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ABSTRACT 
 

Comparison of two miniscrew-anchored maxillary protraction protocols: a 
randomized clinical trial 

 
Introduction: The aim of this randomized clinical trial was to compare the 

dentoskeletal and airway outcomes of miniscrew-anchored maxillary protraction using 

hybrid and conventional hyrax expanders in growing Class III subjects. Methods: Forty 

patients were randomized into two groups. Group HH was composed by patients with 

Class III malocclusions treated with a hybrid hyrax expander with two miniscrews in 

the maxilla and two miniscrews in the anterior region of the mandible. Class III elastics 

were used from the maxillary first molar to the mandibular miniscrews until anterior 

crossbite correction or a maximum 12 months of treatment. The group CH was treated 

with a similar protocol except for the conventional Hyrax expander in the maxilla. Cone-

beam computed tomography exams and digital dental models were obtained before 

expansion (T1) and after treatment (T2). The primary outcomes included the sagittal 

skeletal effects produced with treatment. The secondary outcomes included the upper 

airway changes and transversal changes in the maxillary structures. Intergroup 

comparison was performed using t tests and Mann-Whitney U tests (p<0.05). Results: 
The final sample comprised 18 subjects (8 female, 10 male; initial age of 10.80 years) 

in Group HH and 14 subjects (6 female, 8 male; initial age of 11.44 years) in Group 

CH. A greater increase in maxillomandibular skeletal relationship and maxillary length 

was observed for the HH group. Both groups presented similar skeletal vertical and 

orthodontic outcomes after maxillary protraction. The oropharynx and the most 

constricted area of oropharynx increased similarly in both groups. Significantly greater 

increases in the nasal cavity width and buccal alveolar crest width were found for group 

HH. The maxillary interpremolar distance showed a greater increase in group CH. 

Conclusions: Miniscrew-anchored maxillary protraction using hybrid expanders 

produced greater orthopedic effects with better control of dental side effects and 

constitute an alternative for growing Class III malocclusion patients. No differences in 

upper airway changes were observed using maxillary protraction anchored on hybrid 

or conventional hyrax expanders.  
 

Keywords: Orthodontics, Interceptive. Malocclusion, Angle Class III. Palatal 

expansion technique. Airway Management. Imaging, Three-Dimensional. 



 

 
 
 

  



 

 

RESUMO 
 

Introdução: O objetivo deste ensaio clínico randomizado foi comparar os efeitos 
dentoesqueléticos e das vias aéreas superiores após a protração maxilar ancorada 
em mini-implantes usando expansor híbridos e hyrax convencional em indivíduos em 
crescimento com má oclusão de Classe III. Métodos: Quarenta pacientes foram 
randomizados em dois grupos. O grupo HH foi composto por pacientes com má 
oclusão de Classe III tratados com um expansor híbrido com dois mini-implantes na 
maxila e dois mini-implantes na região anterior da mandíbula. Elásticos de Classe III 
foram utilizados conectando os primeiros molares superiores e os mini-implantes 
mandibulares até a correção da mordida cruzada anterior ou um período máximo de 
12 meses de tratamento. O grupo CH foi tratado com um protocolo semelhante, exceto 
pelo uso do expansor hyrax convencional na maxila. Tomografias computadorizadas 
de feixe cônico foram obtidas ao início (T1) e final do tratamento (T2). Os desfechos 
primários incluíram os efeitos esqueléticos sagitais. Os desfechos secundários 
incluíram alterações nas vias aéreas superiores e alterações transversais nas 
estruturas maxilares. A comparação intergrupos foi realizada usando teste t 
independente e teste Mann-Whitney U (p<0.05). Resultados: A amostra final foi 
composta por 18 indivíduos (8 mulheres, 10 homens; idade inicial de 10,80 anos) no 
Grupo HH e 14 indivíduos (6 mulheres, 8 homens; idade inicial de 11,44 anos) no 
Grupo CH. Um aumento significantemente maior na relação esquelética 
maxilomandibular e no comprimento maxilar foi observado no grupo HH. Ambos os 
grupos apresentaram alterações verticais e ortodônticos semelhantes após a 
protração maxilar. A orofaringe e a área mais constrita da orofaringe aumentaram de 
maneira semelhante nos dois grupos. Aumentos significativamente maiores na largura 
da cavidade nasal e na largura da crista alveolar vestibular foram encontrados para o 
grupo HH. A distância inter pré-molares superiores mostrou um aumento 
significantemente maior no grupo CH. Conclusões: A protração maxilar ancorada em 
mini-implantes utilizando expansor híbrido produziu maiores efeitos ortopédicos com 
melhor controle dos efeitos dentários colaterais e constitui uma opção de tratamento 
para os pacientes  com má oclusão de Classe III em crescimento. Não foram 
observadas diferenças significantes nas alterações das vias aéreas superiores usando 
a protração maxilar ancorada no expansor híbrido ou convencional. 
 
Palavras-chave: Ortodontia Interceptora.  Má Oclusão de Angle Classe III. Técnica 
de Expansão Palatina. Manuseio das Vias Aéreas. Imagem Tridimensional. 
  



 
 
 

  



 

 

LIST OF FIGURES 
 

ARTICLE 1 
 

Figure 1  - CONSORT flow chart. ........................................................................ 44 

Figure 2  - Miniscrew-anchored maxillary protraction using the hybrid hyrax ...... 45 

Figure 3  - Miniscrew-anchored maxillary protraction using the conventional 

hyrax. .................................................................................................. 46 

 

ARTICLE 2 
 

Figure 1  - CONSORT flow chart. ........................................................................ 66 

Figure 2  - MAMP therapy in group HH and group CH. ....................................... 67 

Figure 3  - Oropharynx morphologic limits.  ......................................................... 68 

Figure 4  - Before (grey) and after (red) parametric surface models of the 

oropharynx created by the SPHARM-PDM software for group HH .... 69 

Figure 5  - Before (grey) and after (red) parametric surface models of the 

oropharynx created by the SPHARM-PDM software for group CH.. .. 70 

Figure 6  - Surface superimpositions from before (grey) and after (red) 

parametric surface models of the oropharynx created by the 

SPHARM-PDM software for the experimental and control groups. .... 71 

Figure 7  - Color maps illustrating the changes produced by the experimental 

and control group in the oropharynx. Red indicates the most affected 

regions and green the less affected. .................................................. 72 

  



 

 
 
  



 

 

ARTICLE 3 
 

Figure 1 - CONSORT flow chart. ........................................................................ 91 

Figure 2  - A: Hybrid hyrax expander before and after RME. B: Conventional 

hyrax expander before and after RME. .............................................. 92 

Figure 3  - Miniscrews installed with a 45º inclination in the paramedian anterior 

palate in a subject using the hybrid expander. ................................... 93 

Figure 4  - A: Coronal slice showing the transversal measurements: nasal cavity 

width, first molars palatal root distance, maxillary width, palatal 

alveolar crest width, buccal alveolar crest width and arch width. B: 

Transversal measurements performed in the digital dental models. 

C: Landmarks used for arch shape analysis. ..................................... 94 

Figure 5  - A: Intergroup comparison of pre-expansion arch shape. B: Intergroup 

comparison of post-expansion arch shape. C-D: Arch shape before 

(black line) and after expansion (red line) in the hybrid (C) and 

conventional hyrax (D) groups. .......................................................... 95 

 

  



 

 

  



 

 

LIST OF TABLES 
 
ARTICLE 1 
 

Table I  - Baseline characteristics of the groups and treatment time. ................ 47 

Table II  - Intergroup comparisons of the starting forms (t test and Mann-

Whitney U test). .................................................................................. 48 

Table III  - Intergroup comparisons of treatment changes (t test and Mann-

Whitney U test). .................................................................................. 49 

 

ARTICLE 2 
 
Table I  - Baseline characteristics of the groups and treatment time. ................ 73 

Table II  - Intergroup comparisons of the starting forms (t test). ......................... 74 

Table III  - Softwares comparison with intraclass correlation coefficients (ICC) 

and Bland-Altman limits of agreement (95% LoA). ............................ 75 

Table IV  -  Intergroup comparisons of treatment changes (t test). ....................... 76 

 

ARTICLE 3 
 
Table I  - Baseline characteristics of the groups and treatment time. ................ 96 

Table II  - Intergroup comparisons of the starting forms (t test and Mann-

Whitney U test). .................................................................................. 97 

Table III  - Intergroup treatment changes comparison (t test and Mann-Whitney 

U test). ................................................................................................ 98 

 
  



 
 

  



 

 

LIST OF ABBREVIATIONS AND ACRONYMS 
 
HH  Hybrid Hyrax 

CH  Conventional Hyrax 

CBCT  Cone beam computed tomography 

MAMP Miniscrew-anchored maxillary protraction 

T1  Timing 1 

T2  Timing 2 

RCT  Randomized clinical trial 

BAMP  Bone-anchored maxillary protraction 

MARPE Miniscrew supported rapid palatal expansion 

OP  Oropharynx  

MinAx  Most constricted axial area 

6-6 width Intermolar width 

5-5 width Inter- second premolars width 

4-4 width Inter- first premolars width 

3-3 width Intercanine width 

ICC  Intraclass correlation coefficient 

SD  Standard deviation  

CI  Confidence interval 

Diff  Difference 

FAPESP São Paulo Research Foundation 

CAPES Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (in 

portuguese) 

CONSORT  Consolidated Standards of Reporting Trials 

  



 

  



 

 

TABLE OF CONTENTS 
 
1 INTRODUCTION ............................................................................................. 25 
 
2 ARTICLES ...................................................................................................... 29 
 

2.1 ARTICLE 1 - Dentoskeletal comparison of miniscrew-anchored maxillary 

protraction with hybrid and conventional hyrax expanders: a randomized 

clinical trial ....................................................................................................... 31 

 

2.2 ARTICLE 2 - Upper airway changes in miniscrew-anchored maxillary 

protraction with hybrid and hyrax expanders: a randomized clinical trial ........ 51 

 

2.3 ARTICLE 3 - Orthopedic outcomes of hybrid and conventional hyrax 

expanders:  secondary data analysis from a randomized clinical trial ............ 77 

 

3 DISCUSSION .................................................................................................. 101 
 
4 FINAL CONSIDERATIONS ............................................................................ 105 
 
 REFERENCES ................................................................................................ 109 
 
 APPENDIX  ..................................................................................................... 115 
 
 ANNEXES  ...................................................................................................... 121 
 

  



 
 
 



 

 

 
 
 
 
 
 
 
 
 

1 INTRODUCTION 
  



 
 
 



Introduction  25 

 

1 INTRODUCTION 
 
 

Class III malocclusion treatment in growing patients is challenging. Maxillary 

retrusion, mandibular prognatism, or the combination of both are the main causes of 

this malocclusion.1 The facemask therapy associated with RME is the gold standard 

protocol for Class III malocclusion in early stages. Previous studies demonstrated that 

the treatment of Class III malocclusion with face mask and RME in the early mixed 

dentition results in more favorable craniofacial changes than the treatment in the late 

mixed dentition.2 The late-treatment group showed no significant improvement in 

maxillary growth when compared to the early-treatment group.2 In the late mixed 

dentition and permanent dentition, facemask therapy promotes only limited maxillary 

advancement while considerable amount of dentoalveolar effects including the mesial 

movement of maxillary posterior teeth is observed.2,3 

A new Class III orthopedic approach using miniplates as anchorage reported an 

efficient maxillary protraction in the late mixed dentition and early permanent dentition 

(10-14 years).4 Bone-anchored maxillary protraction (BAMP) uses Class III elastics 

attached to miniplates installed on the infra-zygomatic maxillary crest and between 

canines and lateral incisors at the mandible, bilaterally.4,5 The authors reported a whole 

maxillary bone advancement as a result of treatment, once that the pterygomaxillary 

fissure and the orbital ridge moved forward as well.   

A BAMP-derived therapy was recently described using a hybrid hyrax as 

anchorage in the maxilla and modified miniplates in the mandible.6 Miniscrew-assisted 

rapid palatal expansion (MARPE) and hybrid hyrax are a simple modification of the 

conventional RME appliance which incorporated miniscrews to ensure expansion.7-14 

Another derivation of BAMP therapy could replace the mandibular miniplates for 

miniscrews.15 Miniscrew-anchored maxillary protraction (MAMP) uses a hybrid hyrax 

in the maxilla and mandibular miniscrews to anchor Class III elastics.15 Improvements 

in the maxillary structures and facial convexity was observed after MAMP therapy.15 

Also, in order to simplify a conventional expander could be used in the maxillary arch.  

Currently, cone beam computed tomography (CBCT) have been widely used to 

three-dimensionally assess the dentoskeletal and upper airway changes. CBCT offers 



26  Introduction 

 

the advantages of volumetric rather than linear measurements and distortion-free 

measurements.16,17 Increases in the nasopharynx and velopharynx was found in the 

volume of growing patients with Class III malocclusion when compared to untreated 

Class III patients.16 Also using CBCT, an increase in airway volume and oropharyngeal 

dimensions was found for subjects treated with BAMP therapy.17 Airway changes after 

MAMP therapy in growing patients was not previously reported in the literature.  
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4 FINAL CONSIDERATIONS 
 
 

Miniscrew-anchored maxillary protraction using the hybrid expander in the 

maxilla is an alternative option for growing Class III malocclusion individuals. The 

hybrid expander anchoring the maxillary protraction promoted greater dentoskeletal 

effects in both sagittal and transversal dimensions with better control of dental side 

effects than the conventional hyrax expander. No differences in upper airway changes 

were observed using maxillary protraction anchored on hybrid or conventional hyrax 

expanders. 
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