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Facial cleft Anatomy

The cleft lip and nasal deformity occurs from disruption of orbicularis oris muscle and uncoupled
premaxillary growth. The severity occurs along a spectrum related to the extent of clefting along
lines of fusion. The asymmetric disruption/uncoupling in a unilateral cleft produces a twist defor-
mity. The symmetric disruption/uncoupling in a bilateral cleft results in unrestrained growth of the

premaxilla.

Goals of unilateral cleft lip repair are to level Cupid’s bow, centralize the prolabium and columella,
and balance the alar base positions (by advancing the cleft alar base anteriorly and the noncleft alar
base medially), in addition to reconstructing the orbicularis sphincter.

Goals of bilateral cleft lip repair are to construct a philtrum using the prolabium, produce adequate
central lip fullness to allow lip competence, and balance nasal base relationships (by advancing alar
bases anteriorly), in addition to reconstructing the orbicularis sphincter.

INTRODUCTION

Management of cleft lip involves changing
techniques and evolving principles. Meanwhile,
comprehensive care has broadened to incorporate
amultidisciplinary team approach with focus on the
patient and family. The American Cleft Palate-
Craniofacial Association has established stan-
dards of team composition, team management,
communication, cultural competence, psychologi-
cal/social services, and outcome assessment
(www.acpa-cpf.org). While the focus of this review
is on surgery, management by a specialized center
with a concentration of expertise and interdisci-
plinary care is emphasized.

Cleft lip ( cleft palate), or CL/P, occurs in
approximately 2 out of 1000 Asians, 1 out of 1000
Caucasians, and 0.5 out of 1000 African Americans
with a 6:3:1 ratio of left:right:bilateral involvement.
The condition is more common in boys and is usu-
ally sporadic (70%). Isolated cleft palate occurs in

0.5 out of 1000 newborns regardless of ethnicity,
is more common in girls, and more frequently
associated with syndromes (50%). Associated
syndromes include van der Woude (lower lip pits);
Stickler (type 2 collagen abnormality with myopia,
retinal detachment, and glaucoma); 22Q11
deletion (multiple facial characteristics, develop-
mental delay, and other associations); CHARGE;
Goldenhar/oculo-auriculo-vertebral; ectrodactyly,
ectodermal dysplasia, cleft; and Smith-Lemli-
Opitz. When not syndromic, the etiology of CL/P
is thought to be multifactorial. The risk of a future
child with CL/P is 4% if 1 child or parent is affected,
9% if 2 children are affected, and 17% if a child and
a parent are affected.

At 4 to 6 weeks of gestation, the medial nasal,
lateral nasal, and maxillary processes fuse to
form the nose, upper lip, and primary palate
(Fig. 1). Posterior to the incisive foramen, the sec-
ondary palate develops from fusion of lateral pala-
tine processes at 6 to 12 weeks of gestation.
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Fig. 1. Embryogenesis. (Upper image Bruce M. Carl-
son, Human Embryology and Developmental Biology,
Fifth Edition. 2014 Elsevier Inc.)

The nasolabial anatomic subunits are detailed in
Fig. 2. The cutaneous roll has a shiny convex
appearance and is characterized by sparse vellus
hair. The vermilion or “dry” red lip is keratinized
squamous epithelium that contains an abundance
of superficial capillaries. In contrast, the mucosa
or “wet” red lip is nonkeratinized. Deep to skin the
pars peripheralis of the orbicularis oris muscle forms
a compact midline decussation with fibers inserting
into skin on either side of the philtral ridges.

Failure of mesenchymal penetration along
embryologic lines of fusion results in clefting. The

Fig. 2. Anatomic subunits. (From Tse R, Fisher D. Uni-
lateral cleft lip repair, anatomic subunit approxima-
tion technique. In Neligan P ed. Plastic Surgery 5th
edition: Volume 3, Craniofacial, Head and Neck Sur-
gery, and Pediatric Surgery. ISBN 9780323810371
Elsevier 2024.)

extent of involvement typically progresses from
anterior to posterior. Kernahan’s Y and the LAH-
SHAL notation provide means for classification
(Fig. 3), but are cumbersome. The “CLAP nota-
tion” is recently proposed as an alternative, which
represents the involved structures (lip, alveolus,
and palate, respectively), the lowercase prefix
serves as a descriptor of cleft lip severity and later-
ality and the suffix provides information regarding
the morphology of the palate (Fig. 4).*

In addition to the extent of involvement, the
severity of cleft lip (Fig. 5) may be complete, com-
plete with soft tissue band (where there is a com-
plete alveolar cleft), incomplete, or microform
(involving less than one-fourth of the lip height or
<3 mm above the Cupid’s bow peak?).

Note that these conventions for grading severity
are limited because they rely upon external exam-
ination of the “ectodermal defect” (involving skin
and surface tissues) when the underlying “meso-
dermal defect” (involving muscle and bone) can
be more extensive. Patients presenting with a
mild cleft lip deforming may also demonstrate a
severe nasal deformity due to a more extensive
subdermal/submucosal disruption of muscle or
bone.®

PRESURGICAL MOLDING

Malleable tissues and cartilage plasticity due to
persistent maternal estrogen circulation as well
as rapid facial growth provide an opportunity for
molding to facilitate surgical repair. Molding sets
out to align the alveolar segments/arch and
improve the nasal shape. The role of molding for
unilateral clefts continues to be debated there
are few well-controlled long-term comparative
studies to justify the additional costs and burden.
Although there is even less evidence to support
molding for bilateral clefts, clinical consensus is
that it can be helpful to limit the protrusion of the
premaxilla and, when a molding plate is used,
reduce the collapse of lesser segments that can
result in the premaxilla being “locked out” anterior
to a U-shaped alveolar arch.

Passive Molding

Lip taping produces an indirect restraining force
on the alveolar segments that is simple, inexpen-
sive, and can reduce an alveolar gap. Alveolar
molding employs a regularly adjusted custom
appliance to guide palatal growth. It provides
greater control but requires a skilled orthodontist
and frequent visits, and it may not be tolerated.
Nasoalveolar molding (NAM) combines an intraoral
molding device with nasal stent(s) to guide both
the alveolar arch and nasal cartilage. It may
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Fig. 3. (A) Kernahan classification and (B) LASHAL Classification.

provide subtle long-term improvements but can be
burdensome and risks producing a “mega-nostril”
by overstretching an ala that remains tethered to
the alveolus.* An alternative to NAM that does
not require frequent visits involves lip taping with
nasal elevator/stent. Outcomes similar to NAM
have been reported.

Active Molding

In the 1980s, Latham introduced a surgical pro-
cedure to place a pin-retained, screw-activated
appliance. This has been shown to deproject the
maxilla and expand the lateral alveolar cleft seg-
ments via mechanical means. While this type of
presurgical treatment provides more control and

unilateral

[rge] u

Fig. 4. Example of CLAP notation.

prevents the child’s removal, it requires significant
commitment by the caregivers, exposes the child
to an additional anesthesia event, and may lead
to growth restriction and malocclusion.*

Lip Adhesion

A partial repair of the cleft lip can produce restrain-
ing forces that mold alveolar segments. The adhe-
sion involves tissues along the cleft margin that
would normally be discarded during definitive
repair. Proponents advocate that conversion of a
cleft to a less-severe form facilitates definitive
repair while skeptics argue that the additional sur-
gery is unnecessary and the scar compromises the
ultimate outcome.

complete | cleft and with a |Veau3| cleft |palate|

¢ [t][a][e] 2]
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Fig. 5. Cleft types.

SURGICAL TREATMENT
Timing of Repair

Traditionally, repair has been performed as early
as 3 months of age; however, there is no evidence
that early surgery enhances scar quality. Addition-
ally, as children grow, their tissues become
more robust and easier to manage, perioperative
care can be less challenging for parents, and
the risks associated with anesthesia are mini-
mized. Consequently, some centers choose to
postpone repair until 6 months of age, and in
cases without an associated cleft palate, until
9 months of age.

In few areas of plastic surgery is a grasp of com-
plex 3 dimensional anatomy as crucial as in cleft lip
repair. While the nose is often viewed as distinct
from the lip, they are inherently interconnected.
The premaxilla is the growth center of the midface,
and when the link between segments is disrupted
by a cleft, the uncoupled growth results in distinct
nasolabial manifestations. In a unilateral cleft, the
uncoupling is asymmetric, thereby producing a
twist deformity, while in a bilateral cleft, the uncou-
pling is symmetric, resulting in unrestrained pre-
maxillary growth and a stretch deformity (Fig. 6).

Unilateral Clefts

The deformity

Understanding cleft lip nomenclature is essential
for minimizing ambiguity and enhancing the
comprehension and advancement of surgical
techniques (Table 1).

Complete with band

Microform

—

Compléte*

-

Asymmetric Binderoid

Along the cleft margins, structures taper away,
and tissues become hypoplastic. Disruption of
the orbicularis sphincter results in abnormal mus-
cle “insertions” at the cleft-sided alar base and
columella, which accentuate the widened nasal
sill on animation (Fig. 7).

On the medial lip element, shortening of the
philtral height on the cleft side (compared to the
noncleft side) of the philtrum results in an upward
tilt of Cupid’s bow. The peak of Cupid’s bow on
the noncleft side has a convex contour, whereas
on the cleft side, there is no distinct peak and
the tissues taper toward the cleft.

On the lateral lip element, there may be a
convex contour corresponding to the lateral side
of the Cupid’s bow peak.> At the medial extent
of this contour is Noordhoff point, which was
originally defined as the location along the lip
where the vermilion height is the tallest and the
vermilion-cutaneous junction (“red line”) begins
to taper toward the vermilion border.® Lateral to
this point, the cutaneous roll is well defined,
whereas medial to this point, it becomes less
distinct.

Under the surface, the relationship of maxillary
segments defines 3-dimensional nasolabial con-
figurations (Fig. 7). Uncoupling of the greater and
lesser segments results in an outward, forward,
and upward swing of the premaxilla that drives
the prolabium, anterior nasal spine, caudal
septum, and columellar base away from midline
and onto the noncleft side of the face. The nasal
dorsum (including dorsal septum and bony
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Fig. 6. Patterns of uncoupled premax-
illary growth. In a unilateral cleft, the
outward swing of premaxilla produces
a "twist" deformity of the nose. In a
bilateral cleft, the unrestrained for-
ward projection of premaxilla pro-
duces an antero-posterior ‘‘stretch™
of the nose.

pyramid) follow, deviating to the noncleft side.
Meanwhile, lateral to the cleft, the lesser
segment has been “left behind,” resulting in pos-
terior retrusion of the lateral lip and cleft alar
base (that is normal in its medial-to-lateral posi-
tion). The orthogonal vectors of displacement
result not only in an obliquely oriented widening
of the lip but also in a twisting collapse of the

Table 1
Naming conventions
Structure Definition
Greater The larger alveolar/palatal
segment segment of the maxilla in a
complete cleft lip and palate
that includes the premaxilla.
Lesser The smaller alveolar/palatal
segment segment of the maxilla in a
complete cleft lip and palate
that does not include the
premaxilla.
Lateral lip  Upper lip tissue on the lateral side
element of the cleft
Medial lip  Upper lip tissue of the prolabium.
element Depending upon the cleft, this

may be on the medial side of
the cleft, midline, or deviated
into the non-cleft side of the
face. This element will
eventually be on the medial
side relative to the site of
closure along the cleft.
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alar dome. The degree of displacement and
consequent nasal collapse occurs along a con-
tinuum related to the outward swing of the pre-
maxilla (that is governed by the degree and
extent of uncoupling by the cleft) and explains
the clinical spectrum of presentation.”

In the conceptual model proposed by Fisher,
nasal form is defined by horizontal and oblique
arches that follow the nostril rim and the lower
lateral cartilage/accessory chain of cartilages,
respectively (Fig. 8).8 If those arches are repre-
sented by paper ribbons, when their ends are
moved, the resulting shapes mimic those of the
nasal deformity. Specifically, on the cleft side
(where the base elements are widened), the medial
genu of the lower lateral cartilage (LLC) becomes
obtuse and the lateral crus of LLC contributes to
a vestibular web.

Goals of treatment seek to reverse these aberra-
tions. In addition to leveling Cupid’s bow and
aligning elements of respective subunits (including
cutaneous roll and vermilion), the prolabium needs
to be centralized and the lateral lip advanced ante-
riorly (Fig. 7). To untwist the nose, the columellar
base needs to be centralized and alar base posi-
tions need to be balanced by moving the noncleft
alar base medial and the cleft alar base anterior.

An appreciation of the subtle features of the
deformity helps when balancing nasolabial ele-
ments to achieve harmony. The noncleft side has
historically been treated as the “normal ideal” or
“unaffected side”; however, the asymmetric
uncoupling produces opposing changes to the
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a. Primary deformity

b. Anatomic displacements c’. Form and balance

Fig. 7. Analysis of the unilateral cleft lip and nasal deformity. (From Tse R, Ettinger R, Sitzman T, Mercan E. Re-
visiting the unrepaired unilateral cleft lip and nose deformity using 3D surface image analysis: a model and its
implications. Journal of Plastic Reconstructive and Aesthetic Surgery 2021 Oct;74(10):2694-704; with permission.)
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Fig. 8. Nasal arch forms that define the nose and their alteration with nasal base displacements, represented by
paper ribbon models. (From Fisher, M. D., Fisher, D. M., & Marcus, J. R. (2014). Correction of the Cleft Nasal Defor-
mity. Clinics in Plastic Surgery, 41(2), 283-299. https://doi.org/10.1016/j.cps.2014.01.002. and Fisher, DM, Mann RJ.
A model for the cleft lip nasal deformity. Plast Reconstr Surg 1998;101,1448-56 with permission.)
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noncleft side.® As the premaxilla “drives” the nose
lateral and “pushes” the noncleft alar base with it,
the noncleft nasal sill gets “squished” (Fig. 9). That
constriction “pinches” the lateral alar crural ring
causing the noncleft tip defining point to elevate
and appear “boxy.”° These noncleft side alter-
ations occur in opposition to the cleft side where
our attention focuses on the widened nasal sill
and slumped tip/hemidome. In addition, as the
cleft philtral height shortens, the noncleft philtral
height bows and elongates. Although these fea-
tures are less apparent, they can be seen when
examining patients across the spectrum of pre-
sentation (see Fig. 9) and when carefully tracking
changes through a repair (Fig. 10). Through sur-
gery, the noncleft nasal sill widens, the noncleft
nasal tip defining point softens, the noncleft philtral
height shortens, and the shape of the upper cuta-
neous lip subunit changes shape. Recognizing the
dynamic nature of the noncleft side is important
when trying to achieve balance.

Treatment can be framed along principles of
reconstruction that include careful planning, wide
surgical release, and component reconstruction.

Surgical planning

Many approaches to lip repair have been pro-
posed, and modern approaches specifically aim
to address the imbalance of philtral heights. Each
approach has a distinctive design and consequent
pattern upon closure (Fig. 11). Although the

| Incomplete cleft lip

i

Cleft Lip

visibility of scars and tissue discarded are often
debated, the manner in which each approach helps
to produce 3-dimensional correction of nasolabial
form is likely more important to the outcome.
Each approach has characteristics that may best
match a given surgeon’s style and abilities.

The Tennison-Randall repair places a z-plasty
above the cleft side Cupid’s bow peak and involves
a “simple geometric design.”! On the medial side,
a releasing incision allows the Cupid’s bow peak to
drop down. On the lateral side, an equilateral trian-
gular flap is created to fill the defect. It is highly
effective in elongating the lip height along the cleft
and has been advocated for wide complete clefts;
however, there can be a tendency to produce a
lip that is vertically “too long.”

The Millard repair involves a “cut-as-you-go”
approach.'? On the medial side, an incision follows
the margin of the cleft and continues across the
base of the columella to the noncleft side, thereby
allowing the philtrum to “rotate” in a downward di-
rection. The remaining superiorly based flap is the
“C flap” that can be used to close along the nasal
sill or to augment the cleft side columella. On the
lateral side, an incision is made along the cleft
with a transverse incision that dissociates the up-
per lip from the alar base. In doing so, the lateral
upper lip skin can be transposed to lie beneath
the columella, thereby effectively producing a
z-plasty of the upper lip. The lateral lip incision
needs to match the elongated medial lip height.

Fig. 9. Opposing noncleft side aberrations are accentuated with more severe clefts: noncleft side nostril sill
constriction, philtral height elongation, and heminasal tip elevation.
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Fig. 10. Noncleft side changes that can occur through surgery: nasal sill widening, philtral height shortening,
alteration of upper cutaneous lip subunit, and “softening” of heminasal tip defining point. (Tse, Raymond W.
et al., Reply: Unilateral Cleft Lip Nasal Deformity: Foundation-Based Approach to Primary Rhinoplasty. Plastic
and Reconstructive Surgery 146(6):p 830e-831e, December 2020. DOI: 10.1097/PRS.0000000000007396.)

When the lateral lip height is deficient, rather than
extending the incision and back-cut into the nose
(which would transpose nasal hairs on to the lip),
the lateral point of lip closure is moved further to-
ward the commissure. While doing so provides
needed vertical height, it sacrifices lateral lip width.
Many variations have been described,® including
an additional inferior triangle above Cupid’s bow®
and incisions that match the eventual configura-
tion of the upper lip subunit.'* The practice of
extending the transverse component of the latera
lip incision around the alar base has generally
been abandoned as it produced unfavorable
scars, can result in iatrogenic deformity, and is
felt to be unnecessary.

Anticipated closure

Tennison-Randall

LeMesurier

The Mohler repair (Fig. 12) is a notable variation
of the Millard in which the medial lip incision as-
cends into the columella with a back-cut that
comes back down to the nasolabial crease so
that the C-flap can fill the defect and elongate
the columella.'® The total length of the medial lip
incision (with back-cut) should match that of the
noncleft philtral height.

Millard/Mohler repairs and variants provide a
simple means of planning/marking, the liberty of
a more freestyle “cut-as-you-go” approach, and
an opportunity for a surgeon to exercise “artistic
virtuosity.” However, they tend to produce short
lips and rely upon surgeon experience and exper-
tise to produce favorable results.

Millard Mohler Fisher

Fig. 11. Approaches to unilateral cleft lip repair. (A) LeMesurier, (B) Tennison-Randall, (C) Millard, (D) Mohler, (E)

Fisher.
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Fig. 12. Mohler repair.

The anatomic subunit approximation approach
was described by Fisher and aims to place scars
along borders of anatomic subunits when
possible (Fig. 13). It elongates the lip via the
Rose-Thompson effect (whereby a diamond-
shaped excision and closure as a straight line re-
sults in lengthening) and a small laterally based
cutaneous triangle placed above the cutaneous
roll as the philtrum transitions from the horizontal-
ly oriented labial ledge to the vertically oriented
central philtrum. More importantly, it involves a
system of identifying landmarks on the noncleft
and cleft sides that are used to develop a surgical
plan that considers each of the nasolabial sub-
units. Although the original description’s 21
numbered points can be intimidating, the repair
has been modified and updated such that the
points reflect standard anthropometric landmarks
or intersections of subunit creases.'® The repair
has a “measure twice, cut once” characteristic
and has gained wider adoption over time.
Although it takes more time and effort to under-
stand the repair, the system provides more
checkpoints (Fig. 14) that may reduce the new
surgeon’s “learning curve.”

Wide surgical release

Common to all designs for repair, the deeper
dissection is critical for effective correction. Medial
lip incisions are made first so that the philtrum can
be leveled and the lateral lip design verified prior to
committing to those incisions. The orbicularis mus-
cle needs to be freed along the margins of the inci-
sions and from the columella and cleft side alar
base (Figs. 15 and 16). Release can produce
dead spaces in these areas so that inset can facil-
itate retention of anatomy in its corrected position.
Along the lower edge of the lip, the pars marginalis
has a distinctive “J” shape on sagittal section as
the muscle projects under the cutaneous roll and
vermilion. Avoiding excessive delamination of
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muscle in this region helps to preserve the lip’s
pout.

Depending upon the extent of cleft, other re-
leases along the lateral lip (Fig. 17) may be needed
including the upper buccal sulcus (Fig. 18), the
anterior surface of the maxilla/zygoma (in a supra-
periosteal or subperiosteal plane), the submucosal
tissues along the piriform aperture, and if needed,
the mucosa that prevents anterior advancement of
cleft alar base. Releases can be made progres-
sively so that anatomic structures can be placed
into their corrected positions with little or no
tension.

Component reconstruction

Structures need to be retained in their corrected
positions, and tissues should be reconstructed in
kind. Working from deep to superficial provides
easier access.

The lip mucosa is inset so that the free margin of
the lip has a smooth contour and balanced form.
Muscle inset can have profound effects on surface
structures. Inset of the lateral lip muscle into the
dead space under the columella draws the colu-
mella toward midline, thereby contributing to colu-
mellar and philtral centralization. Inset along the
caudal orbicularis should aim to align the “J”
shape of the pars marginalis on each side of the
lip to maintain lip pout (Fig. 19).

The surface skin inset provides the final tension
that balances the nasolabial region. Care is
needed along the nasal sill to ensure that the alar
bases are balanced in their positions, especially
in relation to the columellar base (Fig. 20). Control
of that relationship is grossly stabilized with inset
of the nasal floor.

While components for reconstruction of the lip
are standard, there is much greater variation in
practice when addressing the nose. Each is sub-
ject to considerable discussion and may be per-
formed prior to lip inset.
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The caudal septum can be repositioned to the
midline of the face, thereby facilitating centralization
of the columella, addressing the nasal dorsal
deviation, and uprighting the main supporting

L TR L jaatetobeit ]!

Fig. 13. Anatomic subunit approxim-
ation. (From Tse R, Fisher D. State of
the art: the unilateral cleft lip and
nose deformity and anatomic subunit
approximation. Plast Surg (Oakv) 2024
Feb;32(1):138-47; with permission.)

Intetmediate

Alar-sill crease

structure of the nasal tip. The septum is released
from the anterior nasal spine (that is deviated
away from midline) to lie outside of its bony groove
so that it is straight (Fig. 21). Although primary

Fig. 14. Landmarks and creases to determine points of closure along the nasal sill.
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septoplasty can produce profound alterations of
the nose, only early and limited studies are available
to understand the effects this may have on growth
and the nasal airway.

When the cleft alar base is advanced anteriorly, it
can leave a defect along the lateral nasal sidewall.
Reconstruction reduces risks of alar base subsi-
dence and facilitates nasal floor closure. There
are 3 common methods of reconstruction
(Fig. 22). The L-flap is tissue along the cleft on the
lateral lip that is based upon the naso-alveolar ves-
tibule. It can be transposed into the defect after a
direct release of mucosa along the piriform aper-
ture. An anteriorly based turbinate flap can be
transposed in a similar manner to span the piriform
aperture and the cleft alar base. A lateral nasal wall
flap can be advanced en bloc with the cleft alar
base. The mucoperiosteum of the lateral nasal ves-
tibule is elevated after incising mucoperiosteum

fSubcutaneous T
deadspace

Cleft Lip

Fig. 15. Muscle release and repair. (Tse,
Raymond W. M.D et al., Unilateral Cleft
Lip Nasal Deformity: Foundation-Based
Approach to Primary Rhinoplasty. Plas-
tic and Reconstructive Surgery 144(5):p
1138-1149, November 2019. DOI:10.
1097/PRS.0000000000006182.)

’ / Empty
triangle

along the cleft margin. A releasing incision made
posterior to the piriform and directed from the cleft
margin to the inferior turbinate allows the tissue to
advance forward. These flaps are incorporated
into the nasal floor closure (Fig. 23).

The nasal tip cartilages can be dissected from the
overlying skin and/or underlying mucosa so that
they can be brought together in a more symmetric
relationship. There is great variation in the approach
used for the dissection. Most commonly, the
dissection is performed in a closed manner through
the existing medial and lateral lip incisions. Addi-
tional rim or infracartilaginous incisions on one/
both sides can provide greater exposure. A “reverse
U” incision made on the soft triangle has also been
described by Tajima. While the additional incisions
provide direct access to cartilages, they also pro-
duce more scar. These approaches include risks
of transecting cartilages and other iatrogenic

Fig. 16. Muscle dissection. (From Tse R, Fisher D. Unilateral cleft lip repair, anatomic subunit approximation tech-

nique. In Neligan P ed. Plastic Surgery 5th edition: Volume 3, Craniofacial, Head and Neck Surgery, and Pediatric

Surgery. ISBN 9780323810371 Elsevier 2024.)
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Fig. 17. Intranasal and lateral lip anatomy.

injuries and deformities. McComb reports that
these measures do not produce growth distur-
bance; however, that conclusion was based upon
subjective observations on patients at maturity.
Given that the nasal tip cartilages are at the “roof”
of the deformity, their dissection only likely pro-
duces advantages when the base elements of the
nose (ie, “foundation”) have been corrected
(centralized columella and balanced alar base posi-
tions, Fig. 20) and stabilized.

Variation for microform

In the case of minor-form clefts with nose asym-
metry or a congenital “blemish” that extends
through the full height of the lip, a complete

Inferior
turbinate

Lesser segment
palatal shelf

repair is needed. When the nose is symmetric,
the “double uni-limb z-plasty” can be used to
level and align Cupid’s bow and the philtrum.?
The same design can be produced when using
the system of landmarks of the Fisher repair
(Fig. 24).3

Bilateral Clefts

The deformity

Bilateral cleft lip most often presents in a symmet-
ric manner and typically involves complete cleft lip
and palate. Just as with unilateral cleft lip defor-
mities, a thorough understanding of the nomencla-
ture for bilateral deformities is crucial (Table 2).

Fig. 18. Upper buccal sulcus incision and dissection along piriform and lateral nasal sidewall. (Tse, Raymond W.
M.D et al., Unilateral Cleft Lip Nasal Deformity: Foundation-Based Approach to Primary Rhinoplasty. Plastic
and Reconstructive Surgery 144(5):p 1138-1149, November 2019. DOI: 10.1097/PRS.0000000000006182.)
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Upper border of
cutaneous roll

Alignment of “J” shape
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Bilateral uncoupling of premaxillary growth results
in a premaxilla that grows anteriorly in an unteth-
ered manner and 2 lesser segments that are “left
behind” posteriorly (Fig. 25). While the unilateral
deformity involves a twist, the bilateral deformity
involves a more symmetric anterior “swing” of pro-
labium and premaxilla. In the lateral lip, the orbicu-
laris muscle “inserts” into the base of the ala. In the
prolabium, the muscle is rudimentary and the sur-
face mucosa, vermilion, and cutaneous roll are hy-
poplastic. There is usually no recognizable Cupid’s
bow and no philtral dimple. In addition, the height
of attached mucosa to the alveolus of the premax-
illa is often very short such that the labial frenulum
is attached close to the inferior surface of the
alveolus.

N

Cleft Lip

Fig. 19. “J” shape of pars marginalis.
(From Tse R, Fisher D. Unilateral cleft
lip repair, anatomic subunit approxi-
mation approach. In Neligan P ed.
Plastic Surgery 5th edition: Volume 3,
Craniofacial, Head and Neck Surgery,
and Pediatric Surgery. ISBN 978032381
0371 Elsevier 2024.)

Vermilion
border

Vermillion-mucosa
border

The nasal deformity follows the “paper ribbon”
model (see Figs. 8 and 25).17 Antero-posterior
splaying of the horizontal and oblique arches pro-
duces bilateral collapse of the domes and relative
loss of nasal tip projection.

In addition to orbicularis sphincter reconstruc-
tion and achieving adequate central lip fullness
for oral competence, goals of surgery involve pro-
ducing a Cupid’s bow, aligning lines of closure to
mimic a philtrum, and advancing bilateral alar ba-
ses anteriorly to be balanced relative to the
columella.

Surgical planning
Uncoupled forward growth of the premaxilla can
result in a large antero-posterior (A-P) discrepancy

Fig. 20. Achieving alar base balance in
relation to columellar base. The nasal
changes in this example are with no
nasal tip dissection. Note the elonga-
tion of cleft side columella with correc-
tion of the nasal foundation.
(Massenburg, Benjamin B. MD et al.,
The Yin and Yang of Primary Unilateral
Cleft Lip and Nose Repair: Balance
through Opposing Cleft and Noncleft
Side Changes. Plastic and Reconstruc-
tive Surgery 151(5):p 838e-849¢e, May
2023. DOI:  10.1097/PRS.00000000
00010091.)
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between palatal segments that makes repair diffi-
cult. Measures to address the A-P discrepancy
have been debated. Although presurgical molding
can facilitate repair, lip adhesion is sometimes un-
dertaken if the lip elements cannot be adequately
mobilized for definitive repair. Of greater contro-
versy is premaxillary setback, which involves
resection of a part of the vomer ( septum) to
facilitate recession of the premaxilla further poste-
rior. Although retrusion of the premaxilla from
setback may facilitate cleft lip repair, it bears risks
of avascular necrosis, malunion, and facial growth
disturbance.

Turbinate flap

Intranasal
incisions

Design

advancement and
nasal floor closure

Alar base

L

principles and practice of surgical management. Seminars in Plastic Surgery 2012;26:145-55.

lag KG.)

Fig. 21. Caudal septoplasty. (Tse, Ray-
mond W. M.D et al., Unilateral Cleft
Lip Nasal Deformity: Foundation-
Based Approach to Primary Rhino-
plasty. Plastic and Reconstructive Sur-
gery 144(5):p 1138-1149, November
2019. DOI: 10.1097/PRS.000000
0000006182.)

Common to all approaches is the use of the pro-
labial cutaneous lip for the philtrum. The range of
repairs can be organized along a spectrum that
preserves lip width on one end to prioritizing cen-
tral fullness and alignment on the other (Fig. 26).

The Manchester repair utilizes all tissue compo-
nents of the prolabium (cutaneous lip, cutaneous
roll, vermilion, mucosa, and muscle) as the central
segment of the upper lip.*® While it preserves
lateral lip width and minimizes upper lip tension,
lack of fullness of central mucosa and vermilion
may preclude lip competence and produce a
“whistle notch” deformity (appearance that an

L-flap Lateral nasal sidewall flap

D

Fig. 22. Lateral nasal sidewall reconstruction. Three options (A-C) can be used to stabilize the anterior advance-
ment of the cleft side alar base by filling the defect that is created with surgical release. (Tse R. Unilateral cleft lip -

Georg Thieme Ver-
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Fig. 23. Nasal floor closure (prior to lip inset).

individual is whistling). The deficiency of vermilion
can result in mucosal parakeratosis and chronic
chapped lip, and the low hanging apex of upper
buccal sulcus can make dental hygiene chal-
lenging. The hypoplastic prolabial muscle can
also result in poor upper lip animation.

The Byrd repair retains the prolabium cuta-
neous roll and vermilion but brings lateral lip mu-
cosa, muscle, and vermilion flaps to midline.® In
doing so, the prolabial mucosa is advanced to
create the alveolar surface of the upper buccal
sulcus while the lateral lip mucosa forms the labial
surface. The repair produces central lip fullness,
but the incision lines in the vermilion can be
conspicuous.

The Millard repair discards the prolabial cuta-
neous roll and vermilion.2° The lateral lip advanced
to midline includes cutaneous roll, vermilion, mu-
cosa, and muscle. On the lateral lip, the excess

Cleft Lip

skin under the nasal sill is trimmed on inset. This
is the repair from which Byrd’s modification origi-
nated. Relative to a Manchester style repair, the
greater lateral lip advancement can produce
more upper lip tension. In an early version, the pro-
labial skin lateral to the designed philtrum was
transposed into the nasal sill at primary repair as
“banked fork flaps.” At a later stage, those flaps
were advanced in a V-Y manner into the columella.
This approach was later abandoned due to the
conspicuous scars on the columella.

The Mulliken repair follows Millard’s approach
but incorporates a narrower philtral design that
more closely approximates the dimensions of a
normal philtrum: 2 mm upper width, 3 to 4 mm
lower width, and 6 to 7 mm vertical height.*® De-
epithelialized strips on either side of the designed
philtrum help to preserve blood supply, thereby
allowing for the narrow width. Additional lateral
lip vermilion is brought to the midline in order to
create a median tubercle. Mulliken demonstrated
that approximation of the LLCs sufficiently elon-
gated the columella, making the transfer of tissue
to columella unnecessary.

The Fisher repair also follows Millard’s approach
but brings more of the lateral lip to midline.?° An
incision along the superior border of the cutaneous
roll, lateral to Noordhoff point, allows the vermilion
at Noordhoff point to be brought to midline. This re-
sults in a taller vermilion height and a more distinct
line of cutaneous roll along Cupid’s bow. However,
this requires greater advancement of the lateral lip
that can produce more tension and subsequently
thin the fullness of the lip, especially toward the
commissures. The repair additionally involves pre-
planning of a triangular wedge excision to manage

Fig. 24. Microform repair. A small excision with lateral triangles of skin and vermilion augment the medial lip in a
double uni-limb z-plasty. One can also utilize a portion of the Fisher design (green dotted line). (Tse, Raymond
M.D. Reply: Unilateral Cleft Lip Repair Using the Anatomical Subunit Approximation. Plastic and Reconstructive
Surgery 136(6):p 855e-857e, December 2015.. DOI: 10.1097/PRS.0000000000001774.)
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Table 2
Naming convention for bilateral cleft lip
deformity

Structure Definition

Premaxilla  Central bony structure in anterior
maxilla, holds incisors;
posterior to prolabium

Prolabium  Central lip element (mucosa, skin,
and soft tissue), bereft of
muscle and philtral structures

Lateral lip  Portions of upper lip on each side

elements of central lip (prolabium)

separated by cleft; contain
muscle

the relative lateral lip height excess and use of
anatomic landmarks to plan points of nasal closure
along the sill.

Wide surgical release
Common to all designs for repair, component
release is critical. Due to the protrusion of the pre-
maxilla, advancement of the lateral lip to meet the
premaxilla and midline may involve significant ten-
sion. If there is doubt that the lateral lip can be
adequately mobilized, the release can start on
the lateral lip with upper buccal sulcus incisions
and continue along the anterior surface of the
maxilla/zygoma and piriform apertures on both
sides. If the designed surface incisions cannot be
brought together, there is an option to convert
the repair to a lip adhesion.

Along the lateral lip, the orbicularis muscle needs
to be freed along the margins and alar bases,
similar to the dissection in a unilateral repair.

a. Anatomic displacéments

g

Fig. 25. Analysis and goals of bilateral cleft lip repair.

b. Immediate repair

Centrally, after elevating the philtral flap, the prola-
bial mucosa is raised and the intervening muscle is
discarded in most repairs.

Component reconstruction

To construct an upper buccal sulcus between the
premaxilla and prolabium (with all repairs except
the Manchester design), the inferiorly based
mucosal flap can be advanced to the base of the
anterior nasal spine and secured to periosteum
(Fig. 27). The lateral lip mucosa is then brought
to midline to create the labial surface of the
sulcus.

When the muscle is repaired to midline, an
attachment to periosteum at the base of anterior
nasal spine reduces risks that the premaxilla can
continue to grow and protrude over or under the
lip repair (Fig. 28).

The surface skin and vermilion are inset ensuring
balanced alar base positions relative to the colu-
mella. The relationship between columella and
alar bases is established with nasal floor inset.

Unlike a unilateral cleft, the nasal septum in a
bilateral cleft is generally straight and should be
maintained. Anterior advancement of the bilateral
alar bases to a balanced position relative to the
premaxilla and columella leaves defects of the
lateral nasal sidewall. Reconstruction can involve
L-flaps, turbinate flaps, or lateral nasal wall flaps
as discussed earlier. The flaps are incorporated
into nasal floor closure.

Splayed nasal tip cartilages can be brought into
tighter apposition to produce greater tip projec-
tion. There is great variation in the approaches
used and can include transmucosal pexy sutures,
closed nasal tip dissection, limited open dissec-
tion via rim or Tajima “reverse U” incisions, and

V.A» Progressive tissue balar
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Cleft Lip

Fig. 26. Approaches to bilateral cleft lip repair: (A) Manchester, (B) Byrd, (C) Millard, (D) Mulliken, (E) Fisher.

open dissection via rim incisions that extend to the
prolabial flap. While the additional dissection and
incisions provide direct access to cartilages, they
also produce more scar and introduce iatrogenic

risks including cartilage transection and devascu-
larization of the prolabium or other tissues. The
more aggressive approaches require considerable
surgeon skill and experience given the delicate

Fig. 27. (A) Constructing the upper buccal sulcus. The mucosal surface of prolabium (B) is raised (C) and advanced

(D) to deepen the posterior surface of the sulcus while mucosa from the lateral lip (E) is advanced (F) to form the

anterior surface of the sulcus. (Image courtesy of Tziporah Thompson.)
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Fig. 28. Aberrant muscle release and midline closure.

tissues involved and can, thus, be deferred to an
older age. Ultimately, any improvements from
nasal tip work relies upon the construction of a
favorable foundation that corrects the alar base
retrusion.

Specific variations

Bilateral clefts more rarely present as incomplete
clefts. The approach is similar except that less-
extensive tissue mobilization may be needed.

Asymmetric bilateral clefts present when the
severity and extent of clefts on either side differ.
The asymmetry reflects the different degrees of
uncoupled premaxillary growth. Although staged
unilateral repair on each side has been described,
favorable outcomes have been reported with syn-
chronous repair.?*

A rare but important presentation to recognize
is a midline deficiency (known as “binderoid”), as
it can be part of the holoprosencephaly spectrum
(Fig. 5, bottom right). The premaxilla and pro-
labium are unusually small, the caudal septum
and vomer may be weak or fibrous, and there
may be hypotelorism. There may be develop-
mental delay and greater vulnerability to apnea
or airway concerns. MRI may reveal brain anom-
alies. Interdisciplinary collaboration is critical to
optimize care. The prolabium is normally
adequate in height and width to produce a natu-
ral philtrum, but treatment should recognize the
delicate nature and vascularity of the premaxilla.
Less-aggressive nasal dissection is prudent as
reconstruction can be staged.

CLINICS CARE POINTS

A potential pitfall for the surgeon would be
to overlook the anatomic alterations present
on the noncleft side of a unilateral cleft lip.

Principles of repair should include meticulous
surgical planning, wide surgical release, and
reconstruction that considers each compo-
nent and anatomic subunit.

Although this review emphasizes the surgical
management of cleft lip, interdisciplinary
care is essential for providing optimal treat-
ment of these patients.
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