
                                                            
 

 

 

 

TRABAJO DE FIN DE GRADO  

Grado en Odontología  

 
PALATAL EXPANSION  
IN ADULT PATIENTS  

 

 

Madrid, curso 2020/2021 

 

 

 

                                                                           Número identificativo  216 



Abstract  
 

Introduction: Palatal expansion remains one of the most important therapies in orthodontics. 

Being an established standard treatment method for enlarging the upper jaw, it is a successful 

form of therapy for crossbite and transverse micrognathia in growing patients. However, in 

skeletally mature patients, the possibility of successful orthodontic maxillary expansion 

decreases as sutures close and resistance to mechanical forces increases.  

Objectives: Four treatment techniques, including Rapid Palatal Expansion (RPE), Surgically 

Assisted Rapid Maxillary Expansion (SARPE), Le Fort 1 Osteotomy, and Micro-implant 

Assisted Rapid Palatal Expansion (MARPE) were evaluated and compared with each other. 

Methods: Literature was elected through electronic databases Medline and PubMed. Full text 

articles were included after screening titles and abstracts according to inclusion criteria. 

Results and discussion: A significant increase in maxillary width was observed in all 

expansion groups. The choice of treatment method depends on the age, type and degree of 

malocclusion and the individual characteristics of the patient. 

Conclusion: There is still no agreement on specific indicators and benchmarks relating surgical 

and non-surgical approach in adult patients. More research with equal measurement parameter 

will be necessary to have more representing results.  

 

 

 



Resumen 

Introducción: La expansión palatina sigue siendo una de las terapias más importantes en 

ortodoncia. Al ser un método de tratamiento estándar establecido para agrandar la mandíbula 

superior, es una forma exitosa de terapia para la mordida cruzada y la micrognatia transversal 

en pacientes en crecimiento. Sin embargo, en pacientes esqueléticamente maduros, la 

posibilidad de una expansión ortodóncica maxilar exitosa disminuye a medida que las suturas 

se cierran y aumenta la resistencia a las fuerzas mecánicas. 

Objetivos: Se evaluaron y compararon entre sí cuatro técnicas de tratamiento, incluida la 

expansion rápida palatina (ERP), la expansión rápida del maxilar quirúrgicamente asistida 

(SARPE), la osteotomía Le Fort 1 y la expansión palatina rápida asistida por microtornillos 

(MARPE). 

Métodos: La literatura se eligió a través de las bases de datos electrónicas Medline y PubMed. 

Los artículos de texto completo se incluyeron después de la selección de títulos y resúmenes 

según los criterios de inclusion. 

Resultados y discusion: Se observó un aumento significativo en el ancho del maxilar en todos 

los grupos de expansión. La elección del método de tratamiento depende de la edad, el tipo y el 

grado de maloclusión y las características individuales del paciente. 

Conclusion: Todavía no hay acuerdo sobre indicadores y puntos de referencia específicos en 

cuanto al abordaje quirúrgico y no quirúrgico en pacientes adultos. Será necesaria más 

investigación con los mismos parámetros de medición para tener más resultados 

representativos. 
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1. Introduction 

The palatal expansion is still one of the most important and longstanding therapies in 

orthodontics. Being considered as an established standard orthodontic treatment method for 

enlarging the upper jaw it is progressively used to correct maxillary transverse deficiencies. 

These can appear both solitary and in connection with other changes in the facial skull such as 

sagittal or vertical defects. (1) Beyond that, they may be responsible for unilateral or bilateral 

posterior cross-bite as well as anterior teeth crowding. (2)  

Defects of the transverse width of the maxilla are not only related to a narrow skeletal base and 

a reduced dentoalveolar bone supply but they also have a negative impact on the aesthetics of 

the midface. Furthermore, as they lead to a less stable occlusion, the chewing ability is 

compromised. Even though, in some instances, jaw repositioning can lead to the correction of 

maxillary transverse defects, in the rest of the cases a transverse augmentation is indispensable 

to attain a tolerable occlusion. (1)  

There is agreement in the literature that palatal expansion is a successful form of therapy, which 

can be used without problems in growing patients. The subject of many studies in recent years, 

however, was the question of whether non-surgical RPE may be applied in skeletally mature 

patients and when a surgical approach is rather considered.  
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1.1. History of Palatal Expansion 

Already in ancient times, narrow jaws were considered as a skeletal problem. Around 400 BC, 

Hippocrates presented in his encyclopedic work “Corpus Hippocraticum” some manifestations 

due to transverse maxillary tightness and long, narrow skulls. Without giving therapeutic 

recommendations, he identified the correlation between strongly arched palates with 

misaligned, missing or crowded teeth and general symptoms such as headache, mouth breathing 

as well as ear discharge. (3,4)  

25 BC – 50 AD, Celsus recommended in his work „De medicina“ that persistent deciduous 

teeth should be removed after the permanent teeth had erupted and suggested to move 

misaligned permanent teeth into the correct position using the bare fingers.  (4, 5)  

 

The First Orthodontic Appliance 

In the beginning, the treatment of narrow jaws was purely symptomatic by means of moving, 

extractions or grinding of teeth. Later on, in 1728, slow expansion of the dental arch was 

initially reported in the first complete scientific description of dentistry, “Le Chirurgien 

Dentiste” ("The Surgeon Dentist") by Pierre Fauchard, credited as being the “father of modern 

dentistry”. (6) His first orthodontic appliances named “Bandalette” consisted of a horseshoe 

shaped strip of precious metal to which the teeth were ligated. (4, 5)  

 

Modern Orthodontic Appliances 

In 1860, a fixed device for rapid expansion of the palatal suture was introduced for the first time 

in the frequent cited work of Emerson C. Angell from San Francisco, USA, (“father of rapid 

palatal expansion”) published in the “Dental Cosmos”. As an opponent of extraction therapy, 
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he used an appliance to gain space in the upper jaw that consisted of an expansion screw which 

was attached between four maxillary teeth and had to be maintained by the patient in constant 

lateral tension using a small wrench [Figure 1 and 2]. After two weeks, the result of the 

treatment was an expansion of approximately 6.35 mm and a medial diastema, which Angell 

explained as the result of the “rupture of the median palatine suture”. Since he could not prove 

his theory radiologically, he received a skeptical response from his colleagues. (4, 5)   

 
Figure 1 Illustration of first device for palatal expansion by Angell (7) 

 
 
 

 
Figure 2 Illustration of first described device by Angell in the upper arch (7) 

 

In 1893, when C.L. Goddard gave lectures on the "separation of the superior maxilla at the 

symphysis" and spoke about an orthodontic device that consisted of ligaments as well as double 

screws, the palatal expansion received greater recognition. (8) 
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Palatal Expansion in the 20th Century 

Later on, in 1909, Landsberger was the first confirming the opening of the median palatine 

suture by means of a X-ray. (5)  Since then, various constructions of devices have been 

described and maxillary expansion has been developed and improved, becoming a relatively 

simple and routinely applied technique in orthodontics. (9)  

 

Schroeder-Benseler published the first comprehensive work on the palatal expansion in 1913, 

presenting an appliance in which the screwing force was transferred merely from the teeth to 

the jawbone.  

Many years later, in 1956, Derichsweiler described a device in which the walls of the palate 

were included for support and force transmission, with the aim to prevent the tilting of the 

anchor teeth. While first there have been described mainly fixed devices to ensure adequate 

fixation, later in 1958 Öhler and Schönherr recommended removable appliances with the same 

objective.  

Overall, there has been introduced a large variety of orthodontic devices, among these one 

manufactured by Haas in 1961. His appliance consisted of an acrylic base attached to the palate 

which disposed of a median screw as well as metal bands that grasp the teeth physically [see 

Figure 3]. (10) 

 

Figure 3 Haas appliance (11) 
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Due to the large surface area on the palate, the force was able to act on the covered bone areas 

in addition to the teeth. Indeed, this extensive palate coverage was a functional advantage, but 

it resulted in a drawback regarding hygienic ability. (3) The “acrylic cap splint expander” was 

a modification of this construction. Here, the teeth are physically held in acrylic which is kept 

1 mm short of the gingival margin allowing maintenance of good oral hygiene. (5)  

A new era in the manufacture of the palatal expansion opens up when Biederman introduced 

the “Hyrax” (Hygienic Rapid Expander) in 1968. This screw with retention arms is firmly 

welded or soldered to tapes, allows simple laboratory work and better oral hygiene conditions 

in the patient [see Figure 4]. (12) On that basis, many modifications of the device design were 

made, all of which remained anchored in the dental field. 

 

 

Figure 4 Hyrax Expander (13) 

 
 

Latest Goals of Palatal Expansion  

During the past decades, palatal expansion developed in a different way, trying to reduce 

undesired side effects of the purely dental anchoring (e.g., dental tilting of the anchor teeth), or 

even to eliminate them. This was pursued by means of skeletal anchorage using implants. One 

of these implant-borne Hyrax screw constructions was the "Dresden Distractor" by Harzer et al 
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[see Figure 5]. It is placed in the course of general anesthesia and used to surgically weaken the 

ossified midpalatine suture (MPS) at an advanced age.  

 

    

Figure 5 Bone-borne Dresden Distractor, fixed with an implant and osteosynthesis-screw (left); 
Dresden Distractor in situ; appearance of a central diastema. (right)  (14) 

 
 
 

A less invasive method is the insertion of the Transpalatal Distractor (TPD), described by 

Mommaerts in 1999. (5, 10) It consists of telescopic cylinders, so-called distracters, that are 

supported on two bony attachments on the palate in regions 14 and 24 [see Figure 6]. A daily 

activation by 0.33 mm leads to a separation of the MPS, reaching a maximum expansion of up 

to 12 mm. As there is a direct transmission of forces to the bone, there is neither tooth tilting 

nor changes to the palatal mucosa. (8) 

 

     

Figure 6 38-year-old male patient: initial situation (left); intraoperative situation during 
activation of TPD after modified osteotomies for unilateral palatal expansion (middle); 
situation after termination of distraction. (right)  (15) 
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In 2008, Ludwig and Wilmes introduced the Hybrid-Hyrax expander (HHE) as an additional 

innovation of palatal expansion. This construction combines the dental and skeletal support by 

strapping the first molars and the minimally invasive insertion of orthodontic mini-implants 

(OMI) in the anterior part of the palate [see Figure 7]. (5) 

 

 

    

Figure 7  Hybrid Hyrax expander adapted to two OMI (16) 
 

 

1.2. Transversal Underdevelopment of the Maxilla 

There are several clinical signs of maxillary hypoplasia, including a V-shaped, narrow upper 

arch, a high, pointed palate with a narrowed apical base of the upper jaw as well as pronounced 

buccal corridors when smiling. Other features, reported by Beds et al., are a nasal base 

narrowing and a deep nasolabial fold. (3) 

Transverse underdevelopment of the maxilla can occur either in isolation, or in association with 

a vertical excess growth of the maxilla, with class II or class III toothing. Also, nasal breathing 

and the resulting mouth breathing is a common concomitant and causes a number of clinical 

problems, such as xerostomia, increased caries activity and recurrent upper respiratory 

infections. (9)   
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Importance of the Tongue 

The tongue has a fundamental function regarding a correct formation of the maxilla. Its growth 

stimulation role is getting eliminated when mouth breathing occurs as the resting position of 

the tongue and the mandible resting position shifts caudally, leading to a high, narrow palate. 

(17) Commonly, there is an increase in perioral and buccal muscle activity to achieve lip 

closure, as well as a protrusion of the fronts due to an often-arising incompetent lip seal. (3) 

 

Posterior Crossbite 

A clinically conspicuous feature of a narrow upper arch is the posterior crossbite, noticeable by 

a positional deviation of the posterior teeth in occlusion. In such case, the buccal cusps of the 

maxillary teeth contact with the central fissure of the mandibular teeth. (3) It can be 

distinguished between unilateral or bilateral crossbite when the patient bites into maximum 

intercuspidation. (4, 12) 

 

In the literature, various etiological factors such as heredity, restricted nasal breathing, 

crowding, disturbances during tooth change and oral digit habits are discussed. Even though, 

cross bites occur more frequently in primary dentition, which suggests that there is a possibility 

of spontaneous correction, it often persists in permanent teeth. (3) 

The cause of a cross bite is almost always skeletal, implying a discrepancy in the transverse 

dimension of the maxilla and mandible. As a compensation, an aberrant relationship between 

both dental arches occurs, showing buccally tilted upper and lingually tilted lower teeth. In rarer 

cases, the crossbite is purely dentoalveolar origin, caused by a pronounced palatal inclination 

of the maxillary teeth as well as a buccal inclination of the mandibular teeth. A combination of 

skeletal and dentoalveolar causes is likewise possible. (3, 9)  
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It is desirable to apply therapeutic measures for maxillary constriction already in the deciduous 

dentition and in the early mixed dentition to allow a neutral toothing of the posterior teeth of 

the permanent dentition to be set as well as prevent a forced bite. Treatment options are the 

grinding of primary teeth or a transversal redevelopment of the maxillary dental arch by means 

of orthodontic plate devices, Quad helix or RPE. Thus, palatal expansion and its possible 

complications can be avoided in adulthood.  

 

A posterior cross bite in adult patients is often associated with a shortened dental arch length 

resulting due to a nesting position of the front teeth. A method to enlarge the dental arch is the 

enlargement of the maxilla in the transverse plane creating thereby the necessary space for the 

front teeth in the front. In some cases, in this way, extractions can be avoided. (3) 

 

 

1.3. Treatment Methods for Palatal Expansion 

The aim of the treatment is to restore physiological function and aesthetics. Ideally, it should 

lead to sufficient dimensions of the alveolar bone to enable an eugnathic occlusion, providing 

an adequate mastication as well as a proper deglutition. Other important therapeutic goals are a 

correct relation between both jaws, preservation of function of the mucosa and a proper lip seal.  

 

Selection Criteria 

Today, a correction of upper jaw width is usually carried out combining orthopedic and 

orthodontic treatment. Therapy methods are selected depending on the patient´s age and 

acceptability, present malocclusion as well as the practitioner´s personal experience. (12)  



 
10 

 

As presented above in a summarized form, there is a great variety of conservative treatment 

methods that lead to an enlargement of the alveolar bone in growing patients and show 

relatively stable results. However, in mature patients there is an increased risk of complications 

such as root resorption or undesirable movements of anchor teeth. As gained space is obtained 

mainly by tooth movements, there is also a higher risk of recurrence.  

 

Nowadays, the following expansion treatment modalities are used: Rapid Maxillary Expansion 

(RME or also called Rapid Palatal Expansion, RPE), Slow Maxillary Expansion (SME) and 

Surgically Assisted Rapid Maxillary Expansion (SARME or also called Surgically Assisted 

Rapid Palatal Expansion, SARPE). (12) Furthermore, the Le Fort I Osteotomy is a possibility 

of treating a bimaxillary transverse deficit purely by oral surgery. (18) 

 

Age Factor 

As in growing RPE can be performed conservatively, it is advocated as the selected treatment 

for maxillary transverse skeletal deficiency in children and adolescents. While here good results 

can be achieved, it is challenging in adults due to the difficulty of separation of the ossified 

MPS. However, the higher resistance is also attributed to other bony structures adjacent to the 

maxilla, including the midface pillars, the temporozygomatic sutures, zygomaticofrontal 

sutures and zygomaticomaxillar sutures, as well as the zygomaticoalveolaris crist. According 

to Jafari and Shetty the greatest resistance is in the area between the roots of the two central 

incisors. (19) Baumrind and Korn found that the palatal suture closes in women between the 

ages of 14 and 15 and in men between 15 and 16 years. (12, 19) Hence, after puberty it becomes 

increasingly complicated to separate the two interdigitated maxillary halves without fracturing. 



 
11 

(20) Therefore, in mature patients, often surgical support by means of SARME or Le Fort 1 

osteotomy is advocated. (5)  

 

Figure 8 Interdigitation of the median palatine suture in the various stages of age: early 
childhood (left); puberty (middle); adulthood. (right) (3) 

 

Patients Acceptability 

As surgical treatment methods are being often refused by patients, there is an alternative 

treatment for non-growing patients using a bone-borne expander. This so-called Micro-implant 

assisted rapid palatal expansion (MARPE) reduces harmful dental effects and consequently 

preserves the periodontal health to a greater extent.  (12, 21, 22) 

 

Hereafter, the above-mentioned treatment methods are depicted in detail. 

 

 

1.3.1 Rapid Palatal Expansion  

 

The RPE method is premised on the division of the MPS and the following maxillary transverse 

expansion according to the principle of distraction osteogenesis. (12, 22, 23)  
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Sequencing of RPE 

In general, when implementing RPE, the use of an orthodontic appliance leads to an interwoven 

sequence: compression of the periodontal ligament, bending of the alveolar process, tipping 

movement of the anchor teeth and furthermore, a progressively opening of the maxillary 

sutures, among them the MPS.  

 

In the case of tooth-supported appliances, the transverse expansion screw built into the 

appliance exerts pressure on the anchor teeth through activation, which is repeated one to six 

times a day, and this pressure is transferred to the maxilla. In order to achieve not only an 

orthodontic widening of the dental arch, that is purely of the teeth, but the desired orthopedic, 

i.e., skeletal effect, the pressure and the speed of activation must exceed a certain level. (5) 

Forces, which exceed the required limit for orthodontic tooth movement to the posterior teeth, 

are transferred to the MPS. These amount as much as 2-5 kg per quarter-turn with accumulated 

loads of more than 9 kg. (24)  

The repeated activation prevents the start of bone remodeling processes in the alveolus and 

transverse forces continue to act directly on the suture leading to its expansion. The opening 

takes place through the large forces of 15 to 100 N accumulating on the anchor teeth and the 

palatal parts of the maxilla.  

In addition to the MPS, also deeper cranial structures are changed by the force exerted on the 

expansion screw. (5, 26) The mucous membrane and the periosteum are retained in their 

continuity. (24)  
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Figure 9 Expansion screw (left); Key	used	for	activation	of	appliance	(right) 	(25) 
 

According to Wertz RPE leads to a wedge-shaped division of the two halves of the upper jaw 

in sagittal and vertical directions [see Figure 10]. This also results in the arch widening of 2:1 

measured by Krebs. The typical medial diastema arises due to the increased anterior expansion. 

(12) It can be observed a maximum division at the anterior incisor region which is progressively 

reducing until it finally closes at the posterior part of the palate. (2, 27) After the activation 

period of usually 2 to 3 weeks, a retention period of three months is recommended to ensure 

the ossification of the generated opening of the MPS. (2) 

 

 

 

Figure 10 Anterior view of RPE (top); Occlusal view of RPE, wedge-shaped division of the 
palate (bottom) (7) 
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Indication for RPE 

In orthodontics, RPE is indicated in unilateral or bilateral cross bite and in cases of forced lateral 

bites with maxillary transversal discrepancy of minimum 4 mm. It can be also used in case of 

buccal inclination of the upper molars or in moderate maxillary crowding. (2, 28, 29) 

Furthermore, it is commonly applied in patients with a class III to facilitate the protraction of 

the upper arch by disrupting the complex of the maxillary sutures, and thereby their connection 

to the cranial base. (2) RPE is also implemented as an alternative to extraction therapy in 

patients with Angle Class II and a large transversal deficit of the maxilla or a narrow apical 

base and the associated dental crowding. (30, 31) Today, RPE is used particularly successfully 

in patients with micrognathia in combination with a Delaire mask as well as in patients with 

cleft lip and palate with a collapsed maxilla. (32-35) 

 

Contraindications for RPD 

Generally, RPE is contraindicated in skeletal maturity, skeletal asymmetry of the maxilla or 

mandible, in severe anteroposterior and vertical skeletal defects, as well as in those patients 

who present poor compliance. (36) It is also unsuitable in patients with convex profile, anterior 

open bite or steep mandibular plane. Besides, it is not recommended in cases of molars which 

present recessions on the buccal aspect. (12) 

 

However, various information about the age limit for successful RPE can be found in the 

literature. The results of further studies also give concrete indications that RPE can be 

performed successfully in some adult patients. According to Capelozza et al., Northway and 

Meade, as well as Handelman et al., minor transverse deficits, mainly of a dental origin, can be 

corrected even in adulthood without surgical support. Before or during pubertal growth, RPE 
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is indicated and easily implemented. However, many clinicians report difficulties when 

performing this after pubertal growth. (3) 

 

Disadvantages of RPE 

As the maxilla is affiliated with various bones of the face and head, RPE does not only 

increase the width of the upper arch but its impact goes much further. Two relevant side 

effects are dental tipping due to minimal tooth movement and skeletal movement. (12, 22, 23) 

Clear disadvantages are also the traumatic separation of the MPS, microtrauma of the 

temporomandibular joint, pain as well as discomfort due to the applied heavy forces by the 

expander. Other drawbacks are relapse, bite opening, root resorption and tissue impingement. 

Furthermore, RPE is not appropriate to correct rotated molars. Also, a successful outcome is 

always based on the patient’s cooperation by means of the steady daily activation. RPE 

implies also time-consuming preparation of the respective expander in the laboratory. (12)  

 

Fastening of the Rapid Palatal Expander 

RPE can be executed by different kinds of appliances, all of which have an expansion screw to 

connect the right and left half of the device and to activate the construction.  

Fastening can be achieved on the one hand by gluing the teeth with acrylic coatings ("bonded"), 

on the other hand by banding the teeth ("banded").  (5) 

 

Banded Expanders 

Banded expanders are usually fixed to the first molars and, when indicated, also to the first 

premolars by the use of orthodontic bands.  
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Two types of banded expanders can be distinguished: tooth borne, and tooth and tissue borne. 

Tooth borne RPE include the Hyrax and the Issacson expander. 

 

Tooth Borne Rapid Palatal Expander 

Hyrax  

The Hyrax expander implies a non-spring-loaded palatal jackscrew, the Hyrax-screw, with a 

rigid wire framework that follows the palatal contours and is soldered to the bands [see Figure 

11]. The activation of the screw from front to back leads to a separation of the MPS of 11 mm 

within a short amount of time. Generally, each turn equals approximately 0.2 mm of lateral 

expansion, whereby a maximal expansion of 13 mm can be reached. (37) 

 
Figure 11 Hyrax type of expansion appliance (38) 

 

Isaacson 

The Issacson expander consists of the spring-loaded screw “Minne” expander (developed by 

the dental school of the university of Minnesota) which is soldered directly to the bands of the 

abutment teeth. It consists of a nut that, when being turned, compresses the coil, extends 

between two palatal metal flanges which are perpendicular to the coil, and expands the heavily 

calibrated coil spring [see Figure 12]. (37, 38) The screw is activated by closing the nut and 
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thereby compressing the spring. Whenever it is activated, it is able to exert expansion forces 

even after the expansion phase is completed. (12, 39) 

 

 
Figure 12 Isaacson type of expansion appliance (38) 

 
 

Advantages of tooth borne rapid palatal expanders are the minimal interference with speech 

and good possibility of cleaning. Also, the palatal mucosa is not getting irritated as it is not 

covered by the device. (40) 

  

Tooth Borne and Tissue Borne Rapid Palatal Expander 

Despite of the hygienic skeletonized appliances there still exist other devices that cover the 

palate. These tooth and tissue borne rapid palatal expander are attached to the left and right first 

premolars and first molars by means of bands and contain a jack screw which is incorporated 

in acrylic pad that closely contact the palatal mucosa. (38, 39) 

 

According to Haas, the use of these appliances yields to numerous benefits. One of them is 

increased bodily movement and diminished tipping when a palatal coverage is provided. Thus, 

the acrylic closely contacts the palatal mucosa and forces are generated not only against the 
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teeth but also against soft and hard palatal tissues. Other clear advantages include better 

parallelism of the expansion, a higher treatment stability and an increased mobility of the upper 

jaw instead of teeth. Furthermore, a more beneficial relation regarding the transversal and 

sagittal plane of the denture bases, and also a higher gain regarding the apical base and the nasal 

cavity is achieved. (39) 

A clear disadvantage of these tooth and tissue borne expanders is the higher tendency to irritate 

the soft tissue, especially the palatal mucosa. (40) 

A distinction can be made between two types: Haas and Derichsweiler. 

 

Haas  

The Haas appliance consists of two rigid acrylic plates, which incorporates a jack screw in their 

midline, and adapts closely to the palatal vault [see Figure 3 and 13].  Besides, it implies lingual 

arms that are fixed to the molar and premolar bands which in turn are integrated into the 

acrylic. (38) Forces produced by this device have been reported in the range of 1,3 to 4,5 kg 

and make an immediate separation of the MPS and, thereby, an expansion within 10 to 14 days 

possible. (39) 

 

Figure 13 Haas type of expansion appliance: A Lingual support wire B Premolar bands 
C Molar bands D Buccal support wire E Acrylic plate F Expansion screw (38) 
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Derichsweiler 

The Derichsweiler expansion device implies also wire tags, which on one side are soldered to 

the palatal surfaces of the molar and premolar bands, and on the other side are inserted into the 

acrylic plate which covers the palate and contains a central jack screw [see Figure 14]. (12, 38)  

 

Figure 14 Derichsweiler type of expansion appliance: A Wire tags B Premolar bands 
C Molar bands D Expansion screw E Acrylic plate (38) 

 

Bonded Expander 

Bonded expanders imply Cast cap splints or Acrylic splints, that cover a variable number of 

posterior maxillary teeth on both sides, and to which a jack screw is fixed [see Figure 15]. (41) 

 

Advantages include good retention, in comparation to other devices, due to easy management 

of cementing during mixed dentition. Moreover, tipping and extrusion of posterior teeth is 

reduced due to the buccal capping, improving vertical control. (41) Due to the block effect, 

anterior crossbite can be corrected and in total, less appointments are needed. (42) 
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To limit the extent of the midline diastema that comes along with the RPE treatment, another 

device has been designed. This so-called “Inman Palatal Component” E-Arch/Arnold 

Expander, in short, IPC Expander, can be implied when in addition to orthopedic expansion 

also labial alignment of the anterior teeth is searched [see Figure 15]. It provides to control 

forces applied by means of an NiTi open coil spring, to the lingual surface of the incisors and 

minimizes the diastema by means of wire at the distal surface of the lateral incisors. (12, 40)  

 

    

Figure 15 Bonded palatal expander (left); IPC expander (right) (12) 

 

 

1.3.2. Slow Palatal Expansion 

 

An alternative procedure to correct a narrow maxilla in adults is SPE.  

There are a number of arguments which indicate the use of this treatment method, including the 

favorable bone formation in the MPS due to reduced resistance of the structures surrounding 

the maxilla as well less chance of relapse, whenever an appropriate retention period is provided. 

(12) The applied devices assure adequate retention of the expansion since they present a high 

wearing comfort which is due to their extremely low weight and convenient use. Moreover, 
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additional appointments for impression-taking as well as expenditure of time and extense in the 

laboratory can be avoided due to the prefabrication of the devices.  

 

By delivering a constant physiological force, with slow expansion the palate can be separated 

approximately 1 mm per week by applying 450-900 gm of force. A total expansion of 3.8 to 

8.7 mm can be reached. SPE uses weaker forces (10-20 N) than RPE to separate the maxillary 

sutures. Hence, it might not be high enough for a palatal expansion in mature adults. (12) 

 

There exists a variety of devices to perform SPE, including the Coffin appliance, Quadhelix, 

W-Arch, as well as Spring Jet, Nickel Titanium Expanders (“NiTi Expander”) and Magnets 

[see Figure 16]. (12)  

 

    
 

                 Figure 16 Quadhelix (left)  (43); NiTi Expander (right) (44) 
 

 

1.3.3. Surgically Assisted Rapid Maxillary Expansion   

 

As already mentioned, when reaching adolescence, the MPS is getting progressively 

interlocked, and its opening becomes difficult by conservative means with advancing age. (19, 
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45) Therefore, after the maxillary ossification is completed, a narrow jaw is rather expanded 

with surgical support (19). Otherwise, since the expander is fixed to the teeth, the force is 

transmitted directly to the teeth and the alveolar bone. (46 – 48) Consequently, the expansion 

does not take place by separating the MPS but by expanding the alveolar processes. Activation 

of the expansion screw can then lead to numerous side-effects as pain, pressure, buccal tilting 

or extrusion of the posterior teeth as well as gingival recession, devitalization, root resorption, 

bone fenestration, and even fractures of the alveolar process. (46) 

 

Sequencing of SARME 

Division of the Palatal Plate  

SARME is conducted under general anesthesia with naso-endotracheal intubation. 

The surgical division of the palatal plate is performed by means of a chisel or a fine saw, starting 

with a vertically guided buccal incision in the area of the upper central incisors, and proceeding 

towards the incisive foramen until reaching an interradicular cut. Then, a palatal incision of the 

gingival margin in the area of 14 to 24 is made. Afterwards, the palatal plate behind the incisive 

foramen is chiseled through para-septally on both sides, keeping a distance of 2 – 3mm to the 

center. The anterior and the posterior cut is merged behind the incisive foramen with a cross 

connection. (3, 19) When the surgical part is fulfilled, the expansion device is cemented in and 

the screw is turned immediately until a strong resistance impedes a further rotation.  

 

Division of the Zygomatico-Maxillary Crest and the Pterygopalatine Process 

The surgical division of the zygomatico-maxillary crista and the pterygopalatine process can be 

excuted in two ways, either by performing a bilateral mucosal incision from the canine to the 

first molar high in the vestibule or a continuous incision from premolars to premolars [see 
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Figure 17]. Hereby, the facial maxillary sinus wall can be exposed from the piriform aperture 

to the zygomatico-maxillary crest. (3, 19) 

 

 
 

 Figure 17 Human skull: red lines show the surgical division of the zygomatico-maxillary crest 

and the pterygopalatine process (19) 

 
 

The incision is made with a bone saw posterior to the zygomatico-maxillary process up to the 

piriform aperture. By using a curved chisel and while protecting the soft tissue, the 

pterygopalatine process is severed. As there is practically no view when the maxilla is separated 

from the base of the skull, this is a crucial point of the procedure and requires a careful 

identification of the anatomical structures. In addition, the intermaxillary suture must also be 

severed with this method. (3, 19) 

 

Indication for SARME 

There is no unanimous opinion between orthodontists and surgeons regarding the indication for 

SARME. However, some consistent indications can be found in the literature, which all apply 

to adult patients with an upper narrow jaw. (3, 49) These include cross bites, if no further 
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surgical positional changes are planned or the requirement for a preparatory measure, if further 

surgical interventions to change the position of the jaws are planned. The latter aims to avoid 

the risks, inaccuracies, and instability associated with segmented maxillary osteotomy. 

Moreover, its used to create space in case of crowding of maxillary teeth when extraction 

therapy is not indicated. Other indications are hypoplasia of the maxilla, which is associated 

with a cleft lip and palate, large buccal corridors when smiling and weaknesses in the bony 

resistance in a failed RPE. (3, 19) 

Most authors see the age of the patient as the strongest indication for SARME. The skeletal age 

should therefore be given special consideration when selecting a patient, as it may differ from 

the chronological age. (3) 

 

When establishing the indication, a distinction must be made between skeletal and/or dental 

causes, considering also the presence and extent of skeletal discrepancy. According to Jacobs 

et al. a crossbite situation on more than 2 teeth indicates skeletal involvement. (48) 

As a result, a distinction is made between "relative transverse discrepancy” and "absolute 

transverse discrepancy”. In the first situation, there is a horizontal mismatch, which is corrected 

by setting the study models in a Class I toothing [see Figure 17]. In the case of an absolute 

transversal discrepancy, the cross bite does not disappear or becomes only visible when in Class 

I [see Figure 18]. (48) 
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Figure 17 Patient with skeletal Class III, post-crossbite (left); Absolute micro-maxillary view, 
frontal view; crossbite disappears after setting in Class-I toothing (right) (19) 

 

    
 
Figure 18 Absolute micro-maxilla, lateral view of dental/skeletal class II (left);  
after setting in Class I teeth: post. crossbite (right) (19)  
 

Contraindication for SARME 

There is no absolute contraindication described in the literature. However, a side effect of the 

SARME can be a slight bite opening due to the tilting. Therefore, a strongly pronounced vertical 

growth pattern can be named as a relative contraindication. (3) 

 

Advantages of SARME 

In total, SARME is a recognized as an effective, stable and easy-to-use method. According to 

Byloff and Mossaz, the SARME ensures the transfer of the cross bite in the posterior region. 

This leads to aesthetically pleasing results in the anterior region and a secure support in the 
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posterior region, which can prevent abrasion and periodontal damage. (3) In comparison to a 

separation of the palate, an important advantage of the method is the already firmly cemented 

expansion device. The maximum possible expansion of the maxilla occurs immediately, and 

incompletely severed bone areas are directly visible if the stretching is not symmetrical. (3) 

 

Disadvantages of SARME 

Although severe complications are rare,  some of them may lead to further consequences as 

intraoperatively bleeding when severing the pterygopalatine (50) and unilateral blindness due 

to an Orbital compartment syndrome (OCS), triggered by a retrobulbar hematoma. (3, 19, 50) 

Postoperatively, if the sutures have been severed insufficiently, pain occurs when the screw is 

turned. Furthermore, bone areas that remain fused, lead to the tilting of the teeth, hence, the 

sought movement of the maxilla stays away. This may result in gingival recessions and an 

asymmetrical enlargement. In rare situations it may even lead to the fracture of the expansion 

plates. (3, 19) 

 

Appliances for SARME 

Removable appliances are not recommended for performing the SARME, as adequate 

anchoring and stability cannot be achieved intraoperatively or postoperatively (49). Hence, 

fixed devices, which provide a much better attachment to the anchor teeth or in the palate are 

the means of choice. Here, a distinction can be made between dental and skeletal anchored 

appliances.  

 

Dental Anchored Appliances  

When using dental anchored devices, the expansion force is generated by an expansion screw 
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and transferred to the bone via the posterior teeth. The Hyrax appliance, which was described 

previously, is used most frequently. (3, 51)  

 

There is a risk that unwanted movements of the anchor teeth such as extrusion or tilting take 

place during the expansion and retention phases. A subsequent relapse must be then 

counteracted with overcorrection. Moreover, it can also damage the gingiva and the 

periodontium of the anchor teeth. In addition, oral hygiene can be difficult or restricted, which 

can lead to gingivitis and tooth decay.  

 

In syndrome patients with an extremely narrow palate, the available space is often so limited 

that a dentally anchored appliance cannot be used. (3) In patients with symptoms of 

craniomandibular dysfunction or in patients with periodontally impaired teeth, it is possible to 

connect a splint to the appliance that completely covers the occlusal plane. Hereby, more anchor 

teeth are included for the transmission of force to the bone. (3) 

 

Skeletal Anchored Appliances  

In order to reduce the problems caused by dental anchored devices, various skeletal anchored 

devices have been developed. These are fixed in the palate and transfer the force of the 

expansion screw directly to the palatal bone. (3)  

 

Mommaerts states that skeletal anchored devices have the advantage over dental anchored 

devices as they provide better anchorage which consequently results in a better control of the 

bony movement. Hence, a lower tendency to relapse during and after expansion can be 

observed. There is also the possibility of attaching the device in cases with a reduced number 
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of teeth. Another advantage is that postoperative orthodontic treatment can be started earlier. 

(46) Many of the bone-supported appliances can also be used in patients with a very narrow 

palate, as they are slender and available in different sizes.  

 

There are a number of differently designed skeletal anchored appliances that are attached to the 

palatal bone using mandrels, mini screws or implants. These include, among others, the Rapid 

Palatal Expander, the Trans Palatal Distractor [see Figure 6], the Dresden Distractor [ see Figure 

5], and the Rotterdam Palatal Distractor [see Figure 19 and 20]. (3, 50) 

 
Figure	19	Design of the Rotterdam Palatal Distractor, made of titanium grade II. The basic part 
has holes to secure the device with stainless steel wires around the premolars. The two abutment 
plates (5 mm ´ 12 mm) contain six nails each 2 mm long. The plates are angled-attached (65°) 
to the part with a joint providing rotation. The activation part exists of a small hexagonal 
activation rod that is positioned directly behind the maxillary central incisors with a little hole 
at the tip of the activation part for blocking the device. (52) 

 

    

Figure 20 Rotterdam Distractor in place (left); Clinical situation after the distraction (right) 
(52) 
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Activation of the Appliance during SARME 

There exist various activation protocols that have been used in studies on SARME.  

In order to check that an adequate osteotomy has taken place in the crucial areas and that the 

maxilla halves can be separated without resistance, most authors recommend intraoperative 

activation of the appliance until a diastema can be seen between the upper central incisors. An 

activation of 0.75 mm to 3 mm is recommended. (3, 53, 54) 

Those authors who recommend intraoperative activation of over 2.0 mm reduce this by 1.0 to 

2.0 mm during the operation in order to reduce the stress on the palatal mucosa.  

 

According to some authors, this initial activation is followed by a resting phase of five to seven 

days. In other studies, a resting phase is not mentioned. (54) 

The subsequent activation of the expander is indicated at a rate of 0.25 mm to 1 mm per day. 

This is done once or twice a day by the patient himself, depending on the equipment used, in 

steps of 0.25 mm to 0.33 mm. (3) 

 

Cureton and Cuenin recommend adapting the activation rate to the condition of the gingival 

attachment and whether a symmetrical fracture of the alveolar bone between the upper central 

incisors has been achieved. This ensures a healthy interdental papilla and intact surrounding 

soft tissue. (3, 55) 

 

Too rapid expansion can lead to the separated maxilla halves not connecting or only 

insufficiently connecting to one another. On the other hand, a distraction that is performed too 

slowly leads to premature consolidation before the desired amount of expansion has been 

achieved. (3, 50) 
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Figure 21 Upper jaw before enlargement with SARME, transversal narrowing in the upper 
jaw (left); Upper jaw after enlargement with SARME; medial diastema (right)  (19) 
 

 

 

 

Figure 22 Panoramic X-Ray before SARPE (top) and after SARPE (bottom) (19) 
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 1.3.4. Le Fort I Osteotomy 
 

Another surgical method used to treat the underdevelopment of the maxilla is the Le Fort I 

osteotomy, described by the French physician Rene Le Fort in 1901 and the most commonly 

used for defining midface fractures. (18) Here, the alveolar process of the maxilla above the 

apices of the maxillary teeth is completely separated and also divided.  

In the two-part osteotomy a sagittal separation is made along the mid-palatal suture.  

With the three-part osteotomy, the former premaxilla is also separated dorsal to the incisive 

foramen. This method is preferred when, in addition to the transverse expansion of the maxilla, 

a vertical or sagittal repositioning of the maxilla and mandible is planned in one operation. (50) 

As an alternative to the one-step correction in the presence of maxillo-mandibular 

discrepancies, treatment can be carried out in two interventions. The underdevelopment of the 

maxilla is first treated with SARME before the repositioning of the maxilla and mandible takes 

place in a second operation. (3, 18) 

 

Sequencing of Le Fort I Osteotomy 

Surgical technique 

After performing a stab incision, a pin is inserted into the bone in order to establish external 

landmarks at the nasofrontal area. Thereby, the vertical measurements from the pin to the incisal 

edge of the maxillary incisors are recorded for proper vertical positioning of the maxilla after 

the osteotomy. Some authors find external reference more reliable than reference mark on the 

maxilla. However, multiple control references are indispensable since a correct maxillary 

repositioning is fundamental to achieve a postoperative final symmetry of the face. Therefore, 

a crucial factor for a satisfactory outcome is a direct control of the bipupillary line and occlusal 
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planes symmetry as well as the midline alignment of the frontonasal (Nasion), interincisal and 

Pogonion points before final fixation of the maxilla.  

Moreover, the use of an intermediate maxillary splint for maxilla repositioning is not fully 

reliable due to the risk of displacement of the mandibular condyles from the glenoid fossae 

during repositioning and fixation procedures. (18)  

 

Soft tissue incision 

First, in order to reduce bleeding and increase anesthesia during surgical procedure, a solution 

of local anesthetic with epinephrine (2% lidocaine with 1:100000 epinephrine) is infiltrated into 

the buccal mucosa along the entire surface of the maxilla.  The palate is not anesthetized, since 

its soft tissue constitutes a significant vascular pedicle for the maxilla after surgery is 

completed.   According to Shepher, blood loss during surgery is also reduced by elevating of 

15 degrees patient’s head and by systolic blood pressure control (about 90 mmHg) with 

hypotensive anesthesia. (18) 

 

A bilaterally incision of the soft tissues, including mucosa, muscle and periosteum, is performed 

from the midline of the fornix above the central incisors to first molar region [see Figure 23].  

Blood supply of the maxilla is ensured by a wide pedicle of buccal tissue over the teeth. After, 

the lateral wall of the maxilla is exposed from the pterygomaxillary junction to the anterior 

nasal spine by means of a subperiosteal dissection made with a periosteal elevator. Here, it is 

fundamental to identify and protect the infraorbital neurovascular bundle. Hence, in order to 

maintain the best possible perfusion of the maxilla, dissection should not be extended to tissues 

set behind the incision. (18) 
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Figure 23 Buccal mucosa incision starts from the zygomatic buttress 5 mm over the dental root 
apices and proceeds across the median region up to the opposite site, from 1.6 to 2.6. (18) 
 
 

Further on, the dissection is performed toward the maxillary tuberosity and pterygoid plate. 

After the exposure of the piriform aperture, the mucoperiosteum is elevated and reflected to 

expose the anterior floor of the nose. To completely uncover the anterior nasal spine, the 

septopremaxillary ligament and the transverse nasalis muscle are transected. (18)  

 

Osteotomy  

The osteotomy begins placing a bur or a surgical saw posteriorly at the zygomatic buttress, 

about 35 mm above the occlusal pane, and continues through the lateral maxillary wall to the 

piriform rim. A flexible retractor must be placed under the periosteum at the junction of the 

maxillary tuberosity with the pterygoid plates, to avoid the risk of damaging the maxillary artery 

or one of its branches. 

The osteotomy line should always run at least 5 mm above the second molar roots to reduce the 

risk of devitalizing teeth.  The same procedure is repeated on the opposite side and wet gauzes 

are introduced in the posterior aspect of the wound to minimize blood loss. At this point 

osteotomy of the septum and the lateral nasal wall are performed by separating the cartilaginous 

and bony septum from the septal crest of the maxilla [see Figure 24, left]. (18)   
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In order to avoid a higher fracturing line than the nasal floor plane, a partial section of the 

perpendicular plate of the palatine bone must be carried out. The same procedure is performed 

on the opposite lateral nasal wall to execute the osteotomy of the nasal septum. Sometimes, the 

maxilla remains attached to its bony base after section is completed. In such cases, osteotomy 

of the pterygomaxillary junction is performed.  

After removing all gauze sponges previously placed, a retractor is inserted subperiosteally in 

order to place an osteotome at the junction of the maxilla and pterygoid plate. In order to feel 

the tip of the osteotome when malleting, the index finger is placed on the palate at the Hamular 

notch region [see Figure 24, middle]. (18) 

After down-fracture, the mobilized maxilla can be freely moved in all of the three planes. Then, 

an occlusal wafer splint is inserted and maxillomandibular fixation is performed by using a 25-

Gauge. Finally, the maxillomandibular complex is placed up to the proper position. Here, it is 

important to detect bone premature contacts and to avoid dislocation of condyles from glenoid 

fossae as well as to identify septum deviation with possible nasal airflow obstruction. [see 

Figure 24, right]. (18) In order to make sure that correct maxilla repositioning has been 

achieved, the distance between intraoral and extraoral reference points is measured.    

   

Figure 24 Nasal septum disarticulation from anterior nasal spine and septal crest of the 
maxilla. (left); Section of the pterygo-maxillary junction by curved chisel under finger control 
on the palatal side. (middle); Maxillary fixation after maxillo-mandibular block checking 
centric condylar position in the glenoid fossae. (right) (18) 
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Disadvantages of Le Fort I Osteotomy 

Possible drawbacks are insufficient adaptation of the mucous membrane due to the abrupt 

change in position of the bone fragments and consequently recurrences as well as functional 

and aesthetic problems. In treatments of large maxillary transverse of more than eight 

millimeters  a pronounced relapse is very common. (3) Furthermore, the palatal mucosa and its 

vascular system are affected by the abrupt expansion. (50) 

 

Avascular necrosis related to lack in blood supply is one of the main problems after Le Fort I 

osteotomy. According to Lanigan et al., possible complications related to vascular compromise 

after maxillary mobilization are rupture of the descending palatal artery, thrombosis post-

operatively, perforation of the palatal mucosa and partial stripping or excessive tension of the 

palatal fibro mucosa in maxillary expansion. Kramer et al. state there is an increased risk of 

vascular complications when anatomic irregularities are present, including craniofacial 

dysplasias, orofacial clefts, or vascular anomalies. (18) Especially in the segmented Le Fort I, 

it is important to preserve the palatal fibro mucosa in order to avoid partial necrosis and 

malunion of the maxillary bone fragments. This is particularly essential in patients with 

orthodontic appliances or palatal splint causing pressure on the palatal mucosa.  (47) 

 

 

1.3.5. Micro-Implant Assisted Rapid Palatal Expansion 

 

A possibility to expand the maxilla in skeletally mature patients with no need of osteotomy, is 

using micro-implants anchorage. These mini-implant-assisted rapid palatal expansion 

appliances have been designed with the purpose to augment the orthopedic outcome effected 
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by RPE. According to Nienkemper et al., a hybrid hyrax appliance that is attached to two in the 

anterior palate fixed orthodontic micro-implants and is also anchored to the first upper molars 

can reduce the side effects of RPE devices. (56, 57, 59) 

 

By the incorporation of micro-implants into the palatal jackscrew expansion of the underlying 

basal bone is ensured. Hence, it allows a simultaneous maxillary expansion and retention via 

bony anchoring points and leads at the same time, according to Tausche et al., to a reduction of 

dentoalveolar tipping and expansion of the posterior maxillary segment by 10° as well as to 

protection of teeth. In general, forces are applied to the micro-implants, instead of teeth, which 

is why there are less adverse dental effects and consequently harm for the periodontium. (57, 

57) This mini anchor screw-carried expander has also proven itself to be successful in 

combination with SARPE or simply an alternative to it, as orthognathic surgery is often refused 

by patients. (56)  In addition, MARPE seems to have a considerable influence regarding the 

reduction of upper airway resistance. Its stability also allows  innovative orthodontic options to 

treat different types of malocclusions. (58)   

 

Disadvantages of MARPE 

Disadvantages of MARPE include invasiveness of the orthodontic micro-implants, the 

increased risk of infection and the difficulty in keeping the respective palatal area clean. (56) 

(59) Although, MARPE is used frequently in practical or educational settings, there is a lack of 

studies regarding this treatment method, hence literature is limited.  Even though several case 

presentations have been published, there is no scientific data regarding the impact of MARPE 

on cranial bone and the circummaxillary sutures. (56, 58, 59) 
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MICRO 4/6 

A great variety of purely miniscrew-supported expanders (MICRO 4/6), i.e., bone- borne 

expander without anchorage on the molars, have been used since 2010 [see Figure 25]. With 

the aid of this relatively new devices, it has been succeeded to treat palatal width defects in 

teenagers and adults with only skeletal anchored expanders. Also, teeth can be shaped using a 

fixed treatment technique at once. (56, 59) 

 

 

Figure 25 15-year-old patient: Despite a primarily broad upper arch, there is a bilateral head 
bite (top); After 25 days (with 2 x 0.17 mm/day); total expansion: 9 mm. Due to 
the large diastema composite was placed on 11 and 21 (mesially) (middle); After 8 months of 
MICRO-Expander retention and simultaneous multi-brackets (bottom); Total treatment time: 
21 months. (59) 
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2. Objectives 

 

Main Objective 

• To analyze and compare non-surgical and surgical palatal expansion in skeletally 

mature patients. 

 

Secondary Objectives 

• To evaluate the surgical methods SARME and Segmental Le Fort I-Osteotomy. 

• To investigate the reliability of non-surgical micro implant assisted rapid palatal 

expansion. 
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3. Methodology 

In this bibliographic research data collection was carried out between November 2020 and 

December 2020 by means of electronic online platform search (PubMed, Medline) taking into 

account suitable publications available here up to December 2020.  

First, the databases were searched for the terms “palatal expansion” and “maxillary expansion”. 

In each approximately 3500 articles from the years 1952 to 2020 were identified. Since the aim 

of the analysis was the palatal expansion in adult patients only, the search was further restricted 

by about a quarter of data to about 930 in PubMed and 700 in Medline study descriptions by 

adding the term “adult” – i.e., “palatal expansion in adults” or “maxillary expansion in adults”.  

 

Overall, the following keywords have been used: Maxillary expansion in adults, Palatal 

expansion in adults, Rapid palatal expansion/RPE, Surgical assisted rapid palatal 

expansion/SARPE, Surgical assisted rapid maxillary expansion/SARME, Surgical segmental 

palatal expansion, Le Fort I-Osteotomy, Mini-implant assisted rapid palatal 

expansion/MARPE, Mini-screw-assisted rapid palatal expansion, Maxillary transverse 

discrepancy.  

 

Only full text articles published between 1952-2020 were included for the introduction. 

For the evaluation of each objective articles published between 2000-2020 were considered. 

Whether or not articles could be included in the study was determined by reading the abstracts 

of the articles and checking them against the previously defined inclusion and exclusion criteria 

listed below. This reduced the number of publications eligible for the work to 82.  After 

analyzing the remaining articles in the full version, 6 fulfilled the criteria according to which 

the criteria the literature review should be carried out.  



 
40 

 

Inclusion Criteria 

• The article had to be found in PubMed or Medline 

• The language of the chosen publications was set to be English  

• It had to be a study on the subject of “maxillary expansion in adult patients” or a study 

including the above-named keywords 

• The examinations took place on humans and/or study models, cephalometric and/or 

CBCT measurements 

 

Exclusion Criteria 

Studies were not taken into account in their designs 

• Worked on prepared human skull 

• Worked with immature patients being not suitable for the aim of this work, but can 

still be found under the above-mentioned terms in "PubMed" and Medline  

Studies that falsified the treatment effect of the expansion device by carrying out further 

treatments with the help of orthodontic measures such as brackets and arches during the active 

expansion phase were also not considered in the selection of the items. 

 

Selected items 

All of the remaining 6 articles fulfilled the above criteria and should now be merged into a 

literature review. A table was created, in which the studies were listed from most to least recent, 

and the parameters of the individual studies could be entered and compared.  
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Figure 26 Search strategy and workflow 

Literature research (PubMed, Medline) 
Search criteria:  

• “palatal expansion” 

• “maxillary expansion” 

Search period: November 2020 – December 2020  

Result:  

• Approx. 3500 hits 

 

Review literature 
 
Abstract analysis of the inclusion and 
exclusion criteria 
 
 
 
Result:  

• 82 hits 
 
 

Publications surveyed 

Specification 

• “palatal expansion in adults” 
• “maxillary expansion in adults” 

 
Result:  

• 930 hits (PubMed) 
• 700 hits (Medline) 

Preparation of abstracts 
 
Full text analysis of the filtered abstracts with regard 
to the inclusion and exclusion criteria 
 
Result:  

• 6 hits 
 
 
 
 
 
 
 
 

 

Graphic visualization 
 

Tabular representation of the filtered 6 articles 
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4. Results and Discussion 

 

In the following, the individual results of the selected studies on palatal expansion in adult 

patients are described in more detail and compared with each other. 

Since, in total, 4 treatment techniques including Non-surgical Palatal Expansion, SARME, Le 

Fort 1 Osteotomy and MARPE are assessed it is problematic to perform a direct comparison 

the way it was originally intended. This is partly due to the fact that no defined common 

measurement parameters could be found [Annexe 1].  

Instead, examined study groups vary in applied devices and fastening variations, screws and 

rotation interval as well as the active expansion period, retention time, imaging and anatomical 

measurements.  

Furthermore, a wide variety of maxillary transverse deficiencies could be observed in the study 

participants, which makes a straightforward confrontation unfeasible. 

  

Therefore, on the one hand, evaluations are made concerning the study procedure, implying the 

initial general state of the patients examined, including and excluding criteria, as well as 

conducted treatment procedure. On the other hand, treatment outcomes including dental and 

skeletal changes, efficacy of expansion and clinical implications are assessed. 

 

The aim of this work is to investigate the palatal expansion in mature patients only, hence, the 

results of growing patients described in the study by Kurt et al. and Handelman et al. are not 

assessed in detail.  

Due to the fact that no defined criterions could be determined, it is indispensable to describe 

the individual articles briefly in the following section. 
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4.1. Comparison between Non-Surgical RPE and SARME in Adults 

 
Table 1 Comparison between the study by Kurt et al. and Handelman et al. 

 

Study description 

First, non-surgical and surgical palatal expansion in adult patients is evaluated at large. 

Handelman et al. investigate in 2000 the effectiveness of non-surgical RPE in skeletally mature 

subjects and the frequency of possible side effects. (61) In the study by Kurt et al. from 2016, 

short-term changes after surgical and non-surgical RPE are described. (60) 

 

While exclusion criteria as cleft lip or palate, and inclusion criteria as appropriate records for 

pre-expansion and post-expansion evaluation, as well as no previous orthodontic treatment or 

expansion coincide in both studies (60, 61), there can still be observed some variations. Apart 

Author Patients 
(n) 

Sex and Age Material and methods Significant 
findings Objective Material Measurement 

time   

Kurt et 

al. 2016 
(60) 

54 

 

SARME: 

Male: 2 
Female: 16 

Æ 19.9 years 

 
RPE: 
Male: 1 

Female: 17 

Æ 16.41 years 

Short-term 

changes 
after 
surgical and 

non-surgical 
RPE 

 

Study 

models 

3 

months 

SARME: 

expansion by 
rotation of the 
maxillary 

halves 
 
RPE: lateral 

displacement of 
dentoalveolar 
structures  

Handel-
man et 
al. 2000 
(61) 

47 Male: NR 
Female: NR 

Æ 29.9 ± 8.0 

years  

Effective-
ness of non-
surgical 
RPE in 

skeletally 
mature 
subjects and 

the 
frequency of 
possible 

side effects 

Study 
models 
 
Cepha-

lometry  
 

5 years RPE: clinically 
successful and 
safe method for 
correcting 

transverse 
maxillary arch 
deficiency   
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from mandatory conditions as good oral hygiene, healthy periodontal tissues and the absence 

of indication for a future orthognathic surgical treatment, Kurt et al. included only subjects 

presenting maxillary constriction with bilateral posterior skeletal crossbite. (60)  

 

Handelman et al. did not constrain their study to only one type of malocclusion, but instead 

patients examined had some form of absolute or relative maxillary width defect, manifested as 

unilateral or bilateral crossbite as well as maxillary or bimaxillary constriction, for which palatal 

expansion was indicated. However, a crucial including criterion was a deficiency by 6 mm in 

the maxillary trans 6-6 width compared to the control group. (61)  

 

 

Figure 27 Study by Handelman et al: A Maxillary transarch widths, occlusal view. B 
Maxillary first molar widths: (a) alveolar 6–6; (b) trans 6–6; (c) cusp 6–6. (61) 

 

Hence, discrepancies are not only found in examined parameter as range of variation of selected 

anatomical measuring points, measuring planes and measuring methods, but in addition, also 

the initial occlusal state of the participants differed before the start of treatment. This is another 

important subsidiary reason why a direct comparison is not possible.  
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 Adult-RME Adult-Control 
Number 
Male  
Female 
 
Age start of treatment, y  
Mean ± SD  

Range  
 
Treatment time, y  
 
Posterior occlusion  
Unilateral crossbite  
Bilateral crossbite  
Constriction, no crossbite  
No constriction or crossbite  
 
Anterior Crossbite  
Yes  
No  

47 
19 

28 

52 
21 

31 

 
29.9 ±		8.0  

18.8 – 49.3  
  2.0 ±		0.6  

 
32.7±   7.4 

20.9 – 46.3 
  2.1 ±  0.7  

 2.0 ±	0.6	 2.1 ±	0.7 

 

21 

18 

  7 
  1 

 

 0 
 0 

 0 
52 

 
 
13 
34 

 
 
 4 
48 

Table 2 Distribution of Sex, Age, Treatment Time, and Crossbite for the Study Groups by 
Handelman et al. (61) 

 

Another condition for participation in the study on non-surgical RPE by Handelman et al. was 

a minimum age of 18 years, including also patients in their fifth decade of life, resulting in an 

average age of 29.9 years. (61) 

Kurt et al. defined skeletal maturity by means of hand-wrist films according to Helm et al. 

Consequently, the mean age of participants pertaining to the Non-Growing group was 16.41 

years presenting a range of 15.41 – 17.6 years, whereas the SARME-Group was composed of 

patients with a mean age of 19.9 years with a range from 17.5 – 26.3 years. Moreover, only 

subjects presenting a transversal skeletal crossbite > 5mm were included in Study Group to 

perform SARME. (60).  

The Growing group composed of subjects in growing age is not being considered further. 
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Generally, age has been used as an elementary criterion to decide which treatment method is 

indicated and to predict long-term outcomes respectively. Especially in the field of RPE and 

SARME, the intention of a scientific work determined the choice of the age group of the 

examined patients. (60) Based on the fact that until a few years ago the general scientific 

opinion was that palatal expansion could not be performed without prior surgical intervention 

in skeletally mature patients, the largest proportion of studies was conducted with patients 

before or during the pubertal growth peak. Nonetheless, other authors, Kurt et al., Handelman 

et al. included, proved a successful outcome of RPE in skeletally mature patients. (60,61) 

 

Treatment procedure  

Observation period 

The authors carried out effect measurements on the equipment they used at different times. 

Generally, a baseline before the start of treatment at measurement time is always recorded. This 

starting point is named T0 by Kurt et al T1 by Handelman et al. While in the study of Kurt et 

al. T1 was defined as the moment when measurements were taken 3 months after the retention 

period, Handelman et al. defined this moment as T2 without giving specific information about 

the time interval. (60,61) Additionally, a third measurement T3 was carried out by Handelman 

et al., limited to those participants who had interrupted maxillary retainers for a minimum of 1 

year. Recordings show the measurements taken five years after the start of treatment or 10 years 

after the T2 records. (61) 

 

Imaging  

Pre- and post-study models were used in both studies (60,61), whereby Handelman et al. used 

cephalograms as an additional imaging measure. (61) 
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Appliance and Activation Interval 

Overall, the course of study and treatment varied with regard to the appliance and fastening 

variations used, the rotation interval of the activatable screws, as well as the opening, active 

expansion and retention time.  

 

In the study by Kurt et al., the SARME group was treated with a tooth-borne, fixed palatal 

expander with hyrax screw, which was cemented 1 or 2 days before the surgical intervention, 

where an activation with a total widening of 1.5 mm was performed. After 5 days, the appliance 

was activated by means of 2 turns per day until enough expansion was achieved.  

The retention period in which the device stayed affix was 4 months.  

In the Non-Growing Group, initially, 20 patients were indicated to undergo non-surgical RPE. 

Due to pain and discomfort during the treatment procedure, 2 subjects were finally treated with 

SARME. For the non-surgical RPE a full-coverage bonded expander with hyrax screw was 

applied and activated 2 times per day and 1 turn per day after the separation of the mid-palatal 

suture until enough expansion was achieved. The retention time was at least 3 months, bonded 

in the first 4 weeks and removable in the last period. (60) 

 

Handelman et al. performed non-surgical RPE using fixed tooth and tissue borne Haas 

expanders. No further information with regard to the type of screw is provided. (61)  

Regarding the time interval between the individual activation phases by the patient or his 

supervisor, specified by the practitioner, some difference to the study by Kurt et al. can be 

observed. While on the first day, the screw was turned twice, on the following days it was 

activated once by the patients. Check-ups were performed every 2 weeks. In case of pain or 
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tissue swelling, it was recommended to turn the expander back a few turns and taking a rest for 

one week. After, expansion was continued by activating the screw every second day.  

When either of the palatal cusps of the maxillary molars were close to provoke a buccal 

crossbite, the expansion was stopped, and the screw was blocked out with some acrylic.  

After a stabilization period of 3 months (range 2 to 6 months), the expander was withdrawn, 

and a removable acrylic palatal retainer was placed directly whose acrylic plate has been 

relieved in order to achieve a palatal adjustment of the overexpansion. By means of a fixed 

lingual expansion arch or a removable Schwartz-type expansion device with occlusal coverage 

as recommended by Hamula, a simultaneous mandibular expansion was conducted in 5 

patients. (61) 

 

In the study by Kurt et al. the device was activated until the required expansion was achieved, 

(60) whereas Handelman et al. terminated the expansion when a crossbite on one of the 

maxillary molars was observed. (61) 

 

Retention time 

The retention time indicates how long the orthodontic appliance stayed in the mouth without 

actively expanding it in order to stabilize the result achieved. The frequency distribution in the 

studies examined ranged from 2 to 6 months. (60, 61) 

 

Anatomical measurements 

As mentioned before, there was no conformity regarding the anatomical measurements 

performed in both studies. Both times, evaluation was executed on study models. (60, 61) 
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While in the study by Kurt et al. it was implemented by 1 investigator in form of 13 linear and 

2 angular measurements recorded to the nearest 0.1 mm by means of a vernier caliper, (60) 

Handelman et al. used an electronic caliper (Mitutoyo number 573, Tokyo, Japan) for the linear 

measurements to the nearest 0.1 mm and a protractor for the angular measurements to the 

nearest 0.5°. (61) 

Evaluation was done by 1 investigator in form of linear and 2 angular measurements by 

Kurt et al. measured the distance between the left and right vestibular and palatal cusp tips of 

maxillary canine, first and second premolar, as well as the first molar. [Figure 28 A].  The 

palatal contours were traced as described in the table below. [Table 3] 

 

 

Figure 28 A B C D: Measurements on study models by Kurt et al. (60) 
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Measurements Description 

a) Palatal vault angle  
(Fig. 29 B) 

The intersecting lines tangent to the middle two thirds of the right 
and left palatal surfaces  

b) Palatal depth from the gingival height  
(Fig. 29 B) 
 

The shortest distance between the midpalatal raphe and the line 
connecting the points on the gingival crest of the first molars  

c) Palatal depth from the molar cusp  
(Fig. 29 B) 
 

The shortest distance from the midpalatal raphe to a line 
connecting the occlusal surfaces of the first molars  

d) Palatal width at the gingival height  
(Fig. 29 B) 
 

The distance between the first molars at the level of the palatal 
gingiva  

e) Palatal width at midpalate  
(Fig. 29 B) 
 

The distance between the halfway points of the gingival height 
line and the deepest point of the palatal vault  

Maxillary first molar axial angulation  
(Fig.  29 C) 

The angle formed between the intersecting lines of the mesial 
buccal and mesial lingual cusp tips of both the right and left first 
molars  

Palatal width difference  
(Fig. 29 D) 

The palatal contour tracings of T0 and T1 initially were 
superimposed on the left palatal outline and then on the right 
palatal outline while remaining parallel to the occlusal plane.   
The displacements of the midpalatal raphe for right and left sides 
were summed and the total amount of palatal width difference 
was measured 

 
Table 3 Description of the measurements and contour tracings used for the study by Kurt et 
al. (60) 
 

To perform the statistical analysis, the arithmetic mean and standard deviation were determined 

for each variable. A high data reliability could be guaranteed since measurements were 

undertaken twice by the same examiner and only minimal insignificant method errors were 

observed. (60)  

 

Treatment Outcomes 

Dental and Skeletal Measurements 

In the study conducted by Kurt et al., the Non-growing RPE group showed the most significant 

palatal width changes at gingival height (6.85 ± 3.25 mm) and at midpalatal level (5.84 ± 3.11 

mm), whereas the SARME Group presented the highest increase in the palatal vault angle (9.77 
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± 5.95°). (60) The vertical displacement of the molars was irrelevant in all groups. Growing 

patients showed more parallel displacement of maxillary halves compared with other groups. 

At the level of the palatal vault an expansion of 3.17 ± 1.35 mm in the Non-growing RPE Group 

and 4.42 ± 1.23 mm in the SARME Group was reported. (60) Both studies reported 

nonsignificant changes in palatal depth in all of the treatments. (60, 61) 

 

Molar and Palatal Angle 

The molar angle in patients treated with RPE in the study by Handelman et al. decreased by 6.2 

± 11.5°, showing increased inclined molars buccally. The palatal angle increased by 7.9 ± 7.8°. 

(61) 

 

Kurt et al. report most significant molar tipping in the Non-growing RME Group (15 ± 11.25°), 

followed by SARME patients (11.28 ± 8.35°). The least molar inclination was observed in 

growing patients (9.95 ± 4.85°). (60) 

 

Palatal Width at Gingival Height, at Midpalate and Palatal Width Difference 

Handelman et al. refer width change by 5.1 ± 2.9 mm at the gingival crest and by 3.0 ± 2.0 mm 

at the level of the midpalate. The expansion of the apex of the palate was minimal (0.9 ± 

1.3mm). (61) 

 

Kurt et al. report a change in palatal width at gingival height by 6.85 ± 3.20 mm and 5.84 ± 

3.11 mm at the midpalate level in the non-growing RPE Group. The SARME Group presented 

a lower expansion by 5.77 ± 2.31 at the gingival crest and by 4.03 ± 1.82 at the midpalate level. 



 
52 

The palatal width increased by 3.17 ± 1.35 mm in the RPE Group and by 4.42 ± 1.23 in the 

SARME Group. (60) 

In general, all transversal width changes of the study by Kurt et al. were higher than those of 

Handelman et al. This is due to the fact that Kurt et al. overexpanded the maxillary posterior, 

whereas Handelman et al. performed their records after a normal occlusion by means of lingual 

adjustment of the posterior teeth were completed. Also, SARME patients, who had the 

narrowest arch before expansion, showed greater transversal changes at the molar and premolar 

level in comparison to patients undergoing RPE. (61) This can be reduced to the higher 

expansion need in this group.   

 

Mandibular Plane and Lower Anterior Face Height 

There were nor alterations in SN-MP, hence no changes in the mandibular divergence, neither 

alterations in the ANS-Me observed by Handelman et al. (61) 

Kurt et al. did not provide any information about these parameters.  

 

Clinical Crown Height 

While Kurt et al. did not report any records regarding the clinical crown height neither, (60) 

Handelman et al. reveal an inhomogenous response to RPE when comparing female and male 

participants with members of the same gender of the control group. Generally, female patients 

presented a higher buccal attachment loss by 0.6 mm for the maxillary first molars and first 

premolars, albeit this minimal recession was neither noticed by the patients nor it posed a risk 

for the dental health.  (61) 
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However, the measurement of the clinical crown height, being an indirect determination of the 

buccal attachment loss, is not completely reliable since it depends on various factors as gingival 

hyperplasia, attrition and furthermore, it does not consider pocket depth or bone dehiscence.  

 

Efficacy of Expansion 

In both studies, a sufficient expansion could be achieved to correct the respective malocclusion. 

The extent of the jaw expansion was determined individually depending on the severity of the 

initial misalignment. Although no precise guideline values are given, according to Handelman 

et al. upper limits do exist to the correct execution of the RPE. (61) 

 

Kurt et al. state that indications for SARME are skeletally mature subjects presenting significant 

maxillary width defects, augmented vertical dimensions and presence of buccal inclination in 

upper molars.  (60) 

 

However, comparing RPE in adults with RPE in children, where around 56% of the expansion 

was probably skeletal by means of separation of left and right maxillae and additionally due to 

dental-alveolar changes, some differences could be found according to Handelman et al.  (61) 

Although the palate width changed by 0.9 mm and 5.1 mm at the level of the palatal gingiva, a 

diastema between the central incisors was rarely observed, which is why a distraction between 

both maxillary halves is less probable. (61) Since similarities at the mid-palatal level in adults 

and children were found by Handelman et al., based on 4.1 mm in the expansion, or 80% of the 

total trans arch expansion, control measurements were also performed on the maxillary buccal 

surface. Results showed an expansion of 96%, or more specifically a width change by 5.5 out 

of 5.7 mm at the alveolar level of the first molars in children, and 72% or rather 3.3. out of 4.6 
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mm in adults, accordingly. These observations suggests that in children expansion is leaded 

back to skeletally and dentoalveolar changes equally and the percentage of alveolar expansion 

increases with age. (61) 

 

Trans Arch Width, Maxilla 

Handelman et al. refer an increase of the maxillary trans arch widths by 4.6 ± 2.8 mm at the 

level of the first molars and 5.5. ± 2.4 mm at the level of the second premolars, resulting in 

relevant expansion changes at T2. In the first molars, the greatest expansion resulted between 

the cusps (5.7 mm), followed by the transversal width (4.6 mm) and the alveolar width (3.3 

mm). (61) 

 

In the study by Kurt et al., patients that underwent SARME presented significantly lower dental 

and skeletal transversal dimensions than those undergoing RPE before expansion.  A relevant 

augmentation at all transversal and angular measurements could be observed, whereby patients 

treated with SARME presented the highest dental transversal increases. Overall, differences 

between groups were statistically significant, except those between the left and right palatal 

cusps tips of canine and molar teeth. (60) 

 

Trans Arch Width, Mandibula 

The 5 patients in the study by Handelman et al., who underwent an active mandibular expansion 

simultaneously to RPE showed noticeable transversal changes. An increase of 0.9 to 1.2 mm 

was observed. Due to the small sample size data of these patients were not included. However, 

study results show that mandibular devices bring benefits to maxillary expansion, providing 

more space for the correction of crowding. (61)  
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Kurt et al. did not report any treatment in the lower arch. (60) 

 

Stability of Trans Arch Expansion 

The stability of the treatment was measured by Handelman et al. after a mean time of 5.9 ± 3.9 

years, but at least one year after discontinuity of retention. By comparing the T2 and T3 

transarch measures, only a minimal, but statistically significant, decrease of 0.5 - 0.6 mm was 

observed. While the transversal width of the maxillary first molars did not show any changes, 

the respective transversal width between the cusp as well as the alveolar width decreased by 

0.6 mm. Relapses into cross-bite were not reported. (61) 

Kurt et al. do not report about any relapses that have occurred. (60) 

 

Maxillary Expansion at Different Stages of Growth 

The findings regarding a positive outcome of non-surgical RPE in young adult patients of the 

studies examined coincides with results of other studies performed by Altug-Atac et al. and 

Baydas. (60) All investigators agree in respect to the positive effect on palatal expansion in 

mature patients by means of RPE, achieving a successful outcome attributed to important dental 

and skeletal changes. The latter resulted most significant in the midpalatal suture, where the 

metabolic activity augmentation was the highest. The coincidence of the results let Kurt et al. 

conclude that a successful RPE can be achieved using an acrylic expansion device which covers 

the palate. (60) 

 

Clinical Implications  

In the study by Kurt et al. two patients of the RPE Group reported pain and discomfort, which 

is why they were indicated for surgical expansion. Apart from this, none of the patients 
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experienced excessive pain, paresthesia nor healing complications of the maxillary sinus. There 

were neither cases of root resorption or loss of tooth vitality. 

The only secondary effect that all participants had in common was slight discomfort post-

operatively. One patient of the SARME Group with pterygomaxillary disjunction presented 

nosebleed. (60) 

 

Handelman et al. report 9 cases of palatal swelling and pain which corresponds to 

approximately 19.15 % of the 47 participants treated with RPE. Only one patient referred 

headache. Expansion could be still completed by reducing the activation interval as mentioned 

above. However, Handelman et al. perceive a fewer morbidity in RPE compared to that of 

SARME which is 100% including edema, pain and a long recovery period, which implies 

incapacity to work.  

Since none of the complications found in literature related with RPE in adults as edema, 

gingival recessions or ulceration were observed, Handelman et al. state to evaluate always the 

possibility of a non-surgical expansion. (61) 

 

Kurt et al. also recognize RPE as an effective treatment method in young adults but consider 

SARME the only option for patients presenting severe maxillary width defects, advanced 

gingival recessions or periodontal bone loss. (60) 
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4.2. Surgical Techniques for Palatal Expansion in Adults 

 
Table 4 Overview of studies examined for comparison of surgical techniques for palatal 
expansion in adults 
 

 

Author Patients 
(n) 

Sex and Age Material and methods Significant 
findings Objective Material Measure-

ment 
time   

Rachmiel 
et al. 202 
(62) 

32 
 

Le Fort I: 
Male: 17 
Female: 15 

Range: 19-54 
years 

Demonstration 
of stable 
results using a 

L-shaped 
osteotomy 

Study 
models 
 

Panoramic 
XR 
 

Cephalo-
grams 

12 
months 

SARME: 
effective and 
stable method 

in adults   
 
Le Fort I: 

enables to 
maintain the 
correct 

position of 
premaxilla and 
maxillary 
midline and 

allows division 
of newly 
created bone 

bilaterally 
leading to 
more stable 

results 

Marchetti 
et al. 

2009 (63) 

20 SARME: 
Male: 4 

Female: 6 

Æ 23.5 years 

 
Le Fort I: 
Male: 3 
Female:7 

Æ 27.75 years 

Comparison of 
the long-term 

stability of 
SARME and 
segmental Le 

Fort I 
osteotomy.  
 

Study 
models 

 
 

2 years High relapse 
rate in the 

mean 
intercanine 
and intermolar 

distances  

SARME: 
relapse rate 

was more 

remarkable 

Le Fort I: 
more stable, 
especially in 

terms of the 
intermolar 
distance  
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Study Description 

Rachmiel et al. and Marchetti et al. carried out a study investigating surgical methods for palatal 

expansion in adult patients. While Rachmiel et al. aimed at demonstrating stable results using 

a L-shaped osteotomy, Marchetti et al. compared the long-term stability of SARME and 

segmental Le Fort I osteotomy. (62, 63)  

 

In the study conducted by Rachmiel et al. SARME was performed in thirty-two patients aged 

between 19 and 54 years by means of a bilateral transverse L-shaped Osteotomy followed by a 

tooth-borne Hyrax appliance. Skeletally maturity, maxillary hypoplasia with or without another 

disgnathia as open bite or retruded maxilla were the inclusion criteria. Patients with cleft palate 

or syndromes have been excluded.  

At the end, all included subjects presented bilateral transverse posterior crossbite, dental 

crowding and a narrow palatal vault.  

 

Marchetti, instead, analyzed plaster models of 20 patients, half of which have been treated with 

SARME and half with a Le Fort 1 bipartition. Inclusion criteria were apart from skeletally 

maturity and contracted palate with malocclusion, also intermolar transverse deficiency of > 6 

mm for the SARME Group and < 6 mm for the Le Fort 1 Group, respectively. The latter 

presented additionally deficits related with other maxillary anomalies as sagittal or vertical 

deficiencies, for which both maxillary and mandibular osteotomy was indicated. A mean age 

of 23.5 years in the SARME Group and 27.75 years in the Le Fort 1 Group was reported. (63) 
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Treatment Procedure 

Observation Period 

Both times, the first record was carried out prior to treatment start (T1), the second one after 

palatal expansion (T2) and the last measurement was done after the desired expansion was 

achieved (T3). The last record was taken by Marchetti et al. 2 years following the end of 

expansion, whereas Rachmiel et al. recorded it 1 year after. (62,63) 

 

Imaging 

In total, three records were taken by means of plaster models in both studies. (62,63) 

Additionally, Rachmiel et al. performed panoramic radiographs as well as lateral and 

posteroanterior cephalograms prior to the treatment. (62) 

 

Appliance and Activation 

An orthodontic leveling was undertaken prior to SARME. Patient with dysgnathia were treated 

with a further bimaxillary orthognatic surgery such as Le Fort I maxillary osteotomy and 

bilateral sagittal split mandibular osteotomy. 

Prior to surgery, a Hyrax appliance has been attached. While in six patients general anesthesia 

with nasotracheal intubation was performed, in twenty-six patients deep sedation in 

combination with administration of local anesthesia was undertaken. One day after surgery, the 

expansion was started by activating the Hyrax appliance by 0.5 mm twice daily. (62) 

 

The clinical protocol for SARME was equal in each patient in the study by Marchetti et al., 

applying a palatal expander 7 days before the first procedure. Afterwards, skeletal resistance 
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was diminished surgically performing a lateral maxillary osteotomy starting from the anterior 

nasal aperture and proceeding to the maxillary zygomatic region and separating the pterygo-

maxillary suture as well as the midpalatal suture.  

A “Spider” device was used to achieve disjunction [see Figure 29]. This expander consists of 

metal parts fixed to all maxillary teeth from the canine to the second molar providing stability, 

rigidity as well as a removable screw-type unit body to allow intra-operative surgical 

intervention and to facilitate the oral hygiene measures. After Surgery, activation of the 

expansion device by 2 mm was performed.  

A one-week latency period was performed, followed by an activation by 0.25 mm twice daily 

resulting in a total expansion rate of 0.5 mm until the desired intermolar width was achieved. 

The orthodontic treatment was initiated after a consolidation period of 3 months and after the 

removal of the palatal appliance.  

 

 

Figure 29 “Spider” device for SARME used in the study by Marchietti et al. 

 

Also, the treatment protocol for the Le Fort 1 Osteotomy was equal in every patient. It consisted 

of a pre-orthodontic treatment following a bi-segmental Le Fort 1 osteotomy, conducted by 

means of an intermediate acrylic intra-surgical splint which was used for stabilization post-
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surgically for 6 weeks, except during mealtimes. The distracted maxilla was stabilized by two 

titanium plated bilaterally.  

 

While in the study by Marchetti et al. none of the treatments require tooth extractions, Rachmiel 

et al. removed impacted or ectopic third molars before surgery. (62, 63) 

 

Retention Time 

In the study by Marchetti et al, the patients of both groups were instructed to use a Hawley-type 

retainer during night for 1 year. (63) 

Rachmiel et al. do not provide any information about the retention time.  

 

Anatomical Measurements 

Measurements were carried out by using different points of reference.  

In the study by Rachmiel et al. the following measuring points were analyzed: Canine incisal 

(Ci), canine gingival (Cg), molar occlusal (Mo) and molar gingival (Mg). (62)  

 

Marchetti et al. measured the maxillary intercanine distances from cusp to cusp as well as the 

intermolar width between both mesio-palatine cusps of the left and right first upper molar. (63) 

 

Treatment Outcomes 

As seen in Table 5, Rachmiel et al. observed a mean expansion of 6.2 mm and 6.4 at the Ci and 

Mo as well as stable results after one year in all patients with 0.4 mm and 0.2 mm in Ci and 

Mo, respectively, compared to the initial measurements. (62) 
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On account of the bilateral osteotomies on the side of the upper second incisors the length of 

the distraction could be divided resulting in two distraction sites and a reduced charge to the 

maxillary buttresses. According to the authors, hereby, it is important to not injure the 

infraorbital nerve or the dental roots and apices. Furthermore, an adequate healing is essential, 

hence, it is indispensable that the mucosa and periomucosa cover the osteotomy. A rupture of 

this muco-periostal-flap may lead to unsatisfactory esthetic appearance and complications in 

healing processes that may result in bony distraction and following difficulties in the tooth 

alignment. Overall, in the study by Rachmiel et al. no change in the position of the maxillary 

midline nor of the premaxilla was observed. (62) 

 

mm ±	SD	(range) 

 Mean expansion Mean expansion after 1 year 

Ci 6.2 ±	0.2 (5.8 – 6.6) 5.8 ±	0.2 (5.5 – 6.1) 

Cg 5.9 ±	0.2 (5.4 – 6.4) 5.8 ± 0.2 (5.3 – 6.1) 

Mo 6.4 ±	0.3 (5.9 – 6.9) 6.2 ± 0.2 (5.8 – 6.5) 

Mg 6.1 ±	0.2 (5,8 – 6.4) 6.0 ± 0.2 (5.8 – 6.3) 

SD: Standard deviation, Ci: Canine incisal, Cg: Canine gingival 
Mo: Molar occlusal, Mg: Molar gingival 

 

Table 5 Study by Rachmiel et al.: Maxillary palatal expansion measured on dental models at 
the end of expansion and orthodontic alignment and 1 year later at canine incisal, canine 
gingival, molar occlusal, and molar gingival regions. (62) 

 

In patients presenting two occlusion planes prior to treatment start, a higher post-operative 

stability was also achieved thanks to maxillary width enlargement and dental alignment. 
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A normognathic occlusion, and stable dental and skeletal results were also observed in initially 

dysgnathic patients. These have been first treated by means of dental leveling and stabilization 

of occlusion following bimaxillary surgery after 1 year.  

Neither tooth loss nor root damage was observed. However, two patients presented gingival 

recessions in the canines and one subject showed exposure of the alveolar bone that required 

treatment by means of debridement as well as mucosal graft. (62) 

 

In the study by Marchetti et al. the SARME Group showed a width enlargement between 4.5 to 

10.5 mm, showing a mean increase of 29% (8.5mm) in the intercanine distance and between 5 

to 9.5 mm or rather 18% (7mm) in the intermolar distance. The relapse at the level of the canines 

and molars was +1 to -6 mm and +3 to -3.5 mm, resulting in a mean reduction of 28% (2.5 mm) 

and 36% (3 mm) respectively, compared to the initially recorded values.  

In comparison, the intercanine distance of the Le Fort 1 Group was smaller ranging from 0.5 to 

4.5 mm or rather 8% (2.75 mm), whereby the intermolar width augmented by 2.5 to 7.5 mm or 

rather 9% (3.75 mm), respectively.  The relapse was between + 3.5 to – 2.5 mm or rather 25% 

(0.25 mm) and between 0 and -5 mm or rather 20% (0.75 mm) at the level of the canines and 

molars, respectively. This demonstrates a higher relapse in the subjects treated with SARME.  

 

These values can be attributed to the investigator´s experience and to the great range resulted 

by using two techniques. Although, Marchetti et al. experience the Le Fort 1 osteotomy less 

practical due to the complexity in expanding the palatal mucosal and periosteal layer, this 

method shows more stable long-term results. Unless the stabilization period it not extended, an 

overexpansion of 25 – 30% or rather 20 – 25% in SARME and Le Fort I, respectively, is 

recommended by the authors.  (63) 
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Efficacy of Expansion 

Rachmiel et al. opine that, rather than undertaking directly a Le Fort I Osteotomy, in adult 

patients with maxillary width deficiencies, it is easier, safer and more predictable to begin with 

SARME, following dental alignment and ultimately performing a Le Fort1 Osteotomy. 

The authors established some advantages regarding the bilateral transverse L-shaped maxillary 

osteotomy method for SARME. First, a better stability is achieved due to two sites of expansion 

in combination with bone generation between the lateral incisor and canine. Also, results show 

a more symmetric expansion and simultaneously esthetic repercussions as upper diastema can 

be avoided. Furthermore, there is no risk of damage to premaxillary area including nerves and 

blood supply, as it remains unaffected. (57)  
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4.3. MARPE in Adults 

Table 6 Overview of studies examined for comparison of SARME in adults 
 

 

Study description 

MARPE was investigated in the studies conducted by Park et al. and Elkenawy et al. 

While Park et al. looked into the skeletal and dentoalveolar changes after MARPE in young 

adults, Elkenawy et al. assessed the magnitude, parallelism, and asymmetry of MARPE in non-

growing patients. Overall, skeletally mature patients presenting maxillary transverse deficiency 

were studied. In general, both groups of researchers used similar treatment procedures, 

including cone-beam computed tomography images taken before and after expansion. (64, 65)  

 

 

Author Patien
ts (n) 

Sex and Age Material and methods Significant 
findings Objective Material Measure-

ment time   

Elkenaw
y et al. 

2020 

(64) 

31 
 

Male: 17 
Female: 15 

Æ 20.4 ± 3.2 y 

 

To quantify the 
magnitude, 

parallelism, and 
asymmetry of 

MARPE in adults 

 

CBCT 6 
months 

MARPE leads 
to distinctly 

parallel 
expansion in 
the sagittal 

plane but may 
exhibit 
asymmetrical 
expansion in 

the transverse 
plane 

Park et 

al. 2016 

(65) 

14 Male: 9 

Female: 5 

Æ 20.1 y 

Evaluation of 

skeletal and 
dentoalveolar 
changes after 

MARPE in young 

adults by CBCT 

 

CBCT 

 
 

1-5  

weeks 

MARPE is an 

effective 
method for the 
correction of 

maxillary 
transverse 
deficiency 

without surgery 
in young 
adults.  
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Fourteen subjects with mean age of 20.1 ± 2.4 years (range 16 – 26 years) were included in the 

study by Park et al. in regard to the previously established exclusion criteria such as former 

orthodontic treatment, craniofacial syndromes, systemic diseases and unsuccessful distraction 

of the midpalatal suture. (65) 

 

Eklenawy et al. also excluded subjects with systemic diseases and those craniofacial anomalies 

that might affect the treatment outcome as well as patients with history of orthodontic treatment, 

yielding to a total number of 31 study participants with a similar mean age of 20.4 ± 3.2 years 

(range 17 – 27 years). (64) 

 

Treatment Procedure  

Imaging 

CBCT images were taken by different devices.  

Elkenawy et al. used a NewTom 5G scanner and images were captured for 18 seconds. (64) 

In the study by Park et al. a Alphart VEGA scanner and a scan time of 17 s was used.  (55) 

Voxel sizes were 0.3 mm both times. (64, 65) 

 

Appliance and Activation 

Park et al. used a modified hyrax-type expander cemented to the upper first premolars and 

molars and implying 4 micro-implants, of which two anterior helical hooks were positioned in 

the rugae area and two posterior hooks were located in the para-midsagittal area. The day after 

the appliance was attached, the expansion was started at a rate of one activation of 0.2 mm daily 

until achieving the desired distraction. (65) 
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Elkenawy et al. also chose a device with a central jackscrew unit, which was also attached by 

bands to the maxillary premolars and molars and positioned with 4 micro-implants at the 

posterior palate. The expander was activated by turning the screw by 0.4 mm twice daily until 

a diastema was observed. Afterwards, the activation protocol changed to one turn per day. 

To achieve proper bone formation, the expander stayed in situ for 6 months, once sufficient 

expansion was reached. (64) 

 

While in the study by Park et al. the average duration of expansion was 38 days (range 24 – 66 

days), in the study conducted by Elkenawy et al. the completion of expansion was achieved in 

35 ± 10 days. (64, 65) 

 

Anatomical Measurements 

Overall, different measuring points have been used.  

Elkenawy et al. chose the mid-sagittal plane (MSP), a plane that passes through the nasion (N), 

anterior nasal spine (ANS), and posterior nasal spine (PNS), as reference for all measurements. 

By superimposing pre- and post-expansion CBCT images, changes in relation to the MSP were 

detected. Lateral measurements were conducted by creating axial sections at the level of the 

axial palatal plane (APP), a perpendicular plane to the MSP which passes though the ANS and 

PNS. To know the quantity of distraction at the level of the midpalatal suture, the MSP was 

examined. Expansion was measured by assessing the distance from the landmarks on the left 

or right side to the MSP. The anterior nasal spine (ANS), posterior nasal spine (PNS), and 

zygoaticomaxillary point (ZMA) were included.  
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In the CBCT done prior to expansion, linear measurements were done from the MSP to ANS 

and PNS, whereas in the post-expansion CBCT axial cuts at the level of the APP were used to 

assess the distances from ANS and PNS on both sides to the MSP. 

The lateral expansion was defined as the Rt and Lt distances of each landmark after expansion. 

When seen in the coronal zygomatic section, the most medial aspect of the zygomaticomaxillary 

suture was represented by the zygomaticomaxillary point (ZMA).  

 

In the CBCT scans taken prior to treatment and after expansion, also the distances from the 

zygomaticomaxillary suture were measured from the left and right side to the mid-sagittal plane 

at the level of the coronal plane. The total amount of expansion was assessed by summing up 

the entire quantity of displacements on both sides.  (64) 

 

 

Figure 30 Study by Elkenawy: a CBCT image showing mid-sagittal plane (MSP) on subject’s 
initial CBCT using OnDemand (Cybermed, Korea). ANS, PNS, and nasion can be viewed as 
separate skeletal landmarks on the MSP. b Axial slice at pre-expansion with vertical line 
passing through ANS and PNS. c Coronal view of pre-expansion CBCT displaying 
measurements from the MSP to both the right and left ZMA. Right and left ZMA landmarks 
indicated in red at the most medial-superior location of the zygomatic-maxillary suture  

 

In the study by Park et al., first, measurements of interpremolar width (IPMW) and intermolar 

width (IMW) were done on 3D tooth scans. IPMW and IMW are the distances between the left 
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and right buccal cusp tips of the first upper maxillary premolars and the mesio-buccal cusp tips 

of the first upper molars, respectively.  

Also, two-dimensional posteroanterior cephalograms were reconstructed perpendicular to the 

midsagittal plane to measure transverse widths between the following bilateral landmarks: Z, 

N, J, MA, C6 and Ag [Figure 31]. Moreover, three-dimensional images of the skull taken pre-

expansion and post-expansion were superimposed [Figure 33]. (65) 

 

 

 

Figure 31 Study by Park et al: Two-dimensional posteroanterior cephalogram reconstructed 
from a three-dimensional skull model. Refer to Table 7 for the definitions of abbreviations. 
(65) 
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Landmark Description 

Z The most lateral point of the zygomatic arch 

N The most lateral wall of the nasal cavity 

J The junction between the maxillary tuberosity outline and the zygomatic process 

MA Midpoint of the J and C6 points on the lateral contour of the maxillary alveolus 

C6 The most lateral point of cemento-enamel junction of the maxillary first molar 

Ag Antegonial notch 

Alare The most infero-lateral point of the nasal aperture in a transverse plane 

Ectocanine The most infero-lateral point on the alveolar ridge opposite the center of the maxillary 
canine 

A-point* The most posterior and deepest point on the anterior contour of the maxillary alveolar 
process in the mid-sagittal plane 

Prosthion* The most antero-inferior point on the maxillary alveolar margin in the mid-sagittal 
plane 

Ectomolare The most infero-lateral point on the alveolar ridge opposite the center of the maxillary 
first molar 

Processus 
zygomaticus 

The most infero-lateral point of the processus zygomaticus 

Z,	N,	J,	MA,	C6,	and	Ag	were	identified	on	the	reconstructed	two-dimensional	posteroanterior	
cephalogram	of	a	three-	dimensional	skull	model.	
Alare,	ectocanine,	A-point,	prosthion,	ectomolare,	and	processus	zygomaticus	were	defined	
according	to	the	study	by	Magnusson	et	al.	 

*Although	A-point	and	prosthion	were	one-point	landmarks	before	expansion,	they	were	
separated	into	right	and	left	landmarks	after	expansion.	 

Table 7 Study by Park et al.: Definition of landmarks used in this study (65) 

 

 



 
71 

 

Figure 32 Study by Park et al.: Superimposition of three-dimensional cone-beam computed 
tomography images acquired before (white) and after (blue) miniscrew-assisted rapid palatal 
expansion; 1 and 2, alare, right and left; 3 and 4, A-point, right and left; 5 and 6, prosthion, 
right and left; 7 and 8, ectocanine, right and left; 9 and 10, ectomolare, right and left; 11 and 
12, processus zygomaticus, right and left. (65) 

 

Furthermore, two coronal images were acquired perpendicular to the midsagittal plane, going 

through both the buccal and mesio-buccal cusp tips as well as furcations of the premolars and 

molars, respectively. In the single-rooted maxillary first premolars coronal scans were done 

perpendicular to the midsagittal plane going through the buccal and palatal cusp tips [Figure 

33]. (65) 

Ultimately, the nasal cavity and the width of the basal bone were measured by means of an 

anterior-most slice that shows the entire root of the right first upper premolars and molars. 

Measurements on each scan were done considering various parameters. One of them, was the 

nasal cavity width, which is the transverse distance between the lateral-most points of each 

nasal cavity. 
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Figure 33 Study by Park et al.: Coronal cone-beam computed tomography images acquired 
before expansion at furcations of the first premolar (left) and first molar (right). (65)  

a buccal bone thickness; b buccal alveolar height. Buccal bone thickness and alveolar height 
were measured on the right and left sides, and the mean value of the two measurements was 
calculated.  

 

Another parameter was the basal bone width, defined by the left and right intersection points of 

the maxillary outer border and a line passing through the nasal floor. Also, the angle between 

the left and right tooth axes was established by joining the central fossa and the apex of the 

palatal root, resulting in the interdental angle. Furthermore, the buccal bone thickness was 

assessed by measuring the width between the buccal root surface and the lateral border of the 

alveolar bone, along a horizontal level going through the furcation.  The buccal alveolar height 

was another parameter, determined as the distance from the buccal and mesio-buccal cusp tip 

to the buccal alveolar crest. For statistical analysis, the alveolar height and the buccal bone 

thickness were measured bilaterally, and mean values were used.  (65) 
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Efficacy of Expansion  

After MARPE, a distraction of the mid-palatal suture and consequently an expansion of the 

maxilla was observed in both present studies. However, different parameters have been used to 

assess the treatment outcome. 

 

Park et al. refer changes at the level of IPMW and IMW by 5.5. and 5.4 mm, respectively. The 

widening of the zygomatic arch was 0.8 mm, and the increase of the nasal cavity was 1.4 mm. 

Also, the outer border of the maxillary alveolus expanded by 2.0 - 3.2 mm.  

All landmarks evaluated presented important lateral expansion. While the position of the alare 

and ectocanine had moved forward, the prosthion and ectomolare had changed towards upward. 

Coronal scans of the first premolars and molars showed an augmentation of the nasal cavity 

width as well as nasal bone width on the one hand, and a reduction in the buccal bone thickness 

and alveolar bone height on the other. Furthermore, buccal tipping of the maxillary first molars 

was reported. When comparing the basal bone width with the nasal cavity, the latter showed a 

lower increase presenting a pyramidal pattern of maxillary expansion. As a whole, a general 

pyramidal pattern, i.e., a decrease in the amount of maxillary expansion was detected with the 

superior positioning of the anatomical structures. (65) 

 

Elkenawy et al. report considerable changes at the level of ANS, PNS, and ZMA in transverse 

dimension comparing pre- and post-expansion values. In regard to the extent of expansion, PNS 

and ZMA showed a lower shifting by 4.77 mm and 3.99 mm, respectively, compared to ANS 

which changed by 4.98 mm. However, PNS showed the greatest range of expansion (0 – 13.3 

mm), including two participants without any expansion at PNS. This may be either simply due 
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to unsuccessful separation or for improper visualization of the expansion due to thresholds of 

the bone density. (64) 

 

With respect to the parallelism in the sagittal dimension, Elkenawy et al. report a 95.7% parallel 

expansion in anterior posterior dimension, by evaluating the above-mentioned values of ANS 

and PNS. (64)  

Furthermore, Elkenawy et al., examined the deviation after MARPE, reporting a standard 

deviation (SD) of ANS of 1.1 mm. 15 subjects presenting a lower SD, formed the symmetric 

group, while 16 participants with a higher deviation were assigned to the asymmetric group.  

The comparison of the lower and higher values of each patient demonstrates statistically 

significant differences regarding ANS, PNS and ZMA. The landmark ANS presents the greatest 

deviation with a mean of 2.22 mm, followed by PNS showing an expansion by 1.77 mm, 

whereas ZMA underwent the least changes in the amount of 1.3 mm. 

Overall, in the asymmetric group, a tendency of expansion to the left side was observed. While 

10 of 16 participants demonstrated an expansion to the left side by – 2.21 mm, the rest of the 

patients presented changes of 2.21 mm to the opposite direction. (64) 
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5. Conclusion 

• Significant increase of the maxillary width was observed in all expansion groups. It is 

evident that in adult patients the orthopedic expansion of the upper arch consists of both 

separation of the maxillary halves and a lateral displacement of the alveolar structures. 

Therefore, increased vertical dimensions or molar tipping constitute a general 

contraindication for RPE. Although, some studies report that non-surgical treatment in 

adults of advanced age is predictable and stable, it is still not a commonly used method 

and rather performed in young skeletally mature patients. 

SARME, instead, is often the treatment of choice in severe skeletal cases, even though 

it also includes side effects such as slight molar tipping and lateral rotation of the 

maxillary halves. Since it is a cost-intensive treatment modality and associated with a 

higher risk and morbidity, each case should be evaluated individually. 

• When performing Le Fort I osteotomy mid-palatal osteotomy is avoided. Due to 

bilateral distraction and bone generation higher stability can be achieved.  

SARPE presents higher relapse regarding the intercanine and intermolar distances in 

comparison to Le Fort I bipartition.  

As a result, despite a smaller expansion, Le Fort I bipartition shows more stable long-

term outcomes, especially at the level of the molars. 

• MARPE is an advisable treatment option for young adults. However, asymmetric results 

in the transverse dimension were found in more than 50% of the patients. Furthermore, 

there is a clearly visible pyramidal pattern of expansion at dental, skeletal and alveolar 

level. Again, here, clinicians must be aware of possible side effects such as buccal 

tipping of the upper teeth, the associated reduced alveolar bone thickness on the buccal 

side and decreased crest height. 
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6. Limitations 

During the literature research on the present work, it quickly became apparent that a meta-

analysis as a serious and meaningful study on the subject of palatal expansion in adult patients 

is difficult to achieve since there are many individual studies with different examination 

criteria and effects. For meaningful results it is essential to investigate compatible effects. 

Hence, more research with equal measurement parameter will be necessary to have more 

representing results. 
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8. Responsibility  

This work includes aspects of economic and environmental sustainability. By choosing the 

proper treatment method for palatal expansion in adult patients, accelerated healing, better 

regeneration and thus, improvement in human health will be observed. Aesthetics, function 

and thereby quality of life can be improved. Patients´ and clinicians’ expectations can be met. 

Also, further complications, expenditure of time and additional financial expenses can be 

avoided. 
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8. List of Abbreviations 

• RPE: Rapid Palatal Expansion 

• SARME: Surgically-assisted Maxillary Expansion 

• SARPE: Surgically-assisted Palatal Expansion 

• MARPE: Micro-implant Assisted Rapid Palatal Expansion/ Micro-screw Assisted 

Rapid Palatal Expansion 

• Hyrax: Hygienic Rapid Expander 

• HHE: Hybrid-Hyrax expander  

• MPS: Midpalatine Suture  

• TPD: Transpalatal Distractor  

• OMI: Orthodontic Mini-implants  

• IPC Expander: Inman Palatal Component E-Arch/Arnold Expander   

• OCS: Orbital compartment syndrome  

• N: Nasion  

• ANS: Anterior Nasal Spine  

• PNS: Posterior Nasal Spine  

• APP: Axial Palatal Plane  

• ZMA: Zygomaticomaxillary Point 

• IPMW: Interpremolar Width 

• IMW: Intermolar Width  
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Author Patients 
(n) 

Study type Material and methods Outcome measures 

Method  Material Measurement time   Skeletal expansion (mm)* Dental expansion (mm) Skeletal relapse (mm) Dental relapse (mm) 

Rachmiel 

et al.  

2020 

32 Retrospective 

study 

LF 1  Study models 

OPG 

Cephalograms 

12 months Ci: 5.8 

Cg: 5.8 

Mo: 6.2 

Mg: 6.0 

NR Ci: 0.4 

Cg: NR 

Mo: 0.2 

Mg: NR 

NR 

Elkenawy  

et al.  

2020 

31 Retrospective 

study 

MARPE CBCT 6 months ANS: 4.98 

PNS: 4.77 

ZMA: 3.99 

NR NR NR 

Kurt et al. 

2016  

54 Clinical study 

 

SARME  Study models 3 months a: 9.77 ° 

b: 0.39 

c: - 0.58 

d: 5.77 

e: 4.03 

Molar inclination: -11.28 ° 

Palatal width: 4.42  

C I: 4.43 

C II: 4.58 

1. PM I: 7.55 

1. PM II: 8.06 

2. PM I: 7.65 

2. PM II: 7.98 

M. I: 7.55 

M. II: 7.44 

NR NR 

NS- RME  a: 6.71 ° 

b: 0.72 

c: - 0.87 

d: 3.20 

e: 3.11 

Molar inclination: -11.25 ° 

Palatal width: 1.35 

C I: 4.52 

C II: 4.80 

1. PM I: 6.40 

1. PM II: 6.13 

2. PM I: 6.75 

2. PM II: 6.79 

M. I: 6.34 

M. II: 7.09 

NR NR 

Park et al. 

2016 

14 Retrospective 

study 

MARPE CBCT 1-5 weeks IPMW: 44.7 

IMW: 55.7 

Z-Z: 125.7 

N-N: 25.2 

J-J: 67.0 

MA-MA: 64.7 

C6-C6: 62.9 

Ag-Ag: 89.0 

Interdental angle:  

PM I: 2.7 ° 

NR NR 

Marchetti  

et al.  

2009 

20 Retrospective 

study 

SARME 

 

Study models 2 years  Intercanine distance: 

4.5-10.0 

Intermolar distance:  

5 - 9.5 

 Intercanine distance: 

+1 - -6  

Intermolar distance:  

+3 - 3.5 
LF 1   Intercanine distance:  

0- 4.55  

Intermolar distance:  

2.5 – 7.5 

 Intercanine distance:  

3.5 - -2.5 

Intermolar distance:  

0 – 5 
Handel-

man et al. 

2000 

47 Retrospective 

study 

(Case-Control) 

NS-RME Study models 

Cephalograms  

 

5 years  

  
C: 24.7 

PM I:  

27.9 

PM II: 23.8. 

M I: 36.0 

 0.5 - -0.6 
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