard palate (Fisher & Mann, 1998).

The major blood supply to the upper lip and
nose arises from branches of the paired facial arter-
ies (Figure 1-4). The upper lip is primarily supplied
by the superior labial branches. Beyond the supe-
rior labial branch point, the facial artery continues
as the lateral nasal artery to supply to the nasal tip.
The superior labial arteries anastomose with each
other at the midline and give off septal and columel-
lar branches. The columellar branches anastomose
with the dorsal and lateral nasal arteries. The clinical
significance of this rich anastomotic network is that
the lip and nose remain well perfused despite disrup-
tion of major vascular branches.

Sensory innervation of the lip and nose comes
from branches of the trigeminal nerve (cranial nerve
V), primarily the infraorbital branch of the maxillary
nerve, but with contribution from the external nasal
branch of the ophthalmic nerve. These branches are

amenable to regional anesthetic block during cleft lip
repair (see Chapter 12).

The skeletal structures most relevant to a cleft
lip are portions of the maxilla (Figure 1-5). These
form the inferior borders of the piriform aperture that
encompasses the nasal cavity. Anteriorly, a midline
outcropping called the anterior nasal spine supports
the nasal tip, columella, and superior upper lip. The
maxilla also comprises the tooth-bearing alveolus and
anterior hard palate.

Cleft Lip/Nasal Anatomy

Cleft lip involves structures of the lip, nose, and pri-
mary palate. Nasolabial tissue is malformed, rather
than deficient. In a unilateral cleft, the nasal tip and
ala on the cleft side are displaced inferiorly and
posterolaterally, corresponding to deformity of the
underlying lower lateral cartilage and maxilla. The
arch of the genu is widened and lateral crus inferiorly
and posterolaterally positioned (see Figure 1-3). In
more severe unilateral clefts, the lateral crus has a
downward deflection or “recurvatum.” The anterior
nasal spine and caudal septum deviate away from
the cleft and the mid-septum bows toward the cleft
(Fisher & Sommerlad, 2011). The lip is divided where
the philtral ridge should be, extending through the
peak of Cupid’s bow and vermillion. This division
may be incomplete, including only the inferior mar-
gin of the lip, or complete, extending all the way

normal

superior labial

\-

unilateral cleft

bilateral cleft

FIGURE 1-4. Lip/nasal vascular anatomy. (Left) Normal anatomy. (Center) Unilateral cleft lip. (Right) Bilateral cleft lip.
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FIGURE 1-5. Skeletal anatomy. (Top left) Normal anatomy. (Bottom center) Unilateral cleft lip. (Top right) Bilateral cleft lip.

into the floor of the nose. On the labial surface, the
vermillion narrows beyond where the peak of Cupid’s
bow should be, with the vermillion-cutaneous junc-
tion and vermillion-mucosal junction eventually con-
verging along the margin of the cleft. In a complete
cleft, the OOM is discontinuous, whereas there may
be superior bridging fibers in an incomplete cleft.
Orbicularis oris muscle fibers are oriented toward the
alar base lateral to the cleft and columella medial to
the cleft (see Figure 1-3). With increasing cleft sever-
ity, the philtral dimple effaces but remains present, in
contrast to a bilateral cleft. The philtral ridge remains
present on the noncleft side (Rogers et al., 2014).
The superior labial artery is discontinuous, oriented
along the cleft margin (see Figure 1-4). The underly-
ing maxillary alveolus is protuberant on the noncleft
side and may be collapsed on the cleft side (see Fig-
ure 1-5). The lateral incisor tooth is often absent on
the cleft side, but particularly in the setting of an
incomplete cleft, there may be an abnormal lateral
incisor or supernumerary tooth.

In a bilateral cleft lip, the nasal tip is broad and
flat, with both lower lateral cartilages having the
abnormal configuration described for the cleft side in
a unilateral cleft lip (see Figure 1-3). In a symmetric

bilateral cleft lip, the septum and anterior nasal spine
are midline, but in some cases, a bilateral cleft is
asymmetric with corresponding deviation. The lip is
divided at the area of the philtral ridge bilaterally. The
central soft tissue element, the prolabium, has narrow
vermillion and lacks a white roll in a complete cleft.
The lateral lip vermillion deformity is analogous to
the cleft side in a unilateral cleft lip. Orbicularis oris
muscle fibers are oriented toward both alar bases
laterally (see Figure 1-3). In a bilateral complete cleft
lip, the prolabium lacks muscle tissue and the philtral
dimple is completely effaced, whereas in a bilateral
incomplete cleft lip, a small amount of OOM may
bridge the prolabium and a subtle philtral dimple
may be present. The superior labial arteries supply
lateral lip elements, while the columellar and pos-
terior septal arteries supply the prolabium (see Fig-
ure 1-4). Prolabial blood supply is critical to bear in
mind when designing a bilateral cleft lip repair. When
there is a complete alveolar cleft, the premaxilla is
protuberant due to excessive anterior growth at the
premaxillary-vomerine suture and the lateral alveolar
segments collapsed (see Figure 1-5). Blood supply
to the premaxilla comes primarily from branches of
the posterior septal and anterior ethmoidal arteries,
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an important consideration during premaxillary set-
back. The lateral incisors may be absent, abnormal,
or supernumerary teeth may be present bilaterally.

Normal Palatal Anatomy

The anterior two thirds of the hard palate is formed
by paired palatine processes of the maxilla. The pos-
terior third, mesial to the tooth-bearing alveolus, is
formed by the paired palatine bones. Superiorly, the
hard palate and vomer articulate supporting the nasal
floor. The incisive foramen is located at the midline,
just posterior to the alveolus at the junction of the pri-
mary and secondary palate. Structures anterior to the
incisive foramen are considered the primary palate,
and structures posterior to it, the secondary palate.
The soft palate, or velum, is located posterior to
the hard palate (Figure 1-6). It is a muscular sling
formed by the paired levator veli palatini, palatopha-

ryngeus, palatoglossus, and musculus uvuli, rein-
forced by the aponeurosis of the tensor veli palatini
muscles. The levator in particular extends from the
temporal bone into the velum and acts as the primary
elevator of the soft palate during speech, whereas
the palatoglossus and palatopharyngeus muscles
elevate the posterior tongue and lateral pharyngeal
walls while drawing the soft palate inferiorly to pro-
pel the food bolus during deglutition. Together with
the superior constrictor muscle in the pharynx, these
muscles form the velopharyngeal sphincter that pro-
vides dynamic separation of the oro- and nasophar-
ynx during deglutition and speech. In addition, the
tensor veli palatini acts as the principal dilator of the
Eustachian tube, with further input from the levator
veli palati, salpingopharyngeus, and tensor tympani
muscles (Cho et al., 2013).

Palatal and velopharyngeal blood supply comes
from branches of the paired maxillary arteries,
ascending pharyngeal arteries, and ascending pala-

4 a
incisive foramen
greater palatine jﬂj :
artery £
reater L ol |
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FIGURE 1-6. Palatal anatomy—normal anatomy from intraoral (left) and sagittal (right) views. Deep to the glandular submucosa of the
soft palate, the palatoglossus and palatopharyngeus muscles enter. The levator enters deep to these muscles but interdigitates with
them, approaching the midline to form the velopharyngeal sling. The tensor tendon wraps around the pterygoid hamulus, spreading into
a broad aponeurosis approaching the midline. The musculus uvula is primarily located on the deep/nasal surface of the velopharyngeal
sling, extending from the tensor aponeurosis to the uvula.
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tine arteries. The soft palate has a rich blood sup-
ply from branches of these arteries. The hard palate
mucoperiosteum is primarily supplied by the greater
palatine branches of the maxillary artery, an impor-
tant consideration during cleft palate repair.

Hard palate sensory innervation comes from the
greater palatine and nasopalatine branches of the
maxillary nerve while soft palate sensation is from
the lesser palatine branch of the maxillary nerve. The
maxillary nerve is a branch of the trigeminal nerve
amenable to regional anesthetic block at the ptery-
gopalatine fossa (see Chapter 10).

Cleft Palate Anatomy

Cleft palate involves structures of the secondary pal-
ate. When the hard palate is cleft, the maxillary and
palatine bones are separated both from the contra-
lateral side and from the vomer, resulting in commu-
nication between the oro- and nasopharynx. When
the soft palate is cleft, there is a midline separation
of the velum (Figure 1-7). The tensor veli palatini
aponeuroses, levator veli palatini, palatoglossus, and
palatopharyngeus muscles are discontinuous with
each other and disoriented anteriorly. The tensor

aponeuroses inserts on the posterolateral hard pal-
ate, while the palatoglossus and palatopharyngeus
muscles insert on the posteromedial hard palate and
cleft edge. The levator runs parallel to the other velar
muscles but fails to reach the midline (Fisher & Som-
merlad, 2011). Thus, these muscles fail to interdigitate
and form the dynamic sling needed to control oro-
nasal airflow and facilitate Eustachian tube function.

Submucous cleft palate, a lesser form of cleft
palate, involves muscular diastasis of the soft palate
with intact mucosa. The diastasis may be visualized
as a bluish “zona pellucida,” or furrow, in the soft
palate. Other findings may include bifid uvula and/
or notch in the posterior hard palate (Calnan, 1954).
This type of cleft is often diagnosed during evaluation
of abnormal speech.

Phenotypic Spectrum and Classification

The wide phenotypic variation of CL/P has inspired
numerous systems for describing the extent of the
defect. The classifications described here are not all-
inclusive but are some of the most commonly used
ways to document clefting.
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FIGURE 1-7. Palatal anatomy—cleft palate anatomy from intraoral (left) and sagittal (right) views. In addition to the cleftitself,
key findings are anteromedial disorientation of the levator veli palatini, palatoglossus, and palatopharyngeus musles and ten-
sor veli palatini aponeurosis without medial interdigitation. The musculus uvulae are small or absent.
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Cleft Lip

Cleft lip is broadly classified as unilateral (one-sided)
or bilateral (two-sided) and further categorized by the
extent of the discontinuity. Complete cleft lip involves
a separation extending from the lip margin through
the nasal floor. In an incomplete cleft lip, there is sep-
aration at the free margin of the lip with a superior
connection, ranging from a thin skin bridge or band
to a substantial musculocutaneous connection. Lesser
forms of incomplete cleft lip involve smaller degrees
of disruption of the vermillion-cutaneous junction at
the peak of Cupid’s bow: mini-microform (notch of
the vermilion-cutaneous junction without elevation
of the peak of Cupid’s bow), microform (disruption
of the free margin of the lip with <3 mm elevation of
the peak of Cupid’s bow), and minor form (disruption

of the free margin of the lip with 3 to 5 mm eleva-
tion of the peak of Cupid’s bow). Classifying a labial
cleft according to these descriptive terms is useful for
both verbally communicating the degree of clefting
and determining extent of the lip repair (Yuzuriha &
Mulliken, 2008).

Cleft Palate

Cleft palate is often described using the Veau classifi-
cation (Figure 1-8), allowing clinicians to communi-
cate the anatomic nature of the defect. A Veau I cleft
involves the soft palate only, a Veau II cleft includes
the hard and soft palate, a Veau III extends unilater-
ally along the junction of the primary and secondary
palate (i.e., a unilateral complete cleft lip and palate),

(

Veau lll

Veau Il

Veau IV

FIGURE 1-8. Veau classification of cleft palate. (Top left) Veau I. (Top right)
Veau Il. (Bottom left) Veau IlI. (Bottom right) Veau IV.
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