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Chapter

Orthognathic Surgery in Cleft Lip 
and Palate Patients
Hakan Yilmaz and Arzu Ari Demirkaya

Abstract

Cleft lip and palate patients often exhibit severe dentofacial deformities that 
necessitate orthognathic surgery. Orthognathic surgery in these patients generally 
includes not only maxillary advancement, but also sagittal, horizontal, and vertical 
movement of both jaws. Surgical planning and execution presents many difficul-
ties, caused by the presence of extensive scar tissues from previous surgeries, tissue 
deficiencies, the difficulty of aligning multiple segments of bone and soft tissues. 
Other challenges in cleft patients are complications related to post-surgical airway, 
speech, velopharyngeal insufficiency, nerve damage, and infections. This review 
is focused on orthognathic surgery in cleft lip and palate patients, management, 
techniques, success, and complications.

Keywords: orthognathic surgery, cleft lip and palate, complications

1. Introduction

Deficiency of growth and development in the midfacial complex is a major 
drawback of primary CLP repair in the neonatal period of growth, well docu-
mented in the literature [1–3]. Causes are thought to be formation of scar tissue in 
the growth centers of the maxilla [4], mouth breathing due to obstruction of the 
nasal passage [5], deficiency of the alveolar process due to missing teeth [6], and a 
tense upper lip [7, 8]. Unrepaired bone defects on the other hand result in closer to 
normal maxillo-facial development [7, 8]. Because of midfacial deficiency, orthog-
nathic surgery becomes often indispensable at the adult ages in CLP management. 
Treatment of CLP with orthognathic surgery involves maxillary advancement, 
distraction osteogenesis, and mandibular setback, combined with orthodontic 
treatment [9].

2. Timing of orthognathic surgery

In the past, CLP-orthognathic surgery in the mixed dentition period has been 
discussed and discarded. It has been reported that there will usually be a need for 
revisions after completion of skeletal growth [10]. Risks of early orthognathic 
surgery include damage to permanent tooth germs and creation of fibrous tissue and 
calli in the osteotomy regions. Additionally, it was shown that neither Le Fort I oste-
otomy nor distraction osteogenesis in the mixed dentition period provides additional 
lateral maxillary growth [11, 12]. Apart from cases with significant psychosocial or 
functional problems, risks of “early” surgery overweigh its benefits [13].
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Orthognathic surgery for treatment of maxillomandibular deformities is usually 
applied after completion of growth of the maxillomandibular structure [14–16]. 
Transverse, sagittal, and vertical growth of the maxilla and the mandible ends at 
different chronological ages, usually at the ages of 14–16 for female patients and 
16–18 for male patients [17]. Mandibular growth has a normal pattern in most CLP 
patients [13]. However, since skeletal growth is variable, hand-wrist or cephalomet-
ric radiographs may help in determining the timing of skeletal maturation [17].

3. Preparation for orthognathic surgery

In orthognathic surgery in cleft patients, there are some issues that need to be 
considered before surgery like velopharyngeal situation, speech problems, hearing 
problems, the situation of alveolar cleft gap, and dental problems.

Speech pathologists play a critical role in terms of assessing speech and articula-
tion problems and determine velopharyngeal function with nasal endoscopy before 
the surgery [18, 19]. The velopharyngeal sufficiency rarely remains the same after 
maxillary advancement surgery; more often, an insufficiency is created [20]. 
Surgical correction of cross-bites and open-bites and the repair of cleft-dental gaps 
and residual oronasal fistulae usually alleviate articulation disorders [19, 21].

Prevention and treatment of tympanic infection as well as comprehensive 
preventive and restorative dental care have been provided during early childhood 
and adolescence. Oral hygiene maintenance may be more difficult in CLP patients 
than in routine orthodontic treatment patients. Soft tissues may have a more 
retentive morphology due to scarring from previous operations: shallow buccal 
sulci, sometimes buccal flaps with mucosa or gingivae covering teeth. Furthermore, 
because of poor dental esthetics, CLP patients do not like their teeth and smile and 
have low motivation. Long treatment times reduce motivation further. Orthodontic 
preparation presents various challenges not only in terms of planning but also 
in terms of implementation. It may be difficult for the orthodontist to work in a 
narrow space with low visibility, since the elasticity of lips is low, mouth opening 
is limited, and the upper jaw is small and retrognathic. All surgical management 
of maxillo-mandibular deformities usually requires prior adjustment of the dental 
arches over the maxillary and mandibular basal bones via orthodontic treatment. 
The “surgery-first” protocol rarely applies to CLP patients. A major dilemma during 

Figure 1. 
Teeth erupting from the palate [25]. (a) UCLP patient, permanent dentition. Missing lateral incisors, 15 and 
23 erupting palatally, and 17 erupting excessively buccally. (b) Dental arch development through orthodontic 
leveling, occult fistula enlarged and became visible during dental leveling, 13 is just starting to erupt after 
2.5 years of orthodontic treatment.
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alignment is the decision on the management of the cleft alveolar region, where 
often the lateral teeth are missing [6]. Surgical correction of septal and inferior 
respiratory pathologies is done only in severe obstructive sleep apnoea cases before 
orthognathic surgery, but rather scheduled to be performed simultaneously or 
consecutively [22–24].

In most CLP cases, teeth are either missing, erupt late or ectopically located. 
Therefore, the alveolar bone base is not sufficiently developed, and this adds to the 
skeletal (transverse and sagittal) insufficiency. Leveling of teeth erupting in the 
palate usually takes a long time (Figure 1).

4. Residual deformities in CLP patients

Patients with Isolated Cleft Palate (ICP) have a complete alveolar ridge and 
generally a complete set of teeth [13, 17, 26, 27]. The main deformity in unilateral 
cleft lip and palate (UCLP) and bilateral cleft lip and palate (BCLP) patients is 
maxillary hypoplasia, but oronasal fistula, bony defects, intranasal obstruction, 
soft tissue scarring, and velopharyngeal dysfunctions are also frequently encoun-
tered [27]. Additionally, the maxillary lateral incisor and often the second premo-
lars in the cleft region are either congenitally missing, resulting in a cleft-dental 
gap [6, 28–30].

In addition to the existing deformities in UCLP and BCLP patients, nasal 
obstruction and sinus blockage and mandibular asymmetry and chin dysplasia are 
seen frequently as secondary deformities [27, 31]. The prevalence of these deformi-
ties varies significantly based on the surgical philosophy and experience of the 
surgeon who repaired the first cleft [32], the individual’s unique biological growth 
potential, and the level of care of the family/patient.

Published clinical research on individuals who were born with complete UCLP/
BCLP and treated at cleft centers showed that, despite the best efforts, the mixed 
dentition period would not be appropriate for grafting just before the canine tooth 
is erupted on the cleft side in some children [33, 34]. Additionally, although grafted 
appropriately, in some individuals, additional reconstruction is needed [33]. For 
these reasons, repairing residual skeletal and soft tissues and managing dental 
deformities in patients with CLP strains the proficiency and skills of the orthogna-
thic surgery cleft team [26, 31, 35].

5. Orthognathic approach on UCLP deformities

5.1 Prevalence

Studies have examined the need for orthognathic surgery in UCLP patients who 
underwent primary lip-palate repair procedures in childhood [3, 8, 36, 37]. Ross 
[37] stated that the midface is close to normal only in 25% of patients, and there is a 
need for orthognathic surgery in the remaining patients, with interventions at early 
stages worsening the situation. In other similar studies, the rate of orthognathic 
surgery needed in repaired UCLP patients was 48–59.3% [3, 8].

5.2 Orthodontic approach

In adolescent or adult UCLP patients with maxillary hypoplasia and deficient 
bone grafts, there are two maxillary segments separated by the cleft. Each segment 
has varying degrees of dysplasia on the sagittal, vertical, and horizontal directions. 
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Orthodontic treatment is carried out to both position the teeth perpendicular to the 
alveolar crest and level the alveolar segments using the teeth. Sometimes, it is not 
possible to achieve leveling of the bony segments, and it may be necessary to level 
the teeth into two separate segments, instead of a complete arch, and to prepare for 
leveling these segments by alveolar distraction osteogenesis or segmental orthogna-
thic surgery (Figure 2).

In cases that present with sufficient bone grafting during the mixed dentition 
period, the maxilla is a single segment, and the orthodontist would only adapt the 
dental arch form to the existing basal bone.

There are substantial variations in the number of upper permanent incisors and 
the alveolar bone amount in the premaxilla of UCLP patients. The lateral inci-
sor tooth on the cleft side was found normal in only 7% of UCLP cases [6], more 
frequently, when present, there are shape anomalies. In the presence of a weakly 
formed lateral incisor tooth, these teeth might need extraction for long-term 
functioning and better esthetics.

Figure 2. 
UCLP patient [25]. A1-3: Before orthodontic preparation. Retrognathic and narrow maxilla, missing teeth (12, 
22, 15 and 25), noticeable alveolar cleft, severe transverse and vertical dislocation of the smaller segment. B1-3: 
Orthodontic leveling of teeth in two separate segments. C1-3: Post-op continuous stainless-steel arch-wires. D1-3: 
Post-treatment vertical relapse to some extent.
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Decision to extract the first premolar, which is another tooth near the cleft, is 
dependent on volume and height of the alveolar bone to accommodate the root 
of the canine adjacent to the cleft without irreversibly weakening its periodontal 
support, as well as the degree of crowding. Although extractions on the mandibular 
arch are sometimes obligatory due to crowding, extraction is usually not necessary 
in the mandibular arch. The disadvantage of closing a cleft-dental gap orthodonti-
cally or surgically is the shifting of the cleft segment toward the posterior, in a way 
that is the opposite of what is desired (to shifting forward of the posterior region).

As mentioned above, after leveling and aligning teeth with orthodontic treat-
ment, models prepared by digitally or by using plaster are transferred to computer 
software/articulators. On these models, the maxillomandibular relation and 
occlusion are adjusted to an ideal position, and the advancement of the maxilla, 
rotation/setback of the mandible and vertical and transversal dimension amounts 
are assessed. As a result of these arrangements, splints are fabricated to use as a 
guide in orthognathic surgery, and the desired effects almost completely reflected 
on the surgery.

5.3 Surgical approach

Due to the prevalence of maxillary osteotomy complications in UCLP patients 
[38], confusing and complicated orthognathic surgery techniques were proposed 
for these patients [39–41]. Moreover, as in other aspects of orthognathic surgery, 
Hugo Obwegeser also provided contributions that could be explained as break-
throughs for skeletally cleft reconstruction [35, 42–44]. Toward the end of 1960s, he 
managed to advance the cleft maxilla by up to 20 mm to a desired position without 
needing a complicated mandibular setback approach. Then, he noticed that down-
fracture and adequate mobilization of the maxilla, regardless of the presence or 
absence of a cleft, were the key in maxillary advancement [35]. The success of this 
approach achieved by Obwegeser was confirmed when Bell showed supply blood 
circulation to the down-fractured maxillae in their animal studies [45].

In the mid-1980s, Posnick used the Le Fort I techniques of Obwegeser for 
treatment of UCLP deformity and improved them [46]. The main issue was that 
the circumvestibular incision used by Obwegeser directly allowed dissection, 
osteotomies, disimpaction, fistula closure, septoplasty, inferior turbinate reduction, 
pyriform aperture recontouring, bone grafting, and application of plate and screw 
fixation. This was a reliable approach that did not have a circulation damage risk in 
smaller or larger flaps and had continuity [35]. Moreover, with the easiness of field 
of view provided by circumvestibular incision, it became possible to readily close 
the cleft-dental region by differential maxillary segmental repositioning without 
bone necrosis or loss of teeth. This method also closes the unoccupied space of the 
cleft, and at the same time, combines the labial and palatal flaps together without 
needing a subperiosteal undermining procedure, which allows closure of stubborn 
oronasal fistulae and establishment of periodontal health in the teeth adjacent to 
the cleft [35]. Today, although the surgical methods applied on UCLP patients differ 
depending on the success of grafting performed in the mixed dentition period, the 
main method are as follows:

5.3.1 Standard Le fort I osteotomy

An adolescent or adult CLP patient who has maxillary deformity but no residual 
fistula, in addition to an intact alveolar ridge with an adequate height in the cleft 
region may have been born without an alveolar cleft or had a successful grafting 
procedure [42]. A standard Le Fort I osteotomy may be applied on individuals who 
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have sufficient alveolar ridge height and volume, a close palate and sufficient peri-
odontal support. Segmental maxillary osteotomy may also be needed in correction 
of arch width, repairing vertical dimensions or preventing the need for prosthetic 
lateral incisors by closing the cleft-dental gap.

Unfortunately, even in the twenty-first century, alveolar defects and oronasal 
fistulae are encountered in many adults and adolescents who have UCLP with 
maxillary hypoplasia. For these patients, a modified Le Fort I osteotomy should be 
considered [17].

5.3.2 Modified Le fort I osteotomy (two-segment)

In UCLP patients, the gap of the missing lateral incisor tooth may be eliminated 
by advancement of the lateral alveolar bone segment, where the canine tooth 
is placed adjacent to the central incisor tooth. After this, the canine is formed 
in a similar appearance to that of the lateral incisor [47]. This method that was 
described by Obwegeser in cases of unilateral cleft was advanced by Posnick in 1992 
and name as the modified Le Fort I osteotomy method [46].

In the technique, first, a maxillary circumvestibular incision is made labially 
from a zygomatic buttress to another. In the residual oronasal fistula region, vertical 
incisions are made to separate the mucosa on both sides of the cleft as oral and 
nasal. These incisions are perpendicular to the horizontal vestibular incision, and 
they follow the line angles of the teeth adjacent to the cleft (central and canine). If 
the cleft bone was not previously repaired, the segments are already in two pieces 
with the down-fractured maxilla. If the maxilla is intact and the arch form needs 
to be adjusted, by using a reciprocating saw with a short and flat tip, the maxilla 
is divided into two pieces by cutting from the cleft area. The parts need to be 
brought closer to close the cleft-dental gap. However, this may be achieved only 
after shaving in the distal direction of the central incisor and along the mesial part 
of the canine from the alveola. Attention should be paid to ensure avoiding contact 
with the lamina dura as it would expose the root of teeth and may result in external 
root resorption. The maxillary segments are then stabilized with wires and acrylic 
occlusal splints. Repositioning of the segments closes the cleft-dental gap, gathers 
the alveolar ridges together, and gets the labial and palatal mucosal tissues closer for 
oral-fistula closure [17].

The extent of the maxillary advancement that is carried out by the surgeon is 
based on previously planned occlusion, airway needs, and preoperatively deter-
mined facial esthetics. The ideal vertical dimension is achieved based on the preop-
erative plan, but intraoperative approaches may be considered in some cases [35]. 
Maxillary osteotomy regions are fixed on all zygomatic buttresses and apertures by 
using titanium plates and screws based on the principles described by Luhr [48, 49]. 
If a graft has been used, an extra microplate is additionally applied to stabilize each 
interpositional cortico-cancellous (iliac) graft. For repairing facial asymmetries 
and secondary deformities, mandibular and jaw osteotomies are also frequently 
required in UCLP patients in addition to Le Fort I osteotomy.

6. Orthognathic approach on BCLP deformities

6.1 Prevalence

In the study that was carried out at Boston Pediatrics Hospital, it was stated 
that there was a need for maxillary advancement by orthognathic surgery in 76.5% 
adolescents whose BCLP had been repaired [3]. Moreover, the authors explained 
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that, in addition to the severity of the cleft type, the number of previous opera-
tions and extent of cleft area also affect the need for orthognathic surgery. Another 
study conducted at Toronto Pediatrics Hospital stated that there was a need for 
orthognathic surgery in 65.1% of their own BCLP patients, while this rate was 70% 
for patients who were referred by other centers [8]. From the Cleft Craniofacial 
Unit in Adelaide, Australia, David et al. [50] followed BCLP patient groups from 
birth to adulthood and determined the need for orthognathic surgery. Accordingly, 
orthognathic repair was needed in skeletal class III malocclusion among 17 of 19 
patients (89.5%) and when they reached 18 years of age. Other previous studies also 
supported the findings of the aforementioned ones [51, 52].

6.2 Orthodontic approach

Different degrees of dysplasia in the sagittal, vertical, and horizontal directions 
are observed on the maxilla of patients without an ideal bone graft in the mixed 
dentition period that is divided into three segments. Before surgical treatment of 
maxillary segments, each segment is separately treated by an orthodontist. Before 
orthodontic treatment, cephalometric and panoramic radiography images are 
taken, and the angles, positions, and morphologies of teeth to soft tissues and bones 
are examined. In these patients, the volumes of the bones in the cleft region and 
the detailed position of teeth may be analyzed by additionally taking cone beam 
computerized tomography (CBCT) images.

BCLP patients have a broad variation in terms of the amount of dentoalveolar 
bone and the number of permanent teeth. Teeth that resemble lateral incisors are 
usually observed along the sides of the lateral segments. Due to the usually under-
developed root structure of these teeth and their deformed crowns, extracting 
them is reasonable. Because of the deformed crowns and root structures of also the 
erupted supernumerary teeth found in the premaxilla of BCLP patients, it is usually 
appropriate to extract these during orthodontic treatment. In addition to this, only 
7% of BCLP patients have lateral teeth with regular structure [6], and these are kept 
in the arch and moved to ideal position by the orthodontist.

Decision to extract the premolar teeth is dependent on the width and height of 
the present alveolar bone, position of canines, and the degree of crowding on the 
segments. In cases where inadequate bone and periodontal support remains or this 
support is substantially weakened after leveling and aligning the canines adjacent 
to the cleft, decision to extract of premolar teeth may be taken by the orthodontist. 
Aligning and leveling of the second molar teeth in addition to other maxillary teeth 
will increase the success of orthognathic surgery by improving the arch form and 
occlusion [35]. While extractions in the mandibular arch may be required based on 
the need for space on the arch and during the process of moving the incisors to an 
ideal angle, extraction is usually not necessary on the mandibular arch.

6.3 Surgical approach

Incomplete, insufficient definitions were presented by previous studies for 
surgical techniques used for the purpose of warning BCLP patients about possible 
complications regarding maxillary osteotomy and achieving reliable osteotomy 
operations [39, 53]. Hugo Obwegeser provided significant contributions which 
may be considered as milestones about cleft surgery on BCLP patients. However, 
at the early stages, very few clinicians adopted the methods of Obwegeser. This 
was because, as one of the eight patients he treated died of airway complications, 
and the results on the others were not reported in an appropriate manner, relevant 
studies criticized them [54]. In the mid-1980s, Posnick described a safe method of 
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the segmental Le Fort I osteotomy technique that considers biological principles in 
BCLP patients with maxillomandibular deformities [17, 55, 56]. This method, for 
instance, emphasizes preservation of the labial soft tissue mucosal pedicle in the 
maxillary of patients. The significance of this flap circulation that is achieved by 
considering biological principles was confirmed in the study by Bell et al. that was 
carried out on Rhesus monkeys [38].

Mainly, in BCLP patients, clinicians encounter maxillary deformities including 
those that are intact on both sides (successfully grafted) with one alveolar ridge, 
those with two segments with one side intact (successfully grafted), and those with 
three segments that are failed/non-grafted, and they apply different orthognathic 
surgery methods for these.

6.3.1 Standard Le fort I osteotomy

Patients in cases of BCLP may have intact alveolar ridges on both sides, one 
intact alveolar ridge on only one side or alveolar clefts that have been successfully 
grafted during mixed dentition. In adolescents or adults with maxillomandibular 
deformity and intact alveolar ridges on both sides, a standard Le Fort I down-
fracturing technique performs to advance maxillary hypoplasia.

6.3.2 Modified Le fort I osteotomy (two-segment)

In an individual with BCLP, a unilaterally intact alveolar ridge (with residual 
alveolar cleft and oronasal fistula on the other side) shows the same anatomy as 
those in a UCLP patient. The surgical approach for such a patient is the same as that 
which is applied for a UCLP patient with separated segments. For patients who are 
born with BCLP and non-grafted alveolar arches, the modified Le Fort I Osteotomy 
(three-segment) procedure should be applied.

6.3.3 Modified Le fort I osteotomy (three-segment)

Unfortunately, a big part of patients who have BCLP maxillomandibular 
deformities are still observed to have alveolar clefts, residual oronasal fistulae, and 
mobile premaxilla. While carrying out a Le Fort I osteotomy procedure on a BCLP 
patient with non-grafted alveolar arches, accurate incisions has a critical impor-
tance for providing all three segments with blood circulation [17].

In the technique, on each side, a buccal (labiolateral) incision is made from the 
zygomatic buttresses (anterior and gingival levels of the parotid canal) in the depth 
of the vestibule extending toward the location of the residual oronasal fistula. Then, 
vertical incision continues according to mesial angle of the canine (or if the canine 
is missing, the most mesial tooth on each lateral segment). Without completely 
separating the premaxilla, an intermediate splint is placed to fix the lateral segments. 
The premaxilla is to be included to the vestibular incisions at the posterior with 
angular, vertical incisions in its labial direction, and to separate the oral and nasal 
mucosa of the fistulae even further, the incision continues downward along the 
distal line angle of the central incisor teeth on both sides. Attention should be paid to 
prevent deformation or incision of the mucosa in the premaxilla. Shavings are made 
from the segments to get the hard and soft tissues closer to each other. While doing 
this, one should be careful not to damage the lamina dura of the existing teeth. After 
completion of the premaxillary segment and other adjustments, the final splint is 
placed, and the segments are fixed with titanium plates and screws [17]. If there is 
grafting, an additional microplate is also needed to stabilize each cortico-cancellous 
(iliac) graft. To repair facial asymmetries, mandibular deformations, and secondary 
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deformities, mandibular surgery may also be needed in addition to Le Fort I oste-
otomy in BCLP patients.

7. Orthognathic approach on ICP deformities

7.1 Prevalence

It was reported that 20% of Caucasians with ICP who receive repairs in the period 
of infancy would experience maxillary hypoplasia in a way that would lead to maloc-
clusions that do not respond to a conventional or compensatory orthodontic approach 
by itself [36]. Chen et al. [57] reported on the horizontal maxillary growth of both 
children and adults with ethnic origins of Eastern China who were operated/not 
operated. Accordingly, as an interesting finding, the results of the individuals with 
ICP who were not operated in the mixed dentition period showed an almost normal 
horizontal growth. In the patients who were operated (repaired cleft palate) in the 
mixed dentition period, there was a decrease in the clockwise rotation of the maxil-
lomandibular complex. In addition to this, it was stated that, for an individual born 
with ICP, the prevalence of maxillomandibular deficiency is dependent on a combina-
tion of factors such as the internal structure of the primary cleft defect, secondary 
hypoplasia due to surgical repair at infancy, and functional factors (e.g., muscle 
effects – mastication, respiratory pattern, and mandibular resting posture) [58].

7.2 Orthodontic approach

The main purpose of orthodontic treatment before surgery in ICP patients is to 
eliminate all existing dental compensations. This is because, conducting camouflage 
treatment in these patients threatens periodontal health and may cause to relapse 
and resorption in teeth. Inclination and angulation of the maxillary and mandibular 
teeth, crowding, gaps, and rotations are organized throughout the orthodontic 
treatment process. The targets related to achieving ideal arch forms and ideal 
occlusion may be detailed after the operation. Extractions may be needed in the 
maxillary arch to eliminate dental compensations. In comparison to UCLP or BCLP 
patients, treatment is simpler in ICP patients due to the intact nature of the alveolar 
bone and because all teeth are usually present.

7.3 Surgical approach

In general, primary maxillomandibular deformity that is seen in ICP patients 
is maxillary hypoplasia that is caused by the cleft deformity and surgical interven-
tions. The normal reconstructive procedure that needs to be considered in these 
patients is a Le Fort I maxillary osteotomy. Obwegeser stated that complete mobi-
lization of maxilla that are down fractured is needed to achieve an orthognathic 
repair during surgery and decrease skeletal relapse [35]. Bell and Levy [45] con-
firmed that the Obwegeser Le Fort I technique allows sufficient blood diffusion for 
satisfactory bone recovery without aseptic necrosis or tooth injury.

It would be difficult to close any residual palatal oronasal fistula in an ICP 
patient at the same time with the Le Fort I procedure during orthognathic surgery. 
The reason for this is that elevation of the palatal flaps that is usually needed will 
threaten the blood supply for the down-fractured maxilla. Moreover, it was stated 
that, if an impermeable closure of the nasal side can be achieved following down-
fracturing before fixing the maxilla to its new position, the residual mucosal gap on 
the palatal side will usually be recovered secondarily by fistula closure [35].
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8. Post-surgery clinical management

Management of the process at the hospital and at home during the initial recov-
ery process of the orthognathic patient is highly important for a successful out-
come. Cephalometric and dental radiographies and facial and occlusal photographs 
should be taken at certain intervals after the surgery in order to documentation and 
check the patient’s recovery [17].

Orthodontist should remove the splint and see the patient in the next 24 hours 
to replace the maxillary segmental arch wires or rigid continuous arch wires. The 
maxillary teeth are tied to each other to preserve the occlusion, sagittal advance-
ment, and transversal dimension. After 2 months of surgery, active orthodontic 
treatment and finishing procedures can be continued. A trans-palatal appliance 
(wire or palatal appliance) is recommended to stabilize the new arch form. The 
orthodontist should closely monitor the patients throughout the 6 months following 
the surgery to follow up on skeletal and dental relapse and to maintain orthodontic 
treatment [17].

In routine and unproblematic cases, splint usage is abandoned in about 5–7 after 
the surgery. However, in patients with early skeletal relapse, that is, within the first 
2–8 weeks, the teeth are forced in the buccolingual direction toward outside of the 
bone because the teeth are held in place due to splint despite the alveolar relapse, 
and severe gingival recessions may occur (Figure 3). Therefore, CLP patients 
should be observed every week, unlike other orthognathic surgical patients. It 
should be kept in mind that the relapse rates given in the literature are averages, and 
it is possible to see more of these amounts in individual cases.

Speech may be objectively assessed in 3–6 months after the surgery. A nasal 
endoscopy may be used for this. Exact cleft-soft tissue procedures (e.g., cleft 
rhinoplasty, revision of the labial scar, pharyngeal flap or flap revision) may be car-
ried out in 6 months after the operation. After removal of orthodontic appliances, 
pre-planned restorative approaches may be implemented [17].

9. Success of orthognathic surgery

After orthognathic surgery, cleft patients have a higher than normal risk of 
relapse due to factors such as different soft tissue-bone relations and complex 
mobilization vectors. Fahradyan et al. [59] reported that, in comparison to class III 
malocclusion patients without clefts, more relapse was encountered in those with 

Figure 3. 
Periodontal tissue loss due to relapse [25]. (a) Initial: Patient with UCLP, maxillary hypoplasia, severe 
crowding, missing lateral, and asymmetric arch form. (b) Pre-op: Periodontal problems after  
expansion and leveling. (c) Post-op: Both transverse and sagittal skeletal relapse occur while teeth are locked 
within the arch-wire and surgical splint, which deteriorates the periodontal condition. The midline was 
surgically corrected.
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clefts (1.25 mm or more on average), and there was a significant positive correla-
tion between larger clefts and horizontal relapse. In their study, the mean relapse 
rate was similar among different types of clefts, and in the case of each 1 mm 
increase in maxillary advancement, horizontal relapse increased by 0.3 mm on 
average [59].

Richardson et al. [60] examined all relapse cases among individuals where more 
than 11 mm of maxillary advancement was applied, and they reported a horizon-
tal relapse rate of 18.75%. Nevertheless, Bhatia et al. [61] concluded that relapse 
rates stayed the same even in maxillary advancement degrees of more than 15 mm 
(mostly in cleft patients). Yamaguchi et al. [62] reported in their systematic review 
that the mean values of horizontal and vertical relapse were, respectively, 17.9% and 
35.4% in orthodontic surgery for cleft patients. This shows us that vertical stability 
is lower.

Although most studies focused on horizontal maxillary stability, Park et al. 
[63] reported that postoperative mandibular relapse in cleft patients had a strong 
positive correlation with mandibular clockwise rotation and setback amounts. 
Wong et al. [64] could not find a significant difference between the relapse rates of 
individuals who received two surgical operations and those who received maxillary 
advancement surgery only. Some researchers used bone grafts to increase hori-
zontal or vertical stability [61, 63, 64]. It was reported that usage of grafts has a 
preventive effect on horizontal maxillary stability with an average of 1.72 mm less 
relapse [61].

10. Complications

10.1 Airway problems

Treatment of cleft patients with class III malocclusion that results out of 
the combination of maxillary hypoplasia and intermaxillary disorder is usually 
achieved by maxillary advancement, mandibular setback, and clockwise rotation 
of the maxillomandibular complex. While maxillary advancement is associated 
with increased upper airway cavity, in contrast, mandibular setback is associated 
with reduction of airways with outcomes such as postoperative airway blockage, 
snoring, hypopnea (slow respiration), and obstructive sleep apnoea [65, 66]. 
Additionally, a pharyngeal flap may contribute to the airway-related difficulties 
that are encountered during operation or in the postoperative period. When the 
three-dimensional (3D) pharyngeal airway cavity of cleft patients in their pre- or 
post-pubertal periods were compared to a control group, Karia et al. [66] found 
significantly smaller airway sizes in the cleft group. The total airway volume 
increased from the pre-pubertal to the post-pubertal periods in both groups, but 
the reason for this outcome in the cleft group was not anteroposterior growth as 
in the case of the control group, but in contrast, associated with vertical airway 
growth. Especially in bilateral cleft patients, significantly reduced pharyngeal 
airway cavity in comparison to individuals without clefts was also confirmed in a 
CBCT study [67].

A prospective study by Chang et al. [68] examined the airway changes in cleft 
patients who received maxillary advancement and mandibular setback treatments 
by not only CBCT but also polysomnographic examination. Regarding the airway 
changes after orthognathic surgery, it was found that there was no significant 
difference in sleep-related respiratory functions, but the snoring index was 
improved.
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10.2 Speech impediment

It is believed that maxillary advancement in cleft patients has a potential to 
worsen velopharyngeal function (VPF). Nevertheless, there is still no certain 
evidence on whether or not the amount of advancement affects velopharyngeal 
disorder and whether or not preoperative VPF is related to the postoperative out-
come. It is most likely that improvements are seen in the articulation of patients 
after surgery due to the correction of dental arches [69]. In a systematic review 
of the complications that developed as a result of orthognathic surgery on cleft 
patients, Yamaguchi et al. [62] reported postoperative velopharyngeal deficiency 
(VPD) as 16.79%.

Moran et al. [70] examined 79 cleft patients who received treatments of conven-
tional orthognathic surgery or distraction osteogenesis, and they reported that, fol-
lowing maxillary advancement rates from 3 to 11 mm, there was VPD in 5 (6.33%) 
cases. These five patients were also found to have borderline VPD preoperatively. 
The results of their study supported those of other studies that there is no relation-
ship between maxillary advancement and the amount of postoperative velopharyn-
geal disorders [71], and when orthognathic surgery and total maxillary distraction 
are compared in terms of speech and VPD, there is no significant difference [71–73]. 
Additionally, the finding that there is no correlation between postoperative speech 
impediment and preoperative borderline VPD was added to the literature which 
reported similar findings [71–73].

It is a difficult process to estimate soft tissue changes after orthognathic surgery 
and prevent them. This is because the adaptation of the velopharyngeal region 
for compensation of other regions is variable, and it is dependent on the personal 
characteristics of each patient and the capacity of tissues that are present or trans-
planted to become functional [74].

10.3 Infection

Infection rates following orthognathic surgery are highly variable due to reasons 
such as antibiotics usage styles and diagnostic differences [75, 76]. Recent studies on 
orthognathic surgery in individuals without clefts reported an incidence of less than 
1–8% [76–78].

Miloro derived a few results by analyzing 15 previous studies on infections fol-
lowing orthognathic surgery: infection incidence may decrease in the case of using 
oral antibiotics for more than 1 day after surgery. First-generation cephalosporins 
are used more frequently before surgery. Mandibular osteotomy regions are where 
infections are seen the most. Extraction of the third molar may have a small effect 
on infection incidence, but this is under debate. Most infections that occur after 
orthognathic surgery are small, and removal of fixation plates and screws is rarely 
necessary [75].

In an analysis of the USA National Inpatient Samples Database (2012–2013), the 
rate of emergence for any kind of infectious complication following orthognathic 
surgery was reported as 7.4% in patients with a craniofacial anomaly and 0.6% in 
those without a craniofacial anomaly [78]. Recent studies reported rates of from 
0to 13.92% for infections emerging after orthognathic surgery in cleft patients 
without any craniofacial anomaly [61, 62, 68, 70]. In the study that obtained a high 
rate of incidence as 13.92% despite 5 days of routine antibiotics usage, the authors 
emphasized the importance of oral hygiene, team collaboration, and patient 
cooperation [70].
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10.4 Oronasal fistula

Segmental maxillary osteotomies may have a risk of postoperative oronasal 
fistulae. In a systematic review in 2017, the postoperative fistula rate was reported 
as 19.3% in segmental Le Fort I osteotomy [79]. While residual oronasal fistulae in 
cleft patients increase the difficult of orthognathic surgery, they may be repaired 
by adjusting the incision patterns during surgery. In addition to this, according to 
the systematic review in 2016 by Yamaguchi et al. [62], the closure deficiency of a 
pre-existing fistulae (28.57% for palatal, 10.74% for alveolar fistulae) was the most 
frequently encountered complication. Another study reported a residual fistulae 
rate of 10.53% [70]. Nevertheless, residual fistulae rates may be reduced by careful 
dissection, unstressed closure, delicate tissue management, and compliance with 
blood circulation [80].

10.5 Nerve damage

The neural disorders that occur as a result of orthognathic surgery mainly affect 
the infraorbital, inferior alveolar (mandibular), and mental and incisive nerves. 
Reports on facial nerve paralysis vary in the range of 0.17–0.75% [81].

The incidence of continuation of inferior alveolar nerve disorders varies 
between 5 and 15% depending on the age of the patient and the technique that is 
used (piezo-surgery or conventional) [82, 83]. A systematic review in 2017 reported 
that usage of piezo-surgery in orthognathic operations was associated with signifi-
cant reductions of loss of blood during surgery and severe nervous disorders [84].

In orthognathic surgery on cleft patients, 70% of the patients may experience 
paresthesia after surgery, and a permanent sensory disorder may occur in 25% [80]. 
Bhatia et al. [61] stated that all 25% of patients who experienced cheek paresthesia 
recovered after a year. Moran et al. [70] reported that the sensory neuropathy of the 
infraorbital nerve was temporary in 53% of patients and permanent in 1.27%. In 
addition to this, 3D computer-assisted planning and determination of the inferior 
alveolar nerve may contribute to the safety of orthognathic surgery [85].

11. Conclusion

Orthognathic surgery, which is the last stage of CLP treatment, is a highly 
important step in management of the entire process. Therefore, there should be 
good communication among the patient, the family, and the cleft team. There are 
effects of factors that are unique to individuals or clefts on the outcomes of surgery, 
but their extent is still under debate.

Despite the different rates reported in the literature, the rates of complications 
in cleft surgery are striking. Strategies should be created by focusing on causes and 
mechanisms to prevent or minimize these complications.
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