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ABSTRACT 

 

 

Effects of a pre-fabricated corrector appliance in the early treatment of anterior 

crossbite in Class III malocclusion 

 

Introduction: In Class III malocclusion, interception in the deciduous and mixed 

dentitions is of clinical interest, because of the limited possibilities of intervention. 

Recently, a pre-fabricated appliance has been developed to correct Class III 

malocclusions in the deciduous and mixed dentitions. However, the effects of this 

device have not been studied and described in the literature. Objective: The aim of 

the present prospective study was to cephalometrically evaluate the effects and to 

assess the effectiveness and clinical performance of the Ortho-Tain Class III 

Corrector Appliance in the early correction of anterior crossbite in Class III 

malocclusion. Methods: The sample consisted of 2 groups. The experimental group 

comprised 22 patients treated with the Ortho-Tain Class III Corrector Appliance, 

during a mean period of 20. The control group comprised 22 untreated subjects with 

Class III malocclusion with or without anterior crossbite who presented lateral 

cephalograms. Intergroup comparison of treatment and normal growth changes were 

compared with t and Mann-Whitney tests. Results: There was a significant difference 

in the mandibular plane angle changes because it decreased in the treated patients 

and increased in the control group. Additionally, the lower anterior face height 

increase and maxillary molar vertical development were significantly smaller in the 

treatment group. There was a significant decrease in the number of patients with 

anterior crossbite and edge-to-edge relationships, during treatment, in the 

experimental group. Conclusions: This appliance produced counter-clockwise 

rotation of the mandibular plane, smaller lower anterior face height increase and 

maxillary molar vertical development, improvement of anterior crossbite in 75% of the 

patients and therefore, it is an important alternative for early Class III malocclusion 

treatment. 

 

 

Keywords: Class III malocclusion, anterior cross bite, Ortho-Tain Class III Corrector 

Appliance, early treatment 
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RESUMO 
 

 

Efeitos do aparelho corretor pré-fabricado no tratamento precoce da mordida 

cruzada anterior na má oclusão de Classe III 

 

Introdução: Na má oclusão de Classe III, a interceptação na dentição decídua e 

mista é de interesse clínico, devido às possibilidades limitadas de intervenção. 

Recentemente, um aparelho pré-fabricado foi desenvolvido para corrigir as más 

oclusões de Classe III nas dentições decídua e mista. No entanto, os efeitos desse 

dispositivo não foram estudados e descritos na literatura. Objetivo: O objetivo do 

presente estudo prospectivo foi avaliar cefalometricamente os efeitos, a eficácia e o 

desempenho clínico do aparelho corretor Ortho-Tain Classe III na correção precoce 

da mordida cruzada anterior na má oclusão de Classe III. Métodos: A amostra foi 

composta por 2 grupos. O grupo experimental foi composto por 22 pacientes 

tratados com o aparelho corretor Ortho-Tain Classe III, durante um período médio de 

20 meses. O grupo controle foi composto por 22 indivíduos não tratados com má 

oclusão de Classe III com ou sem mordida cruzada anterior que apresentavam 

telerradiografias laterais. A comparação intergrupo do tratamento e as mudanças 

normais de crescimento foram comparadas com os testes t e Mann-Whitney. 

Resultados: Houve diferença significativa nas alterações do ângulo do plano 

mandibular, pois diminuiu nos pacientes tratados e aumentou no grupo controle. 

Além disso, o aumento da altura facial anterior inferior e o desenvolvimento vertical 

dos molares superiores foram significativamente menores no grupo de tratamento. 

Houve diminuição significativa do número de pacientes com mordida cruzada 

anterior e relação borda a borda, durante o tratamento, no grupo experimental. 

Conclusões: Este aparelho produziu rotação anti-horária do plano mandibular, 

menor aumento da altura facial anterior inferior e desenvolvimento vertical dos 

molares superiores, melhora da mordida cruzada anterior em 75% dos pacientes e, 

portanto, é uma alternativa importante para o tratamento precoce da má oclusão de 

Classe III. 

 

Palavras-chave: Má oclusão de Classe III, mordida cruzada anterior, aparelho 

corretor Ortho-Tain Classe III, tratamento precoce. 
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1 INTRODUCTION 

 

 

Malocclusions are the result of multiple genetic and environmental factors, and 

during development of the dentition, primary occlusion may improve or often worsen 

when the child transitions from the primary to permanent dentition.(VEDOVELLO; DE 

CARVALHO; DE AZEVEDO; SANTOS et al., 2020) Mixed dentition is a transitional 

stage, characterized by a wide range of occlusal variations(TAUSCHE; LUCK; 

HARZER, 2004) and a high prevalence of malocclusion. 
 

To avoid early functional and psychological harm, assessment of the occlusion 

in the mixed dentition is essential. This malocclusions have negative effects on 

children's and adolescent's oral health related quality of life.(VEDOVELLO; DE 

CARVALHO; DE AZEVEDO; SANTOS et al., 2020) 
 

Although early treatment is suggested to bring about many benefits including 

better use of the patient‟s growth potential, reduced need of extractions and 

orthognathic surgery, lesser risk for adverse iatrogenic effects, better patient 

compliance, and better and more stable results, many clinicians express skepticism 

and point out that the effectiveness of early treatment is not corroborated by hard 

scientific evidence.(KESKI-NISULA; LEHTO; LUSA; KESKI-NISULA et al., 2003) 
 

Class III malocclusion is characterized by anteroposterior dental discrepancy 

and anterior positioning of the mandible in relation to the cranium base and/or maxilla, 

affecting between 5% and 15% of the population.(AL-MOZANY; DALCI; ALMUZIAN; 

GONZALEZ et al., 2017; LI; CAI; CHEN; CHEN, 2016) This discrepancy may be 

caused by anteroposterior maxillary deficiency, mandibular protrusion, or a 

combination of both.(MARTINA; D'ANTÒ; DE SIMONE; GALEOTTI et al., 2020) The 

main features of Class III malocclusion with anterior crossbite are mainly the concave 

profile caused by deficiency of the middle third of the face, the absence of prominence 

of the zygomatic bone and the excess of the lower third of the face.(OLTRAMARI-

NAVARRO; DE ALMEIDA; CONTI; NAVARRO RDE et al., 2013) 
 

Anterior crossbite refers to malocclusion resulting from lingual position of 

maxillary anterior teeth in relationship to the mandibular anterior teeth.(VASILAKOS; 

KONIARIS; WOLF; HALAZONETIS et al., 2018) Anterior crossbite is established in 
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the mixed dentition(BORRIE; BEARN, 2011; WIEDEL; BONDEMARK, 2015) and is 

one form of malocclusion requiring early treatment.(TAUSCHE; LUCK; HARZER, 

2004)  
 

Among the main therapeutic options for the correction of this malocclusion, we 

can mention the facial mask therapy and the use of the chin cup during 

growth,(MANDALL; DIBIASE; LITTLEWOOD; NUTE et al., 2010; MARTINA; D'ANTÒ; 

DE SIMONE; GALEOTTI et al., 2020; SMYTH; RYAN, 2017) associated or not with a 

previous rapid maxillary expansion.(CHA, 2003; MARTINA; D'ANTÒ; DE SIMONE; 

GALEOTTI et al., 2020; MOON; AHN; CHANG, 2005; SOUKI; NIERI; PAVONI; 

PAVAN BARROS et al., 2020; VAUGHN; MASON; MOON; TURLEY, 2005; 

WATKINSON; HARRISON; FURNESS; WORTHINGTON, 2013) Another option is the 

Fränkel appliance “function regulator” for Class III.(YANG, 1996; YANG; LI; BAI; SU et 

al., 2014)  
 

The literature reports that some works have been developed using the eruption 

guidance appliance, prefabricated devices and traditionally used in deep overbite 

Class I or II malocclusion, but not for class III.(BERGERSEN, 1984; JANSON; 

NAKAMURA; CHIQUETO; CASTRO et al., 2007; JANSON; DA SILVA; 

BERGERSEN; HENRIQUES et al., 2000; MYRLUND; KESKI-NISULA; KEROSUO, 

2019) Although the eruption guidance appliance is note designed for Class III 

treatment, there are reported cases in patients with anterior crossbite that 

demonstrate that it promotes improved dental positioning in the anterior 

region.(PELLEGRINO; CARUSO; CANTILE; PELLEGRINO et al., 2020) 
 

Thus, the aim of the present prospective study was to assess the effectiveness, 

and clinical performance of this simple method early correction of class III 

malocclusion associated with anterior crossbite. 
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2 ARTICLE 

 

 

The article presented in this Dissertation was formatted according to the 

American Journal of Orthodontics and Dentofacial Orthopedics instructions and 

guidelines for article submission. 
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EFFECTS OF A PRE-FABRICATED CORRECTOR APPLIANCE IN THE 

EARLY TREATMENT OF ANTERIOR CROSSBITE IN CLASS III 

MALOCCLUSION 

 

ABSTRACT  

Introduction: In Class III malocclusion, interception in the deciduous and mixed 

dentitions is of clinical interest, because of the limited possibilities of intervention. 

Recently, a pre-fabricated appliance has been developed to correct Class III 

malocclusions in the deciduous and mixed dentitions. However, the effects of this 

device have not been studied and described in the literature. Objective: The aim 

of the present prospective study was to cephalometrically evaluate the effects 

and to assess the effectiveness and clinical performance of the Ortho-Tain Class 

III Corrector Appliance in the early correction of anterior crossbite in Class III 

malocclusion. Methods: The sample consisted of 2 groups. The experimental 

group comprised 22 patients treated with the Ortho-Tain Class III Corrector 

Appliance, during a mean period of 20 months. The control group comprised 22 

untreated subjects with Class III malocclusion with or without anterior crossbite 

who presented lateral cephalograms. Intergroup comparison of treatment and 

normal growth changes were compared with t and Mann-Whitney tests. Results: 

There was a significant difference in the mandibular plane angle changes 

because it decreased in the treated patients and increased in the control group. 

Additionally, the lower anterior face height increase and maxillary molar vertical 

development were significantly smaller in the treatment group. There was a 

significant decrease in the number of patients with anterior crossbite and edge-

to-edge relationships, during treatment, in the experimental group. Conclusions: 

This appliance produced counter-clockwise rotation of the mandibular plane, 

smaller lower anterior face height increase and maxillary molar vertical 

development, improvement of anterior crossbite in 75% of the patients and 

therefore, it is an important alternative for early Class III malocclusion treatment. 

 

Keywords: Class III malocclusion, anterior cross bite, Ortho-Tain Class III 

Corrector Appliance, early treatment. 

  



Article  23 

 

INTRODUCTION 

Class III malocclusion is the result of multiple genetic and environmental 

factors during development of the dentition and patients with discrepancies in 

occlusion require early intervention to avoid functional and psychological harm.1,2 

This malocclusion is characterized by anteroposterior dental discrepancy and anterior 

positioning of the mandible in relation to the cranial base and/or maxilla, affecting 

between 5% and 15% of the population.3,4 This discrepancy may be caused by 

anteroposterior maxillary deficiency, mandibular protrusion, or a combination of 

both.5 When it is essentially skeletal in origin, this malocclusion produces a marked 

facial deformity.3,4,6 

The main features of Class III malocclusion with anterior crossbite are the 

concave profile caused by deficiency of the middle third of the face, the absence of 

prominence of the zygomatic bone and the excess of the lower facial third.7 

Anterior crossbite refers to malocclusion resulting from lingual positioning of 

the maxillary anterior teeth in relation to the mandibular anterior teeth.8 The reported 

prevalence of anterior crossbite in the mixed dentition varies between 1.6% and 

7.9%.8 

According to its origin, it can be differentiated into skeletal and dental 

crossbite. Skeletal crossbite is associated with a concave skeletal and soft tissue 

profile and usually requires more extensive interventions to be managed. Dental or 

dentoalveolar anterior crossbite is a more localized problem and more easily 

managed.8 This is established in the mixed dentition9,10 and can lead to adverse 

complications including: damage to the teeth in crossbite through attrition, gingival 

recession and loss of alveolar bone support of the mandibular incisor, 

temporomandibular joint disorders,11 mobility of the mandibular incisor affected by 

the crossbite, potential adverse growth influences on the mandible and the anterior 

portion of the maxilla, as well as facial disharmony.9,12 Therefore, it is highly 

recommended to correct an anterior crossbite in the deciduous or early mixed 

dentition to allow normal development of the occlusion.12 

On the other hand, Class III treatment time, as well as its stability are very 

important aspects in an early approach. However, there is a lack of evidence 

regarding the long-term benefits of this intervention.13,14 Class III malocclusion can be 

intercepted during the craniofacial growth and development phase through the use of 

orthopedic appliances, which act predominantly on the maxilla.15  
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In Class III malocclusion, interception in the deciduous and mixed dentitions is 

of clinical interest, because of the limited possibilities of intervention.4 Among the 

main therapeutic options for correction of this malocclusion, are the facial mask and 

the use of a chin cup during growth,5,16,17 associated or not with previous rapid 

maxillary expansion.5,13,18-21 Another option is the Fränkel “function regulator” for 

Class III malocclusion.22,23 Therefore, two of the most influential factors in the 

treatment plan of this malocclusion are the timing of the intervention and the 

malocclusion severity. When its nature is predominantly dentoalveolar, whether or 

not associated with anterior crossbite, its treatment is simplified as it is based on 

correction of the dentoalveolar positioning. This type of correction can be performed 

with devices such as removable protrusion spring plates, the Fränkel Class III 

appliance,22,23 and the Bionator for Class III malocclusions.24 

Pre-fabricated functional appliances have been developed to correct Class I 

and II malocclusions and their effects have been reported.25-31 Recently, a pre-

fabricated appliance has been developed to correct Class III malocclusions in the 

deciduous and mixed dentitions.32 However, the effects of this device have not been 

studied and described in the literature.  

Thus, the aim of the present prospective study was to cephalometrically 

evaluate the effects and to assess the effectiveness and clinical performance of this 

appliance in the early correction of Class III malocclusion, associated with anterior 

crossbite. 

 

MATERIAL AND METHODS 

This study was approved by the Ethics in Research Committee of Bauru 

Dental School, University of São Paulo, Brazil (protocol number, 

24521419.6.0000.5417) and all subjects signed informed consent. 

Sample size calculation showed that, to detect a minimum intergroup 

difference of 2 mm, with a standard deviation of 2.3 mm, in the overjet, at a 

significance level of 5% and with a test power of 80%, 22 patients would be 

necessary in each group.5 Consecutively treated patients, which met the inclusion 

criteria, were selected at the Orthodontic Clinic of Bauru Dental School, University of 

São Paulo, Brazil, during May 2017 to April 2019. Subjects with ages ranging from 6 

to 9 years, with Class III malocclusion, anterior crossbite, end of the early mixed 

dentition and without previous orthodontic treatment were included. Subjects with 
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previous orthodontic treatment, craniofacial or dental anomalies and syndromes, 

were excluded. 

The sample consisted of 2 groups, one experimental and the other control, 

with Class III malocclusion associated or not with an anterior crossbite. 

The experimental group comprised 22 patients (12 male, 10 female, with a 

mean age of 7.63 ± 0.96 years) treated with the Ortho-Tain Class III Corrector 

Appliance,32 during a mean period of 1.72 ± 0.48 years (20 months). Sixteen had and 

anterior crossbite, and 6 had an edge-to-edge incisor relationship. Each patient was 

instructed to use the appliance while sleeping and for four hours during daytime. The 

patient had to use the appliance for 4 continuous hours, always keeping the lips in 

contact, without talking or playing with the device. The patient was instructed to insert 

the appliance according to the instructional arrow which points upward to the maxilla. 

The child had to be exercising by pushing the tongue against the three tabs 

that are located in the upper portion, directly behind the anterior teeth, pressing the 

maxillary arch in a forward direction as hard as they can against all three tabs. This 

tongue movement and pressure will encourage the maxilla to move in a forward 

direction as well as the mid-face to move forward. Treatment was considered as 

concluded when Class I molar relationship and at least a 0 mm overjet was achieved. 

The control group comprised 22 subjects (12 male, 10 female, with a mean 

age of 7.21 ± 0.60 years). Because the files of the orthodontic department comprised 

only 5 untreated subjects with Class III malocclusion with anterior crossbite, who 

presented lateral cephalograms taken at the period, a convenience sample was 

obtained from the American Association of Orthodontists Foundation (AAOF) 

Craniofacial Growth Legacy Collection Website.33 From the 35 AAOF online available 

subjects who fit the selection criteria, 17 were selected presenting high quality 

headfilm images. Therefore, the sample consisted of these subject records 

associated with the records of the 5 subjects from the files of the Orthodontic 

Department at Bauru Dental School. Eight had and anterior crossbite, 7 had an edge-

to-edge incisor relationship and 7 had a normal overjet. 

Lateral cephalometric radiographs were obtained of each patient at the 

pretreatment (T1) and posttreatment (T2) stages. The radiographs were digitized and 

analyzed with Dolphin® Imaging 11.9 software (Dolphin Imaging & Management 

Solutions, Chatsworth, Calif). Points and reference lines were traced by a calibrated 

operator (G.P.V.H. Table I). 



26  Article 

 

  



Article  27 

 

Error study 

Thirty days after the first measurement, ten randomly selected radiographs 

were retraced and remeasured by the same calibrated examiner (G.P.V.H.). Random 

errors were calculated with Dahlberg‟s formula,34 (S2 = ∑ d2 / 2n) where S2 is the 

error variance and d is the difference between 2 determinations of the same variable. 

Systematic errors were evaluated with dependent t tests,35 at P<0.05. 

 

Statistical analyses 

Normal distribution was assessed with Shapiro-Wilk tests. Intergroup 

comparability regarding initial and final ages, period of evaluation, and sex 

distribution, were assessed with t, Mann-Whitney and Chi-square tests, respectively. 

Intergroup comparison of the initial cephalometric characteristics was performed with 

t and Mann-Whitney tests. Intragroup treatment and normal growth changes were 

evaluated with dependent t and Wilcoxon tests. Intergroup comparison of treatment 

and normal growth changes were compared with t and Mann-Whitney tests. 

The percentage of patients with anterior crossbite, edge-to-edge incisor 

relationship and normal overbite were compared within and between the groups with 

McNemar and chi-square tests, respectively. In the intragroup comparisons, the 

anterior crossbite and edge-to-edge patients were grouped together as “abnormal 

overjet” to allow a 2x2 table comparison. 
All statistical analyses were performed using Statistica software (Statistica for 

Windows, version 7.0, StatSoft Inc., Tulsa, Okla., USA), at P<0.05. 

 

RESULTS 

The random errors ranged from 0.22 mm (Md1-MP) to 2.12 mm (Pg-Nperp) 

and from 0.35° (ANB) to 2.92° (NLA) for linear and angular measurements, 

respectively, and were within acceptable limits.36 Significant systematic errors were 

found for variables Mx6-PP, Mx6-Ptv and Md1-NB. 

The groups were similar regarding initial and final ages, period of evaluation 

and sex distribution (Table II). 

At the pretreatment stage (T1), the experimental group presented significantly 

shorter maxillary effective length and greater maxillary retrusion, and significantly 

greater maxillary molar posterior height and distal positioning, than the control group 

(Table III). The mandibular incisors were significantly more labially tipped and 
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protruded and the first molars were more distally positioned in the experimental than 

in the untreated subjects. Overbite was significantly greater and overjet smaller, in 

the experimental group. The experimental group also presented significantly smaller 

nasolabial angle, more retruded upper lip and more protruded lower lip than the 

control group.  

With treatment, the experimental group presented significant increases in 

maxillary and mandibular effective lengths, mandibular protrusion and 

maxillomandibular differential, and decreases in maxillomandibular relationship 

(ANB) and skeletal profile concavity (Table IV). There was significant 

counterclockwise rotation of the mandibular and occlusal planes, and a significant 

increase in lower anterior face height. The maxillary incisors had significant labial 

tipping, protrusion and vertical development, and the molars experienced vertical 

development and mesialization. Simultaneously, there were significant protrusion, 

vertical development and labial tipping of the mandibular incisors, and vertical 

development and mesialization of the molars. Additionally, there was significant 

increase in the overjet and in the soft profile convexity. 

During the same time interval, the control group presented significant 

increases in maxillary and mandibular lengths, and in the maxillomandibular 

difference, and a significant decrease in the skeletal Class III discrepancy (Wits – 

Table V). There was significant decrease of the occlusal plane angle and a significant 

increase of the lower anterior face height. The maxillary and mandibular incisors 

showed significant labial tipping, protrusion and vertical development, and the 

maxillary and mandibular molars experienced vertical development and 

mesialization. There was significant increase in the overjet and in the soft profile 

convexity. 

Intergroup changes comparison showed that there was a significant difference 

in the mandibular plane angle changes because it decreased in the treated patients 

and increased in the control group (Table VI). Additionally, the lower anterior face 

height increase and maxillary molar vertical development were significantly smaller in 

the treatment group. 

At the end of treatment, the experimental group presented significantly smaller 

number of patients with anterior crossbite and edge-to-edge relationships than at the 

pre-treatment stage (Table VII). The experimental group presented significantly 

greater number of patients with anterior crossbite and smaller number of patients with 



Article  29 

 

normal overjet than the control group at the pre-treatment stage. At the end of the 

evaluation period, both groups presented similar proportions of patients with anterior 

crossbite, edge-to-edge incisor relationship and normal overbite. 

 

DISCUSSION 

Sample 

According to the sample size calculation, 22 patients should comprise each 

group, the experimental and the control. Even though this may be considered a small 

group, one has to consider that Class III malocclusion is the least prevalent in the 

population, with a mean prevalence between 5% and 15%.3,4 Additionally, the 

patients should all fulfil the inclusion criteria, which restricted even more the number 

of available patients. Therefore, having 22 Class III patients to be evaluated may be 

considered very satisfactory. 

Finding a matching control group was also another difficult task. The 

Orthodontic Department has a normal growth sample consisting of 256 subjects, 

followed from 3 to 18 years of age. However, among these subjects only 5 fulfilled 

the inclusion criteria. Therefore, it was necessary to resort to the American 

Association of Orthodontists Foundation (AAOF) Craniofacial Growth Legacy 

Collection.33 to complete the required minimum of 22 subjects. 

The groups were similar regarding the initial and final ages, period of 

evaluation, and sex distribution (Table II). However, despite all efforts, the 

experimental group had a significantly greater number of patients with anterior 

crossbite at pretreatment, and among 32 variables, there were significant differences 

among 13 cephalometric variables. The experimental group had a significantly 

smaller maxillary effective length and consequently greater retrusion of the maxilla 

(Table III). Maxillary dentoalveolar height was larger in the treated group and the first 

molar was more distally positioned. The mandibular incisors were more labially tipped 

and protruded, molar dentoalvelar height was smaller, overbite was greater and the 

overjet was smaller in the experimental group. Finally, the nasolabial angle was 

smaller, the upper lip was more retruded and the lower lip more protruded in the 

treated group. Summarizing, these differences demonstrate that the Class III 

characteristics were more accentuated in the experimental group. Ideally, the groups 

should show more similar characteristics. However, sometimes this is extremely 

difficult and it is better to have a satisfactory control group than no control at all.37 
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Besides, the most important aspects to be evaluated are the changes that occurred 

with treatment and not the final cephalometric characteristics. 

 

Tracings 

Because 6 patients (27% of the sample) presented the deciduous incisors at 

pretreatment, they were traced in the initial cephalogram. At the end of the evaluation 

period, these patients already had their permanent maxillary incisors, which were 

traced in the final cephalogram. This procedure may be criticized; however, we think 

that it is the best was to represent what actually occurred. The appliance began 

acting on the deciduous incisors, and when they were exfoliated and the permanent 

incisors erupted, it continued to act on the permanent incisors. Consequently, 

whatever effect was produced can be visualized in the permanent incisors. Besides, 

the control group also had 10 patients (45%) in the same condition as the 

experimental group, matching the groups regarding this aspect. 

 

Treatment changes 

Maxillomandibular relationships 

Most of the treatment changes were similar to normal growth changes (Tables 

IV to VI). There were significant increases in maxillary and mandibular effective 

lengths and in the maxillomandibular differential, therefore increasing the skeletal 

Class III discrepancy. This was also discretely shown by the ANB. Therefore, it 

seems that the appliance did not have a skeletal effect in the skeletal Class III 

relationship. These effects are similar to the Frankel FRIII appliance in Class III 

malocclusion correction.23 Usually, Class III removable functional appliances have 

limited effects in correction of skeletal Class III discrepancies.38 Maxillary expansion 

followed by face masks usually present a skeletal effect in Class III malocclusion 

correction at a similar age range.39-41 However, the forces applied are delivered by 

elastics and are considered to be in the orthopedic range.42 Additionally, face masks 

are extraoral appliances and are very unattractive.40,41 

 

Vertical relationships 

The major effects of the appliance were in the vertical relationships (Tables IV 

to VI). It was able to produce a decrease in the mandibular plane angle, which was 

significantly different from normal growth, increasing this angle. Additionally, it also 
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significantly restricted the increase of the lower anterior face height. These effects 

may be consequent to the occlusal shelves of the appliance that can cause some 

restriction in vertical development of the posterior teeth.29 This was clearly shown by 

the significantly smaller vertical development of the maxillary first molars (Table VI). 

This effect is opposite to the effects of the Frankel FRIII and to the face mask that 

usually tend to increase the mandibular plane angle and the lower anterior face 

height, causing a clockwise mandibular rotation.14,22 Therefore, it is mostly useful in 

patients with a vertical growth pattern. 

 

Maxillary and mandibular dentoalveolar components 

The appliance did have an effect in correcting the anterior crossbite by labially 

tipping and protruding the maxillary incisors (Tables IV to VI). Nevertheless, these 

changes were not significantly greater than normal growth. This is probably because 

the maxillary deciduous incisors are more vertically positioned than the maxillary 

permanent incisors. Consequently, as the permanent maxillary incisors erupt, they 

already do it, with a greater labial inclination than their former deciduous incisors. 

Therefore, no significant intergroup differences were observed. Similar effects were 

observed for the Frankel FRIII appliance.22 On the other hand, the face mask is able 

to significantly labially tip and protrude the maxillary incisors, beyond the capability of 

normal growth.14 

As previously mentioned, there was vertical development restriction of the 

maxillary first molars, probably due to the posterior occlusal shelves of the appliance. 

These teeth also had some mesial movement, which contributes to Class III 

correction. However, it was not significantly greater than normal growth. 

Changes in the mandibular incisors consisted in labial tipping, protrusion and 

vertical development, and in the mandibular molars, they consisted in vertical 

development and mesialization, which were all similar to normal growth. Therefore, 

the appliance appears to have had no significant effects in the mandibular 

dentoalveolar components. 

 

Dentoalveolar relationships and soft tissue profile 

The significant intragroup changes in the maxillary incisors of the treated 

group contributed to the significant improvement of the overjet in the group (Tables IV 

and VI). Nevertheless, consequent to the similar changes in the foreseen 
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cephalometric variables, there were no significant intergroup differences in overbite, 

overjet and molar relationship. Effects of the Frankel FRIII are similar to these 

effects.22 On the other hand, the facemask demonstrated significant improvement in 

overjet and molar relationship, when compared to normal growth changes.14 

Likewise, a similar interpretation applies to the soft tissue profile variables. 

 

Anterior crossbite 

Despite there were only small treatment changes in the intergroup 

comparisons in the cephalometric variables, the amount of patients with anterior 

crossbite in the treated group decreased significantly between the pre- and 

posttreatment stages in the treated group, while it did not happen in the control group 

(Table VII). Additionally, while the percentage of patients in the treated groups was 

significantly greater in the initial stage, than in the control group, it became similar in 

the posttreatment stage. There was improvement of anterior crossbite in 12 of the 16 

patients (75%) that originally had a complete anterior crossbite and there was 

correction of anterior cross-bite or edge to edge anterior occlusion in 12 of the 

original 22 patients (54.54%) that presented these problems. This demonstrates the 

efficiency of the appliance in correcting the anterior crossbite. 

Although the cephalometric results demonstrated minimum effects of this 

appliance, evaluation of anterior crossbite correction demonstrated very satisfactory 

results of the appliance effects. Because it is an intraoral appliance and very esthetic 

it can be a very important alternative for early Class III malocclusion treatment. 

Treatment of some of these patients was somewhat compromised by the 

Covid-19 pandemic. In March 2020, 12 patients (55%) had already finished 

treatment. However, 10 were still under treatment and could not be monthly followed 

due to lockdown of the Dental School Clinics. They were remotely monitored by the 

student in charge of this investigation. In October 2020, when some clinical 

investigations, that were in their final stage, were allowed to return, the patients were 

recalled to continue treatment and have their final records taken. This may have had 

some impact in the results. 
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CONCLUSIONS 

 The Ortho-Tain Class III corrector appliance produced counter-clockwise 

rotation of the mandibular plane, smaller lower anterior face height increase 

and maxillary molar vertical development; 

 Improvement of anterior cross-bite in 75% of the patients; 

 Correction of anterior cross-bite or edge to edge anterior occlusion in 54.54% 

of the patients; 

 The Ortho-Tain Class III corrector appliance is an important alternative for 

early Class III malocclusion treatment. 
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FIGURE LEGENDS 

 

Fig. 1:  Class III Corrector Appliance.32 A, front view; B, posterior front view; C, 

right side view; D, left side view; E, top view; F, bottom view. 

 

Fig. 2: Pretreatment and posttreatment facial and intraoral photographs of a 

patient treated with the Class III Corrector Appliance (after 12 months of 

treatment). 

 

Fig. 3:  Cephalometric superimpositions of the initial and final mean tracings of 

the experimental group: black line, pretreatment; red line, posttreatment.  

 

Fig. 4:  Cephalometric superimpositions of the initial and final mean tracings of 

the control group: black line, pretreatment; red line, posttreatment. 
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Table I: Definitions of the cephalometric variables used. 

VARIABLES DEFINITION 

MAXILLARY SKELETAL COMPONENTS 

SNA (°) Angle formed by SN and NA planes. 

Co-A (mm) Condylion to A-point distance (effective maxillary length). 

A-Nperp (mm) Linear distance from A-point to nasion-perpendicular. 

MANDIBULAR SKELETAL COMPONENTS 

SNB (°) Angle formed by NA and NB planes. 

Co-Gn (mm) Condylion to Gnathion distance (effective mandibular length). 

Pog-Nperp (mm) Linear distance from pogonion to nasion-perpendicular. 

MAXILLOMANDIBULAR SAGITTAL RELATIONSHIP 

ANB (°) Angle formed by NA and NB planes. 

Wits (mm) 
Distance between perpendicular projections of points A and B on the functional 

occlusal plane. 

NAP (°) Angle between points N, A and P. 

Mx/Md Difference (mm) Difference of Co-Gn and Co-A. 

MAXILLOMANDIBULAR VERTICAL RELATIONSHIP 

FMA (°) Angle formed by FH plane and MP. 

SN.GoGn (°) Angle formed by SN and GoGn planes. 

SN.OccPlane (°) SN to occlusal plane angle. 

LAFH (mm) Distance between ANS point and Me point. 

MAXILLARY DENTOALVEOLAR COMPONENTS 

Mx1.NA (°) Angle between maxillary incisor long axis and NA plane. 

Mx1-NA (mm) Distance from maxillary incisor edge to NA plane. 

Mx1-PP (mm) Perpendicular distance between incisal edge of maxillary incisor and palatal plane. 

Mx6-PP (mm) 
Perpendicular distance between the mesiobucal cusp of the maxillary first molar and 

the palatal plane. 

Mx6-Ptv (mm) 
Distance between the mesiobucal cusp of the maxillary first molar and the pterygoid 

vertical. 

MANDIBULAR DENTOALVEOLAR COMPONENTS 

Md1.NB (°) Angle between mandibular incisor long axis and NB plane. 

Md1-NB (mm) Distance from mandibular incisor edge to NB plane. 

Md1-MP (mm) 
Perpendicular distance between the incisal edge of the mandibular central incisor and 

the mandibular plane. 

IMPA (°) 
Formed by the intersection of the long axis of the mandibular incisor and mandibular 

plane. 

Md6-MP (mm) 
Perpendicular distance between the mesiobucal cusp of the mandibular first molar 

and the mandibular plane. 

Md6-Ptv (mm) 
Distance between the mesiobucal cusp of the mandibular first molar and the 

pterygoid vertical. 

DENTOALVEOLAR RELATIONSHIP 

Overjet (mm) 
Distance between the incisal edge of maxillary and mandibular central incisor, parallel 

to the occlusal plane. 

Overbite (mm) 
Distance between the incisal edge of maxillary and mandibular central incisor, 

perpendicular to the occlusal plane. 

Molar Relationship (mm) 
Distance between mesial points of maxillary and mandibular molars, parallel to 

Frankfort plane. 

SOFT TISSUE PROFILE 

NLA (°) 
Angle formed by the intersection of the line Prn and Sn points and the line that 

passes through the Sn and Ls points. 

UL – Sline (mm) Perpendicular distance between S Line and UL (most anterior point of upper lip). 

LL – Sline (mm) Perpendicular distance between S Line and LL (most anterior point of lower lip). 

G‟.Sn.Pog‟ (°) Angle formed between soft-tissue glabella, subnasal and pogonion (facial convexity). 
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Table II: Intergroup comparison of initial and final ages, period of evaluation, sex and 

anterior teeth relationships distribution. 

Variable 

Experimental Group Control Group 

P (n=22) (n=22) 

Mean SD Mean SD 

Initial Age (y) 7.63 0.96 7.21 0.60 0.086† 

Final Age (y) 9.38 1.01 9.12 0.90 0.369† 

Period of evaluation (y) 1.72 0.48 1.87 0.60 0.453¤ 

Sex n % n % 
 Female 10 45.5 10 45.5 

1.000‡ 
Male 12 54.5 12 54.5 

 

Initial 

 n % n %  

ACB 16 72.73 8 36.36 

0.008* Edge-to-edge 6 27.27 7 31.82 

Normal overjet 0 0.00 7 31.82 

† T-test 
‡ Chi-square test 
¤ Mann-Whitney U test 
* Statistically significant at P<0.05  
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Table III: Intergroup comparison of the initial cephalometric characteristics. 

Variable 

Experimental Group 
T1 

(n=22) 

Control Group 
T1 

(n=22) 

Mean 
Difference  

(T2-T1) 
 95% CI P 

Mean SD Mean SD 

MAXILLARY SKELETAL COMPONENTS 

SNA (º) 81.25 4.09 80.31 4.16 -0.94 -1.57 3.45 0.453† 

Co-A (mm) 73.68 2.86 76.46 4.85 2.77 -5.20 -0.35 0.018‡* 

A-Nperp (mm) -1.16 2.32 0.56 4.20 1.72 -3.79 0.34 0.038‡* 

MANDIBULAR SKELETAL COMPONENTS 

SNB (º) 80.05 4.04 78.74 3.48 -1.31 -0.98 3.61 0.254† 

Co-Gn (mm) 96.86 5.39 99.12 5.04 2.27 -5.44 0.91 0.157† 

Pog-Nperp (mm) -4.50 4.43 -1.53 6.11 2.97 -6.22 0.27 0.072† 

MAXILLOMANDIBULAR SAGITTAL RELATIONSHIP 

ANB (º) 1.20 1.51 1.56 2.51 0.36 -1.62 0.90 0.563† 

Wits (mm) -5.94 3.31 -7.43 4.87 -1.49 -1.04 4.03 0.245‡ 

NAP (º) 3.40 4.55 -3.31 656 0.09 -3.52 3.35 0.960† 

Mx/Md Diff. (mm) 23.17 3.07 22.67 3.31 -0.50 -1.44 2.45 0.603† 

MAXILLOMANDIBULAR VERTICAL RELATIONSHIP 

FMA (º) 27.95 4.53 25.68 3.57 -2.27 -0.21 4.76 0.072† 

SN.GoGn (º) 31.80 5.24 32.19 4.36 0.40 -3.33 2.54 0.787† 

SN.OP (º) 18.25 5.09 20.08 3.84 1.83 -4.58 0.91 0.185† 

LAFH (mm) 55.99 3.21 58.14 4.22 2.15 -4.43 0.13 0.064† 

MAXILLARY DENTOALVEOLAR COMPONENTS 

Mx1.NA (º) 19.90 8.69 15.60 7.82 -4.30 -0.73 9.33 0.092† 

MX1-NA (mm) 1.55 2.18 0.79 2.25 -0.77 -0.58 2.12 0.257† 

Mx1-PP (mm) 23.06 1.81 23.16 2.25 0.10 -1.34 1.15 0.878† 

Mx6-PP (mm) 16.38 2.24 14.58 3.10 -1.80 0.16 3.45 0.032†* 

Mx6-Ptv (mm) 15.30 2.35 17.96 3.40 2.66 -4.44 -0.88 0.004†* 

MANDIBULAR DENTOALVEOLAR COMPONENTS 

Md1.NB (º) 26.40 5.52 20.56 6.34 -5.84 2.22 9.45 0.002†* 

Md1-NB (mm) 4.26 1.75 2.52 1.92 -1.74 0.62 2.85 0.003†* 

Md1-MP (mm) 33.65 1.98 33.81 3.13 0.17 -1.76 1.43 0.832† 

IMPA (º) 90.87 5.40 85.84 7.05 -5.03 1.20 8.85 0.011†* 

Md6-MP (mm) 23.90 1.78 24.47 2.40 0.57 -1.86 0.71 0.373† 

Md6-Ptv (mm) 9.87 2.27 12.08 3.47 2.20 -3.99 -0.42 0.006‡* 

DENTOALVEOLAR RELATIONSHIP 

Overbite (mm) 0.59 1.53 -0.33 1.56 -0.92 -0.02 1.87 0.041‡* 

Overjet (mm) -1.20 1.49 0.08 1.94 1.29 -2.34 -0.24 0.018†* 

Molar Relationship (mm) -1.80 1.31 -2.15 1.58 -0.35 -0.53 1.23 0.418‡ 

SOFT TISSUE PROFILE 

NLA (º) 100.57 12.14 107.69 10.60 7.12 -14.05 -0.19 0.044†* 

UL-SLine (mm) 1.93 2.04 0.46 2.00 -1.47 0.24 2.70 0.020†* 

LL-SLine (mm) 4.35 2.15 1.46 1.82 -2.89 1.68 4.10 0.001†* 

G.Sn.Pg’ (º) 172.41 4.54 171.86 5.94 -0.55 -2.67 3.77 0.8330‡ 

† T-test 
‡ Mann-Whitney U Test 
* Statistically significant at P<0.05  
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Table IV: Intragroup treatment changes of the experimental group. 

Variable 
T1 T2 Mean 

Difference  
(T2-T1) 

95% CI P 
Mean SD Mean SD 

MAXILLARY SKELETAL COMPONENTS 

SNA (º) 81.25 4.09 81.19 4.38 -0.06 -0.57 0.69 0.847† 

Co-A (mm) 73.68 2.86 76.01 2.82 2.33 -2.95 -1.71 <0.001†* 

A-Nperp (mm) -1.16 2.32 -1.08 2.75 0.08 -0.64 0.47 0.762† 

MANDIBULAR SKELETAL COMPONENTS 

SNB (º) 80.05 4.04 80.57 4.77 0.52 -1.19 0.15 0.119† 

Co-Gn (mm) 96.86 5.39 101.34 5.14 4.48 -5.49 -3.47 <0.001†* 

Pog-Nperp (mm) -4.51 4.43 -3.11 5.13 1.40 -2.57 -0.22 0.022†* 

MAXILLOMANDIBULAR SAGITTAL RELATIONSHIP 

ANB (º) 1.20 1.51 0.62 1.57 -0.58 0.13 1.03 0.004‡* 

Wits (mm) -5.94 3.31 -4.85 2.09 1.10 -2.80 0.61 0.363‡ 

NAP (º) -3.40 4.55 -1.55 4.60 1.85 -2.89 -0.81 0.001†* 

Mx/Md Diff. (mm) 22.67 3.31 25.49 4.48 2.82 -4.02 -1.62 <0.001†* 

MAXILLOMANDIBULAR VERTICAL RELATIONSHIP 

FMA (º) 27.95 4.53 26.87 4.50 -1.08 0.17 1.99 0.022†* 

SN.GoGn (º) 31.80 5.24 31.07 6.17 -0.72 -0.16 1.60 0.103† 

SN.OP (º) 18.25 5.09 15.63 5.08 -2.62 1.62 3.62 <0.001†* 

LAFH (mm) 55.99 3.21 57.78 3.34 1.79 -2.32 -1.25 <0.001†* 

MAXILLARY DENTOALVEOLAR COMPONENTS 

Mx1.NA (º) 19.90 8.69 28.45 5.28 8.56 -11.80 -5.31  <0.001†* 

MX1-NA (mm) 1.56 2.18 4.57 1.67 3.01 -3.64 -2.39 <0.001†* 

Mx1-PP (mm) 23.06 1.81 23.79 2.07 0.73 -1.34 -0.12 0.021†* 

Mx6-PP (mm) 16.38 2.24 18.47 1.75 2.09 -3.04 -1.14 <0.001‡* 

Mx6-Ptv (mm) 15.31 2.36 17.14 2.37 1.83 -2.43 -1.24 <0.001†* 

MANDIBULAR DENTOALVEOLAR COMPONENTS 

Md1.NB (º) 26.40 5.52 26.96 5.63 0.56 -1.76 0.65 0.154‡ 

Md1-NB (mm) 4.26 1.75 4.76 2.03 0.50 -0.92 -0.07 0.023†* 

Md1-MP (mm) 33.65 1.98 35.06 1.86 1.41 -1.77 -1.06 <0.001†* 

IMPA (º) 90.87 5.40 91.84 5.38 0.97 -2.10 0.17 0.009‡* 

Md6-MP (mm) 23.90 1.78 24.71 1.86 0.81 -1.20 -0.42 <0.001†* 

Md6-Ptv (mm) 9.87 2.27 11.91 2.67 2.04 -2.77 -1.31 <0.001†* 

DENTOALVEOLAR RELATIONSHIP 

Overbite (mm) 0.59 1.53 0.58 1.12 -0.01 -0.60 0.63 0.963† 

Overjet (mm) -1.21 1.49 0.66 1.73 1.86 -2.65 -1.07 <0.001†* 

Molar Relationship (mm) -1.80 1.31 -1.61 1.50 0.20 -0.78 0.39 0.903‡ 

SOFT TISSUE PROFILE 

NLA (º) 100.57 12.14 100.48 10.83 -0.09 -2.18 2.36 0.938† 

UL-SLine (mm) 1.78 1.93 1.93 2.04 0.15 -0.50 0.21 0.405† 

LL-SLine (mm) 4.36 2.15 4.63 2.49 0.28 -0.63 0.08 0.121† 

G.Sn.Pg’ (º) 172.41 4.54 171.49 4.48 -0.92 0.01 1.83 0.048†* 

† Paired t-test 
‡ Wilcoxon Test 
* Statistically significant at P<0.05  
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Table V: Intragroup normal growth changes of the control group. 

Variable 
T1 T2 Mean 

Difference 
(T2-T1) 

95% CI P 
Mean SD Mean SD 

MAXILLARY SKELETAL COMPONENTS 

SNA (º) 80.31 4.16 80.24 4.09 -0.07 -0.66 0.81 0.838† 

Co-A (mm) 76.46 4.85 77.94 5.08 1.48 -2.52 -0.44 0.007†* 

A-Nperp (mm) 0.56 4.20 1.01 3.72 0.45 -0.42 1.53 0.246† 

MANDIBULAR SKELETAL COMPONENTS 

SNB (º) 78.74 3.48 78.99 3.00 0.25 -1.04 0.53 0.508† 

Co-Gn (mm) 99.12 5.04 103.43 5.76 4.30 -5.53 -3.08 <0.001†* 

Pog-Nperp (mm) -1.53 6.11 -1.53 6.08 0.01 -1.62 1.61 0.995† 

MAXILLOMANDIBULAR SAGITTAL RELATIONSHIP 

ANB (º) 1.56 2.51 1.24 2.74 -0.33 -0.20 0.85 0.209† 

Wits (mm) -7.43 4.87 -5.45 4.32 1.98 -3.90 -0.07 0.011‡* 

NAP (º) 1.56 2.50 1.23 2.73 -0.33 -0.198 0.253 0.209† 

Mx/Md Diff. (mm) 22.67 3.31 25.49 4.48 2.82 -4.02 -1.62 <0.001†* 

MAXILLOMANDIBULAR VERTICAL RELATIONSHIP 

FMA (º) 25.68 3.57 26.37 4.25 0.69 -1.67 0.29 0.156† 

SN.GoGn (º) 32.19 4.36 32.52 4.99 0.33 -1.34 0.68 0.501† 

SN.OP (º) 20.08 3.84 18.30 4.67 -1.78 0.30 3.27 0.023‡* 

LAFH (mm) 58.14 4.22 60.94 5.06 2.80 -3.69 -1.91 <0.001†* 

MAXILLARY DENTOALVEOLAR COMPONENTS 

Mx1.NA (º) 15.60 7.82 24.59 4.84 9.00 -12.43 -5.56 <0.001†* 

MX1-NA (mm) 0.79 2.25 3.11 1.54 2.32 -3.24 -1.39 <0.001†* 

Mx1-PP (mm) 23.16 2.25 25.27 2.57 2.12 -3.13 -1.11 <0.001†* 

Mx6-PP (mm) 14.58 3.10 17.72 2.21 3.15 -4.38 -1.91 <0.001†* 

Mx6-Ptv (mm) 17.96 3.40 19.04 3.01 1.07 -1.70 -0.45 0.002†* 

MANDIBULAR DENTOALVEOLAR COMPONENTS 

Md1.NB (º) 20.56 6.34 22.00 5.33 1.43 -2.77 -0.09 0.037†* 

Md1-NB (mm) 2.52 1.92 3.42 1.87 0.90 -1.36 -0.44 <0.001†* 

Md1-MP (mm) 33.81 3.13 35.66 3.41 1.85 -2.31 -1.39 <0.001†* 

IMPA (º) 85.84 7.05 86.79 6.43 0.95 -2.41 0.52 0.194† 

Md6-MP (mm) 24.47 2.40 25.75 2.16 1.28 1.86 -0.70 <0.001†* 

Md6-Ptv (mm) 12.08 3.47 13.56 3.61 1.49 -2.39 -0.58 0.003†* 

DENTOALVEOLAR RELATIONSHIP 

Overbite (mm) -0.33 1.56 0.62 1.88 0.96 -1.97 0.06 0.064† 

Overjet (mm) 0.08 1.94 1.36 1.82 1.27 -2.25 -0.30 0.013†* 

Molar Relationship (mm) -2.15 1.58 -2.19 1.90 -0.04 -0.55 0.63 0.887† 

SOFT TISSUE PROFILE 

NLA (º) 107.69 10.60 107.56 13.43 -0.13 -4.94 5.20 0.581‡ 

UL-SLine (mm) 0.46 2.00 0.51 1.89 0.06 -0.98 0.87 0.904† 

LL-SLine (mm) 1.46 1.82 1.56 2.03 0.09 -0.96 0.78 0.830† 

G.Sn.Pg’ (º) 171.86 5.94 170.36 6.00 -1.50 0.50 2.50 0.005†* 

† Paired t-test 
‡ Wilcoxon Test 
* Statistically significant at P<0.05  
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Table VI: Intergroup comparison between treatment changes and normal growth. 

Variable 

Experimental Group Control Group Mean 
Difference  

(T2-T1) 
95% CI P T2-T1 T2-T1 

Mean SD Mean SD 

MAXILLARY SKELETAL COMPONENTS 

SNA (º) -0.06 1.42 -0.07 1.00 -0.01 -0.92 0.95 0.977† 

Co-A (mm) 2.33 1.40 1.48 2.34 -0.85 -0.32 2.02 0.151† 

A-Nperp (mm) 0.08 1.25 -0.56 2.00 -0.64 -0.45 1.73 0.155† 

MANDIBULAR SKELETAL COMPONENTS 

SNB (º) 0.52 1.51 0.26 1.77 -0.27 -0.73 1.27 0.592† 

Co-Gn (mm) 4.48 2.28 4.31 2.76 -0.18 -1.36 1.72 0.817† 

Pog-Nperp (mm) 1.40 2.64 0.00 3.64 -1.39 -0.55 3.33 0.154† 

MAXILLOMANDIBULAR SAGITTAL RELATIONSHIP 

ANB (º) -0.58 1.01 -0.33 1.19 0.25 -0.92 0.42 0.46† 

Wits (mm) 1.10 3.85 1.98 4.32 0.89 -3.37 1.60 0.159‡ 

NAP (º) 1.85 2.34 1.36 2.80 -0.50 -1.07 2.07 0.528† 

Mx/Md Diff. (mm) 2.15 1.57 2.82 2.71 0.67 -2.02 0.67 0.319† 

MAXILLOMANDIBULAR VERTICAL RELATIONSHIP 

FMA (º) -1.08 2.05 0.69 2.20 1.77 -3.07 -0.48 0.008†* 

SN.GoGn (º) -0.72 1.99 0.33 2.27 1.06 -2.35 0.24 0.109† 

SN.OP (º) -2.62 2.26 -1.78 3.35 0.84 -2.57 0.90 0.337† 

LAFH (mm) 1.79 1.21 2.80 2.00 1.01 -2.02 -0.01 0.048†* 

MAXILLARY DENTOALVEOLAR COMPONENTS 

Mx1.NA (º) 8.56 7.31 9.00 7.75 0.44 -5.03 4.15 0.847† 

MX1-NA (mm) 3.01 1.40 2.32 2.09 -0.70 -0.39 1.78 0.202† 

Mx1-PP (mm) 0.73 1.38 2.12 2.28 1.39 -2.53 -0.24 0.059‡ 

Mx6-PP (mm) 2.09 2.14 3.15 2.79 1.06 -2.57 0.45 0.047‡* 

Mx6-Ptv (mm) 1.83 1.35 1.07 1.41 -0.76 -0.08 1.60 0.075† 

MANDIBULAR DENTOALVEOLAR COMPONENTS 

Md1.NB (º) 0.56 2.71 1.43 3.02 0.88 -2.62 0.87 0.316† 

Md1-NB (mm) 0.50 0.95 0.90 1.03 0.41 -1.01 0.20 0.183† 

Md1-MP (mm) 1.41 0.81 1.85 1.04 0.43 -1.00 0.13 0.131† 

IMPA (º) 0.97 2.56 0.95 3.30 -0.02 -1.78 1.82 0.888‡ 

Md6-MP (mm) 0.81 0.89 1.28 1.31 0.47 -1.15 0.21 0.171† 

Md6-Ptv (mm) 2.04 1.64 1.49 2.05 -0.56 -0.57 1.68 0.327† 

DENTOALVEOLAR RELATIONSHIP 

Overbite (mm) -0.01 1.38 0.96 2.29 0.97 -2.12 0.18 0.078‡ 

Overjet (mm) 1.86 1.78 1.27 2.19 -0.59 -0.63 1.80 0.335† 

Molar Relationship (mm) 0.20 1.32 -0.04 1.34 -0.24 -0.57 1.04 0.558† 

SOFT TISSUE PROFILE 

NLA (º) -0.09 5.12 -0.13 11.44 -0.05 -5.34 5.44 0.432‡ 

UL-SLine (mm) -0.15 0.80 0.05 2.09 0.20 -1.16 0.76 0.425‡ 

LL-SLine (mm) 0.28 0.81 0.09 1.96 -0.19 -0.73 1.10 0.814‡ 

G.Sn.Pg’ (º) -0.92 2.05 -1.50 2.26 -0.58 -0.73 1.89 0.376† 

† T-test 
‡ Mann-Whitney U Test 
* Statistically significant at P<0.05  
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Table VII: Intragroup and intergroup comparisons of the proportions of Anterior 

Crossbite (ACB), Edge-to-Edge and normal overjet at T1 and T2 (McNemar and Chi-

square tests). 

 

Variable 

Experimental Group Control Group 
P-value 

Chi-Square tests 
(n=22) (n=22) 

n % n % 

Initial 

ACB 16 72.73 8 36.36 

0.008* Edge-to-edge 6 27.27 7 31.82 

Normal overjet 0 0.00 7 31.82 

Final 

ACB 4 18.18 4 18.18 

0.942 Edge-to-edge 6 27.27 7 31.82 

Normal overjet 12 54.55 11 50 

P-value McNemar 

tests ‡ 0.007* 0.346 
 

* Statistically significant at P<0.05 
‡ The ACB and Edge-to-edge patients were grouped as „Non-normal‟ to allow a 2x2 table comparison. 
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3 DISCUSSION 

 

 

The groups were similar regarding the initial and final ages, period of 

evaluation, and sex distribution. But, despite all efforts, the experimental group had a 

significantly greater number of patients with anterior crossbite at pretreatment, and 

among 32 variables, there were significant differences among 13 cephalometric 

variables.  
 

Most of the treatment changes were similar to normal growth changes. There 

were significant increases in maxillary and mandibular effective lengths and in the 

maxillomandibular differential, therefore increasing the skeletal Class III discrepancy. 

This was also discretely shown by the ANB. Therefore, it seems that the appliance did 

not have a skeletal effect in the skeletal Class III relationship. These effects are 

similar to the Frankel FRIII appliance in Class III malocclusion correction.(YANG; LI; 

BAI; SU et al., 2014) Usually, Class III removable functional appliances have limited 

effects in correction of skeletal Class III discrepancies.(TOLLARO; BACCETTI; 

FRANCHI, 1996) Maxillary expansion followed by face masks usually present a 

skeletal effect in Class III malocclusion correction at a similar age range.(BACCETTI; 

FRANCHI; MCNAMARA, 2000; YAVUZ; HALICIOĞLU; CEYLAN; DAĞSUYU et al., 

2012; ZHANG; QU; YU; ZHANG, 2015) However, the forces applied are delivered by 

elastics and are considered to be in the orthopedic range.(LEÓN-SALAZAR; 

JANSON; DE FREITAS; DE ALMEIDA et al., 2009) Additionally, face masks are 

extraoral appliances and are very unattractive.(YAVUZ; HALICIOĞLU; CEYLAN; 

DAĞSUYU et al., 2012; ZHANG; QU; YU; ZHANG, 2015) 
 

The major effects of the appliance were in the vertical relationships. It was able 

to produce a decrease in the mandibular plane angle, which was significantly different 

from normal growth, increasing this angle. Additionally, it also significantly restricted 

the increase of the lower anterior face height. These effects may be consequent to the 

occlusal shelves of the appliance that can cause some restriction in vertical 

development of the posterior teeth.(JANSON; DA SILVA; BERGERSEN; 

HENRIQUES et al., 2000) This was clearly shown by the significantly smaller vertical 

development of the maxillary first molars. This effect is opposite to the effects of the 

Frankel FRIII and to the face mask that usually tend to increase the mandibular plane 
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angle and the lower anterior face height, causing a clockwise mandibular 

rotation.(WOON; THIRUVENKATACHARI, 2017; YANG, 1996) Therefore, it is mostly 

useful in patients with a vertical growth pattern. 
 

The appliance did have an effect in correcting the anterior crossbite by labially 

tipping and protruding the maxillary incisors. Nevertheless, these changes were not 

significantly greater than normal growth. This is probably because the maxillary 

deciduous incisors are more vertically positioned than the maxillary permanent 

incisors. Consequently, as the permanent maxillary incisors erupt, they already do it, 

with a greater labial inclination than their former deciduous incisors. Therefore, no 

significant intergroup differences were observed. Similar effects were observed for the 

Frankel FRIII appliance.(YANG, 1996) On the other hand, the face mask is able to 

significantly labially tip and protrude the maxillary incisors, beyond the capability of 

normal growth.(WOON; THIRUVENKATACHARI, 2017) 
 

Changes in the mandibular incisors consisted in labial tipping, protrusion and 

vertical development, and in the mandibular molars, they consisted in vertical 

development and mesialization, which were all similar to normal growth. Therefore, 

the appliance appears to have had no significant effects in the mandibular 

dentoalveolar components. 
 

The significant intragroup changes in the maxillary incisors of the treated group 

contributed to the significant improvement of the overjet in the group. Nevertheless, 

consequent to the similar changes in the foreseen cephalometric variables, there were 

no significant intergroup differences in overbite, overjet and molar relationship. Effects 

of the Frankel FRIII are similar to these effects.(YANG, 1996) On the other hand, the 

facemask demonstrated significant improvement in overjet and molar relationship, 

when compared to normal growth changes.(WOON; THIRUVENKATACHARI, 2017) 

Likewise, a similar interpretation applies to the soft tissue profile variables. 
 

Despite there were only small treatment changes in the intergroup comparisons 

in the cephalometric variables, the amount of patients with anterior crossbite in the 

treated group decreased significantly between the pre- and posttreatment stages in 

the treated group, while it did not happen in the control group. Additionally, while the 

percentage of patients in the treated groups was significantly greater in the initial 

stage, than in the control group, it became similar in the posttreatment stage. There 
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was improvement of anterior crossbite in 12 of the 16 patients (75%) that originally 

had a complete anterior crossbite and there was correction of anterior cross-bite or 

edge to edge anterior occlusion in 12 of the original 22 patients (54.54%) that 

presented these problems. This demonstrates the efficiency of the appliance in 

correcting the anterior crossbite. 
 

Although the cephalometric results demonstrated minimum effects of this 

appliance, evaluation of anterior crossbite correction demonstrated very satisfactory 

results of the appliance effects. Because it is an intraoral appliance and very esthetic 

it can be a very important alternative for early Class III malocclusion treatment. 
 

Treatment of some of these patients was somewhat compromised by the 

Covid-19 pandemic. In March 2020, 12 patients (55%) had already finished treatment. 

However, 10 were still under treatment and could not be monthly followed due to 

lockdown of the Dental School Clinics. They were remotely monitored by the student 

in charge of this investigation. In October 2020, when some clinical investigations, that 

were in their final stage, were allowed to return, the patients were recalled to continue 

treatment and have their final records taken. This may have had some impact in the 

results. 
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4 CONCLUSIONS 
 
 
  



 

 

 
 
 
 
 



 

 

4 CONCLUSIONS 

 

 

The pre-fabricated corrector appliance produced counter-clockwise rotation of 

the mandibular plane, smaller lower anterior face height increase and maxillary molar 

vertical development; improvement of anterior cross-bite in 75% of the patients; 

correction of anterior cross-bite or edge to edge anterior occlusion in 54.54% of the 

patients; and is an important alternative for early Class III malocclusion treatment. 
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