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Distraction Osteogenesis Maxillary
Expansion (DOME) and SFOT

for Naso-Maxillary Expansion

in Obstructive Sleep Apnea (OSA)

Audrey Yoon, Linda Phi, and Stanley Liu

Introduction

Obstructive Sleep Apnea (OSA) has multifactorial etiology
including craniofacial risk factors such as narrow maxilla
with high arch palate [1, 2]. The maxilla forms the floor of
the nasal cavity, so transverse maxillary hypoplasia corre-
lates with a narrow nasal floor. Additionally, individuals with
OSA often have a resting tongue position that is more inferi-
orly positioned [3, 4]. Whether this inferiorly positioned
tongue position influences the development of maxillary
hypoplasia, or vice versa, remains unknown. Nevertheless,
transverse maxillary hypoplasia with inferiorly displaced
tongue posture is associated with increased nasal airflow
resistance and retroglossal airway narrowing [3, 4]. Nasal
obstruction in patients with narrow maxilla and high arch
palate may not resolve completely with procedures such as
turbinate reduction, septoplasty, and nasal valve reconstruc-
tion [5]. In these patients, maxillary expansion has been
shown to improve nasal breathing [3, 6].
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The treatment modality needed to expand the maxilla and
the nasal floor is highly dependent on the patient’s growth
and developmental stage [7]. Before puberty, the mid-palatal
suture has not yet fused. This suture intricately interdigitates
after the onset of puberty, making it more difficult to split
apart [8].

Rapid Palatal Expansion (RPE)

Rapid palatal expander (RPE) has been shown to be effica-
cious in pediatric OSA [9]. RPE can predictably expand the
maxilla in pediatric patients before pubertal growth spurt is
completed, which coincides with the early teenage years
[9-11]. The expansion is achieved via orthodontic and
orthopedic appliances that apply strong bilateral forces to
the dental arch. When the appliance exerts adequate force,
there is insufficient time for dental movements to occur
[12]; hence, the force is transferred to the mid-palatal suture
and circumferential sutures [12]. As the maxilla expands,
the nasal floor also widens. A study found that in younger
children, transverse expansion with orthopedic appliances is
50% skeletal and 50% dental [13]. The skeletal expansion
reduces to 35% skeletal and 65% dental in adolescents when
the mid-palatal suture starts to interdigitate [13]. As the
suture fuses more intricately, the forces exerted by the RPE
will be more concentrated at the level of the dentition rather
than the maxillary bone.

With RPE, mid-palatal sutural opening is found to be
non-parallel [14]. Looking from the occlusal view, the
expansion is triangular in shape with more widening in the
incisors, and less widening occurred at the posterior hard
palate [14]. From the frontal view, the expansion is pyra-
midal in shape with more widening on the oral side of the
palate, and less on the nasal floor [15]. The palatine pro-
cess is lowered due to the outward rotation of the hemi-
maxilla [16].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 21
G. A. Mandelaris, B. S. Vence (eds.), Surgically Facilitated Orthodontic Therapy, https://doi.org/10.1007/978-3-030-90099-1_14


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-90099-1_14&domain=pdf
https://doi.org/10.1007/978-3-030-90099-1_14#DOI
mailto:audrey12@stanford.edu
mailto:lindaphi@ucla.edu
mailto:ycliu@stanford.edu

212

A.Yoon et al.

Miniscrew-Assisted Rapid Palatal Expansion
(MARPE)

While conventional tooth-borne or tooth-tissue-borne RPE is
effective in skeletally expanding the maxilla in pediatric and
pre-pubescent patients, it is less reliable to skeletally expand
post-pubescent and adult patients [17]. If RPE is used in this
latter age group, it tends to tip the dentition buccally, which
may result in periodontal damage [17, 18].

MAREPE is a technique that utilizes miniscrews (also
referred to as mini-implants or temporary anchorage devices)
with RPE, resulting in a bone-borne appliance that is capable
of providing greater force to split the mid-palatal and cir-
cumferential sutures [19, 20]. The miniscrews are inserted
paramedian to the mid-palatal suture line, beneath the nasal
floor. Compared to RPE, the additional anchorage from the
implants provides the advantage of minimizing dentoalveo-
lar tipping while maximizing skeletal expansion [19, 20].
This allows the concentration of forces to be at the level of
the suture rather than at the dentition. A randomized con-
trolled trial demonstrated that the nasal airflow following
expansion was significantly higher in miniscrew assisted
palatal expanders compared to the tooth-anchored expander
[21]. Also skeletal expansion with MARPE is more predict-
able than RPE for post-pubescent individuals and young
adults. Studies have shown that in cases where the sutural
split was successful, the opening is typically parallel from a
coronal view [22].

Prior to the advent of miniscrews, surgically assisted
rapid palatal expansion (SARPE) was used to skeletally cor-
rect transverse maxillary hypoplasia in adults. [23] Utilizing
the implants in MARPE, the maxilla can be expanded in
teenagers and young adults without the need for general
anesthesia and invasive osteotomies. However, it is impor-
tant to note that a successful sutural split with MARPE may
not always be predictable, especially in older adults [24].
Some osteotomies may still be needed in conjunction with
MARPE for more predictable results, which will be dis-

cussed in the next section. An orthodontist commonly deliv-
ers the MARPE chairside under local anesthesia [24], with
minimal bleeding, swelling, pain, and discomfort as com-
pared to SARPE [25].

Numerous MARPE designs are available to expand the
maxilla and nasal floor, including bar-type, multiple
miniscrew-supported expander (no teeth banded), acrylic
base reinforced with miniscrews, hybrid design with molar
bands and multiple miniscrews, and customized “specific to
patient” design [24]. The number of implants in the MARPE
design is based on the provider’s preference, typically 2, 4,
or 6 implants.

Distraction Osteogenesis Maxillary
Expansion (DOME) (Figs. 1 and 2)

Before MARPE was developed, SARPE was utilized to cor-
rect a maxillary transverse discrepancy for adults. SARPE
combines the conventional RPE with Le Fort I osteotomy
with or without bilateral pterygoid plate disjunction and lat-
eral nasal wall osteotomy [23]. The mid-palatal sutural open-
ing for SARPE is similar in shape to the conventional RPE. It
is triangular in shape from an occlusal view, with more
expansion occurring at the incisors. It is pyramidal from the
frontal view, with more expansion occurring at the oral sur-
face [26].

Utilizing MARPE with site-specific osteotomies, distrac-
tion osteogenesis maxillary expansion (DOME) was devel-
oped for OSA patients whose mid-palatal suture may not
predictably expand with MARPE alone [27]. As mentioned
previously, MARPE is most predictable in teenagers and
young adults. Well-designed osteotomies in conjunction
with MARPE are more effective and predictable in the adult
OSA population [24, 27]. Originally conceived by Liu, Yoon,
and Guilleminault, conventional DOME techniques and
minimally invasive nasal endoscopic (MINE) DOME tech-
niques will be discussed below.
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Fig. 1 DOME Expansion Occlusal View. (a) Initial Pre-DOME: DOME consolidation stage: Palatal width and nasal floor are main-
Patient presented high arch palate with nasal obstruction and sleep tained using jackscrew base with 4 mini-screws. Closing spaces and
apnea. (b) Post-DOME expansion: Custom DOME expander design arch coordination with aligner therapy treatment. (d) Final Post-
with 6 mini-screws. 8 mm jackscrew level expansion achieved with ~ Orthodontic treatment: Patient’s nasal breathing and sleep apnea were
expansion velocity 0.25 mm a day after DOME surgery. (¢) Post- improved

Fig.2 DOME expansion cone beam CT: Coronal View at second pre-  Nasal floor and palatal width were expanded by 8 mm. (¢) Final Post-
molar level. (a) Initial Pre-DOME: Patient presented high arch palate  Orthodontic treatment: Patient’s nasal passage was developed with
with nasal obstruction and sleep apnea. (b) Post-DOME expansion: ~ wide nasal floor
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Conventional DOME

During the treatment planning process for DOME, a 3D
cone-beam computed tomography (CBCT) radiograph is
essential to visualize the anatomical structures involved [24].
These anatomical structures typically include the following
areas: (1) the palatal bone to assess its thickness to avoid
implant loosening or perforation through the maxillary sinus,
(2) location of the maxillary roots to avoid root damage dur-
ing the osteotomy; (3) piriform aperture; (4) naso-maxillary
buttress, and (5) zygomaticomaxillary buttress.

Once the palatal bone density, thickness, sutural location,
and sutural fusion status are assessed, miniscrew location
and length are determined for MARPE design and place-
ment. Optimally, they are placed paramedian to the mid-
palatal suture in an area with sufficient bone thickness. The
selected screw length should have bicortical bone engage-
ment without creating an oroantral fistula or damaging the
root of adjacent teeth. Typically, the orthodontist delivers the
MARPE and the corresponding miniscrews in preparation
for DOME [24].

After the MARPE is delivered, surgery involves limited
osteotomy at the Le Fort I level without pterygomaxillary
disjunction [28]. Some auxiliary osteotomy may be needed
at the maxillary midline using a piezo-electric saw and osteo-
tome wedges to open the mid-palatal suture. The expander
screw is turned to ensure that the maxillary expansion is
symmetric with easy separation as the maxillary diastema
develops [27]. Patients with mild to moderate OSA can be
discharged on the same day as the surgery. Patients with
severe OSA or those with co-morbidities are recommended
to stay overnight for precautionary monitoring [24].

Following the osteotomy, the MARPE is activated by
turning the axial screw. On average, a total of 8-12 mm of
maxillary skeletal expansion is helpful to mitigate OSA,
with an expansion rate of 0.125-0.25 mm per day [24].
However, the amount of skeletal expansion needed for OSA
improvement has not yet been established. Oftentimes, the
mandibular dentition are more lingually inclined to compen-
sate for a narrow maxilla. As a result, it is important to take
into consideration the amount of mandibular dental upright-
ing possible when deciding the amount of maxillary expan-
sion. Also important are the width of the palatal and nasal
floor [24]; the initial CBCT is beneficial in evaluating these
measurements and comparing them to the mandibular skel-
etal transverse dimension.

With conventional DOME, the diastema increases as
MAREPE is activated. 8—12 mm expansion of the nasal floor
with proper DOME techniques translates to approximately
10-14 mm of diastema formation [24]. Once expansion is

completed, orthodontic treatment commences to close this
diastema, upright the mandibular dentition, and coordinate
the arches. Although 3 months is the typical time frame for
the consolidation period in typical craniofacial distraction
osteogenesis, it is recommended that this period is longer for
DOME to maximize bone mineralization and minimize
relapse. The recommended DOME consolidation period is
6—8 months after the expansion is completed [27].

Minimally Invasive Nasal Endoscopic
(MINE) DOME

Although DOME already utilizes minimally invasive oste-
otomy, founders of the DOME technique have continued to
innovate and further reduce morbidity, including prolonged
V2 paresthesia and nasolabial alterations. The minimally
invasive nasal endoscopic (MINE) DOME was developed to
avoid large sublabial incisions with midface degloving for
the Le Fort I level osteotomy, which may cause considerable
facial edema, CN V2 hypoesthesia, abnormal upper lip
mobility, and nasal flaring.

Similar to conventional DOME, the orthodontist first
places the mini-screw assisted expander. Rather than incis-
ing an intraoral flap across the maxilla to access the Le Fort
I osteotomy, an incision is made transnasally, parallel to the
piriform rim at the inferior turbinate level, and towards the
anterior maxilla. An endoscope is inserted into this pocket
for better visualization of anatomical structures. An ultra-
sonic aspirator is used under endoscopic guidance to create
the Le Fort I osteotomy. In the study evaluating the post-
operative effects of MINE DOME, there was a significant
reduction in morbidity utilizing a nasal endoscopic approach
compared to the classic degloving technique, since a surgical
incision of the facial musculature is avoided.

Currently, our team is customizing the MARPE for opti-
mal implant and expander success. Additionally, the Le Fort
I osteotomy is modified and customized based on the desired
patterns of expansion. For example, if a large diastema from
the DOME or MINE DOME expansion is contraindicated,
then the piriform area is left intact. If more posterior expan-
sion is warranted, pterygomaxillary disjunction can be
performed.

Difference Between SFOT and DOME

SFOT and DOME can both be used to expand the maxilla in
adults, but their characteristics and indications are different.
Table 1 differentiates these expansion techniques.
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Table 1 Characteristics of surgical expansion technique: SFOT and

DOME [29, 30]

Characteristics
Method

Type of
movement
Expansion area

Benefit to
airway

Surgery

Bone grafting
Average
activation
interval
Indications

SFOT

Regional
accelerated
phenomenon
Dentoalveolar
expansion
Expand maxillary
arch width
Increase intraoral
cavity volume
Increase alveolar
bone volume
Slight increase in
intraoral volume

Corticotomies

Extensive
Slow expansion
Biweekly

Accelerated tooth
movement
Shorter treatment
time

Mild to moderate
arch development
Mild to moderate
transverse
discrepancy
Exposed tooth
root due to gum
recession

DOME

Distraction osteogenesis at
the nasal floor/maxillary roof

Mainly skeletal expansion

Expand maxillary arch width
Expand nasal floor width
Increase intraoral cavity
volume

Increase nasal cavity volume

Improve nasal obstruction
Increase intraoral volume
Create more tongue space
Osteotomies designed based
on patient need, target areas
are the vertical maxillary
buttresses and midpalatal
suture

Optional, if necessary
Rapid expansion

Daily (jackscrew activation;
0.1-0.25 mm per day)
Nasal obstruction

Moderate to severe arch
development Moderate to
severe transverse discrepancy
Sleep disordered breathing
Avoid segmental surgery

Combination of SFOT and DOME

In many cases of hypoplastic nasomaxillary complex, lower
teeth are lingually tilted to compensate for maxillary con-
striction. To establish the efficacy of DOME surgery by
achieving the greatest possible skeletal expansion for the air-
way, it would be optimal to expand the mandibular width. A
limitation to the amount of maxillary expansion is mandibu-
lar alveolar basal bone width. Gingival recession and bone
loss over prominences of dental roots are found in the adult
OSA population. Alveolar bone loss and gingival recession
limit orthodontic movement buccally. Uprighting teeth over
basal alveolar bone to normal inclination may create further
bone and gingival attachment loss.

SFOT is a valuable procedure for these patients to allow
safe teeth movement when maximizing the amount of skel-

etal expansion. Therefore, to achieve maximum benefit from
DOME surgery, SFOT can be planned concurrently for the
mandibular arch. SFOT can also be performed with DOME
on the maxillary arch, which can facilitate teeth movement,
repair preexisting alveolar dehiscences over root promi-
nences, and reduce the likelihood of new dehiscence forma-
tion [31]. Ensuring adequate bone support for the roots of all
dentition will allow long-term stability for the expanded air-
way [32].
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