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Acleft lip/palate deformity occurs in approximately one
in every 700 live births in the USA (1). Jaw growth in
the population of patients with unrepaired cleft lip and

palate is generally favorable (2–6). No significant difference
exists between patients with and those without such deformities
in the distribution of vertical or anteroposterior skeletal jaw re-
lationships, except that posterior crossbites (deficiency in the
width of the upper jaw, with the upper teeth biting inside the
lower teeth) may be more common in patients with a cleft de-
formity. However, significant disturbances of growth of the jaws,
particularly the maxilla (upper jaw), can occur in patients with
cleft deformities as a result of surgical repairs of the cleft lip and
palate or other factors. The maxilla can become underdeveloped,
affecting the alveolus (bone supporting the teeth), dentition
(teeth), and associated soft-tissue structures. The following sur-
gical procedures, commonly performed during childhood, can
have an unfavorable effect on facial growth:

1. Cleft lip repair. Commonly performed within the first 3
months of life, this procedure can adversely affect the anterior
maxillary alveolar morphology, which is probably related to the
discontinuity defect in the alveolar cleft and the extent of soft-
tissue undermining and subsequent fibrosis. Other changes in the
craniofacial complex are usually minimal (7–12).

2. Cleft palate repair. These procedures can affect the verti-
cal, anteroposterior, and transverse development of the maxilla
and alveolar processes (13–15). Periosteal stripping at the time
of surgery and the resulting fibrosis are the most likely reasons
for this response.

3. Alveolar cleft repair. Bone grafting of alveolar cleft defects,
when performed in early childhood, can severely inhibit maxil-
lary growth. Several authors have reported early and intermedi-
ate repairs using specific techniques that may have fewer
unfavorable effects on craniofacial growth (16–20). Bone graft-
ing usually adversely affects vertical and horizontal growth of the
maxilla. Ideally, alveolar cleft bone grafting should be delayed
as long as possible, until just before the permanent cuspid teeth
erupt into the cleft area (age 9 to 12 years), thus allowing more
maxillary growth before surgical intervention (21).

4. Pharyngeal flap. With posterior pharyngeal flaps, a surgi-
cal procedure used to correct hypernasal speech problems, a tis-
sue flap from the posterior pharyngeal wall is attached to the soft
palate. This flap can have a profound effect on facial growth and
development, decreasing the anteroposterior and transverse
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growth of the maxilla and, in many cases, increasing the verti-
cal component of maxillary growth (22, 23). The increased ver-
tical maxillary growth may be the result of altered breathing
patterns, since the pharyngeal flap can result in a mouth-open
breathing posture.

Patients with a cleft deformity may have missing permanent
teeth, deformed teeth, or even supernumerary teeth in the cleft
area. Some patients reach adolescence or adulthood with un-
repaired oronasal fistulas (open communications between the
mouth and nose) and alveolar clefts (bone discontinuity defects
in the bone supporting the teeth), even though the primary cleft
defect has been repaired. The severity of residual deformities of
the repaired cleft lip and nose may contribute to functional and
aesthetic concerns.

As a result of all these factors, moderate to severe deformi-
ties of the jaws can develop, affecting not only the basal bone
and alveolus, but also the alignment and position of the primary
and permanent dentition, as well as the overlying soft tissues. In
adolescents and adults who have undergone cleft defect repair,
common consequences include anterior and posterior crossbites;
midface hypoplasia; anteroposterior, vertical, and transverse
maxillary deficiency; residual lip and nasal deformities; and
speech problems.

Since orthognathic surgery (corrective jaw surgery) can have
a significant untoward effect on facial growth and development
in patients with cleft lip and palate, end-stage reconstruction
should be considered when these patients have completed most
of their facial growth, which is usually age 15 years for females
and 17 to 18 years for males. If surgery is done prior to comple-
tion of facial growth, the subsequent adverse effect on maxillary
growth and continued growth of the mandible will result in re-
currence of the facial deformity and malocclusion. It is impor-
tant to understand that delaying surgery until growth is complete
can result in worsening of the facial deformity, creating major
functional, aesthetic, and psychosocial problems at an important
stage in human psychosocial development. If such problems are
severe, surgery can be done at an earlier age with the understand-
ing that it may need to be repeated after growth is complete.
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PRESURGICAL ORTHODONTICS
Orthodontic treatment is usually required before

surgical correction of jaw deformities. A number of
dental considerations must be assessed prior to pro-
ceeding with orthodontics, including 1) dental align-
ment issues, such as crowding, rotations, malposition,
and crossbites; 2) approximation of teeth to the al-
veolar cleft; 3) missing, supernumerary, or malformed
teeth; and 4) periodontal disease or defects, oral hy-
giene, and dental caries. The basic orthodontic prin-
ciples are to align and level teeth over the basal bones
of the maxilla and mandible.

If the lateral incisor tooth is missing (a common
occurrence in patients with a cleft), then the poste-
rior bone segment and teeth in unilateral clefts or the
bilateral posterior bone segments and teeth in bilat-
eral clefts can be advanced forward to close the space,

Stabilization of maxillary osteotomies is more difficult in the
patient with a cleft defect than in the patient without a cleft.
Specific steps are incorporated into the procedure to minimize
risk of relapse. Adequate mobilization must be achieved with
minimal tension on the maxilla when placed in the new posi-
tion. Four bone plates are used to stabilize the maxilla. Each plate
is secured with a minimum of 4 bone screws: 2 above and 2 be-
low the osteotomy line. Bone grafting or placement of synthetic
bone grafts is usually necessary to fill osseous defects. We use
porous block hydroxyapatite (PBHA) (Interpore 200; Interpore
Inc, Irvine, Calif) to provide and maintain vertical, anteropos-
terior, and transverse stability of the maxilla (27–29). We have
previously reported similar good stability in patients with and
without clefts undergoing maxillary advancements and/or down-
grafting when rigid fixation and PBHA grafts were used (29).

Wolford (25, 30) developed a technique for closure of the
oronasal fistulas associated with the alveolar clefts. This tech-
nique efficiently utilizes the soft tissues in the cleft area to close
the nasal and palatal areas by rotating flaps from within the al-
veolar clefts. This flap design minimizes the necessity to reflect
tissue off the maxilla, enabling concomitant closure of the oro-
nasal fistula(s), bone grafting of the alveolar cleft(s), and perfor-
mance of the orthognathic procedure during a single surgical
operation.

Autogenous cancellous bone is the grafting material of choice
in the alveolar cleft, particularly if the teeth are to be ortho-
dontically moved into the cleft or eruption of teeth through the
cleft is anticipated (18). PBHA should not be used to graft al-
veolar clefts because of the significant risk of infection and loss
of the graft. This situation should not be confused with the very
favorable stability and healing properties of PBHA grafts in the
maxillary osteotomy sites, even with the PBHA grafts commu-
nicating directly with the maxillary sinus.

TRANSVERSE MAXILLARY EXPANSION
Often the cleft maxilla is narrow and may require surgical

expansion. We have previously described 3 soft-tissue techniques
that we use to permit surgical expansion of the maxilla while
maintaining a viable blood supply to the segments, namely,
vomer flaps, split-thickness palatal flaps, and midpalatal incision
(24). The split-thickness palatal flap is the technique that we use

and the cuspid tooth can be used as a lateral incisor, eliminating
the need for a bridge or dental implant. The cuspid is reshaped
to look like a lateral incisor to facilitate a better fit of the occlu-
sion at surgery. Another option for managing a missing lateral
incisor is to replace it after surgery with a bridge or dental im-
plant.

TREATMENT SEQUENCING IN THE PATIENT UNDERGOING END-
STAGE CLEFT REPAIR

In adolescents and adults with a cleft defect, it is usually best
to correct the underlying dental, maxillary, mandibular, and in-
fraorbital deformities before other functional and cosmetic soft-
tissue repairs. This sequencing allows the overlying soft tissues
to adjust to the altered underlying dento-osseous structures. For
predictable results, external nasal reconstruction and lip revisions
are preferably done as a secondary procedure. However, concomi-
tant orthognathic surgery, lip revisions, and major rhinoplasty
surgery can be performed in selected patients with unilateral
clefts. In patients with bilateral clefts, particularly those with
coexisting bilateral alveolar clefts, it is important to stage the lip/
nose and external rhinoplasty procedures separately from the
orthognathic procedures so that the vascular supply to the an-
terior portion of the maxilla (premaxilla) is not jeopardized (24).

Generally, orthognathic surgical sequencing follows a specific
order to improve the predictability of the procedures. Some pa-
tients will require surgical procedures on both the maxilla and
mandible. We perform the mandibular osteotomies with rigid
fixation first (25). This is followed by surgery to reposition the
maxilla with rigid fixation, including closure of oronasal fistu-
las, autogenous bone grafting of the alveolar clefts, and synthetic
bone grafting to the maxillary osteotomy sites to stabilize the area
and facilitate healing. If this new sequencing is followed, rigid-
fixation bone plates and screws are mandatory to maximize long-
term stability.

MAXILLARY OSTEOTOMY DESIGN AND STABILIZATION
For orthognathic surgical procedures on unilateral or bilat-

eral cleft deformities, we use the maxillary step osteotomy (26)
(Figure 1). This design permits more accurate determination of
advancement and vertical repositioning of the maxilla. Also, the
step area provides an additional area to graft bone.

Figure 1. (a) Patients with a cleft deformity may present with maxillary hypoplasia and an al-
veolar cleft (unilateral or bilateral). (b) Maxillary advancement with rigid fixation, closure of
oronasal fistulas, and bone grafting to the alveolar cleft can be done in one operation.

a b
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most often. A palatal soft-tissue incision is made over the lat-
eral aspect of the horizontal palatal bone on one side of the cleft.
A split-thickness dissection of the tissues is made, extending to
the bony cleft margin. This procedure allows expansion of the
maxilla with soft-tissue coverage over the expanded palatal area
and helps prevent oronasal fistula development. Careful design
and extreme care must be employed so that the split-thickness
flap and osseous segments remain viable.

CASE PRESENTATIONS
Case 1

This girl was born with a unilateral left cleft lip and palate
and had her primary repairs performed in early childhood with
good results but untoward effects on subsequent maxillary
growth. Her diagnosis at age 13 years included maxillary hypo-
plasia (upper jaw underdevelopment), mandibular prognathism
(lower jaw overdevelopment), class III occlusion (lower teeth out
in front of upper teeth), missing maxillary lateral incisors, left
oronasal fistula, and left maxillary alveolar cleft (Figure 2).
Presurgical cephalometric analysis was done after presurgical
orthodontics were completed, when the patient was aged 15
years, and shows the retruded maxilla and protrusive mandible
(Figure 3a). Treatment included 1) orthodontics to align and
level the teeth in each jaw; 2) surgery at age 15 years, including
maxillary advancement and expansion, mandibular set-back,
closure of the oronasal fistula, bone graft to the left maxillary

Figure 2. (a, b) A 13-year-old girl with a
repaired unilateral left cleft lip and pal-
ate presents with maxillary hypoplasia
and mandibular prognathism. (c, d) She
has a class III malocclusion (lower teeth
in front of upper teeth): (c) frontal view,
(d) left lateral view. (e) Presurgical orth-
odontics have been completed, aligning
the teeth over the basal bone. The mag-
nitude of the bite problem is seen (in-
traoral left lateral view).

Figure 3. (a) Cephalometric analysis following completion of the presurgical orth-
odontics demonstrates the underdeveloped maxilla and overdeveloped mandible.
(b) The prediction tracing shows the planned osteotomies, including maxillary
advancement, mandibular set-back, and chin augmentation.

Figure 4. (a, b) The patient is seen 1 year after treatment, demonstrating good
facial balance. (c, d) A good functional occlusal relationship has been established.

alveolar cleft, and chin implant (Figure 3b); 3) postsurgical ortho-
dontics to refine the occlusion; and 4) dental restorations. In
Figure 4, the patient is pictured 1 year after treatment, demon-
strating good facial balance and occlusion.

Case 2
This boy was born with a bilateral cleft lip and palate and

had his primary repairs performed in early childhood with result-
ant deficient growth of the maxilla. His diagnosis at age 16 years
included maxillary hypoplasia, class III occlusion, bilateral
oronasal fistulas, bilateral alveolar clefts, and missing maxillary
lateral incisors (Figures 5, 6a). The treatment included 1)
presurgical orthodontics to align and level the teeth in each
dental arch; 2) stage 1 surgery at age 17 years, including maxil-
lary osteotomies to advance, expand, and open space for the
maxillary lateral incisors, closure of the bilateral oronasal fistu-
las, and bone grafts to the bilateral alveolar clefts (Figure 6b);

a b

c d
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3) postsurgical orthodontics; 4) restorative dentistry to replace
the maxillary lateral incisors; and 5) stage 2 surgery, including
external rhinoplasty and columella reconstruction with cartilage
grafting and revision of the bilateral cleft lip. In Figure 7, the
patient is pictured 1 year after completion of treatment.

CONCLUSION
Cleft deformities of the lip and palate create a challenge for

health care professionals who treat these patients. A team ap-
proach is required for optimal care. End-stage reconstruction can
be very complex, requiring precise surgical techniques to main-
tain viability of the maxilla and to achieve optimal functional
and aesthetic outcomes. Major components in the surgical treat-
ment of these patients include surgery to repair the cleft lip and
palate, bone grafting to stabilize the dental arch, orthodontics,
orthognathic surgery to correct any skeletal deformities, restor-
ative dentistry, facial reconstruction of lip/nose deformities, and
correction of speech problems. When proper care is rendered to
patients with deformities associated with clefts of the lip and
palate, optimal functional and aesthetic results can be achieved,
allowing these individuals to live relatively normal lives.
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