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Abstract 

Introduction: The techniques of surgically assisted 

rapid maxillary expansion (SARME) and non-surgically 

assisted rapid maxillary expansion (NSARME) are used 

to correct maxillary development through palatal 

disjunction. Objective: It was analyzed using a 

systematic review of the literature on the main 

considerations of the rapid expansion of the maxilla, 

evidencing its main indications, contraindications, types 

of expanders, as well as the main dental and skeletal 

alterations by them produced. Methods: The PRISMA 

Platform systematic review rules were followed. The 

search was carried out from February to April 2024 in 

the Scopus, PubMed, Science Direct, Scielo, and Google 

Scholar databases. The quality of the studies was based 

on the GRADE instrument and the risk of bias was 

analyzed according to the Cochrane instrument. 

Results and Conclusion: 110 articles were found, 34 

articles were evaluated in full and 22 were included and 

developed in the present systematic review study. 

Considering the Cochrane tool for risk of bias, the overall 

assessment resulted in 18 studies with a high risk of bias 

and 23 studies that did not meet GRADE and AMSTAR-

2. Most studies did not show homogeneity in their 

results, with X2=73.8%>50%. It was concluded there is 

still no consensus on which is the best jaw-breaker, and 

it is necessary to increase the number of clinical and 

randomized studies, with eligibility criteria that can 

homogenize the participants. In addition, the literature 

has clearly shown that bucomaxillofacial surgeons must 

have the knowledge and clinical experience to be able 

to indicate the best procedure for each patient, that is, 

the rapid expansion of the non-surgical or surgical 

maxilla. 

 

Keywords: Rapid maxillary expansion. Deficient 

maxillomandibular. Bucomaxillofacial surgery. Aesthetic. 

 

Introduction  

In the context of rapid maxillary expansion, 

transverse deficiencies are the main predictors of 

dentofacial deformities with high prevalence in dental 

practice [1,2]. Thus, patients may present with dental 

crowding, mandibular discrepancies, tooth mobility, 

multiple dental losses, gingival recessions, respiratory 

difficulties, repetitive sinusitis, and mouth breathers. In 

this sense, the techniques of surgically assisted rapid 

maxillary expansion (SARME) and non-surgically 

assisted rapid maxillary expansion (NSARME) are used 

to correct maxillary development through palatal 

disjunction [1-3].  

Rapid maxillary expansion (RME) is an efficient 

technique in the attempt to compensate for the deficient 

maxillomandibular relationships initially described by 

Angell 1 (1860) and Haas (1961) [1]. It has as its main 

objective the maxillary disjunction through palatal 

expanders and, therefore, improves the transversal 

dimension of patients affected by maxillary deficiencies 

[4].  

In this context, NSARME is contraindicated in 
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patients with complete bone maturation and, for these 

cases, surgical rapid maxillary expansion (SARME) is 

indicated, which is preferable with Hyrax or Haas 

expander [5]. The study of maxillary discrepancies is 

currently an area of great scientific interest in dentistry. 

SARME can be performed by maxillary osteotomy and 

palatine associated with a palatal expander, or LeFort I 

osteotomy associated with maxillary segmentation [4-

9].  

From the Haas dental orthodontic expander, many 

others were developed, including the modified Haas and 

the Hyrax apparatus. The latter is a supported dento 

expander that leads to greater posterior dentoalveolar 

inclinations if compared to the Haas expander [10]. In 

this scenario, the choice of a breaker for maxillary 

correction is important and can be selected by the main 

predictors such as bone structure, alveolar processes, 

the presence or absence of dental elements, the hygiene 

of the patient, the dentition to be mixed or not, the need 

for a greater anterior or posterior increase, 

dentoalveolar inclinations, interdental distances, vertical 

destabilization and age [1,11].  

Although it is a satisfactory procedure in children 

and adolescents, the technique of rapid non-surgical 

expansion presents failures in adult patients because, 

with skeletal maturation, the response to expansion 

forces is diminished. The median palatine suture was 

considered to be the area of greatest resistance to 

expansion, however, it has been shown that the  areas 

of increased resistance are zygomatotemporal, 

zygomatrontal, and zygomatomaxillary sutures. Adding 

to this is the decrease in bone plasticity, which makes 

the maxillary forces dissipate in the maxilla [3,4].  

Several maxillary osteotomies were developed to 

expand the maxilla laterally, along with rapidly 

expanding orthodontic procedures [3,12]. More 

recently, it has been shown that only osteotomies in 

maxillary abutments are sufficient to achieve expansion. 

These osteotomies may or may not be complemented 

by a buccal osteotomy between the roots of the central 

incisors [12]. The rapid expansion of the surgically 

assisted maxilla is an effective procedure but is 

restricted to patients who present only maxillary 

transverse problems. In cases of deficiencies in other 

plans, the surgically assisted expansion can be 

performed as a first surgical time, not excluding the 

correction of the other plans in a subsequent surgery. 

Currently, when transverse maxillary deficiency is 

associated with others, the patient may undergo a single 

surgical procedure, in which this atresia is corrected with 

multisegmentated maxillary osteotomy [2,3].  

The rapid expansion of the surgically assisted 

maxilla is an effective and safe procedure for the 

correction of transverse deficiency in adult patients 

[1,3]. Among its advantages, we can mention the speed 

to obtain the expansion, the safety for corrections of up 

to 14mm, and the possibility of using local anesthesia, 

which reduces the cost of the procedure. A correct 

diagnosis of the transversal deficiencies of the maxilla 

and a treatment plan performed jointly by the 

orthodontist and the maxillofacial surgeon make 

possible the correct correction of these deficiencies and 

the satisfaction of the patients [1-3].  

Therefore, the objective of the present study was 

to analyze using a systematic review of the literature on 

the main considerations of the rapid expansion of the 

maxilla, evidencing its main indications, 

contraindications, types of expanders, as well as the 

main dental and skeletal alterations by them produced.  

 

Methods  

Study Design  

The present study followed the international 

systematic review model, following the rules of PRISMA 

(preferred reporting items for systematic reviews and 

meta-analysis). Available at: http://www.prisma-

statement.org/?AspxAutoDetectCookieSupport=1. 

Accessed on: 03/19/2024. The methodological quality 

standards of AMSTAR-2 (Assessing the methodological 

quality of systematic reviews) were also followed. 

Available at: https://amstar.ca/. Accessed on: 

03/19/2024.  

 

Data Sources and Research Strategy  

The literary search process was carried out from 

February to April 2024 and was developed based on 

Scopus, PubMed, Web of Science, Lilacs, Ebsco, Scielo, 

and Google Scholar, covering scientific articles from 

various to the present. The descriptors (MeSH Terms) 

were used: “Rapid maxillary expansion. Deficient 

maxillomandibular. Bucomaxillofacial surgery. 

Aesthetic” and using the Boolean "and" between the 

MeSH terms and "or" between historical discoveries. 

  

Study Quality and Risk of Bias  

Quality was classified as high, moderate, low, or 

very low in terms of risk of bias, clarity of comparisons, 

precision, and consistency of analyses. The most evident 

emphasis was on systematic review articles or meta-

analyses of randomized clinical trials, followed by 

randomized clinical trials. The low quality of evidence 

was attributed to case reports, editorials, and brief 

communications, according to the GRADE instrument. 

The risk of bias was analyzed according to the Cochrane 

instrument by analyzing the Funnel Plot graph (Sample 

size versus Effect size), using the Cohen test (d).  
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Results and Discussion  

Summary of Findings  

A total of 110 articles were found that were 

subjected to eligibility analysis, with 22 final studies 

being selected to compose the results of this systematic 

review. The studies listed were of medium to high 

quality (Figure 1), considering the level of scientific 

evidence of studies such as meta-analysis, consensus, 

randomized clinical, prospective, and observational. The 

biases did not compromise the scientific basis of the 

studies. According to the GRADE instrument, most 

studies showed homogeneity in their results, with 

X2=73.8%>50%. Considering the Cochrane tool for risk 

of bias, the overall assessment resulted in 18 studies 

with a high risk of bias and 23 studies that did not meet 

GRADE and AMSTAR-2.  

 

Figure 1. The article selection process by the level 

of methodological and publication quality.  

 

 
Source: Own authorship. 

 

Figure 2 presents the results of the risk of bias of 

the studies using the Funnel Plot, showing the 

calculation of the Effect Size (Magnitude of the 

difference) using the Cohen Test (d). Precision (sample 

size) was determined indirectly by the inverse of the 

standard error (1/Standard Error). This graph had a 

symmetrical behavior, not suggesting a significant risk 

of bias, both between studies with a small sample size 

(lower precision) that are shown at the bottom of the 

graph and in studies with a large sample size that are 

presented at the top.  

  

Figure 2. The symmetric funnel plot suggests no 

risk of bias among the small sample size studies that are 

shown at the bottom of the graph. High confidence and 

high recommendation studies are shown above the 

graph (n=22 studies).  

  
Source: Own Authorship. 

 

Major Approaches and Clinical Results    

The main considerations regarding the use of 

SARME and NSARME were listed (Table 1). The surgical 

expansion of the maxilla with an expander, and local 

anesthesia is used in 100.0% of clinical cases [1-3]. 

Maxillary multi-segmentation solves almost all clinical 

cases where maxillary atresia is present, allowing the 

accurate correction of this atresia and correct 

positioning of the teeth in occlusion, with important 

postoperative stability. Thus, the surgical expansion of 

the maxilla with the use of the Hyrax expander has 

become a poorly indicated procedure, since the great 

majority of patients with maxillary atresia also have 

other vertical and/or sagittal bony bases of the face. In 

this context, however, the rapid expansion of the 

surgically assisted maxilla presents as a safe and easy 

procedure to be performed in the office and is also a 

low-cost and acceptable procedure for patients [3,4].  

  

Table 1. Major Considerations on the SARME and 

NSARME.  

  
Major Considerations On The  

SARME and NSARME 

References  

✓ SARME is indicated for complete bone maturation, 

transverse deficiencies greater than 5mm, isolated 

transverse deformities, transverse deformities 

associated with vertical and / or anteroposterior 

deformities, and in transverse maxillary deficits 

with greater involvement in the anterior region.  

[1,3] 

✓ NSARME is indicated for patients with incomplete 

bone maturation, and there is no consensus in the 

literature regarding the best age for treatment.  

[3,12] 

 

✓ The Hyrax expansor are better hygienic and 

indicated for SARME, while the Haas have better 

distribution of forces because they have an acrylic 

covering that rests on the palate.  

[13] 

✓ Both NSARME and SARME improve upper airflow, 

decreasing respiratory distress, since they promote 

the increase of the air cavity.  

[1,2] 

✓ There is no significant improvement in the results 

of the expansion when the osteotomy of the 

pterygoid pillar is performed.  

[1,4] 
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✓ SARME is more clinically stable when compared to 

the segmental expansion and is also recommended 

for clinical cases with marked discrepancy and 

vestibular slope of molars.  

[1,2] 

✓ The contraindications of this procedure are 

excessive maxillary prognathism, bimaxillary 

protrusion, isolated crossbites and patients with 

excessive vertical development of the face;  

[2,3] 

Source: Own Authorship. 

   

A recent clinical study evaluated and classified 

complications in patients treated for maxillary 

transverse deficiency using surgically assisted rapid 

maxillary/palatal expansion (SARME/SARPE) under 

general anesthesia. The retrospective study covered 185 

patients who underwent surgery for skeletal deformity 

in the form of maxillary constriction or in which maxillary 

constriction was one of its components treated by a 

team of oral and maxillofacial surgeons from one center 

(97 women and 88 men, aged between 15 years and to 

47 years old). In the study group, complications were 

found in 18 patients (9.73%). Early complications were 

found in nine patients, while late complications were 

also found in nine patients. Early complications include 

lack of possibility of distraction, necrosis of the palatal 

mucosa, perforation of the maxillary alveolar process 

caused by the distractor, and asymmetric distraction. 

Late complications include root resorption of the upper 

incisors, lack of bone formation in the distraction gap, 

and necrosis of the upper incisors [14].  

Furthermore, the arches that were segmented are 

also easier to orthodontically terminate after surgical 

treatment, to the extent that some experienced 

orthodontists systematically prefer upper arch 

segmentation not only to treat it transversally but also 

to finalize better and faster clinical cases [1-4]. In the 

historical follow-up of the scientific works, the authors 

Garib et al. (2014) [15] used the Haas and Hyrax 

expanders in 11 girls between 11 and 14 years of age, 

divided into two groups and did not observe, for 

transverse maxillary expansion, representative 

differences in the two groups; however, the inclination 

of maxillary premolars was superior in Hyrax expanders.  

Other authors obtained satisfactory results in their 

study employing the SARME technique, where they 

performed a LeFort I osteotomy, separating the pterygoid 

blades and activation of the Hyrax expander apparatus. 

The authors stated that an ERM treatment should take 

into account the age group of the patient [12].  

The areas of bone resistance in the jaw are palatine 

suture, frontal suture, zygomatictemporal suture, 

intermaxillary suture, and, mainly, the pterygoid 

process, where some surgeons opt for separation since 

the risk of damage to the pterygoid plexus is large [1,3]. 

In a comparative study with 31 randomly divided 

patients, where the Group used the Hyrax expander and 

Group B the Haas expander, Scanavini et al. (2016) [13] 

found that Hyrax expanders demonstrated a higher risk 

of relapse.  

In the sequence, Claro et al. (2006) [16] found 

significant changes in intercanal and intermolar 

distances using the Hyrax orthodontic appliance, thus 

proving a greater posterior cross-sectional increase. 

Thus, SARME is a safe, easy-to-perform technique and 

the intercurrences are usually contingent. In addition, 

patients are satisfied.  

Still, the option for the best surgical technique of 

SARME is to observe some clinical criteria: transverse 

deficiencies greater than 5mm; isolated transverse 

deformities; transverse deformities associated with 

vertical and/or anteroposterior deformities and 

transverse maxillary deficits with greater involvement in 

the anterior region [1,3,12].  

A systematic review work showed the results of 

some studies that used the rapid surgical expansion 

technique associated with a Hyrax maxillary expander in 

20 patients between 15 and 54 years, obtaining a 

satisfactory mean final result [1]. In addition, other 

authors used the Hyrax and Haas appliances in 62 

patients who needed rapid maxillary expansion and 

observed greater expansion at the first molars and 

maxillary premolars crowns in Hyrax appliances [5].  

In the study by Rossi et al. (2011) [17], the vertical 

and anteroposterior effects of rapid maxillary expansion 

were evaluated cephalometrically using a study of 26 

children, 14 females, and 12 males, with a mean age of 

8.7 years, presented posterior crossbite and maxillary 

narrowing. A McNamara-type device made of clear 

acrylic resin covering the posterior teeth was used, and 

an expander screw was located on the palatine raphe 

between the second deciduous molars. The rapid 

expansion of the maxilla using a breaker with an occlusal 

acrylic cover did not promote vertical cephalometric 

alterations and sagittal lesions. The vertical changes 

were small and transient.  

The work of Melgaço et al. (2013) [18] was 

analyzed in 31 patients with Angle Class I malocclusion, 

transverse palatal, and lingual changes in patients 

submitted to rapid maxillary expansion. The sample was 

divided into 2 groups, Group 1 consisting of 17 patients 

treated with the Haas expander, and Group 2, with 14 

patients treated with Hyrax. No statistically significant 

differences were found when comparing the Haas and 

Hyrax devices.  

In the study by Baratieri et al. (2014) [19], to 

evaluate employing computed tomography the 

transversal dimensions of the nasomaxillary complex of 

patients submitted to rapid maxillary expansion 

performed a study in 30, 18 of the male gender and 12 
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of the female. The patients were divided into two 

groups, and the control group consisted of 10 boys and 

5 girls with a mean age ranging from 9 years to 4 

months. The treated group consisted of patients who 

needed maxillary expansion, composed of 8 boys and 7 

girls, with a mean age of 9 years and 6 months, who 

underwent Haas expander treatment. Was Haas and the 

activation protocol proposed by Haas and at the time of 

installation of the activation of a complete revolution 

(0.8mm), followed by daily activations of ¼ back in the 

morning and ¼ back in the evening. Therefore, there 

was a significant increase in the widths between the 

molars, maxillaries, palatal, and nasal concerning the 

control group.  

Woller et al. (2014) [20] evaluated by computer 

tomography the changes that occur in the maxillary 

sutures in children submitted to the rapid expansion of 

the maxilla treated with a Hyrax-type device, carried out 

a study in 25 patients (10 men, 15 women) who 

presented discrepancies of the maxilla. The exclusion 

criteria selected were patients with craniofacial 

anomalies, including cleft lip and palate, and patients 

using orthodontic appliances before initiation of 

treatment with rapid maxillary expansion. Each patient 

was scanned twice: T0 and T1. The first image (T0) was 

obtained before the expander was installed, and the 

second image (T1) was obtained after the last activation 

of the device. Thus, there was a large displacement of 

the medial palatine suture, but this displacement also 

occurs in other sutures, such as frontonasal, 

intermaxillary, and zygomaticomaxillary.  

Izuka et al. (2015) [21] analyzed the short-term 

effects of rapid maxillary expansion on the upper airway 

dimensions, as well as evaluating the impact of this 

therapy on quality of life, employing computed 

tomography studies, performed a study on 25 respirator 

patients with 14 women and 11 men. A standardized 

questionnaire was performed with the parents before 

and after the rapid maxillary expansion, aiming to 

evaluate if there was an improvement in the patient's 

quality of life. CT scans were performed before 

treatment, and then modified Hyraxtype appliances 

were installed. Therefore, rapid maxillary expansion 

promoted a significant improvement in the quality of life 

of mouth-breathing patients with maxillary atresia.  

Based on the literature findings, rapid maxillary 

expansion is a feature used in orthodontic practice, 

where the middle palatine suture is opened and the 

craniofacial complex sutures are disorganized [1,2]. 

However, it is not always possible to achieve its opening, 

since, at the end of facial growth, its ossification occurs. 

Therefore, the closure of the medial palatine suture is 

determinant in situations of failure of rapid maxillary 

expansion [3].  

NSARME Indications and Contraindications  

The procedure of rapid expansion of the maxilla by 

the opening of the medial palatine suture is indicated in 

the treatment of malocclusions with real and relative 

maxillary deficiency; of chronic nasal disability who 

exhibit nasal respiratory problems and with problems 

related to arch length [1]. As contraindications, 

excessive maxillary prognathism, bimaxillary protrusion, 

isolated crossbites, and patients with excessive vertical 

development of the face are mentioned. To promote the 

opening of the medial palatine suture, there are several 

breaker devices, the most used being the dentifrice 

holder (Haas), the dento-support (Hyrax), and the 

dentosupport with occlusal acrylic cover [1-3].  

Thus, as a literary corollary, the NSARME technique 

is adequate for patients with incomplete maxillary bone 

maturation and transverse maxillary deficiency that 

cannot be corrected by fixed apparatus. Another indirect 

benefit of maxillary expansion techniques is the 

improvement of upper airflow reducing respiratory 

distress, and promoting the increase of air cavity [8,9].  

The most accepted age for performing NSARME 

varies widely according to the literature, being proposed 

for patients with a maximum age of 14 years in women 

and 16 years in men, according to [10]. Some authors 

were successful with the age range between 15 and 54 

years, using the NSARME technique with a Haas 

expander in a 19-year-old patient, contradicting the 

authors who affirmed the efficacy of the technique only 

in patients with incomplete bone maturation [8,9].  

Therefore, there is no consensus in the literature 

regarding a fixed age for NSARME indication. Still, there 

is an ineffectiveness of this technique in adult patients 

who have already surpassed the peak of growth. In 

addition to bone consolidation as a limiting factor. In 

addition, Rossi et al. (2011) [17] stated that the 

NSARME technique is contraindicated in cases of 

multiple dental absences, large dentoalveolar 

inclinations for vestibular, gingival recession, alveolar 

bone loss, posterior dental mobility and in adult patients 

with advanced skeletal maturation.  

  

SARME Indications and Contraindications  

SARME is indicated for patients with more 

advanced age and consequent complete bone 

maturation, for transverse deficiencies greater than 5.0 

mm, isolated transverse deformities, transverse 

deformities associated with vertical and/or 

anteroposterior deformities, and in transverse maxillary 

deficits with greater involvement in the region previous 

[5,7,12].  

In this sense, transverse deficiencies should be 

analyzed through clinical examination, analysis of 

gypsum models, cephalometric and occlusal radiographs 
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in an attempt to visualize prevalent alterations such as 

anterior and posterior cross bites, dentoalveolar 

inclinations, lack of dental elements, prognathism or 

retrognathism, gingival recession, alveolar bone loss, 

posterior dental mobility and skeletal maturation, to 

select the appropriate maxillary expansion technique 

[7,12].  

  

Major Considerations of Ideal Expander  

The modified Haas circuit breaker produces a lower 

dentoalveolar slope than the Hyrax appliances, in 

addition to increasing the interdental distance between 

the canines. Also, the acrylic cover in the Haas expander 

directs the force vector to the center of resistance of the 

maxilla, increasing the transverse dimension, and not 

affecting the sagittal dimension, besides not provoking 

dental orthodontic movement [1,13].  

The Hyrax appliances have a higher interdental 

increase between the molars and premolars and a 

posterior transverse increase, according to Garib et al. 

(2014) [15] and Claro et al. (2006) [16]. Other authors, 

however, did not observe significant clinical differences 

between Haas and Hyrax [5]. However, Kilic et al. 

(2008) [22] indicate the use of the modified Haas circuit 

breakers as it directs its tensile force to the center of the 

maxilla, not affecting the inclination of the teeth. In 

addition, the literature states that the use of Hyrax 

circuit breakers presents a higher risk of recurrence 

when compared to Haas.  

  

Conclusion  

It was concluded there is still no consensus on 

which is the best jaw-breaker, and it is necessary to 

increase the number of clinical and randomized studies, 

with eligibility criteria that can homogenize the 

participants. In addition, the literature has clearly shown 

that bucomaxillofacial surgeons must have the 

knowledge and clinical experience to be able to indicate 

the best procedure for each patient, that is, the rapid 

expansion of the non-surgical or surgical maxilla.  
 

CRediT  

Author contributions: Conceptualization - Luis Carhuaz 

Villarreal, Paul Renan Burgos Villegas, Igor Mariotto Beneti; 

Data curation - Luis Carhuaz Villarreal, Paul Renan 

Burgos Villegas; Formal Analysis - Igor Mariotto Beneti; 

Investigation - Luis Carhuaz Villarreal, Paul Renan 

Burgos Villegas; Methodology - Luis Carhuaz Villarreal; 

Project administration - Igor Mariotto Beneti; 

Supervision - Igor Mariotto Beneti; Writing - original 

draft - Luis Carhuaz Villarreal, Paul Renan Burgos Villegas; 

Writing-review & editing - Igor Mariotto Beneti. 

  

Acknowledgment  

Not applicable.  

 

Ethical Approval   

Not applicable.  

  

Informed Consent  

Not applicable.  

   

Funding  

Not applicable.  

 

Data Sharing Statement  

No additional data are available.  

 

Conflict of Interest   

The authors declare no conflict of interest.  

 

Similarity Check   

It was applied by Ithenticate@.  

 

Peer Review Process  

It was performed.  

 

About The License© 

The author(s) 2024.  The text of this article is open 

access   and   licensed   under   a   Creative   Commons 

Attribution 4.0 International License. 

 

References 

1. Feng Z, Si M, Fan H, Zhang Y, Yuan R, Hao Z. 

Evolution, current status, and future trends of 

maxillary skeletal expansion: a bibliometric analysis. 

Clin Oral Investig. 2023 Dec 22;28(1):14. doi: 

10.1007/s00784-023-05430-3.   

2. da Silva AAF, Prado GPR, Pereira MD. Randomized 

clinical trial of surgically assisted rapid maxillary 

expansion with two and three segments for nasal 

breathing. Clin Oral Investig. 2023 Oct;27(10):6209-

6219. doi: 10.1007/s00784-023-05237-2.  

3. Zambon CE, Cherobin GB, Utumi ER, Machado GG, 

de Vasconcellos FAF, Peres MPSM, Pilan RRM, 

Voegels RL, Pinna FR. Computational fluid dynamics 

and NOSE scale to assess nasal respiratory function, 

and correlation with linear maxillary measurements 

after surgically assisted rapid maxillary expansion. 

Int J Oral Maxillofac Surg. 2023 Aug;52(8):875-884. 

doi: 10.1016/j.ijom.2022.10.008.   

4. Gonçalves CAJO, Pinheiro JJV, Carneiro MN, Tabosa 

AKDS, Cárdenas RCR, Carneiro JT Jr. Facial soft 

tissue changes and volumetric analysis of upper 



MedNEXT J Med. Health Sci, São Paulo, Vol 5, Iss 3, e24308, 2024 

 

MedNEXT J Med Health Sci (2024) Page 7 of 7 

 

 

 

airways in patients undergoing surgically assisted 

rapid maxillary expansion using a transpalatal 

distractor. Braz J Otorhinolaryngol. 2024 Mar-

Apr;90(2):101372. doi: 

10.1016/j.bjorl.2023.101372.   

5. Davoudi A, Amrolahi M, Khaki H. Effects of laser 

Therapy on patients who underwent rapid maxillary 

expansion; a systematic review. Lasers Med Sci. 

2018 Jun 12. doi: 10.1007/s10103-018-2545-2.  

6. Wang MH, Ge ZL, Tian L, Li PR, Che YQ. Effect of 

three types of rapid maxillary expansion: a three-

dimensional finite element study]. Zhonghua Kou 

Qiang Yi Xue Za Zhi. 2017 Nov 9;52(11):678-683. 

doi: 10.3760/cma.j.issn.10020098.2017.11.006.  

7. Huizinga MP, Meulstee JW, Dijkstra PU, Schepers 

RH, Jansma J. Bone-borne surgically assisted rapid 

maxillary expansion: A retrospective three-

dimensional evaluation of the asymmetry in 

expansion. J Craniomaxillofac Surg. 2018 May 12. 

pii: S1010-5182(18)30243-9. doi: 

10.1016/j.jcms.2018.05.021.  

8. Ghoussoub MS, Rifai K, Garcia R, Sleilaty G. Effect of 

Rapid Maxillary Expansion on Glenoid Fossa and 

Condyle-Fossa Relationship in Growing Patients 

(MEGP): Study Protocol for a Controlled Clinical Trial. 

J Int Soc Prev Community Dent. 2018 

MarApr;8(2):130-136. doi: 

10.4103/jispcd.JISPCD_458_17. Epub 2018 Apr 24.  

9. Lombardo L, Carlucci A, Maino BG, Colonna A, 

Paoletto E, Siciliani G. Class III malocclusion and 

bilateral cross-bite in an adult patient treated with 

miniscrewassisted rapid palatal expander and 

aligners. Angle Orthod. 2018 May 1. doi: 

10.2319/111617-790.1.  

10. Lione R, Brunelli V, Franchi L, Pavoni C, Quiroga 

Souki B, Cozza P. Mandibular response after rapid 

maxillary expansion in class II growing patients: a 

pilot randomized controlled trial. Prog Orthod. 2017 

Nov 6;18(1):36. doi: 10.1186/s40510017-0189-6.  

11. Bell RA. A review of maxillary expansion in relation 

to rate of expansion and petient’s age. American 

Journal of Orthodontics & Dentofacial Orthopedics, 

Colorado Springs, v. 81, i. 1, p. 32-37, Jan. 1982. 

Disponível em: 

<http://www.ajodo.org/article/00029416(82)90285

-8/abstract>. Acesso em: 16 abr. 2017.  

12. Nikolaev AV, Andreishchev AR, Kutukova SI. 

Comparative biomechanical study of surgically 

assisted rapid palatal expansion with tooth-borne 

and bone-borne expanders]. Stomatologiia (Mosk). 

2017; 96(5):48-55. doi: 

10.17116/stomat201796548-55.  

13. Scanavini MA, Reis SAB, Simões MM, Gonçalves 

RAR. Avaliação comparativa dos efeitos maxilares da 

expansão rápida da maxila com os aparelhos de 

Haas e Hyrax. R Dental Press Ortodon Ortop Facial, 

Maringá, v.11, n.1, p. 60-71, Fev 2016.  

14. Nowak R, Przywitowski S, Golusiński P, Olejnik A, 

Zawiślak E. Complications of Surgically Assisted 

Rapid Maxillary/Palatal Expansion (SARME/SARPE)-

A Retrospective Analysis of 185 Cases Treated at a 

Single Center. J Clin Med. 2024 Apr 2;13(7):2053. 

doi: 10.3390/jcm13072053.  

15. Garib DG, Menezes MHO, Silva Filho OG, Dos Santos 

PB. Immediate periodontal bone plate changes 

induced by rapid maxillary expansion in the early 

mixed dentition: CT findings. Revista Dental Press J 

Orthod. Bauru, 2014,v.19, n.3, p. 36-43.  

16. Claro CAA, Abrão J, Reis SAB, Fantini SM. Correlation 

between transverse expansion and increase in the 

upper arch perimeter after rapid maxillary 

expansion. Braz Oral Res, 2006, v.20, n.1, p. 76-81.  

17. Rossi M, Rossi A, Abrão J. Skeletal alterations 

associated with the use of bonded rapid maxillary 

expansion appliance. Braz Dent J. Ribeirão Preto, 

2011, v.22, n.4, p. 334-339.  

18. Melgaço CA, Neto JC, Jurach EM, Nojima MCG, 

Santana, EF, Nojima LI. Rapid maxillary expansion 

effects: An alternative assessment method by means 

of cone-beam tomography. Revista Dental Press J 

Orthod. Belo Horizonte, 2013, v.19, n.5, p. 88-96.  

19. Baratieri CL, Alves JRM, Mattos CT, Thi Lau GW, 

Nojima LI, Souza MMG. Transverse effects on the 

nasomaxillary complex one year after rapid maxillary 

expansion as the only intervention: A controlled 

study. Revista Dental Press J Orthod. Florianópolis, 

2014, v.19, n.5, p. 79-87.  

20. Woller JL, Kim KB, Behrents RG, Buschang PH. An 

assessment of the maxilla after rapid maxillary 

expansion using cone beam computed tomography 

in growing children. Revista Dental Press J Orthod. 

Bauru, 2014, v.19, n.1, p. 26-35.  

21. Izuka EN, Feres MFN, Pignatari SSN. Immediate 

impact of rapid maxillary expansion on upper airway 

dimensions and on the quality of life of mouth 

breathers. Revista Dental Press J Orthod. São Paulo, 

2015, v.20, n.3, p. 43-49.  

22. Kilic N, Kiki A, Oktay H, Selimoglu and Erol. Effects 

of rapid maxillary expansion on conductive hearing 

loss. Angle Orthod. 2008;78(3):409-14. 

http://dx.doi.org/10.2319/050407-217.1.  

 

 

 

 
https://zotarellifilhoscientificworks.com/ 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Davoudi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29948453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davoudi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29948453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amrolahi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29948453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amrolahi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29948453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amrolahi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29948453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khaki%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29948453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khaki%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29948453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khaki%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29948453
https://www.ncbi.nlm.nih.gov/pubmed/29948453
https://www.ncbi.nlm.nih.gov/pubmed/29948453
https://www.ncbi.nlm.nih.gov/pubmed/29948453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=29972947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=29972947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ge%20ZL%5BAuthor%5D&cauthor=true&cauthor_uid=29972947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ge%20ZL%5BAuthor%5D&cauthor=true&cauthor_uid=29972947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ge%20ZL%5BAuthor%5D&cauthor=true&cauthor_uid=29972947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29972947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29972947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29972947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=29972947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=29972947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=29972947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Che%20YQ%5BAuthor%5D&cauthor=true&cauthor_uid=29972947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Che%20YQ%5BAuthor%5D&cauthor=true&cauthor_uid=29972947
https://www.ncbi.nlm.nih.gov/pubmed/29972947
https://www.ncbi.nlm.nih.gov/pubmed/29972947
https://www.ncbi.nlm.nih.gov/pubmed/29972947
https://www.ncbi.nlm.nih.gov/pubmed/29972947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huizinga%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huizinga%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meulstee%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meulstee%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meulstee%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dijkstra%20PU%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dijkstra%20PU%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dijkstra%20PU%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schepers%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schepers%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schepers%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schepers%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jansma%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jansma%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jansma%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29861407
https://www.ncbi.nlm.nih.gov/pubmed/29861407
https://www.ncbi.nlm.nih.gov/pubmed/29861407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghoussoub%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=29780738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghoussoub%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=29780738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rifai%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29780738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rifai%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29780738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rifai%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29780738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29780738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29780738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29780738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sleilaty%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29780738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sleilaty%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29780738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sleilaty%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29780738
https://www.ncbi.nlm.nih.gov/pubmed/29780738
https://www.ncbi.nlm.nih.gov/pubmed/29780738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lombardo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lombardo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carlucci%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carlucci%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carlucci%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maino%20BG%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maino%20BG%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maino%20BG%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Colonna%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Colonna%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Colonna%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paoletto%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paoletto%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paoletto%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paoletto%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siciliani%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siciliani%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siciliani%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29714067
https://www.ncbi.nlm.nih.gov/pubmed/29714067
https://www.ncbi.nlm.nih.gov/pubmed/29714067
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lione%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lione%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brunelli%20V%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brunelli%20V%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brunelli%20V%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franchi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franchi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franchi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pavoni%20C%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pavoni%20C%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pavoni%20C%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quiroga%20Souki%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quiroga%20Souki%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quiroga%20Souki%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quiroga%20Souki%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cozza%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cozza%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cozza%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29105023
https://www.ncbi.nlm.nih.gov/pubmed/29105023
https://www.ncbi.nlm.nih.gov/pubmed/29105023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nikolaev%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=29072647
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nikolaev%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=29072647
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andreishchev%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=29072647
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andreishchev%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=29072647
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andreishchev%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=29072647
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kutukova%20SI%5BAuthor%5D&cauthor=true&cauthor_uid=29072647
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kutukova%20SI%5BAuthor%5D&cauthor=true&cauthor_uid=29072647
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kutukova%20SI%5BAuthor%5D&cauthor=true&cauthor_uid=29072647
https://www.ncbi.nlm.nih.gov/pubmed/29072647
https://www.ncbi.nlm.nih.gov/pubmed/29072647
https://www.ncbi.nlm.nih.gov/pubmed/29072647
https://zotarellifilhoscientificworks.com/

