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Abstract

Maxillary transverse deficiency is a common orthodontic condition characterized by a narrow
maxillary arch and can lead to various dental and skeletal discrepancies. This traditional review aims
to provide comprehensive insights into the diagnosis and treatment of maxillary transverse deficiency
in orthodontics.The diagnostic process includes clinical evaluation, analysis of dental models, and
radiographic assessments, which are necessary to accurately evaluate the severity of maxillary
deficiency and identify associated abnormalities. Various indices and measurements are used to
measure maxillary transverse dimensions and assist in treatment planning.Treatment options for
maxillary transverse deficiency include orthopedic and orthodontic approaches. The orthopedic
approach aims to achieve expansion gradually by separating the maxillary midpalatal suture. This
technique can be applied with intraoral appliances in growing patients and with surgical support in
later stages.Orthodontic mechanics for comprehensive treatment outcomes after maxillary expansion
are important for stabilizing the achieved expansion and optimizing occlusion.In conclusion, the
diagnosis and treatment of maxillary transverse deficiency require a multidisciplinary approach
involving accurate diagnosis, appropriate treatment planning, and effective orthodontic interventions.
Understanding the intricacies of this condition and current treatment methods is essential for successful
management and long-term stability of orthodontic outcomes.
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Oz

Maksiller transversal yetersizlik, dar bir maksiller ark ile karakterize edilen ve gesitli dental ile iskeletsel
diizensizliklere yol agabilen yaygin bir ortodontik durumdur. Bu derleme, ortodontide maksiller
transversal yetersizligin tani ve tedavisine iliskin kapsamli bir bakig sunmay1 amaclamaktadir.

Tan siireci; klinik degerlendirme, dental model analizleri ve radyografik incelemeleri icermekte olup,
maksiller yetersizligin siddetinin dogru sekilde belirlenmesi ve eslik eden anomalilerin saptanmasi
acisindan gereklidir. Maksiller transversal boyutlarin degerlendirilmesi ve tedavi planlamasina rehberlik
edilmesi amaciyla ¢esitli indeksler ve dl¢iim yontemleri kullanilmaktadir.

Maksiller transversal yetersizligin tedavi segenekleri ortopedik ve ortodontik yaklagimlart
kapsamaktadir. Ortopedik yaklasim, maksiller midpalatal siitiiriin ayrilmasi yoluyla kademeli genisleme
elde etmeyi hedefler. Bu yontem, bilyiime donemindeki hastalarda agiz i¢i apareylerle, daha ileri
yaslarda ise cerrahi destekle uygulanabilmektedir.

Maksiller genisletme sonrasinda elde edilen kazanimlarin stabilizasyonu ve okliizyonun optimize
edilmesi agisindan ortodontik mekanikler, kapsamli tedavi sonuglari i¢in kritik 6neme sahiptir.

Sonug olarak, maksiller transversal yetersizligin tan1 ve tedavisi; dogru tani, uygun tedavi planlamasi
ve etkili ortodontik miidahaleleri iceren multidisipliner bir yaklasim gerektiri. Bu durumun
karmasikliginin ve giincel tedavi yontemlerinin iyi anlasilmasi, basarili yénetim ve uzun donem stabilite
acisindan biiyiik onem tagimaktadir.
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Introduction

Maxillary transverse deficiency has been recognized in orthodontics for over a century. The earliest clinical
attempt to correct this condition was reported by Emerson C. Angell in 1860 using a screw-assisted expansion
appliance for posterior crossbite, although this approach was not widely accepted at the time. Widespread clinical
acceptance emerged in the mid-20th century with the introduction of the Haas appliance, which emphasized the
orthopedic effects of midpalatal suture separation (1). Since then, maxillary expansion has become a fundamental
treatment approach for transverse discrepancies, supported by advances in craniofacial growth and biomechanics.

Today, treatment strategies are largely determined by skeletal maturity and the nature of the discrepancy.
Slow or rapid maxillary expansion is commonly used in growing patients, whereas surgically assisted approaches
are indicated in skeletally mature individuals due to increased sutural resistance (2). This evolution reflects a shift
toward achieving more predictable skeletal outcomes.

Given its multifactorial etiology, advances in three-dimensional imaging and digital diagnostics now enable
more accurate assessment and individualized treatment planning for maxillary transverse deficiency.

Maxillary Transverse Deficiency
Definition

Maxillary transverse deficiency (maxillary constriction) is defined as an insufficient transverse width of the
maxilla (3). McNamara described a practical clinical approach based on the transpalatal distance between the
closest points of the maxillary first molars; values around 35-39 mm are generally considered adequate in average-
sized dentitions, whereas narrower widths may be associated with crowding and indicate the need for expansion
(4). Importantly, clinical decision-making should not rely solely on a single measurement and should also consider
facial type, soft-tissue profile, and functional environment (4).

Clinically, transverse deficiency may be classified as relative or absolute (true). Relative transverse
deficiency can be masked by the sagittal jaw relationship and may resolve after correction of anteroposterior
discrepancy (e.g., Class III correction). In contrast, absolute transverse deficiency persists after sagittal correction
and is more frequently associated with conditions such as Class II malocclusion or open-bite patterns (5).

Prevalence across different populations

Epidemiological studies have reported variable prevalence rates of posterior crossbite across populations
and age groups. In American samples, prevalence has been reported around 7.7% in primary dentition and
approximately 12% in mixed dentition (6, 7), while a Danish adolescent cohort showed rates of 14% in females
and 9.4% in males (8). Studies from Turkey have also demonstrated variability, with reported prevalence values
ranging from 2.7% to approximately 15% depending on the sample, dentition stage, and regional characteristics
(9 - 12). Overall, these findings indicate that posterior crossbite and transverse discrepancies are relatively common
and may differ substantially across populations and study designs.

Etiology

Maxillary transverse deficiency has a multifactorial etiology involving functional, dentoalveolar, and
syndromic or developmental influences. Functional imbalance and temporomandibular-related factors have been
associated with posterior crossbite and transverse discrepancies (13, 14). Altered oral function, including
parafunctional habits and low tongue posture with reduced perioral tone, may further contribute to an unfavorable
equilibrium between intraoral and extraoral soft-tissue forces, promoting transverse constriction (3).

Airway-related factors are also implicated. Upper airway obstruction may encourage mouth breathing and
a low tongue posture, and craniofacial patterns associated with snoring have been linked to a lower hyoid position;
therefore, assessment of airway function and hyoid position may be relevant in etiologic evaluation (15). In early
life, non-nutritive sucking behaviors have been associated with reduced intercanine and intermolar dimensions,
and mouth-breathing children may show decreased intercanine width (16). Similarly, shorter breastfeeding
duration has been linked with increased non-nutritive sucking habits and reduced maxillary transverse width, with
a higher risk of posterior crossbite reported in such groups (17). Finally, congenital and syndromic conditions
(syndromes with craniosynostosis:Crouzon Syndrome, Carpenter Syndrome, Apert Syndrome, Pfeiffer Syndrome,
Seatre-Chotzen Syndrome; genetic disorders: Marfan Syndrome, etc.; and cleft lip/palate) may predispose patients
to transverse maxillary deficiency (3).

Diagnosis

Accurate diagnosis of maxillary transverse deficiency requires an integrated assessment combining clinical
examination, radiographic evaluation, and model analysis. Clinical findings often provide the initial indication of
transverse discrepancy and should be interpreted together with functional and skeletal factors.

Posterior crossbite is the most common clinical sign and may be unilateral or bilateral, frequently associated
with malocclusion (4). Determining its etiology is essential, as posterior crossbite may be dental, skeletal, or
functional in origin. Dental crossbite results from tooth malposition, skeletal crossbite reflects a true transverse
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discrepancy between the jaws, and functional crossbite arises from premature contacts that induce a lateral
mandibular shift (18). Compensatory buccal tipping of maxillary posterior teeth and lingual tipping of mandibular
posterior teeth may mask the underlying deficiency, often exaggerating the curve of Wilson. Additional features
may include dark buccal corridors and a narrow, high-arched palate (3).

Radiographic evaluation complements clinical assessment. Posteroanterior radiographs have traditionally
been used to assess transverse dimensions and symmetry; however, limitations related to head positioning and
landmark identification reduce their reliability (19). As a result, three-dimensional imaging has gained prominence.
Cone Beam Computed Tomography (CBCT) enables accurate evaluation of skeletal width and sutural morphology
without superimposition and with lower radiation exposure than conventional CT (20, 21).

Model analysis further supports diagnosis by evaluating the relationship between dental arches and their
apical bases. The Howes analysis compares apical base width with interpremolar and intermolar distances; an
apical base narrower than the dental arch suggests a higher risk of relapse following expansion (22). The adoption
of digital intraoral scanning and software-based analysis has enhanced diagnostic efficiency and reliability
compared with conventional plaster models (23).

Treatment

Treatment of maxillary transverse deficiency aims to restore transverse skeletal and dentoalveolar harmony while
minimizing unwanted side effects and ensuring long-term stability. The choice of treatment approach is primarily
influenced by the patient’s age, skeletal maturity, severity of the transverse discrepancy, and the relative
contribution of skeletal versus dental components.

In growing patients, expansion procedures are generally directed toward modifying skeletal structures by
taking advantage of the adaptability of the midpalatal and circummaxillary sutures. In contrast, treatment in
skeletally mature individuals often requires alternative strategies due to increased sutural resistance, ranging from
dentoalveolar expansion to surgically assisted approaches. Accordingly, maxillary expansion techniques are
commonly classified based on their biomechanical mechanism and rate of activation as orthodontic, orthopedic,
or surgically assisted procedures.

Each treatment modality differs in its indications, expected skeletal and dental effects, and potential
advantages and limitations. Therefore, a clear understanding of these characteristics is essential for selecting the
most appropriate expansion method and achieving predictable clinical outcomes.

Treatment Methods

Maxillary transverse deficiency can be managed using different expansion approaches depending on the
underlying mechanism and the tissues primarily affected. Based on the mode of force application and biological
response, expansion methods are generally classified as orthodontic, passive, and orthopedic.

a. Orthodontic Expansion

Orthodontic expansion is achieved through dentoalveolar tooth movement using fixed appliances, removable
expansion plates, or aligner-based systems. This approach primarily results in buccal tipping of posterior teeth,
with crowns moving laterally while roots tend to incline lingually. Because the resistance of the surrounding soft
tissues remains unchanged, relapse may occur if retention is inadequate. Orthodontic expansion is therefore more
suitable for mild transverse discrepancies with a predominantly dental component.

b. Passive Expansion

Passive expansion aims to address transverse deficiency by modifying muscular imbalance rather than applying
direct expansion forces to the dentition or skeletal structures. Myofunctional therapy targets dysfunctions such as
mouth breathing, tongue thrust, and abnormal swallowing patterns that disturb the equilibrium of intraoral forces.
Prefabricated functional appliances and devices incorporating cheek pads may help reduce buccinator pressure on
the maxilla and support transverse development, particularly in growing patients (25, 26).

¢. Orthopedic Expansion

Orthopedic expansion focuses on modifying the skeletal structures of the maxilla by transmitting forces to the
midpalatal and circummaxillary sutures. This approach induces separation of the sutures, followed by new bone
formation during the retention period, typically within 3—6 months. Orthopedic expansion affects not only the
maxilla but also adjacent craniofacial structures and is considered the primary method for managing true skeletal
transverse deficiencies in growing individuals (24, 25)

Maxillary Expansion Methods

Orthopedic maxillary expansion is based on the application of transverse forces to the midpalatal suture in
order to separate the maxillary halves and increase skeletal width. The biological response of this suture is age-
dependent; with advancing age, the midpalatal suture undergoes progressive maturation and eventual fusion, which
directly influences the effectiveness of expansion procedures.
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Angelieri et al. evaluated CBCT images of 140 patients aged 5.6 to 58.4 years and proposed a classification
of midpalatal suture maturation into five stages (A—E) based on morphological characteristics (21). Early stages
(A and B) are typically observed in younger individuals and are characterized by a straight or scalloped suture
with high density, whereas intermediate stages (C) may be present in adolescents and some adults. Advanced
stages (D and E) demonstrate partial or complete fusion of the suture and are more commonly observed in
skeletally mature patients. Importantly, the presence of different maturation stages across age groups highlights
that chronological age alone is insufficient for predicting sutural responsiveness, and individual assessment of
suture morphology is essential for treatment planning.

Based on the biological response of the midpalatal suture and the rate of force application, maxillary
expansion procedures are commonly classified as slow, semi-rapid, or rapid expansion, each differing in their
skeletal and dentoalveolar effects as well as clinical indications.

A. Slow Maxillary Expansion

Slow maxillary expansion (SME) is characterized by the application of relatively low and continuous forces
that allow gradual dentoalveolar adaptation rather than abrupt sutural disruption (27). Clinically, SME is
commonly performed at an expansion rate of approximately 1 mm per week, generating forces of around 900 g (2
pounds) in children during the mixed dentition period, which is thought to better match the physiological rate of
bone formation at the sutural level (28). Hicks suggested that SME may preserve maxillary tissue integrity and
reduce relapse potential; however, the sutural response to these forces diminishes with increasing age (29).

Radiographically, midpalatal suture separation and midline diastema formation are not consistently
observed with SME. Nevertheless, both skeletal and dental changes may occur (28). The proportion of skeletal
contribution to total expansion has been reported to vary widely. Implant-based studies have estimated skeletal
expansion to account for approximately 16—30% of total expansion (29), whereas studies using banded or bonded
appliances have reported more balanced skeletal and dental effects (30). Comparisons of different expansion rates
have further demonstrated that treatment outcomes depend on appliance design and activation protocol (9).

One of the primary rationales for SME is the attempt to minimize potential adverse effects associated with
rapid maxillary expansion, such as microtrauma of the temporomandibular joint, microfractures of the midpalatal
suture, and external root resorption (31). However, comparative CBCT-based studies evaluating slow and rapid
expansion using the same appliance have reported no statistically significant differences in transverse expansion
immediately after treatment (32). Similarly, investigations using the Haas appliance have shown buccal tipping of
molar teeth in both slow and rapid expansion protocols, with more pronounced tipping tendencies observed in
rapid expansion, while skeletal expansion was predominantly associated with rapid protocols (33).

Slow Maxillary Expansion Appliances
Coffin Appliance

The Coffin spring, developed by Walter Coffin in 1877, is an orthodontic appliance designed to increase
arch width in young patients by inducing separation of the midpalatal suture (34). It consists of a 1.25-mm thick
wire bent into an omega shape, with the open end facing anteriorly and positioned in the midpalatal region (Figure
1). The distal arms extend posteriorly to the permanent first molars and are embedded in the palatal acrylic. The
appliance is supported by clasps on the teeth and activated manually by expanding the omega loop to achieve
transverse maxillary widening (2).

Figure 1. Coffin Appliance

W-Arch / Porter Appliance

Developed by Ricketts et al. for patients with cleft lip and palate, the W-Arch is a fixed appliance fabricated from
0.036-inch (0.9 mm) stainless steel wire and attached to molar bands. It is positioned 1-1.5 mm away from the
palatal mucosa to minimize soft tissue irritation (Figure 2). Activation is achieved by opening the W-shaped bends,
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allowing selective anterior or posterior expansion as needed (35). Expansion of 3—4 mm beyond the existing arch
width generates adequate orthopedic force. Clinically, the appliance is activated by approximately 2 mm per month
until crossbite correction and sufficient transverse expansion are obtained (2). In a study involving 10 patients in
the primary and mixed dentition, Harberson and Myers reported midpalatal suture opening in 8 patients following
maxillary expansion with the W-Arch (36).

Figure 2. W Arch/Porter Appliance

Quad-Helix Appliance

The Quad-Helix appliance, introduced by Ricketts in 1975 together with the W-Arch, is primarily used
in patients with cleft lip and palate. Each helical loop increases wire length by approximately 25 mm, allowing
lighter and more sustained force delivery (Figure 3). The appliance produces forces of 0.5—1.5 pounds (225-675
g), and fan-shaped activation may result in distal rotation of the maxillary molars (37).

Figure 3. Quadhelix

Martinelli et al. compared Coffin, W-Arch, and Quad-Helix appliances in 90 patients using two wire
dimensions (0.032 and 0.036 inches). They reported that Coffin appliance activation with 0.032-inch wire should
not exceed 5 mm, while W-Arch with 0.032-inch wire could be activated up to 12 mm for dental crossbite
correction. Orthopedic effects with W-Arch required 0.036-inch wire activated between 8—12 mm. A Quad-Helix
with 0.036-inch wire activated up to 12 mm was sufficient for dental crossbite correction. Appliances ranked by
force and elastic modulus from highest to lowest: Coffin, W-Arch, and Quad-Helix, with Coffin's resilience
significantly higher. As wire radius increased, so did elastic modulus; activation also increased force, resilience,
and elastic modulus, impacting treatment expectations (38).

In a study of 312 patients, Huynh et al. found no significant differences in transverse stability among Haas,
Hyrax, and Quad-Helix appliances, although Haas showed the lowest relapse rate; intermolar width remained
stable across all groups (39).

Nickel-Titanium (Ni-Ti) Palatal Expansion Appliance

In 1993, Arndt introduced a semi-rigid, pre-programmed nickel—titanium (Ni-Ti) palatal expander that
produces slow expansion with light, continuous forces. Owing to its shape-memory and superelastic properties,
Ni-Ti delivers force over a wider activation range than stainless steel. When cooled below its transformation
temperature (94°F/34.4°C), the alloy becomes formable and returns toward its programmed shape intraorally,
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enabling sustained gentle loading of the suture and teeth. The appliance is available in eight sizes and generates
approximately 180-300 g of force (Figure 4).

Figure 4. Nickel-Titanium (Ni-Ti) Palatal Expansion Appliance

Paul et al. reported significant maxillary expansion with this appliance and an orthodontic-to-orthopedic
effect ratio of 6:1 (40). In a comparison of Ni-Ti expander and quad-helix in 28 crossbite patients, Donohue et al.
found similar overall effectiveness over time, although the quad-helix allowed easier force control (41). Revankar
et al. likewise observed significant monthly expansion with both appliances; quad-helix produced more uniform
expansion, while the Ni-Ti expander showed less initial premolar expansion, and changes were predominantly
dentoalveolar with no significant intergroup differences on PA cephalometrics (42).

Removable Appliances

In removable expansion appliances, an expansion screw is positioned perpendicular to the midpalatal suture
at the level of the premolars or deciduous molars and embedded within an acrylic palatal plate. The plate is divided
anteroposteriorly into two halves, which separate by 0.25 mm per activation, generating transverse forces on the
teeth and alveolar bone from the palatal aspect. Retention is provided by clasps engaging the approximal and
vestibular tooth surfaces. The incorporation of a bite plane may enhance retention, prevent functional crossbite,
eliminate intercuspation, and facilitate expansion (43).

A comparative study evaluating quad-helix, removable screw expansion appliances, and untreated controls
demonstrated significant increases in intercanine and intermolar widths in both treatment groups compared with
controls, with no significant difference between the two appliances. However, removable screw appliances were
associated with longer treatment duration, more appointments, and greater appliance use, while greater relapse
was observed in the quad-helix group (44).

Another study assessing the short-term effects of interceptive treatment with removable expansion plates
reported significant transverse dental expansion and additional sagittal improvement in molar relationships,
supporting the effectiveness of this appliance in early orthodontic intervention (45).

B. Semi-Rapid Maxillary Expansion

Semi-rapid maxillary expansion (SRME) refers to an expansion protocol performed with activation rates between
slow and rapid expansion, and is commonly described as a more frequent activation regimen during mixed
dentition than conventional slow expansion (46).

In 1977, John Mew introduced the Bioblock, a removable screw-type appliance extending along the palatal
surfaces of the maxillary incisors, enabling approximately 1 mm of weekly expansion (Figure 5). He described
this approach as more physiological and, in a series of 25 children treated with SRME, reported favorable long-
term stability after prolonged retention (47). He recommended wearing the appliance during meals, turning the
screw 1/8 turn daily, and verifying that expansion approaches ~1 mm/week, as lower rates may fail to achieve
suture separation (48).
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Figure 5. Bioblock

Sandik¢ioglu et al. compared slow, semi-rapid, and rapid maxillary expansion in terms of expansion
characteristics, complications, and relapse. They used a quad-helix for slow expansion, a removable screw plate
for SRME, and a banded Hyrax for rapid expansion. Mean expansion duration was 56 days (slow), 5.5 months
(SRME), and 19.2 days (rapid). Quad-helix produced comparable dental and skeletal expansion, while rapid
expansion yielded significant skeletal and dental changes across planes. In the SRME group, changes were most
pronounced transversely, followed by vertical changes, with no sagittal effects. Transverse improvement was the
dominant effect in all three methods, and no relapse was observed after retention (9).

Iseri et al. assessed long-term SRME outcomes and reported significant immediate increases in nasal width,
basal maxillary width, intercanine distance, and upper and lower intermolar widths. These changes remained stable
after retention and were still evident 3.5 years after the start of treatment. They suggested that SRME may involve
less periosteal resistance, facilitating tissue adaptation (46).

Ramoglu et al. compared SRME (%4 turn/day) with rapid expansion (%2 turn/day) during the first week until
the desired expansion was achieved. The only significant difference was greater inferior displacement of the
posterior nasal spine in the rapid expansion group; otherwise, transverse, vertical, and sagittal dentofacial effects
were similar. They proposed that SRME may leave less residual stress in surrounding tissues and therefore may
be associated with reduced relapse risk (49).

Using micro-CT, Malkog et al. evaluated root resorption of the maxillary first premolars with three different
expanders (Hyrax, acrylic cap splint, and full-coverage acrylic bonded) under two activation rhythms (rapid vs
SRME). Root resorption volume was lower with the full-coverage acrylic bonded appliance, but no significant
difference was found between rapid expansion and SRME, indicating that activation rhythm did not affect root
resorption (50).

C. Rapid Maxillary Expansion

Initially described by Emerson Angell and later reintroduced by Haas (1961), rapid maxillary expansion (RME) is
intended to maximize orthopedic and minimize orthodontic effects. By applying heavy, frequent forces to the
posterior teeth, tooth movement is limited and the load is transferred to the circummaxillary sutures. These forces
exceed sutural resistance, resulting in suture opening with relatively limited tooth displacement. Nevertheless,
RME may induce buccal tipping of anchorage teeth, periodontal ligament compression, and bending of the alveolar
bone, ultimately contributing to opening of the midpalatal and other maxillary sutures.

A single screw activation can generate approximately 3—10 pounds (2-5 kg) of force (51). Zimring and
Isaacson reported that cumulative forces may reach 23.3 pounds by day 15, reflecting resistance of the
maxillofacial structures, which increases with age. They recommended, in younger patients, two quarter-turns/day
until sutural opening (=4—5 days), followed by one quarter-turn/day thereafter. For older patients, they suggested
two quarter-turns/day for the first 2 days, then one quarter-turn/day until sutural opening (=5-7 days), and
continuing with one quarter-turn/day afterward (52). Other protocols have also been reported, including two
quarter-turns/day until adequate expansion (53) or three quarter-turns/day until sutural opening followed by two
quarter-turns/day (54, 55). Overall, a commonly recommended regimen is two quarter-turns/day (morning and
evening) until the desired expansion is achieved.

Baldini et al. compared one vs two quarter-turns/day using a banded expander and found that two
activations/day produced greater expansion, particularly in intercanine width, after retention (55) (56) . Because
activation rate may influence adverse effects, micro-CT evidence comparing RME vs slow maxillary expansion
(SME) reported that, after 6 months of retention, RME did not show superiority over SME regarding skeletal
expansion or the amount of root resorption (57).
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Appliances Used in Rapid Maxillary Expansion
1. Tooth-Tissue-Borne Appliances
Haas Appliance

Designed by Haas (1961), this appliance consists of an acrylic palatal base incorporating a central expansion screw,
with wires extending from the acrylic and soldered to bands on the first premolars and first permanent molars
(Figure 6). Owing to its combined support from the acrylic palatal plate and banded teeth, it is classified as a tooth-
and tissue-borne expander. The acrylic support is thought to distribute forces to both skeletal and dentoalveolar
structures of the maxilla, promoting more parallel expansion and a greater orthopedic than orthodontic effect (58).
However, the acrylic plate may compromise oral hygiene and cause soft tissue irritation (59).

Figure 6. Haas Appliance

Handelmann et al. compared adult and pediatric patients treated with the Haas appliance to untreated
controls using pre-treatment, post-treatment, and retention models. They reported that the amount of expansion
achieved was similar and statistically significant in both adults and children (60).

Derishweiler Appliance

The Derishweiler appliance consists of bands on the upper first premolar and permanent molars, to which
wire attachments are soldered on the palatal surfaces. (Figure 7) Embedded in the acrylic plate with a central
expansion screw, these wire attachments are connected to the support teeth via the acrylic base. Unlike the Haas
appliance where the acrylic base makes contact with the supporting teeth, the Derishweiler appliance ensures that
the acrylic base follows the contours of the support teeth (34).

Figure 7. Derishweiler Appliance

Rigid Acrylic Bonded Maxillary Expansion Appliance

The rigid acrylic bonded maxillary expansion appliance is created by placing a screw between the
premolars in the midpalatal plane within rigid acrylic that fully surrounds the buccal, occlusal, and palatal surfaces
of the posterior teeth and only the palatal surfaces of the anterior teeth, as well as the palatal aspect of the maxilla.
This appliance is designed by Memikoglu and Iseri as a tooth-tissue-supported appliance (61).(Figure 8)
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Figure 8. Rigid Acrylic Bonded Maxillary Expansion Appliance

Kimberly and colleagues compared CBCT images taken before and immediately after expansion in 24
patients (14 males, 10 females) with an average age of 9.9 years who used the rigid acrylic bonded maxillary
expansion appliance. The study measured basal bone width of the maxilla, inclinations of the right and left molars,
distances between the right and left first and second deciduous molars and premolars, distances between the right
and left deciduous canines, and width of the midpalatal suture at the level of the second deciduous molars. The
research found statistically significant changes in all measured values (62).

Cap Splint Appliance

Introduced by Timms in 1981, this appliance consists of a chrome cobalt cast plate covering the occlusal
and incisal edges of all teeth except the upper central incisors, along with a screw. However, over time,
modifications have been made, and the cast plate has been replaced with an acrylic plate (63). (Figure 9)

Figure 9. Cap Splint Appliance
2. Tooth-Borne Appliances
Hyrax Appliance

Introduced by Biedermann in 1968 as the "Hygienic rapid expander,” this tooth-supported appliance
consists of wires soldered only to the premolar and molar bands, without acrylic support, and a screw. (Figure 10)
It has been noted to be more hygienic compared to the Haas appliance (64). The Hyrax appliance, made of stainless
steel, is observed to be the most preferred rapid maxillary expander among clinicians. Additional wire bending can
be added to the palatal and buccal surfaces of the supporting teeth to increase tooth support (65).

i f-“""""*——k‘_ ‘ 3 /

Figure 10. Hyrax Appliance

Weissheimer et al. compared the immediate effects of Haas and Hyrax appliances in patients undergoing
RME using CBCT images. The study concluded that the group treated with the Hyrax appliance experienced
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greater skeletal expansion in both the anterior and posterior regions, while the group treated with the Haas
appliance showed more buccal tipping in the premolar and molar teeth (66).

Fernandes and colleagues evaluated tooth displacement dependent on the position of the expanding screw
and stress distribution on the periodontal ligament using the finite element method in the hyrax appliance. In the
supporting teeth, crowns showed a tendency for buccal displacement and roots showed lingual displacement,
which was correlated with compression zones in the vestibular-cervical region and tensile forces in the linguoapical
region. When the expanding screw was placed in a more occlusal and anterior position, it led to increased
mechanical stress transmission, resulting in greater tooth displacement.(67)

Isaacson Appliance

The Isaacson appliance (Minne Expander) is a fixed, tooth-borne expansion device without acrylic
support. Similar to the Hyrax appliance, the first premolars and first permanent molars are banded and encircled
by metal on both the buccal and palatal surfaces. Expansion is achieved via a central Minne screw containing an
internal spring; tightening the screw compresses the spring and delivers expansion forces to the banded teeth (65)
(Figure 11).

F O
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Figure 11. Isaacson Appliance

In a biomechanical study using anatomical models duplicated from human skulls, the forces generated by
Haas, Hyrax, Minne, Quad Helix, and removable expansion appliances were compared. Fixed appliances produced
concentrated stresses in the anterior region of the midpalatal suture, which then propagated posteriorly into the
palatal bone and superiorly toward the lacrimal, nasal, zygomatic, and pterygoid regions. Although the Quad Helix
produced palatal separation, it exhibited the lowest orthopedic effect, while removable appliances failed to
generate sufficient force for suture opening before removal (68).

Another study comparing rapid and slow maxillary expansion with bonded appliances evaluated vertical
and sagittal changes using lateral cephalograms. The RME group used a Hyrax screw, whereas the SME group
used a Minne expander. Both groups demonstrated anterior maxillary displacement and increases in interincisal
angle and overjet; however, significant downward and backward mandibular rotation was observed only in the
RME group. Overall, no significant differences were found between the two groups in net skeletal changes (69).

Bonded Fan Type Expansion Appliance

Schellino and colleagues developed a fan-type rapid maxillary expansion screw called Ragno to achieve
selective and asymmetric expansion. Unlike other expansion screws placed perpendicular to the midpalatal suture
and as close to the palatal mucosa as possible at the sagittal level of the second premolars and first molars, with
these teeth's transversal midpoints, this screw is positioned at the sagittal level of the distal aspect of the first
molars. The arms connecting the screw to the acrylic splint typically follow the premolar teeth inside the acrylic
in other appliances, but in this appliance, they follow the canine and first premolar teeth. (Figure 12)
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Figure 12. Bonded Fan Type Expansion Appliance

In their study, Gopalakrishnan and colleagues evaluated the changes following maxillary expansion in
patients using Hyrax and Ragno screws by examining lateral and posteroanterior cephalometric films taken before
expansion and after retention. The research concluded that expansion with Hyrax resulted in a more parallel
opening at the midpalatal suture, significant increases in intermolar and intercanine widths were observed with
both appliances, but the intermolar distance increased more with the Hyrax appliance. Regarding intercanine
distance, no significant difference was found between the two groups (70).

Expander with Differantial Opening (EDO) Appliance

The Expander with Differential Opening (EDO) appliance (Great Lakes Orthodontics, NY, USA) is
indicated for patients with complex alveolar cleft deformities and for non-cleft patients presenting atypical arch
forms. Its fan-shaped design allows greater anterior (intercanine) expansion while limiting excessive intermolar
widening. The appliance incorporates two transversely positioned expansion screws (Figure 13); the anterior screw
can be selectively activated when increased canine expansion is required, whereas both screws may be activated
simultaneously to achieve parallel expansion. Pivoting corner screws enable differential expansion with minimal
risk of binding during activation (71).

Figure 13. Expander with Differantial Opening (EDO) Appliance

Garib et al. reported that EDO permitted controlled correction of intermolar width relative to intercanine
width in cleft lip and palate patients, preventing excessive posterior expansion and potential periodontal side
effects. They further noted that in adult cleft patients requiring SARME, neither Hyrax nor fan-type expanders
achieved an ideal arch form, whereas EDO allowed precise control of anterior and posterior expansion. The
appliance was also suggested for non-cleft patients with severe maxillary constriction and disproportionate
anterior—posterior arch widths (72).

In a comparative study during mixed dentition, Alves et al. found that EDO produced greater orthopedic
and dental changes in the anterior maxilla than the Hyrax expander, while both appliances showed similar effects
in the posterior region, arch perimeter, arch length, palatal depth, and posterior tooth inclination (73). Massaro et
al. observed distinct arch width and form changes between EDO and fan-type expanders, with greater anterior
expansion for fan-type appliances and greater posterior expansion for EDO, as well as slightly increased
spontaneous mandibular expansion at the molar level with EDO (74).

Bonded Hyrax Expansion Appliance

The appliance developed by Mc Namara and Brudon is designed to minimize the vertical effects of
maxillary expansion during expansion. This appliance, which consists of a Hyrax appliance with an acrylic splint,
is also called the Mc Namara type expansion appliance. (Figure 14)

Figure 14. Bonded Hyrax Expansion Appliance
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Pinto and colleagues evaluated the effects of the bonded Hyrax appliance in 26 patients with an average
age of 8.5 years using lateral cephalometric radiographs taken before expansion and after retention. They
concluded that the appliance had no significant effect on vertical growth pattern (75).

Kanomi and colleagues compared the effects of McNamara type bonded and Hyrax banded expansion
appliances in 89 patients aged 6-15 years using CBCT images taken before treatment and immediately after
removal of the retention appliance. The research results showed that both appliances caused a significant amount
of expansion, but the Hyrax banded expansion appliance was reported to be more effective in the age group of 9-
11 years (76).

Memory screws

These screws, designed by Wichelhaus and Sander, contain a coil made of a nickel-titanium alloy. The
aim was to reduce the disadvantages of high force during expansion by applying continuous and less force. (Figure
15)

Figure 15. Memory screws

Wichelhaus and colleagues compared arch widths before and after expansion in 10 patients using the Ni-
Ti expansion screw, which they turned % turn six times a day for two weeks in their research. In laboratory
research, they recommended turning the Ni-Ti rapid maxillary expansion screw twice a day, morning and evening,
by % (quarter) turn. In their research, they mentioned that the screw applied a continuous force of 1,224-1,428 g
with six activations per day, which was sufficient for sutural opening. Based on their clinical observations, they
also indicated that six turns of activation per day could be performed as two activations of three-quarters of a turn
each day (77).

Halicioglu et al. investigated and compared the cephalometric effects of a conventional Hyrax expansion
screw and a memory screw on the skeletal, dentoalveolar structures, and soft tissues of the face. They concluded
that the memory expansion screw takes advantage of rapid and slow maxillary expansion protocols. The suture is
opened, and the maxilla is expanded with relatively lighter forces over a shorter time. Also, rapid maxillary
expansion using the memory screw resulted in similar sagittal and vertical changes to those produced by the Hyrax
screw.(78)

Mini-Screw Assisted Rapid Palatal Expansion (MARPE)

Miniscrew-assisted rapid palatal expansion appliances were first proposed by Lee et al. to deliver expansion
forces more directly to the maxillary basal bone, addressing concerns that conventional tooth-borne and tooth—
tissue-borne RME appliances may transmit insufficient orthopedic force.

MARPE designs differ mainly in miniscrew number and dimensions, most commonly using 2 or 4
miniscrews. In 4-screw designs, stainless steel helical hooks are positioned anteriorly and posteriorly to the Hyrax-
type expansion screw to connect the appliance to four palatal miniscrews placed under infiltrative anesthesia. In
2-screw designs, two helical hooks are located either anterior or posterior to the expansion screw for miniscrew
placement (Figure 16). The expansion screw is typically activated once daily starting the day after placement.
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Figure 16. Miniscrew assisted rapid palatal expander (MARPE)

Ning et al. compared tissue-borne versus tooth-borne MARPE in young adults and found similar expansion
efficiency; however, tooth-borne MARPE produced greater dentoalveolar side effects, including buccal tipping,
root resorption, and alveolar bone loss (79). In a 3D study, Ahmida et al. reported that both MARPE and
conventional RPE significantly increased several cranial and circummaxillary suture widths immediately after
expansion, but long-term changes were largely comparable except for the midpalatal suture, which remained
significantly wider at incisor, canine, and molar levels in the MARPE group (80).

Case reports further support its orthopedic potential: Lee et al. documented ~8.3 mm intermolar expansion
over 6 weeks using a 4-miniscrew MARPE (1.8 x 7 mm) with minimal molar inclination changes after retention,
alongside increases in basal maxillary width (2.4 mm) and nasal width (2.5 mm) (81). Carlson et al. reported 4—6
mm expansion in the zygomatic and nasal bones, circummaxillary suture changes, and minimal molar buccal
tipping using a 4-microimplant MARPE (1.5 x 11 mm) with twice-daily activation during the first two weeks (82).

Miniscrew dimensions may influence outcomes: Choi et al. suggested that longer miniscrews can enhance
basal and canine-region alveolar expansion and improve miniscrew stability, although increased length does not
guarantee midpalatal suture separation (83).

Surgical Assisted Rapid Maxillary Expansion (SARME)

In adults, orthopedic maxillary expansion may be associated with undesirable effects, including posterior
tooth tipping and extrusion, periodontal ligament compression, buccal root resorption, alveolar bending and buccal
cortical fenestration, palatal tissue necrosis, failure of midpalatal suture opening, pain, and reduced post-expansion
stability. Therefore, surgical approaches are often recommended to manage transverse maxillary discrepancies in
skeletally mature patients (28) (Figure 17).

Figure 17. Surgical Assisted Rapid Maxillary Expansion (SARME)

In their systematic review, Menon et al. summarized surgical techniques used for adult transverse
expansion. Bell and Epker compared several osteotomy designs in unilateral and bilateral crossbite cases, including
variants of lateral maxillary osteotomies (performed at different vertical levels and extents), midline osteotomies
to facilitate anterior separation/mobilization, combined palatal-lateral-pterygomaxillary osteotomies in cases with
palatal exostosis or suture ossification, and segmental/parasagittal approaches for posterior or unilateral
corrections. They reported clinically meaningful expansion in all patients except one with a palatal torus and
highlighted surgery as a viable option for adult maxillary expansion (84). Haas suggested that subtotal Le Fort I
combined with median palatal suture osteotomy yields more stable long-term results (85). Timms and Vero
proposed a more conservative approach focused primarily on midpalatal synostosis (86), while Glassman et al.
reported adult expansion using lateral osteotomy alone as a conservative alternative (87).

Surgical management of transverse maxillary deficiency is generally discussed in two categories: (1) Le
Fort I osteotomy with repositioning, typically indicated when maxillary repositioning is required (e.g., relative
maxillary deficiency, often in Class III patterns), and (2) SARME, considered when overcoming mature sutural
and soft-tissue resistance is necessary, particularly after skeletal maturation or when orthopedic expansion is
unsuccessful (88) (89). SARME may be considered when transverse deficiency exceeds 5 mm in adults and is
generally indicated when the discrepancy exceeds 7 mm (90).

In SARME, the expander is typically placed preoperatively. While tooth-borne devices were used initially,
concerns about dentoalveolar side effects have increased interest in bone-supported or hybrid designs (91). Kunz
et al. compared a bone-supported transpalatal distractor and a Hyrax-type expander in 28 patients undergoing
subtotal Le Fort I osteotomy with partial pterygoid separation; at ~3.5 months, the distractor produced greater
anterior expansion, whereas the Hyrax achieved greater overall expansion. Buccal tipping occurred in both, more
pronounced with Hyrax; the distractor tended to create a V-shaped pattern, while Hyrax produced more parallel
expansion. In contrast, Garreau et al. reported that both Hyrax and bone-supported distractors achieved planned
expansion, with no significant difference between them at 6 months when assessed by molar palatal tubercle
distance (92).

26



Tarkan H

To reduce dentoalveolar effects, Ludwig et al. introduced a hybrid transpalatal distractor by supporting a
Hyrax-type design with two miniscrews placed 8 mm posterior to the incisive papilla, banding only the first molars
and using palatal arms resembling a quadhelix configuration. Kayalar et al. compared this hybrid appliance with
Hyrax in 20 SARME patients (Le Fort I + midline osteotomy + pterygomaxillary separation). CBCT evaluation
showed significantly less anterior expansion with the hybrid device, greater molar buccal tipping during active
expansion (which improved during retention), and a greater reduction in buccal alveolar bone thickness in the
Hyrax group (93).

The Effects of Maxillary Expansion on the Maxilla and Surrounding Tissues
Maxillary Skeletal Effects

Inoue et al. reported that, when viewed occlusally, the midpalatal suture expands in a triangular pattern,
narrowing posteriorly rather than opening in parallel, which they attributed to resistance from the zygomatic and
pterygoid bones. In the frontal view, the suture separates in a pyramidal configuration, with the base directed
toward the oral cavity (94).

Using his own expansion appliance, Haas investigated the tissue effects of rapid maxillary expansion in 10
patients and reported several characteristic findings. The earliest and most prominent change was the formation of
a midline diastema between the maxillary central incisors, which later closed due to transseptal fiber activity,
leaving separation first at the crown and subsequently at the root level. Lateral cephalometric analysis showed
anterior displacement of point A in all patients and inferior displacement in some, accompanied by downward and
backward mandibular rotation. Continued expansion resulted in lateral bending of the alveolar bone, opening of
the midpalatal suture, and inferior displacement of the palatal shelves, leading to flattening and lowering of the
palatal vault. Buccal tipping of the maxillary posterior teeth was observed, along with secondary buccal tipping of
mandibular teeth, which Haas attributed to altered occlusal relationships and changes in buccolingual muscular
balance. Posteroanterior radiographs further demonstrated an increase in nasal cavity width following expansion
(95).

Using CBCT, Ghoneima et al. evaluated cranial and circummaxillary sutural changes in 20 patients after
rapid maxillary expansion. With the exception of the frontozygomatic, zygomaticomaxillary, zygomaticotemporal,
and pterygomaxillary sutures, all assessed sutures demonstrated increased width. The greatest expansion occurred
at the intermaxillary and internasal sutures, followed by the bilateral nasomaxillary, frontonasal, and
frontomaxillary sutures (53).

Ozbek et al. assessed hyoid bone position changes in patients with and without maxillary transverse
deficiency using lateral cephalograms and found a significant reduction in the angle between the hyoid bone and
the mandibular plane after expansion. Additionally, the distance between the tongue dorsum and palatal vault
decreased, and these changes remained stable during follow-up (96).

Histological Effects of Maxillary Expansion

Caprioglo and colleagues histologically examined the changes occurring after rapid maxillary expansion in
control and experimental groups on the 7th and 30th days.

On the 7th day of expansion, it was observed that needle-shaped trabecular bone near the bone margins
began to mature in a fishbone pattern within the soft tissue. This bone, not in contact with existing bone, was
surrounded by osteoid matrix. Additionally, blood clots and red blood cells due to mechanical trauma were present.
At this stage, 14% new bone and 86% soft tissue were detected in the midpalatal suture.

By the 30th day, newly formed bone trabeculae showed perpendicular orientation to the long axis of the
suture and were aligned parallel to each other, gradually approaching each other. Osteoblasts producing osteoid
matrix were arranged at the bone margins. Lymphocytes, small or large blood vessels, and bone marrow spaces
were present in the trabecular bone. At this stage, 43% new bone and 57% soft tissue were detected in the
midpalatal suture.

Under polarized light, in the untreated control group, collagen fibrils showed a parallel arrangement to the
midpalatal suture. In the experimental group, on the 7th day, only the central fibrils were parallelly arranged, and
a needle-like structure of connective tissue was observed, while on the 30th day, collagen fibrils began to align
parallelly (97).

Nasal Airway

Anatomically, widening of the nasal cavity after expansion leads to an increase in width, decreasing
resistance to breathing and facilitating airflow development (27).

Wertz observed a significant widening in the inferior part of the nasal cavity in 60 patients with bilateral
crossbite treated with rapid maxillary expansion, noting that the shape of the nasal septum did not change with
expansion (98).

In a study conducted by Izuka et al., they examined changes in airway capacity after rapid maxillary
expansion in 25 mouth-breathing patients with maxillary transverse deficiency by obtaining CBCT images before
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and after the treatment. The data showed a significant widening in both anterior and posterior nasal floors, as well
as a significant increase in nasopharynx and nasal cavity volume; however, the increase in oropharynx volume
was not statistically significant (99).

In a systematic review by Buck et al., where they evaluated data from 3 controlled clinical studies and 14
cohort studies, they found that total airway capacity significantly increased immediately after expansion based on
the existing literature (100).

Hearing Loss
Effects of Expansion on Ofitis Tube Function

One of the changes associated with expansion is an increase in the tension of the tensor veli palatini muscle.
This leads to the opening of the Eustachian tube, improved respiration with expansion, and enhanced function of
the Eustachian tube. The functions of the Eustachian tube include equalizing middle ear and atmospheric pressure,
draining secretions produced in the middle ear to the nasopharynx for ear cleanliness, and protecting the middle
ear from bacteria originating in the oral-nasal-pharyngeal region or from secretions in the nasopharynx. Partial
restoration of Eustachian tube function after expansion results in decreased hearing loss due to middle ear
infections. Furthermore, if the Eustachian tube becomes obstructed and middle ear pressure cannot be balanced,
the concavity of the tympanic membrane increases, leading to progressive deafness (101).

In the literature, clinical studies on conductive hearing loss and maxillary expansion clearly indicate
positive and stable effects of maxillary expansion on conductive hearing loss (101, 102). Also Peyvandi et al.
investigated the relationship between maxillary transverse deficiency and conductive hearing loss. According to
the study, patients with maxillary transverse deficiency had 3.5 times more conductive hearing loss compared to
those without the deficiency (103).

In a systematic review encompassing 8 different studies, Bueno et al. concluded that while there is some
hearing loss regained during the retention period after rapid maxillary expansion, overall, hearing improves (104).

Nocturnal Enuresis

Enuresis is defined as inappropriate, nonvoluntary discharge of urine past the age of usual control, which
is considered to be a developmental age of 5 to 7 years. Enuresis can be classified in two main ways to better
understand its causes and determine the most appropriate treatment for each patient. These classifications are
primary versus secondary, and monosymptomatic versus polysymptomatic. Primary nocturnal enuresis occurs
when a child has never experienced a period of nighttime dryness lasting longer than 6 months. The majority of
cases are composed of primary nocturnal enuresis. On the other hand, secondary nocturnal enuresis happens when
involuntary urine discharge recurs after at least a 6-month period of nighttime dryness. When a patient has
monosymptomatic enuresis, the only symptom present is involuntary loss of urine during sleep. In contrast,
polysymptomatic enuresis indicates that the patient experiences at least one additional lower urinary tract symptom
such as urgency, frequency, dysuria, or dribbling (105). According to several case reports and studies, treatment
of upper airway obstruction seems to influence nocturnal enuresis (NE). It is believed that the positive effects of
maxillary expansion on the airway may have potential benefits for NE. The cause of NE appears linked to changes
in the antidiuretic hormone (ADH) secretion, especially in individuals with sleep problems and breathing issues.
Rapid maxillary expansion (RME) widens the upper airway, possibly increasing oxygen levels during sleep. This
can lower the frequency of breathing interruptions, stimulate ADH production in the brain, and potentially decrease
or stop NE episodes.(106)

Some researchers investigated whether rapid maxillary expansion (RME) is a beneficial treatment method
for NE and whether the treatment effect is due to placebo. Similarly, it was observed that RME has a therapeutic
effect in some children with NE, and researchers suggested that this effect could be associated with the positive
influence of RME on sleep architecture (107, 108).

CONCLUSION

Maxillary transverse deficiency is a prevalent and clinically significant condition that requires careful
diagnostic evaluation and individualized treatment planning. This review highlights that successful management
of transverse discrepancies depends not only on the selection of an expansion appliance, but primarily on accurate
differentiation between dental and skeletal components, assessment of skeletal maturity, and understanding of the
biological response of the midpalatal and circummaxillary sutures.

Contemporary diagnostic approaches combining clinical examination, digital model analysis, and three-
dimensional imaging allow a more precise evaluation of transverse deficiencies and facilitate appropriate treatment
selection. In particular, assessment of midpalatal suture maturation has emerged as a valuable tool for guiding the
choice between orthopedic, dentoalveolar, miniscrew-assisted, or surgically supported expansion protocols,
especially in adolescent and adult patients.

The reviewed evidence demonstrates that slow, semi-rapid, and rapid maxillary expansion protocols differ
in their biomechanical characteristics, skeletal and dental effects, and potential side effects. No single expansion
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method can be considered universally superior; rather, each approach has specific indications, advantages, and
limitations. Similarly, appliance design influences force distribution, treatment efficiency, and dentoalveolar
response, underscoring the importance of method selection based on individual patient characteristics rather than
appliance preference alone.

Beyond transverse correction, maxillary expansion may induce clinically relevant changes in surrounding
skeletal structures, nasal airway dimensions, and functional parameters. However, these effects are variable and
should be interpreted cautiously, particularly when extrapolating benefits beyond orthodontic indications.

In summary, effective management of maxillary transverse deficiency requires a structured diagnostic
process and a tailored treatment strategy that balances skeletal and dentoalveolar objectives while minimizing
adverse effects. This review emphasizes that evidence-based, patient-specific decision making remains the
cornerstone of achieving stable and predictable outcomes in maxillary expansion therapy.
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SME: Slow Maxillary Expansion; SRME:Semi-Rapid Maxillary Expansion; RME: Rapid Maxillary Expansion;
CBCT: Cone Beam Computed Tomography; Micro-CT: micro-computed tomography; EDO: The Expander with
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