
© 2020 Annals of Maxillofacial Surgery | Published by Wolters Kluwer - Medknow136

Original Article ‑ Retrospective Study

IntRoductIon

Maxillary deficiency and accompanying crossbite is a common 
malocclusion encountered clinically with a prevalence of 
4%–23%.[1] Maxillary transverse deficiency (MTD) can be 
treated either orthodontically using rapid maxillary expansion 
(RME) or surgically using surgically assisted rapid palatal 
expansion (SARPE). In children and adolescents, conventional 
orthodontic RME has been successful when used prior to 
sutural closure.[2‑6] In skeletally mature patients, the possibility 
of successful maxillary expansion decreases as sutures close 
and resistance to mechanical forces increases.[2,4,6] SARPE is an 
effective method of addressing the severe maxillary transverse 
discrepancy in patients over the age of 15 years. In young adults 
and adults in their 20s and 30s, palatal expansion may result in 
the tipping of the molars with little expansion of the maxillary 
arch. It has also been suggested that the intermaxillary suture 

anterior to the incisive canal never ossifies until very late in life, 
resulting in some relapse.[7‑9] A number of modifications for the 
traditional SARPE surgical technique have been described. The 
traditional method describes a midpalatal osteotomy between 
the two central incisors, followed by maxillary expansion using 
a tooth‑ or bone‑borne device.[5]

Various combinations of maxillary, pterygopalatine lateral 
nasal, septal, and palatine osteotomies have been used based 
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on different theories regarding the location of resistance to 
expansion.[10,11] Some of the initial reports indicated that the 
zygomatic buttress and pterygomaxillary junction are the main 
areas of resistance,[12‑14] and some reports have recommended 
the sectioning of almost all articulating maxillary structures.[15‑17]

In this report, we present a novel surgical technique for the 
treatment of MTD. We use a bilateral transverse L‑shaped 
maxillary osteotomy followed by tooth‑borne Hyrax® device 
for palatal expansion in skeletally mature patients. We present 
the technique, our experience, and the reason for choosing this 
technique over the conventional surgical procedure described 
in the literature.

MateRIals and Methods

A total of 32 patients, 17 males and 15 females, aged between 
19 and 54 years were treated using a bilateral transverse 
L‑shaped maxillary osteotomy followed by palatal expansion 
using a tooth‑borne Hyrax® device. The inclusion criteria in 
this work were all patients aged 15 years or more who reached 
their skeletal maturity, exhibiting MTD (hypoplasia), which 
can be associated with another skeletal dysgnathia such as 
retruded maxilla or open bite and treated using the bilateral 
transverse L‑shaped maxillary osteotomy. The transversal 
hypoplasia could not be corrected by orthodontic treatment 

alone due to the full skeletal maturation. Exclusion criteria 
included syndromic patients and cleft palate patients.

All patients included had bilateral transverse posterior 
crossbite, high and narrow palatal vault, and dental crowding 
[Figures 1 and 2]. All impacted or ectopic third molar teeth 
were extracted prior to the surgical intervention. Eighteen 
patients presented with maxillary retrusion and ten of them 
also exhibited an anterior open bite which was associated 
with mandibular prognathism. Patients presented with an 
anterior open bite exhibited two planes of occlusion in the 
sagittal plane. Generally, in this study, SARPE preceded 
the orthodontic leveling. The eighteen dysgnathic patients 
underwent an additional bimaxillary orthognathic surgery, 
1 year following the SARPE procedure and completion of the 
orthodontic preparation. Bimaxillary orthognathic surgeries 
included the Le Fort I maxillary osteotomy and bilateral sagittal 
split mandibular osteotomy.

Surgical technique
Hyrax® device was bonded by the orthodontist prior to 
the surgery [Figure 3]. Twenty‑six SARPE surgeries were 
performed under deep sedation with the administration of 
local anesthesia, while the remaining six patients underwent 
the procedure under general anesthesia with nasotracheal 
intubation.

Horizontal incisions were made in the maxillary vestibule 
above the attached mucosa, between the lateral incisive 
anteriorly and the second molar region posteriorly on 
both sides, followed by an exposure of the lateral walls 
of the maxilla [Figure 4]. Subsequently, a sulcular 
incision was made between the central incisive and the 
first premolar teeth. Using fine periosteal elevators, the 
gingival mucoperiosteal flaps were reflected carefully over 
the relevant teeth to allow the proper surgical visibility 
and access to perform a vertical osteotomy between the 
second incisive and canine teeth, avoiding damage to the 
integrity of the elevated crestal part of the mucoperiosteal 
flap. Using a reciprocating saw, a horizontal maxillary 
osteotomy on the lateral wall of the maxilla was performed 
at least 5 mm above the apex of the teeth from the pterygoid 
plate posteriorly toward and above the apex of the canine 
anteriorly. Great care was taken not to damage the canine 
apex which is higher than the other teeth. While protecting 

Figure 1: A 21‑year old patient with maxillary transverse deficiency 
presenting with associated retruded maxilla and anterior open bite. Clinical 
photo frontal view (a) and profile view (b)

Figure 2: Intraoral photos of the patient are described in Figure 1. Anterior (a), lateral (b), and occlusal (c) views demonstrate the maxillary transverse deficiency
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the previously reflected mucogingival flap and using a 
reciprocating saw, a vertical osteotomy starting from the 
alveolar crest was performed between the lateral incisive 
and canine teeth toward the horizontal osteotomy on both the 
sides. To complete the vertical osteotomy, a fine osteotome 
was introduced and a manual pressure was applied until the 
slight movement of the lateral maxillary segments on both 
the sides was created. The pterygomaxillary suture was 
osteotomized by a curved osteotome.

Activation of the Hyrax® device was initiated on the first 
postoperative day by turning the device twice a day at a rate 
of 0.5 mm [Figure 5]. Dental casts and preoperative panoramic 
X‑ray as well as lateral and posteroanterior cephalograms were 
taken before the treatment (T1), after the palatal distraction 
phase (T2), and at 12‑month postoperative (T3).

The palatal expansion was measured on dental casts at all 
three periods (T1, T2, and T3) using four points of reference: 
canine incisal (Ci), canine gingival (Cg), molar occlusal (Mo), 
and molar gingival (Mg). Clinically, patients were evaluated 
intra‑ and postoperatively for dysesthesia of the infraorbital 
nerve, loss of teeth associated to the procedure, loss of 
sensation in the maxillary teeth, infection, bleeding, mechanical 
issues during expansion, unintended early ossification, and 
dehiscence of soft and bony tissue.

Results

During device activation and while the two lateral maxillary 
segments were apart, a gap was opened between the second 
incisive and the canine teeth bilaterally until the transverse 
deficiency was corrected. Subsequently, orthodontic alignment 
of the teeth was performed by the orthodontist [Figure 6]. 
Postoperative dental models demonstrated the palatal 
expansion at Ci, Cg, Mo, and Mg [Table 1]. The mean 

Figure 3: The tooth‑borne Hyrax® device postoperative and before 
activation

Table 1: Maxillary palatal expansion measured on 
dental models at the end of expansion and orthodontic 
alignment and 1 year later at canine incisal, canine 
gingival, molar occlusal, and molar gingival regions

mm±SD (range)

Mean expansion Mean expansion after 1 year
Ci 6.2±0.2 (5.8‑6.6) 5.8±0.2 (5.5‑6.1)
Cg 5.9±0.2 (5.4‑6.4) 5.8±0.2 (5.3‑6.1)
Mo 6.4±0.3 (5.9‑6.9) 6.2±0.2 (5.8‑6.5)
Mg 6.1±0.2 (5.8‑6.4) 6.0±0.2 (5.7‑6.3)
SD: Standard deviation, Ci: Canine incisal, Cg: Canine gingival, 
Mo: Molar occlusal, Mg: Molar gingival

Figure 4: Anteroposterior (a), lateral (b), and occlusal (c) illustrations of the bilateral transverse L‑shaped maxillary osteotomy comprising a lateral 
horizontal maxillary osteotomy from the pterygoid plates posteriorly to above the roots of the second incisive anteriorly and a vertical osteotomy between 
the lateral incisive and canine teeth toward the horizontal osteotomy. Clinical intraoperative photos of the transverse L shape maxillary osteotomy (d and e)

d
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transverse maxillary expansion measured was 6.2 mm at the 
Ci and 6.4 mm at the first Mo [Table 1].

The bilateral osteotomies allowed for splitting of the distraction 
length into two different distraction sites. This allowed for 
a smaller strain on the maxillary buttresses. In all patients, 
the premaxilla and thus the maxillary midline remained 
in its original position owing to the bilateral osteotomies 
lateral to the second maxillary incisors. One‑year follow‑up 
demonstrated stable results in all patients with only 0.4 mm 
and 0.2 mm in Ci and Mo, respectively.

Cases which exhibited two planes of occlusion prior to the 
SARPE procedure achieved one occlusal plane following the 
palatal enlargement and dental alignment, which contributed 
to the postoperative stability.

Although the two vertical osteotomies were performed without 
preorthodontic tooth movement in all 32 patients (64 sides), 
there was no damage to the tooth roots and no loss of tooth 
sensation either in the lateral incisive or canine teeth. In 
3 of the 64 sides, there was damage to the integrity of the 
muco‑gingivo periosteal flap over the vertical osteotomy 
resulting in two patients with a gingival recession in the canine 
teeth and one patient with alveolar bone exposure that required 
further debridement and mucosal graft for proper healing. The 

18 patients with dysgnathia underwent bimaxillary surgery 
1 year following the leveling and stabilization of the occlusion 
and achieved normognathic relations and stable skeletal and 
dental results [Figures 7 and 8].

dIscussIon

Treatment of MTD can be performed by orthodontic expansion 
in patients younger than 15 years or by SARPE in skeletally 
mature patients.[2‑6] SARPE has gradually gained popularity 
as a treatment option to correct MTD. It allows clinicians to 
achieve effective maxillary expansion in skeletally mature 
patients.

The maxillary osteotomy used in SARPE can overcome the 
resistance of ossified sutures.[17‑21] The indication of SARPE 
includes adult patients, where marked sutural expansion is 
not possible, and patients which exhibited transverse relapse 
following rapid palatal expansion. Suri and Taneja[6] proposed 
that the correction of MTD in skeletally mature patients is more 
challenging due to changes in the osseous articulations of the 
maxilla with the adjoining bones and areas of major resistance.

Various combinations of midmaxillary, pterygopalatine, lateral 
nasal, septal, and palatine osteotomies have been used based 
on different theories regarding the locations of resistance to 

Figure 6: Orthodontic treatment following surgically assisted rapid palatal 
expansion in the same patient described before. Clinical photo frontal 
and profile view

Figure 8: Intraoral anterior photos of the patient described before. Prior 
to the surgically assisted rapid palatal expansion (a) and postsurgically 
assisted rapid palatal expansion and orthognathic surgery (b)

ba
Figure 7: The same patient described before following the surgically 
assisted rapid palatal expansion procedure and a maxillary Le Fort I and 
sagittal split osteotomy of the mandible to advance the maxilla and close 
the open bite. Frontal (a) and profile (b) views
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Figure 5: Palatal expansion in the same patient described in Figure 1 
can be observed by the gap created between the lateral incisor and the 
canine. (a) Occlusal view (b) Lateral view
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expansion.[10‑14] The major resistance of transverse palatal 
expansion is the zygomaticomaxillary buttresses.[6,12,14,18] 
Sectioning of almost all articulating maxillary structures is 
recommended to address all sites of resistance.[15‑17] Therefore, 
in adult patients due to significant sutural ossification and 
maturation of the facial skeleton, we performed surgical 
sectioning of the two lateral zygomaticomaxillary buttresses 
which allowed the lateral expansion to overcome the resistance. 
It is necessary to make sure that the buccal osteotomy did not 
interfere with the apices of the dentition and did not damage 
the infraorbital nerve.

Several studies linked the relative postoperative instability after 
transversal expansion using midpalatal osteotomy to the low 
bone contacts and less bone generation along the suture.[22,23] In 
the present work in addition to the two horizontal osteotomies 
at the zygomaticomaxillary buttresses, we used two vertical 
osteotomies laterally to the midpalatal suture to enhance 
the amount of bone contacts being used during the palatal 
expansion. We achieved a mean transverse maxillary expansion 
of 6.2 mm at the canines and 6.4 mm at the first Mo. During 
lateral distraction and expansion of the palate, the premaxilla 
remains stable while the anterior dental arch increases by the 
newly bone generated on both sides of the maxilla. Using this 
method of bilateral maxillary arch expansion, the major strain 
created from the zygomaticomaxillary buttresses is controlled 
bilaterally leading to a greater stability and reduced relapse. We 
demonstrated maximum relapse rates of 0.4 mm and 0.2 mm 
at Ci and Mo, respectively.

According to the distraction osteogenesis literature, a greater 
skeletal advancement demonstrates higher relapse rates than 
those of short distance of elongation.[24]

Our method allows for splitting of the distraction length in 
two, thus allowing for superior stability due to shorter lengths 
of elongation. In mild cases, it is not necessary to fracture the 
pterygoid plates. However, in severe cases which may need 
marked lateral expansion at the molar region, this fracture 
should be performed. After the planned bony and dental arch 
expansion was achieved, orthodontic dental alignment was 
performed. The creation of a bilateral space between the second 
incisive and canine teeth allows symmetric alignment of teeth 
superior to that of a single midline osteotomy.

Distraction at two sites may result in better skeletal arch 
expansion and stability which may contribute to dental 
alignment. In patients with a narrow maxilla, the impacted 
or ectopic upper third molars should be extracted prior to the 
osteotomy.

In the present article, the preferred option was to perform 
the vertical osteotomies on both sides between the lateral 
incisive and canine teeth without damaging the tooth apices 
and roots. The overlying mucosa and periosteum should 
bridge the vertical osteotomy for proper healing. Rupture of 
the muco‑gingivo periosteal bridge may result in unesthetic 
healing of the gingiva around the osteotomy and improper 

ossification between the lateral incisive and canine teeth 
that may affect the bony distraction and later the tooth 
alignment. Therefore, this osteotomy is initiated using a tracing 
corticotomy with a fine burr followed by vertical osteotomy 
with a small reciprocating saw between the roots to cut the 
bony ridge from the papilla area toward the lateral maxillary 
osteotomy. Next, an osteotome is placed to separate the 
lateral bone segments. It is not necessary to perform palatal 
access for palatal osteotomy. Two of 64 sides resulted in root 
dehiscence due to partial mucosal rupture during the bony 
vertical osteotomy, and in another case, there was alveolar 
bone exposure that required further correction.

The operation can be performed also unilaterally in cases of 
unilateral transverse deficiency as in unilateral cleft palate 
patients. In cleft patients, the procedure should be performed 
only on patients that were previously bone grafted and thus 
acquired continues dental arch and bony alveolus.

Another option to expand transversely the maxilla is to 
perform a Le Fort I osteotomy and segmentalization.[25] The 
disadvantages of this method are the need to extract teeth 
at the osteotomy site, the need for bone graft between the 
osteotomized segments, less stability of the osteotomized 
segments, transverse relapse, which may result in postoperative 
open bite and improper occlusion, and the need for 
postoperative orthodontic treatment for leveling and closing 
of the sites of extraction.[26‑27] The use of SARPE has the 
advantages of a relatively simple procedure followed by 
gradual transverse distraction and bone generation at the 
distraction sites which prevents the relapse. It is safer and 
more predictable to begin with expansion of the adult maxillary 
palate prior to dental alignment and finally perform the 
maxillary Le Fort I orthognathic surgery achieving a stable 
occlusion, as opposed to performing a Le Fort I osteotomy 
with segmentalization (3‑piece maxilla) which may result in 
less postoperative stability[25‑27] and periodontal defects or tooth 
extraction for the vertical osteotomy. The presented procedure 
does not require tooth extraction at the osteotomy site.

In some of our patients (18 of 32 cases), SARPE was the first 
stage prior to orthognathic surgery which was performed 
following completion of the arch expansion and orthodontic 
alignment. Performing the orthognatic bimaxillary surgery 
1 year following the palatal expansion and orthodontic 
treatment has the advantage of operating after stabilization of 
the two occlusal planes which contribute to long‑term stability.

It is known that patients with transverse maxillary constriction 
may benefit from the expansion of the nasal base. SARPE 
increases the nasal and maxillary width and improves nasal 
breathing.[24,28‑30]

Summary of the advantages in the bilateral transverse L‑shaped 
maxillary osteotomy method for SARPE is as follows:
1. Two sites of palatal expansion with bone generation 

between the lateral and canine teeth contribute to a better 
stability
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2. Esthetic consequences of maxillary diastema are avoided 
since the osteotomy is being performed laterally to the 
midline, therefore allowing a more symmetric expansion

3. The premaxilla area including the midpalatal septum is left 
unattached, avoiding the risk of damaging blood supply 
and innervation of an incisive canal through the osteotomy

4. SARPE can be the first surgical orthodontic phase in the 
treatment of adult patients with dysgnathia that also had 
a MTD. This treatment is optimally carried out in two 
phases: SARPE followed by orthognathic surgery.

conclusIon

The bilateral transverse L‑shaped osteotomy is indicated 
for MTD. Midpalatal osteotomy is avoided and the bilateral 
bony maxillary arch expansion overcomes the resistance 
of maxillary buttresses, with two‑site distraction and bone 
generation contributing to better stability. This procedure may 
be the first surgical orthodontic phase prior to orthognathic 
surgery.
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