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INTRODUCTION
Maxillary transverse deficiency is a common skeletal and 
dentoalveolar anomaly that has substantial implications for occlusion, 
function, airway, and facial esthetics. The maxilla's unique position 
and articulation within the craniofacial complex result in wide-ranging 
clinical manifestations when transverse growth is restricted. These 
may include posterior crossbites, altered mandibular positioning, 
functional shifts, compensatory dental inclinations, and increased 
lower facial width. The etiology of transverse deficiency is 
multifactorial, including genetic influences, developmental variations, 
deleterious oral habits, nasal obstruction, and adaptive muscular 
factors that interfere with the transverse growth of the maxilla.¹ 
Recognition of these discrepancies remains crucial, as untreated 
transverse problems may worsen with growth and contribute to more 
complex malocclusions.

The earliest attempts to separate the midpalatal suture were 
documented by Angell in 1860, introducing the concept of rapid 
maxillary expansion (RME) as a means to produce orthopedic changes 
in the midface.² Since then, the understanding of sutural physiology, 
craniofacial biomechanics, and facial growth patterns have evolved 
dramatically. Research on midpalatal suture interdigitation, especially 
the contributions of histological studies and three-dimensional 
radiology, has provided better insights into age-related variations in 
sutural morphology.³ More recently, Angelieri's CBCT-based suture 
maturation stages have allowed clinicians to determine the most 
appropriate modality-orthodontic, orthopedic, or surgical-based on 
biologic feasibility.⁴ Such advancements have transformed maxillary 
expansion from a purely mechanical intervention to a strategy 
grounded in craniofacial biology.

Modern expansion modalities reflect this biological foundation. 
MARPE and bone-borne expanders provide skeletal expansion with 
minimal dental compensation in late adolescents and adults, while 
SARPE remains the treatment of choice for fully interdigitated 
sutures.⁵ Digital technologies, improved anchorage systems, and 
refined protocols such as the Alt-RAMEC technique have further 
enhanced precision and efficiency. In this context, the present review 
provides a comprehensive synthesis of anatomical basis, 
classifications, biomechanical principles, clinical applications, and 
long-term considerations in maxillary expansion.

CLASSIFICATION OF MAXILLARY EXPANSION
Maxillary expansion may be classified according to several criteria to 
guide clinical selection:
1. Based on biological response
Ÿ Orthodontic (dentoalveolar) expansion: Primarily dental tipping 

and alveolar bending, minimal skeletal change.⁹
Ÿ Orthopedic (skeletal) expansion: Midpalatal suture separation and 

changes in maxillary width using heavy forces.¹⁰
2. Based on rate of expansion
Ÿ Slow Maxillary Expansion (SME)
Ÿ Rapid Maxillary Expansion (RME)
Ÿ Semi-rapid expansion techniques
3. Based on appliance anchorage
Ÿ Tooth-borne expanders: e.g., Hyrax, Haas.
Ÿ Mucosa-supported expanders: e.g., Haas with acrylic coverage.
Ÿ Bone-borne expanders: Purely skeletal, using mini-implants.
Ÿ Hybrid expanders (MARPE): Combination of tooth and bone 

anchorage.¹⁹
4. Based on surgical involvement
Ÿ Non-surgical expansion: Suitable in growing individuals.
Ÿ SARPE: Indicated in skeletally mature patients or when resistance 

is excessive.¹⁸
This classification allows clinicians to choose approaches based on 
patient age, severity of deficiency, skeletal maturity, and desired 
skeletal versus dental changes.

ANATOMY OF THE MAXILLA AND SUTURES
Maxillary Architecture
The maxilla forms the central component of the midface, articulating 
with adjacent bones including the nasal, frontal, lacrimal, zygomatic, 
palatine, vomer, and ethmoid bones.⁶ Its role extends to the formation 
of the floor of the orbit, lateral walls of the nasal cavity, and major 
portions of the hard palate. Given these extensive articulations, 
transverse changes in the maxilla influence not only dental occlusion 
but also facial width, nasal airway volume, and sinus morphology.

Sutural System Of The Maxilla
Expansion mechanics affect more than the midpalatal suture, engaging 
multiple articulations:
Ÿ Midpalatal suture (primary site of separation)
Ÿ Zygomaticomaxillary sutures
Ÿ Nasomaxillary sutures
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ABSTRACT
Maxillary constriction is one of the most common transverse discrepancies encountered in orthodontics, often presenting as posterior crossbite, 
crowding, or compromised nasal airflow. The correction of maxillary transverse deficiency aims to restore normal arch width, improve occlusal 
relationships, and enhance facial esthetics. Expansion of the maxilla can be achieved through orthodontic, orthopaedic, or surgically assisted 
methods depending on the patient's skeletal maturity and treatment objectives. Rapid Maxillary Expansion (RME), introduced by Haas in 1961, 
revolutionized clinical orthodontics by enabling skeletal widening of the maxilla through mid-palatal suture separation. Since then, numerous 
techniques-such as Slow Maxillary Expansion (SME), Surgically Assisted Rapid Palatal Expansion (SARPE), Micro-Implant Assisted Rapid 
Palatal Expansion (MARPE), and Alternate Rapid Maxillary Expansion and Constriction (Alt-RAMEC)-have been developed to address different 
age groups and clinical situations⁴.
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Ÿ Pterygopalatine junction
Ÿ Transverse palatine suture
These sutures collectively resist expansion, exhibiting progressive 
interdigitation with age.³

Midpalatal Suture Maturation
Histological studies demonstrate that the midpalatal suture begins as a 
straight, low-resistance structure in childhood but becomes 
increasingly interdigitated and tortuous into adolescence. Persson and 
Thilander confirmed that sutural interlocking increases significantly 
post-adolescence, reducing orthopedic response.⁷

Angelieri's CBCT-based classification (Stages A–E) offers a practical 
diagnostic tool:
Ÿ Stages A–C: Favorable for RME
Ÿ Stage D: Limited success; consider MARPE
Ÿ Stage E: Recommend SARPE⁴

Resistance Structures In Expansion
Major resistance centers include the zygomatic buttress, piriform rim, 
pterygomaxillary junction, and frontomaxillary sutures.⁸ These 
structures dictate whether mechanical expansion will result in true 
skeletal widening versus dental tipping.

ORTHODONTIC VS ORTHOPEDIC EXPANSION

ORTHODONTIC (DENTOALVEOLAR) EXPANSION
Orthodontic expansion results primarily from dental tipping, 
periodontal ligament remodeling, and alveolar bone bending. It is 
suitable for mild deficiencies or when skeletal expansion is not 
indicated.⁹ The biological effects include:
Ÿ Buccal tipping of posterior teeth
Ÿ Minimal skeletal widening
Ÿ Mild arch perimeter gain
Ÿ Potential buccal bone thinning

ORTHOPEDIC (SKELETAL) EXPANSION
Orthopedic expansion aims to separate the midpalatal suture and 
adjacent articulations to increase skeletal width.¹⁰ It requires heavier 
intermittent forces (as in RME) and is most effective in younger 
patients with pliable sutures. Effects include:
Ÿ Lateral displacement of maxillary halves
Ÿ Increased nasal cavity width
Ÿ Skeletal remodeling in circummaxillary regions

SLOW MAXILLARY EXPANSION (SME)
SME appliances, such as quad helix and NiTi expanders, produce light 
continuous forces over a prolonged period.

Biomechanics
SME induces a combination of dentoalveolar and skeletal changes, 
with more physiologic adaptation of soft tissues compared to RME. 
Force levels remain within optimal biological limits.¹¹

Advantages
Ÿ Reduced tissue trauma
Ÿ Lower risk of pain
Ÿ Improved periodontal response
Ÿ Better control over dental tipping¹¹

Disadvantages
Ÿ Less skeletal displacement
Ÿ Longer treatment duration
Ÿ Greater dental compensation¹²

Clinical Considerations
SME may be preferred in cases of mild to moderate deficiency, patients 
with compromised periodontal health, or when gradual changes are 
desired to minimize relapse.

Rapid Maxillary Expansion (RME)
First introduced by Angell, RME applies heavy forces to abruptly 
separate the midpalatal suture.²

Biomechanics Of RME
RME causes a triangular opening of the palate, with greater expansion 
anteriorly.¹³ Displacement occurs across multiple sutures, and forces 
dissipate through circummaxillary articulations.

Appliances
 Hyrax expander: Rigid, tooth-borne
 Haas expander: Acrylic coverage enhances tissue support

Activation Protocol
Typically 0.25 mm per turn, twice daily, until midline diastema 
confirms suture opening.

Tissue Response
Ÿ Sutural separation followed by fibrovascular ingrowth
Ÿ Bone formation occurs during retention
Ÿ Nasal and sinus cavities expand concurrently¹⁴

Effects Of RME
Skeletal Effects
RME increases maxillary width by up to several millimeters, with 
lateral displacement of the maxilla and widening of the nasal base.¹⁴

Dental Effects
Ÿ Buccal tipping of teeth
Ÿ Changes in arch perimeter
Ÿ Correction of posterior crossbites¹⁵

Airway Changes
RME significantly enlarges nasal cavity width and reduces nasal 
airway resistance.¹⁶

Soft Tissue Changes
Minor increases in facial width may occur, though esthetic impact is 
generally minimal.

Hazards And Complications Of RME
Complications may arise from force magnitude or anatomical 
resistance, including:
Ÿ Buccal bone dehiscence
Ÿ Gingival recession
Ÿ Root resorption
Ÿ Pain and discomfort
Ÿ Asymmetric suture opening
Ÿ Relapse if retention is inadequate¹⁷

Careful diagnosis and monitoring are critical to minimize risks.

SARPE (SURGICALLY ASSISTED RAPID PALATAL 
EXPANSION)
SARPE is indicated in adults with fused midpalatal sutures, significant 
resistance, or severe deficiency.

Surgical Technique
Procedures may involve osteotomies of the lateral maxillary walls, 
midpalatal suture, and optionally the pterygomaxillary junction.¹⁸

Advantages
Ÿ Reliable skeletal expansion
Ÿ Reduced dental tipping
Ÿ Facilitates future orthognathic procedures

Disadvantages
Ÿ Surgical morbidity
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Ÿ Recovery time
Ÿ Increased cost

MARPE (MINI-IMPLANT ASSISTED RAPID PALATAL 
EXPANSION)
MARPE uses miniscrews inserted into the palate to transmit forces 
directly to bone.

Biomechanical Advantages
Ÿ Significant skeletal expansion
Ÿ Reduced dental compensation
Ÿ Suitable for late adolescents and young adults¹⁹

Clinical Outcomes
Studies confirm improved predictability of skeletal expansion, 
reduced periodontal complications, and enhanced airway outcomes.

Alt-RAMEC PROTOCOL
Liou introduced the Alternate Rapid Maxillary Expansion and 
Constriction (Alt-RAMEC) protocol to mobilize circummaxillary 
sutures.²⁰

Mechanism
Alternating expansion and constriction cycles for 7–9 weeks 
repeatedly stretch and relax sutures, increasing maxillary mobility.

Indications
Enhancing maxillary protraction
Preparing sutures before Class III orthopedics

Advantages
Ÿ Greater orthopedic response
Ÿ Improved protraction results

CONCLUSION
Maxillary expansion remains a fundamental orthopedic and 
orthodontic intervention, with diverse applications across age groups. 
Successful outcomes depend on thorough understanding of 
craniofacial anatomy, sutural maturation, biomechanical principles, 
and appropriate appliance selection. Traditional RME remains 
effective in growing individuals, while MARPE and SARPE extend 
skeletal expansion possibilities into adulthood. Modern protocols such 
as Alt-RAMEC enhance orthopedic effects by modulating sutural 
responses. Comprehensive diagnosis, informed appliance selection, 
and adherence to biological principles are essential to achieving stable, 
functional, and esthetic outcomes in managing transverse maxillary 
deficiency.
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