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Abstract

Surgically assisted rapid maxillary expansion (SARME) is a widely accepted technique for managing
transverse maxillary deficiency in adult patients, where conventional orthodontic methods are no longer effective
due to skeletal maturation. This review explores the current understanding of SARME, focusing on anatomical
and biomechanical principles, surgical protocols, orthodontic coordination, clinical outcomes, and comparative
techniques. By disrupting resistant sutures through targeted osteotomies and applying controlled expansion forces
via various appliances, SARME enables skeletal widening of the maxilla, resulting in improved arch form,
occlusion, and nasal function. Tooth-borne, bone-borne, and hybrid devices are evaluated for their effectiveness in
minimizing dental side effects and maximizing skeletal changes. The review also addresses complications such as
relapse, asymmetry, and periodontal issues, emphasizing the importance of precise planning and interdisciplinary
collaboration. Comparisons with MARPE and other expansion methods highlight SARME’s role in severe or
complex cases. Ultimately, advancements in 3D imaging, digital planning, and customized devices are poised to
usher in a future of safer, more efficient, and patient-specific interventions. SARME remains a cornerstone in the
treatment of adult maxillary constriction, with ongoing innovation expanding its clinical potential.
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Introduction

Transverse maxillary deficiency is a and allow for skeletal widening of the
prevalent dentofacial deformity, often maxilla [1-3].
characterized by a narrow upper jaw, SARME involves partial Le Fort I
posterior  crossbite, = crowding, and osteotomies—commonly including
compromised nasal airflow. While separation of the midpalatal suture, lateral
conventional rapid maxillary expansion maxillary wall, and, in some protocols, the
(RME) is effective in pediatric patients due pterygomaxillary junction—followed by
to the pliability of the midpalatal suture, its the activation of a maxillary expander. The
efficiency declines significantly after technique offers predictable transverse
skeletal maturity. In skeletally mature skeletal changes and 1is particularly
individuals, the increased resistance of indicated in adult patients with severe
ossified sutures demands an alternative transverse maxillary deficiency, especially
approach to achieve skeletal expansion when associated with other skeletal
without unwanted dental tipping. This need discrepancies or syndromic conditions.
has led to the development and widespread Moreover, SARME enables improvements
use of Surgically Assisted Rapid Maxillary in dental arch alignment, occlusion, nasal
Expansion (SARME), a technique that airflow, and, in some cases, facial aesthetics
combines  orthodontic  forces  with [2-4].

osteotomies to overcome suture resistance
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The growing number of adult
patients seeking  orthodontic  and
orthognathic treatment has increased the
demand for SARME as a first-phase
procedure. Unlike isolated dentoalveolar
expansion or dental compensation, SARME
can address the skeletal etiology of the
discrepancy, providing a stable foundation
for subsequent orthodontic or orthognathic
treatment. Its application is also critical in
pre-implant planning, where maxillary arch
expansion can facilitate prosthetically
guided implant placement in cases with
narrow alveolar ridges [3.4].

Despite its efficacy, SARME is not
without controversy. Debates persist
regarding the necessity of pterygomaxillary
disjunction, the optimal design of
osteotomies, the type of expansion device to
be used, and the potential for relapse.
Furthermore, the complication profile of
SARME, including hemorrhage, root
injury, periodontal damage, and patient
discomfort, warrants careful case selection
and experienced surgical execution [1,3,4].
Recent advancements in 3D imaging
(particularly CBCT), surgical navigation,
and digital planning have further refined
SARME indications and outcomes. Digital
simulations allow for accurate preoperative
visualization of expansion vectors and
skeletal changes, contributing to safer and
more predictable treatment. Additionally,
studies evaluating long-term outcomes
support the skeletal stability of SARME
when properly indicated and executed [2-4].

In light of the above, SARME
occupies a central position in contemporary
dentofacial therapy, bridging the gap
between orthodontics and orthognathic
surgery. Given the wide variability in
surgical protocols, device selection, and
patient profiles, there is a clear need for
comprehensive reviews that synthesize
current evidence and provide clinicians
with clear guidelines. This paper aims to
analyze the current literature regarding
SARME, highlighting its anatomical
rationale, surgical techniques, orthodontic
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coordination, clinical outcomes, potential
complications, and future directions in the

context of modern oro-maxillofacial
surgery.

Anatomical and biomechanical
foundations of SARME

The success of Surgically Assisted
Rapid Maxillary Expansion (SARME) is
rooted in a thorough understanding of the
craniofacial ~sutural system and its
resistance patterns. In young patients, the
midpalatal suture remains patent and
responsive to orthopedic forces, allowing
for non-surgical expansion. However, in
adults, the increased interdigitation and
ossification of the midpalatal suture, along
with adjacent articulations—such as the
zygomaticomaxillary, frontomaxillary, and
pterygomaxillary sutures—create a rigid
and highly resistant maxillary complex. As
aresult, conventional orthodontic forces are
insufficient to separate the maxillary halves,
necessitating surgical assistance to reduce
skeletal resistance [2-5].

The midpalatal suture, a central
target in expansion procedures, becomes
highly interdigitated by late adolescence,
contributing to the rigidity of the maxilla.
However, biomechanical studies have
shown that resistance to expansion does not
come solely from this suture. The
zygomatic buttress, nasomaxillary
complex, and especially the
pterygomaxillary junction present
substantial resistance in mature patients.
The pterygoid plates of the sphenoid bone,
tightly fused to the maxillary tuberosities,
often represent the greatest barrier to
transverse mobilization, and failure to
address this junction surgically may result
in asymmetric or limited skeletal expansion
[3-6].

SARME utilizes partial Le Fort I
osteotomies to disrupt these key resistance
sites. The most common surgical protocol
includes horizontal osteotomies along the
lateral maxillary wall, separation of the
midpalatal suture via interdental osteotomy
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or midline splitting, and optional
disjunction at the pterygomaxillary
junction. The biomechanical goal is to
weaken the osseous framework sufficiently

a)

Figure 1. a) Schematic representation of the midpalafal osteotomy performed during SARME,

to allow a controlled orthopedic force,
applied by an expansion device, to displace
the maxillary halves laterally [2-5,7].

showing the separation of the maxillary halves along the median suture. b) Clinical intraoral view of a
patient after SARME, with a bone-borne expansion device in place and visible midline diastema
indicating successful skeletal disjunction [4].

Expansion devices—whether tooth-
borne, bone-borne, or hybrid—transmit
force to the maxilla via activation screws.
The mechanical force applied is typically
0.25 mm per turn, and patients are
instructed to activate the device 1-2 times
daily, depending on the protocol. The
biomechanics of force distribution vary
depending on the design: tooth-borne
devices may induce more alveolar tipping
and dental compensation, while bone-borne
systems provide more parallel expansion of
the basal bone, minimizing dental side
effects [4-7].

From a structural perspective,
expansion proceeds in a pyramidal pattern:
the greatest displacement occurs anteriorly
(interincisal diastema), with diminishing
skeletal separation posteriorly. This reflects
the anatomical constraints imposed by
posterior resistance areas such as the
pterygoid plates[2,4-7].

Understanding these anatomical and
biomechanical principles is essential for
tailoring SARME to each patient’s
morphology. Preoperative CBCT imaging
enables accurate assessment of suture
maturation, maxillary thickness, and
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pterygomaxillary fusion, informing
decisions on whether to include pterygoid
disjunction and which device type to use. In
conclusion, SARME leverages anatomical
disruption and biomechanical control to
achieve effective skeletal expansion in
skeletally mature patients, laying a stable
foundation for orthodontic or restorative
treatments [2,5-7].

Surgical techniques and orthodontic
protocols in SARME

Surgically Assisted Rapid Maxillary
Expansion (SARME) is typically performed
using a modified Le Fort I osteotomy to
reduce skeletal resistance and enable
transverse expansion in skeletally mature
patients. The surgical technique may vary
slightly depending on surgeon preference,
device type, and the extent of maxillary
constriction, but it generally includes
several key steps. The classic approach
involves a lateral osteotomy extending from
the piriform aperture to the
pterygomaxillary fissure, a midpalatal split
(either via interdental osteotomy or direct
midline osteotomy), and, optionally, a
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pterygomaxillary disjunction to separate the
maxilla from the pterygoid plates [5-8].

The decision to include pterygoid
disjunction remains debated. Some authors
argue it is essential for achieving posterior
expansion and minimizing asymmetric
stress, while others suggest it may not
significantly affect outcomes and increase
surgical complexity. When performed, this
step 1s executed carefully using osteotomes
to avoid injury to adjacent neurovascular
structures, such as the pterygoid plexus or
maxillary artery [7-9].

Expansion devices play a central
role in the biomechanics of SARME. Tooth-
borne expanders (e.g., Hyrax) are anchored
to molars and premolars but can lead to
dental tipping. Bone-borne devices use
mini-implants or palatal plates to transmit

force directly to basal bone, offering more
parallel skeletal expansion [7-9].

Timing is critical. In most protocols,
the appliance is activated after a latency
period of 3-5 days post-surgery, allowing
initial bone healing while preserving
mobilization potential. Activation typically
proceeds at a rate of 0.5 mm per day (two
0.25 mm turns), continuing for 1-2 weeks
depending on the degree of expansion
required [7-9].

Table 1 summarizes the main
surgical steps and appliance options in
SARME, highlighting their clinical
relevance, variability, and associated
protocols. It includes osteotomy types,
device characteristics, activation timing,
and retention recommendations essential
for achieving predictable and stable skeletal
expansion in adult patients [5-12].

Table 1. Surgical approaches and expansion devices used in SARME.

Component Option

Lateral osteotomy Yes (standard)

Midpalatal Yes (interdental or midline)
osteotomy
Pterygomaxillary Optional
disjunction
Device type Tooth-borne (e.g., Hyrax)
Bone-borne (e.g., with mini-
implants)
Hybrid (tooth- and bone-
anchored)
Latency period 3-5 days post-surgery

Activation protocol
mm)

Retention phase 3—6 months

Clinical and radiographic outcomes of
SARME

SARME has demonstrated
favorable clinical and radiographic
outcomes in  addressing  transverse

maxillary deficiencies, particularly in adult

0.5 mm/day (2 turns of 0.25
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Clinical notes
Always included to mobilize the maxillary halves.

Essential for anterior separation; often performed
between central incisors.

Increases posterior expansion but raises surgical
complexity and risk.

Easy to use but may cause dental tipping and
periodontal stress.

Provides better skeletal expansion with minimal
dental side effects.

Combining advantages; increasingly preferred.

Allows soft tissue recovery before activation.

Continued for 7-14 days, depending on expansion
needs.

Crucial for bone regeneration and relapse
prevention.

patients where non-surgical methods are
ineffective. The primary objective of
SARME is to achieve skeletal expansion of
the maxillary base while minimizing
undesirable dental effects such as tipping or
periodontal compromise [9-12].
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Clinically, one of the most
immediate signs of successful expansion is
the development of an interincisal diastema,
indicating separation of the midpalatal
suture. Throughout expansion, patients
often experience a notable increase in
transverse arch width, improved occlusal
relationships, and resolution of posterior
crossbite [10-12].

CBCT imaging also reveals
displacement of the nasal floor, lateral walls
of the nasal cavity, and slight rotation of the
maxillary halves. Bone-borne or hybrid
expanders  typically produce  more
symmetrical and parallel expansion, while
tooth-borne devices are associated with
more dental tipping and alveolar bending.
Additionally, bone apposition along the
midpalatal suture can be observed during
the retention phase, indicating bone
regeneration and long-term stability [11-
15].

In terms of dental effects, SARME
may produce varying degrees of buccal
tipping, particularly with tooth-borne
devices. Careful orthodontic follow-up is
required to manage these changes and
reposition teeth within the new skeletal
framework. Periodontal health generally
remains stable if proper hygiene and force
control are maintained, though gingival
recession or dehiscence can occur in
predisposed individuals [12,13].

Complications and limitations of the
SARME technique

SARME is considered a predictable
and effective procedure for correcting

transverse maxillary deficiency in adults;
however, it is not without potential
complications and limitations.
Understanding these is essential for proper
case selection, surgical planning, and
postoperative management [12-14].

Intraoperative complications
include  bleeding, especially  when
disjunction of the pterygomaxillary junction
is attempted. The proximity of the pterygoid
plexus and maxillary artery poses a risk of
significant hemorrhage if not carefully
managed. Additionally, accidental fractures
or incomplete osteotomies may result in
asymmetric expansion or failure to mobilize
the maxilla adequately [10,12-14].

Another concern is asymmetric
expansion, which can result from uneven
osteotomies, unilateral resistance at the
pterygoid plates, or improper device
activation. This may require additional
orthodontic or surgical correction [13,14].

SARME also has limitations in
patients with severe facial asymmetry,
complex syndromes, or inadequate bone
volume for stable mini-implant placement.
In such cases, alternative approaches such
as segmental Le Fort I osteotomy or
distraction osteogenesis may be more
appropriate [14-16].

Table 2 outlines the most common
complications and limitations associated
with SARME, categorized by surgical
phase and clinical impact. Understanding
these factors is crucial for risk assessment,
patient counseling, and optimizing surgical
and orthodontic outcomes [10-16].

Table 2. Complications and limitations of the SARME technique.

Category Complication or limitation
Intraoperative ~ Bleeding during pterygomaxillary
disjunction
Incomplete osteotomy
Postoperative Pain, swelling, bruising

Root or pulp damage

825

Clinical implications
Risk of injury to the pterygoid plexus or
the maxillary artery
May lead to asymmetric or failed
expansion

Usually transient, but may delay
orthodontic follow-up

May compromise dental vitality
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Soft tissue dehiscence/infection

Functional Tooth mobility, periodontal stress
Asymmetric expansion
Buccal tipping of anchor teeth
Long-term Relapse

Patient-related

Technical Limited effect in

Discomfort, compliance issues

syndromic/asymmetric cases

SARME compared with other maxillary
expansion techniques

SARME is often compared with
alternative techniques for addressing
transverse maxillary deficiency, particularly
in adults, where non-surgical methods
become ineffective. The main comparison
is between SARME and Mini-implant
Assisted  Rapid  Palatal  Expansion
(MARPE), with additional consideration
given to distraction osteogenesis and
segmental Le Fort I osteotomies [14-16].

MARPE has emerged as a less
invasive alternative to SARME, using
skeletal anchorage through mini-implants
placed in the palate to transmit expansion
forces directly to the bone. It avoids surgical
osteotomies, making it appealing for
selected adult patients. However, MARPE’s
effectiveness diminishes in individuals with
highly fused sutures, particularly beyond
age 25-30, or in cases with extensive
transverse deficiency. In contrast, SARME
physically disrupts maxillary sutures,
providing more predictable skeletal
separation even in fully mature bone, which
makes it the preferred option in severe cases
[15,16].

In terms of biomechanical behavior,
MARPE produces more parallel skeletal
expansion than traditional tooth-borne
appliances, but still may result in some
dental tipping. SARME, particularly when
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May require local intervention or
antibiotics
More common with tooth-borne devices

Results from uneven osteotomy or
unilateral resistance

Leads to malocclusion or periodontal
issues

Due to insufficient retention or bone

regeneration
Affects retention and activation
consistency
May require alternative techniques like a
do or segmental osteotomy

combined with bone-borne or hybrid
expanders, minimizes dental compensation
and offers greater control over expansion
vectors. SARME also allows for greater
surgical customization, including
pterygomaxillary  disjunction,  which
enhances posterior expansion—something
MARPE cannot consistently achieve [15-
17].

Distraction osteogenesis (DO) of the
maxilla offers an alternative in very
complex or syndromic cases requiring large
skeletal changes. DO allows for slow,
continuous  bone  formation  during
expansion and can be directed in multiple
planes. However, it involves more complex
surgical setups, longer treatment times, and
greater  patient compliance, making
SARME more practical for standard
transverse corrections [12,15-17].

Segmental Le Fort 1 osteotomies,
while capable of producing precise skeletal
movements, are typically reserved for cases
requiring simultaneous correction in
vertical or anteroposterior dimensions.
Unlike SARME, they are more invasive and

generally  performed as  part of
comprehensive  orthognathic ~ surgery
[8,16,17].

Future  directions and research
perspectives in SARME
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As surgical techniques and digital
technologies continue to evolve, the future
of SARME lies in refining precision,
minimizing invasiveness, and improving
long-term outcomes. Current research
focuses on the integration of digital
planning, 3D imaging, and customized
surgical protocols, offering new
opportunities for optimizing patient care
[15-17].

One of the most significant
advancements is the routine use of cone
beam computed tomography (CBCT) for
preoperative assessment. CBCT allows
detailed visualization of sutural maturation,
bone density, and anatomical landmarks
such as the pterygomaxillary junction.
Combined with digital workflow software,
clinicians can simulate expansion, predict
stress distribution, and create surgical
guides for accurate osteotomies. Future
research aims to validate these planning
tools and assess their impact on surgical
efficiency and complication rates [13,15-
17].

3D printing technology also plays a
growing role, enabling the fabrication of
patient-specific expanders and surgical
guides. Custom bone-borne or hybrid
appliances designed from digital models
may enhance force control, reduce dental
side effects, and improve comfort and
compliance. Investigating materials with
higher biocompatibility and mechanical
resistance for such devices is a key area of
biomaterials research [15-17].

Recent advancements in oral
imaging and regenerative technologies are
reshaping the future of SARME. CBCT has

proven superior to conventional
radiography 1in assessing third molar
inclusion  and  related  anatomical

complexity, offering improved precision in
surgical planning [18-22]. The integration
of platelet-rich fibrin derivatives such as A-
PRF+ in periodontal and bone healing
protocols suggests a promising adjunctive
use following SARME procedures [23].
Moreover, the exploration of nanoplatforms

827

for targeted drug delivery in the oral cavity
may enhance postoperative recovery and
local bone remodeling [24-26]. Addressing
temporomandibular joint (TMJ)
dysfunctions about maxillary expansion
remains relevant, particularly given the
emerging correlation between molar
inclusion and TMJ pathology [24-28].

Personalized therapeutic strategies,
including  bio-compatible  provisional
materials and anxiety-reducing

interventions, can significantly improve
patient compliance and comfort throughout
the SARME protocol [19-22]. Collectively,
these directions support a multidisciplinary,
digitally guided, and patient-specific
evolution of SARME techniques in modern
oral and maxillofacial surgery.

Further development of SARME is
strongly influenced by research on
biomaterials and imaging technologies. The
continued evaluation  of  fracture
rehabilitation materials used in Le Fort
osteotomies provides valuable insight into
post-expansion stability and maxillary
segment integrity [28]. CBCT remains the
cornerstone for accurate diagnosis and risk
minimization in  implantology  and
expansion planning, as supported by
comparative imaging studies . Advances in
dental materials, including acrylic resins
and gold alloys, also contribute to the
refinement of expansion appliances,
ensuring both strength and biocompatibility
[27]. The potential for artificial intelligence
in enhancing diagnosis, treatment planning,
and long-term follow-up in orthodontic-
surgical cases is increasingly evident [28].
Additionally, the use of essential oils and
hydrogel-based systems in oral healing
suggests possible future adjuncts to
accelerate tissue recovery post-SARME
[29]. Research in 3D bioprinting and
biodegradable polymers, though currently
focused on systemic or cardiac applications,
may inspire future innovations in guided
bone regeneration and scaffold
development for maxillary expansion.
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On a systemic level, the integration
of SARME into multidisciplinary treatment
pathways, including orthodontics,
prosthodontics, sleep medicine, and nasal
airflow rehabilitation, is gaining attention.
Studies evaluating quality of life, nasal
function, and airway volume after SARME
are expanding the scope of its indications
beyond occlusion and aesthetics [16]

Long-term studies remain essential
to evaluate the stability of skeletal
expansion, relapse risks, and patient-
reported outcomes. Standardizing surgical
protocols and comparing outcomes across
different expansion devices and activation
regimens will help refine clinical guidelines

forces, SARME enables true skeletal
expansion where conventional methods fail.
Clinical and radiographic outcomes
consistently demonstrate improvements in
arch width, occlusion, nasal airflow, and
long-term stability, particularly when bone-
borne or hybrid devices are employed.
Despite its advantages, SARME is
not without limitations, including potential
complications, relapse, and variability in
technique.  Careful case  selection,
multidisciplinary collaboration, and strict
retention protocols are essential for optimal
results. As digital planning, surgical
precision, and biomaterials evolve, SARME
is poised to become more personalized,

Conclusions

effective solution for correcting transverse
maxillary deficiency in skeletally mature

minimally invasive, and integrated into
broader treatment strategies.

Ultimately, SARME remains a
cornerstone of modern maxillofacial
expansion therapy, offering functional and
aesthetic benefits that support

SARME represents a reliable and

patients. By  combining  targeted comprehensive orthodontic and prosthetic
osteotomies with controlled orthopedic rehabilitation.
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