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ABSTRACT 

 

DENTOALVEOLAR AND SKELETAL CHANGES AFTER 2-YEAR ANTERIOR 

OPEN BITE TREATMENT WITH BONDED SPURS ASSOCIATED WITH BUILD-

UPS VERSUS CONVENTIONAL BONDED SPURS: A RANDOMIZED CLINICAL 

TRIAL 

 

Anterior open bite is a malocclusion commonly related to increased antero-inferior 

facial height, and consequently, some early treatment protocols associate appliances 

that allow the vertical development of anterior teeth with devices that control the vertical 

dimension. Studies regarding the treatment of anterior open bite associating build-ups 

with bonded spurs have been recently reported. The aim of the present study was to 

compare, after 24 months, the dentoalveolar and skeletal effects of the interceptive 

treatment of anterior open bite. Initially, 50 patients, aged between 7 and 11 years, 

with anterior open bite were included, into two groups: experimental, with 25 patients 

treated with bonded spurs associated with build-up; and control, with 25 patients 

treated only with bonded spurs. Lateral headfilms and digital models were obtained at 

the initial (T1) and at the end of treatment (T2). Shapiro-Wilk tests were used to test 

normal distribution and sex distribution was analyzed with Fisher exact test. Intergroup 

comparisons were performed with the t test, and intragroup comparisons with the 

dependent t test, respectively (P<0.05). Both groups presented similar results 

regarding dental and cephalometric variables. The 24-month treatment time was more 

effective in the treatment of more severe anterior open bites than 12 months of 

treatment. 

 

 

 

 

 

Keywords: Open bite, mixed dentition, bonded spurs, build-ups. 

  



 

 

RESUMO 

 

Alterações dentoalveolares e esqueléticas após 2 anos de tratamento da 

mordida aberta anterior com esporões colados associados a build-ups versus 

esporões colados: um ensaio clínico randomizado 

 

A mordida aberta anterior é uma má oclusão comumente relacionada ao aumento da 

altura facial ântero-inferior, e em razão disto alguns protocolos de tratamento precoce 

associam aparelhos que permitem o desenvolvimento vertical dos dentes anteriores 

com dispositivos que geram controle da dimensão vertical. Recentemente foram 

relatados estudos associando build-ups com esporões linguais para o tratamento da 

mordida aberta anterior. O objetivo do presente trabalho foi comparar, após 24 meses, 

os efeitos dentoalveolares e esqueléticos do tratamento interceptivo da mordida 

aberta anterior. Foram incluídos inicialmente 50 pacientes, entre 7 e 11 anos, com 

mordida aberta anterior, distribuídos em dois grupos: experimental, com 25 pacientes 

tratados com esporão colado associado a build-up; e controle, com 25 pacientes 

tratados apenas com esporões colados. Foram obtidas telerradiografias em norma 

lateral e os modelos digitais no início (T1) e ao final do tratamento (T2). O teste de 

Shapiro-Wilk foi usado  para avaliar a distribuição normal, enquanto o teste exato de 

Fisher foi aplicado para avaliar a distribuição dos sexos. As comparações intergrupos 

foram realizadas com o teste t, e as intragrupos com teste t dependente, 

respectivamente (P<0.05). Os dois grupos apresentaram resultados semelhantes em 

relação às variáveis dentárias e cefalométricas. O período de 24 meses de tratamento 

foi mais eficaz para o tratamento de mordidas abertas anteriores mais severas em 

relação a 12 meses de tratamento. 

 

 

 

 

Palavras-chave: Mordida aberta, dentadura mista, esporão colado, build-ups. 
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1 INTRODUCTION 

 

 

Anterior open bite is a malocclusion characterized by the lack of contact 

between the incisal edges of the upper and lower anterior teeth, in a vertical analysis.1-

3 This alteration is considered one of the most difficult to treat, due to the difficulty in 

the bite closure with orthodontic mechanics, and also consequently to it reduced and 

doubtful stability.4 In addition, this malocclusion generates alterations in swallowing 

and phonation, which are harmful to patients in the functional and psychosocial 

aspects.2, 3, 5 

The prevalence of anterior open bite in mixed dentition ranges from 17%, and 

its etiology is multifactorial, with environmental and genetic involvement.2, 6, 7 Among 

the most common environmental factors are deleterious oral habits, which consists in 

thumb sucking, pacifier sucking, tongue thrusting and mouth breathing.4, 8, 9 The 

involvement of environmental factors improves treatment prognosis when the causal 

factor is eliminated; in addition, the association of intensity, frequency and duration of 

the habit (Graber's Triad) directly influences the severity of malocclusion.10 

Anterior open bite is classified as dental and skeletal. In the first situation, 

malocclusion is the result of interruption of the vertical development of the incisors and 

canines, which may or may not involve the alveolar component.2, 4, 6, 11 In skeletal 

patients, however, there is a counterclockwise rotation of the palatal plane and 

clockwise rotation of the mandibular plane, which results in maxillomandibular 

divergence. In addition, it is also possible to find a deficient development of the 

mandibular ramus, which results in opening of the gonial angle and clockwise rotation 

of the mandible.3, 4, 12 

Early treatment of anterior open bite in mixed dentition has been shown to be 

effective and is focused at interrupting deleterious oral habits, which allows the 

reestablishment of dentoalveolar development in the anterior region. The palatal crib 

is one of the most studied appliances, and it can be fixed or removable, with or without 

an expander screw for slow maxillary expansion (in the removable crib) or associated 

with the quadrihelix (in the fixed crib ).13-19 Besides, the installation of bonded spurs on 

the palatal and lingual surfaces of the upper and lower incisors is another alternative, 

which has been shown to be similarly  effective to the fixed palatal crib. This appliance 
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is also more accepted by the patients during chewing, which is an important factor 

when deciding on the treatment plan for patients with anterior open bite.19  

Dental open bite is usually associated with a pattern of vertical growth and 

increased anterior-inferior facial height.4, 6, 20 When diagnosis and treatment are not 

performed early, skeletal involvement becomes more present. Thus, therapy 

associated with the control of the vertical dimension has been considered. Some of 

them are based on the use of devices such as: the Frankel-4 function regulator;21 

bionator for open bite 17, 22 associated or not with high traction extra buccal arch; 

posterior bite blocks of different thickness23, 24 associated with chincup,25 with 

magnets,25, 26 or appliances activated by elastic springs;25, 27 maxillary rapid or slow 

appliances associated with chincup;20 rapid molar intrusion appliances26 

Regardless of the choice of the appliance, the purpose of indicate these consists 

in promote the intrusion of the posterior teeth and, consequently, the counterclockwise 

rotation of the mandible. The palatal crib or spurs can also be associated with the 

chincup, and the second one can produce a significant decrease in the gonial angle.28 

Despite the effectiveness of these treatment options, some disadvantages may difficult 

it clinical application, such as the fact that they depend on the patient compliance 

(chincup, functional appliances or removable posterior bite blocks), are unhygienic 

(fixed posterior bite blocks) or have a more difficult installation.29, 30 Therefore, it is 

essential to associate accessories, appliances and mechanics that are well accepted 

by patients, hygienic and easy to install to control the vertical dimension during the 

correction of anterior open bite. 

Build-ups (2 to 3mm resin stops bonded to the functional cusps of upper molars) 

have been shown to be an efficient and stable option for the correction of anterior open 

bite when combined with fixed orthodontic appliance.31 The bite closure occurs as 

consequence of the upper molars and counterclockwise rotation of the mandible in the 

permanent dentition, so its effect is similar to posterior bite blocks.31 

It is speculated that the use of spurs bonded to anterior teeth associated with 

build-ups bonded in deciduous first and second molars, and permanent first molars, in 

mixed dentition, would be able to close the anterior open bite and also to control the 

vertical development of posterior teeth (in comparison to conventional bonded spurs 

only). This effect could result in a clockwise rotation of the mandible in response to the 

intrusion of the upper molars, which would consists in an alternative to vertical control, 

minimizing the need of patient compliance during treatment. However, there is still a 
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lack of researches that assesses the effects of bonded spurs associated with build-ups 

during mixed dentition.32-34 

Although the efficiency of different appliances and protocols including 

associated therapies has been studied, most studies only perform a 12-month 

assessment. Thus, there is still a lack of properly randomized clinical trials evaluating 

treatment alternatives regarding associated therapies for the correction of anterior 

open bite in mixed dentition.32-34 A greater follow-up is necessary due to the inclusion 

of severe open bites in the which 12 months are not enough to obtain a satisfactory 

result. This could explain the 86.7% efficiency reported in similar protocols (spurs 

associated with chincup).28 It is expected that with longer follow-up time, efficiency will 

also be greater; as result of allowing the closure of the bite in the most severe cases. 

Consequently, the aim of the present study is to compare the dentoalveolar and 

skeletal effects of early treatment of anterior open bite with bonded spurs associated 

with build-ups versus conventional bonded spurs after 24 months. 
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2.1 ARTICLE 1 

 

The article presented in this Thesis was formatted according to the American 

Journal of Orthodontics and Dentofacial Orthopedics instructions and guidelines for 

article submission. 
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DENTOALVEOLAR CHANGES PROMOTED BY ANTERIOR OPEN BITE 

TREATMENT WITH BONDED SPURS ASSOCIATED WITH BUILD-UPS VERSUS 

CONVENTIONAL BONDED SPURS DURING 24 MONTHS: A RANDOMIZED 

CLINICAL TRIAL 

 

Abstract: 

Objective: To compare the dentoalveolar effects of early treatment of the anterior 

open bite with bonded spurs associated with build-ups versus conventional bonded 

spurs after 24 months. Material and methods: Fifty patients, between 7 and 11 years 

of age (32 female and 18 male), with open bite malocclusion were randomly assigned 

into two groups. The experimental group initially comprised 25 patients treated with 

bonded spurs associated with build ups. The comparison group initially comprised 25 

patients treated only with bonded spurs. The measurements were performed on digital 

dental casts, obtained with TRIOS® intraoral scanner (3Shape A/S, Copenhagem, 

Dinamarca) at baseline (T1) and after 24 months of treatment (T2). Overbite, overjet, 

vertical development of incisors and first permanent molars, maxillary and mandibular 

arches perimeter and length, palatal depth, inter-canine and inter-first permanent molar 

width were measured at T1 and T2. Shapiro-Wilk tests were used to test normal 

distribution and sex distribution was analyzed with Fisher exact test. Intergroup 

comparisons regarding age, primary and secondary outcome measurements were 

performed with t or Mann-Whitney U tests, depending on normal distribution. The 

SPSS software (version 25; IBM, Armonk, NY) was used to perform the statistical 

analyses at a significance level of P<0.05. Results: During treatment, 3 patients in the 

experimental and 1 in the comparison group were lost. After 24 months, similar results 

were found in both groups. The overbite increased and the open bite remained in only 

one patient in the comparison group. Conclusions: Both groups presented similar 

results regarding overbite improvement and dental arch dimensional changes. The use 

of build-ups did not produce greater molar vertical development restriction after 24 

months of treatment. A treatment time of 24 months was more efficient to correct 

severe anterior open bite patients than 12 months. 

 

 

Keywords: Open bite, mixed dentition, bonded spurs, build-ups.  
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INTRODUCTION: 

Anterior open bite is one of the most challenging malocclusions to treat and is 

characterized by the absence of incisal edges contact, which results in negative 

overbite.1 The stability and prognosis are related to patient’s age at the beginning of 

treatment and open bite severity (prevalence of dental or skeletal factors)2. The lack of 

incisal contacts affects patient’s esthetics, swallowing, phonation and causes 

psychosocial problems.1,3 

The etiology of this malocclusion is multifactorial and involves environmental 

and genetic factors.1,4 Understanding of the main etiological factors of anterior open 

bite provides better resources for treatment and stability. The most common 

environmental factors are deleterious oral habits, such as digital sucking, pacifier 

sucking, tongue interposition and mouth breathing.2,5,6 The prevalence of this 

malocclusion is high in the mixed dentition (17%), and is directly related to this 

environmental etiology.1,4 Because of this high prevalence, it is important to understand 

the better treatment resources to correct an anterior open bite. 

Early treatment of this malocclusion during the mixed dentition has been shown 

to be effective and its focused in interrupting oral deleterious habits.7,8 Fixed or 

removable palatal crib is one of the most used and studied appliances for open bite 

correction, and can be associated with an expander screw or quadrihelix for maxillary 

expansion.9-13 Another alternative is bonded spurs to the palatal and lingual surfaces 

of the incisors, which presents similar effectiveness as the palatal crib12 (Fig. 1). 

Usually, an open bite is associated with a vertical growth pattern and increased 

anterior face height.2,4,14 When diagnosis and treatment are not performed early, the 

skeletal involvement becomes more significant. Thus, open bite treatment associated 

with vertical dimension control has been considered. It can be performed with 

appliances such as the function regulator Fankel-4,15 posterior bite blocks associated 

with headgear,16 open bite bionator associated or not with an extraoral appliance17 or 

molar intrusion appliances.18 However, they present some disadvantages which 

interferes in clinical application, such as patient compliance needs (headgear, 

functional and removable appliances), the hygiene difficulties (fixed bite blocks) or 

prolonged clinical time of installation.18,19  

Build-ups (2 to 3mm resin stops bonded to the functional cusps of maxillary 

molars) have been an efficient and stable option for anterior open bite correction, when 
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associated with fixed orthodontic appliances.20 Bite closure occurs through intrusion of 

the maxillary molars and counterclockwise rotation of the mandible in the permanent 

dentition, so its effect is similar to posterior bite blocks.20 It is speculated that the use 

of spurs bonded to the anterior teeth associated with build-ups on the first and second 

deciduous molars, and first permanent molars, in the mixed dentition, would be able to 

close an anterior open bite and also control the vertical dimension of the posterior 

teeth, in comparison to bonded spurs alone (Figs. 2A and B). 

Although the efficiency of many appliances and protocols including associated 

therapies has been studied, most studies only report 12-month follow-ups, showing 

66.7% to 86.7% of efficiency reported in similar protocols.10,13,21-23 It is expected that 

with longer follow-up the efficiency will also be higher due to the longer treatment time 

necessary to close more severe open bites. Thus, the aim of the present study was to 

compare the dentoalveolar effects of early treatment of anterior open bite with bonded 

spurs associated with build-ups versus conventional bonded spurs alone, after 24 

months. 

 

MATERIAL AND METHODS: 

Trial design and any changes after trial commencement 

The study consisted in a single randomized clinical trial with two groups 

constructed by patients randomized in a 1:1 allocation ratio. The RCT followed the 

Consolidated Standards of Reporting Trials statement and guideline. 

 

Participants, eligibility criteria and settings: 

The RCT was approved by the Ethics in Research Committee of Bauru Dental 

School, University of São Paulo, Brazil (protocol nº CAAE 19700919.2.0000.5417). 

The protocol of this RCT was registered at Clinicaltrials.gov with identification number 

NCT03702881.  

At the beginning of the research, informed consent was obtained from all 

patients and their parents/legal guardians. 

Patients’ selection was conducted at Bauru Dental School, University of São 

Paulo, Bauru from June 2017 to April 2018. Inclusion criteria consisted of individuals 

of both sexes from 7 to 11 years of age, in the mixed dentition, with first molars and 

central incisors fully erupted, anterior open bite greater than 1 mm (dental or skeletal), 

without indication of maxillary expansion and only mild crowding. Patients with 
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unerupted permanent first molars and incisors, previously submitted to orthodontic 

treatment, with dental agenesis or tooth loss, moderate or severe dental crowding, 

posterior crossbite, craniofacial anomalies or syndromes, and with systemic or 

neurological diseases were excluded. 

 

Intervention: 

  After random allocation, the bonded spurs (Morelli Ortodontia, Sorocaba, São 

Paulo, Brazil) were previously sharpened with carborundum disk and installed by one 

operator at the cervical of the palatal and lingual surfaces of all maxillary and 

mandibular incisors with Transbond XT light cure orthodontic adhesive (3M Unitek, 

Monrovia, Calif). In the experimental group, resin build ups (Ortho bite; FGM, Joinville, 

Santa Catarina, Brazil) with 2-3mm thickness were also bonded on the functional 

cusps of the maxillary molars (first permanent or second deciduous molars). The 

comparison group had only the spurs bonded.  

 After 12 months of treatment, the build ups were removed consequently to 

reestablishment of the vertical dimension, due to occlusal contacts between the 

opposing deciduous canines. However, the bonded spurs were maintained in both 

groups as active retention in patients in whom the open bite was completely closed, 

and to complete bite closure in cases with more severe open bite malocclusion. 

 The dental arches were digitized before treatment and after 24 months of 

treatment with a TRIOS® intraoral scanner (3Shape A/S, Copenhagen, Denmark). The 

pretreatment measurements were performed by one operator (S.A.B.P) and the 24-

month measurements were performed by a second operator (O.B.V.M). 

 

Outcomes (primary and secondary) and any changes after trial commencement 

The primary outcomes were changes in overbite after treatment. The secondary 

outcomes were: overjet, vertical development of incisors and first permanent molars, 

maxillary and mandibular arches perimeter and length, palatal depth, inter-canines and 

inter-first permanent molars widths. 

Measurements of primary and secondary outcomes were analyzed with 

OrthoAnalyzer® (3Shape A/S, Copenhagen, Denmark) software. There were no 

changes after trial commencement.  

 

Sample size calculation 
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 The sample size calculation considered an 80% of test power at a significance 

level of 0.05 to find a minimum intergroup difference of 1.5 in overbite measurement 

with a standard deviation of 1.69mm.21 Consequently, a minimum sample size of 20 

patients in each group was necessary. 

 

Interim analyses and stopping guidelines 

Not applicable. 

 

Randomization (random number generation, allocation concealment, 

implementation) 

Randomization was obtained in the Randomization.com web site 

(http://www.randomization.com).24 Allocation concealment consisted in opening of 

opaque and sealed envelopes, numbered and sequenced according to the previously 

random number generation. Each envelope was sequentially opened after patient’s 

recruitment. Before opening, each envelope was identified with patient’s name and 

allocation data. Each patient was allocated into one of the two study groups and all 

envelopes were confidential and stored in a different place where the research was 

developed.25 

The random number generation, allocation concealment methods and 

allocation were performed by three different investigators. Additionally, another 

researcher was responsible for the patient interventions.25 

 

Blinding  

 The interventions developed in the present research did not allow a double-blind 

study because patients and operator were able to know which accessories were 

installed. However, bias was carefully avoided during participants randomization and 

allocation. 

 

Statistical analysis 

 A single operator remeasured 30% of the sample of the digitized dental casts 

after a 30-day interval. Random and systematic errors were analyzed with Dahlberg´s 

formula26 and paired t tests, respectively. Additionally, inter and intra-examiner 

calibration were evaluated with intraclass correlation coefficient (ICC).27 

http://www.randomization.com/


Article  25 

 

 Shapiro-Wilk tests were used to test normal distribution of the variables and 

intergroup sex distribution was analyzed with Fisher exact test. Intergroup 

comparisons regarding age, primary and secondary outcomes measurements were 

performed with t or Mann-Whitney U tests, depending on normal distribution. 

 SPSS software (version 25; IBM, Armonk, NY) was used to perform the 

statistical analyses. The significance level was set at P<0.05. 

 

RESULTS  

Participant flow 

 In eligibility assessment 1025 children were evaluated, 969 were excluded 

based on inclusion and exclusion criteria, and 6 declined to participate. Initially, 50 

patients were included and allocated in 1:1 ratio (Fig. 3). 

 

Baseline data 

 Both groups were similar regarding age, sex distribution and most dental cast 

variables (Tables I and II). The initial mandibular inter-canine cervical distance was 

significantly larger in the comparison group (Table II). 

 

Number analyzed for each outcome, estimation, and precision 

Consequent to the COVID-19 pandemic, a few patients could not attend the 

final stage of the investigation. Three patients (12%) were lost in the experimental 

group and one (4%) in the comparison group, totalizing 22 in the experimental and 24 

in the comparison group. 

The ICC values ranged from 0.834 to 0.997 in the inter-examiner analysis, and 

from 0.835 to 0.999 in the intra-examiner correlation, which consists in excellent inter 

and intra-examiner reliabilities.28  

There was no significant difference between both groups in the primary and 

secondary outcomes measures after treatment (Table III). The experimental and 

comparison groups presented overbite and overjet improvements (Table III). After 24 

months of treatment, there were similar increases in clinical crown height of the 

maxillary and mandibular incisors and molars in both groups, which were numerically 

larger in the maxillary arch (Table III). Arch perimeter and length decreased in both 

arches, and the palatal depth increased similarly in the groups (Table III). There was 
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inter-canine width increase in the maxillary arch and intermolar width increase in both 

arches. 

 

Harms  

 Some bonded spurs accidentally debonded during the treatment time. It 

occurred in 2.5% of experimental group patients, and in 5.3% in the comparison group. 

The spurs were bonded again, as soon as possible. 

 

DISCUSSION  

Main findings in the context of the existing evidence and interpretation 

 Most studies regarding dentoskeletal changes after open bite treatment are 

based on cephalometric analysis.12,21-23 During the mixed dentition there is more 

dentoalveolar involvement in open bite malocclusion, so it is important to evaluate 

these changes with even more specific tools, such as digital models.29 In digital models 

generated after intraoral scanning it is possible to measure the changes with more 

precision in relation to plaster models, because there are less distortions. The 

cephalometric analysis provides important outcomes regarding dental and skeletal 

changes, but it is still a bidimensional record. Dental casts enable three-dimensional 

visualization of dentoalveolar structures, which reduces the superimposition limitations 

of head-films. Measurements in digital models are also more precise in comparison to 

physical plaster models and easier to determine.29 

 At the pretreatment stage, both groups were comparable and similar in most 

variables (Tables I and II). Only the mandibular intercanine distance was significantly 

larger in the comparison group (Table II). This should not interfere with the comparison 

because the most important outcomes are the treatment changes. 

During the 24-month evaluation period there was no significant difference in 

intergroup treatment changes (Table III). This study is a follow-up of a previous 

investigation which evaluated the treatment changes after 12 months.22,23 During that 

period, the combination of bonded spurs and build ups provided smaller maxillary 

molar extrusion in relation to bonded spurs alone, although no significant 

counterclockwise mandibular rotation was observed.22,23 However, at the 12-month 

observation stage, as the deciduous canines reestablished contacts, the build-ups had 

no more vertical effects and were removed. This probably explains why there were no 

more significant vertical intergroup differences in the treatment effects after 24 months. 
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Perhaps, the build-ups should have been increased after the 12-month period. This 

should be further investigated. 

The spurs were maintained in both groups to investigate whether a longer 

treatment period would provide a greater treatment efficacy of these devices. After 12 

months of treatment, the anterior open bite was corrected in 66.7% in the experimental 

group and in 72% in the comparison group.23 After 24 months, 100% of the patients in 

the experimental group and 95.83% in the comparison group presented a positive 

overlap, demonstrating that some patients, especially those with a severe open bite, 

need a longer treatment time to close the bite.  

There was a negative overlap in only 1 from 24 (4.16%) patients of the 

comparison group, after the 24-month treatment, however, there was a greater 

percentage of open bite closure in comparison to the 12-month evaluation period. In 

this patient, the deleterious sucking habit continued even with the bonded spurs 

installed, as reported by the patient’s parents. A fixed palatal tongue crib or spurs 

soldered to a palatal arch might be necessary in these cases in order to effectively 

remove the habit.13,30-33  

Most previous studies are not randomized clinical trials and usually present 12 

months of treatment duration, which is not always enough to correct more severe 

cases.8,12,21,34 Consequently, the percentage of open bite correction with bonded spurs 

either alone or associated with devices to control the vertical dimension varies from 

47% to 86.7%.12,13,21,23,34,35 It might be speculated that this percentage is not higher in 

consequence of persistent deleterious oral habits and a short treatment time in some 

cases. 

The association between bonded spurs and vertical control is not widely 

reported in the literature. Besides build-ups, some studies used chin-cup associated 

with bonded spurs. Nevertheless, there was no significant restriction in molar vertical 

development with this association.13,21,35 

At the end of 24 months both groups had similar treatment changes in the dental 

cast variables (Table III). The maxillary and mandibular arches presented vertical 

development. The negative values of the maxillary and mandibular dentoalveolar 

development show tooth extrusion in relation to the occlusal plane. There was also 

incisors and molars clinical crown extrusion in both groups. Dental extrusion is a 

desirable effect of bonded spurs.8,12,22,23,36 This appliance provides tongue 

repositioning through a reflex arch that involves tongue contact with the spurs, pain 
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and pull back.8 This mechanism avoids tongue interposition between the maxillary and 

mandibular incisors and consequently these teeth reestablish their normal vertical 

development, which closes the bite.8 

At this stage, decreases in perimeter and arch length are consequences to 

posterior teeth mesialization to the leeway space in patients with or without 

malocclusion. After open bite correction this decrease is also expected consequent to 

the lingual and palatal incisor inclinations during treatment.8,33,37 

The palatal depth increased after treatment in both groups probably because of 

normal eruption of molars and premolar, which were used as landmarks to define the 

occlusal plane (Table III). Maxillary canine and molars width also increased in both 

groups as consequence of normal occlusal development.38,39 These variables 

increased in the maxillary arch and the mandibular intercanine distance decreased. 

This may be consequent to individual characteristics such as archwire format and 

degree of crowding.40 Previous studies also reported increases in intercanine and 

intermolar distances in school children between 11 and 14 years of age.40 It was also 

reported an increase in intermolar distance during normal development, until 14 years 

of age.40,41 In general, orthodontic treatment is also responsible for increases in arch 

width.40 

 

Limitation 

This study had two groups of open bite patients orthodontically treated. It would 

be interesting to include a control group with untreated patients, although it is not 

ethically viable to keep patients without treatment for so long. 

 

Generalizability 

The results obtained are applicable to patients with similar characteristics of the 

investigated groups. 

 

CONCLUSIONS: 

• Both groups presented similar results regarding overbite improvement and 

dental arch dimensional changes; 

• The use of build-ups does not produce significant vertical molar development 

restriction after 24 months of treatment; 
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• A treatment time of 24 months was able to correct 100% of patients presenting 

with anterior open bite in the mixed dentition. 
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Figure legends 

Figure 1. A, Bonded spurs (Source: File of the Orthodontic clinic at Bauru Dental 

School-USP). B, Orthodontic fixed appliance associated with build-ups to correct 

anterior open bite (source: Vela-Hernández, 2017)20 

Figure 2A. Treatment protocol with bonded build ups in posterior tooth. 

Figure 2B. Treatment protocol with bonded spurs only. 

Figure 3. Consort flow diagram. 
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Figure 2A. 
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Figure 2B.  
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Figure 3. 
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Table I. Intergroup comparison regarding age and sex distribution. 

Variable Experimental Group Comparison Group   

 
(n=22) (n=24) 

 
  Mean SD Mean SD P 

Age (years) 8.18 1.07 8.33 1.00 0.635† 

      
Sex n % n % 

 
Female 15 68.2 14 58.3 

 
Male 7 31.8 10 41.7 0.552‡ 

                           † t test; ‡  Fisher exact test. 

  



40  Article 

 

Table II. Intergroup comparison at pretreatment (T1). 

Variable  Experimental Group Comparison group         

 
(n=22) (n=24) 

Mean 
difference 

   

  Mean SD Mean SD  CI 95% P 

Dentoalveolar relationship 

Overbite -4.01 1.47 -4.15 2.19 0.13 -0.93 1.20 0.920‡ 

Overjet 3.73 1.71 4.01 1.72 -0.28 -1.26 0.70 0.570† 

Vertical development         

Mx dentoalveolar (mm) 9.02 1.50 8.97 1.92 0.04 -0.94 1.04 0.924† 

Mx1 clinical crown height (mm) 8.14 1.43 8.09 1.31 0.04 -0.74 0.83 0.906† 

Mx6 clinical crown height (mm) 3.36 0.54 3.12 0.63 0.24 -0.97 0.58 0.110‡ 

Md dentoalveolar (mm) 4.74 1.43 4.44 1.33 0.29 -0.49 1.09 0.455† 

Md1 clinical crown height (mm) 7.08 1.08 6.99 0.83 0.08 -0.46 0.63 0.765† 

Md6 clinical crown height (mm) 4.08 0.57 3.93 0.65 0.14 -0.20 0.50 0.401† 

Arch dimensions 

Mx arch perimeter (mm) 75.95 3.82 77.32 3.42 -1.36 -3.45 0.71 0.194† 

Mx arch length (mm) 27.98 1.77 28.81 1.85 -0.83 -1.87 0.21 0.222‡ 

Palatal depth (mm) 13.19 1.85 13.61 2.11 -0.42 -1.57 0.72 0.459† 

Md arch perimeter (mm) 70.95 3.56 72.38 3.41 -1.42 -3.43 0.57 0.159† 

Md arch length (mm) 24.76 1.64 25.64 1.67 -0.87 -1.83 0.07 0.071† 

Width  

3-3 Mx Cusp (mm) 31.76 2.61 31.92 2.07 -0.16 -1.63 1.30 0.825† 

3-3 Mx Cervical (mm) 25.63 2.33 26.09 1.81 -0.46 -1.76 0.83 0.474† 

6-6 Mx Mesiobuccal Cusp (mm) 50.24 3.04 50.93 2.00 -0.68 -2.17 0.81 0.361† 

6-6 Mx Cervical (mm) 36.42 2.81 36.38 2.36 0.03 -1.45 1.52 0.962† 

3-3 Md Cusp(mm) 26.98 2.27 27.66 2.27 -0.68 -2.06 0.69 0.324† 

3-3 Md Cervical (mm) 21.32 1.75 22.50 1.87 -1.17 -2.28 -0.07 0.037†* 

6-6 Md Mesiobucal Cusp  (mm) 45.49 2.61 45.67 2.16 -0.18 -1.56 1.19 0.786† 

6-6 Md Cervical (mm) 33.88 2.59 34.32 1.83 -0.44 -1.72 0.84 0.493† 

SD, standard deviation; CI, confidence interval; Mx, maxillary; Mx dentoalveolar, 
vertical development of maxillary anterior teeth measured from the contact point of 
central incisors to the occlusal plane; Mx1, maxillary incisor; Mx6, maxillary first molar; 
Md, mandibular; Md dentoalveolar, vertical development of mandibular anterior teeth 
measured from the contact point of central incisors to the occlusal plane; Md1, 
mandibular incisor; Md6, mandibular first molar. 
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Table III. Intergroup comparison of treatment changes after 24 months (T2-T1). 

Variable Experimental Group Comparison Group         

 
(n=22) (n=24) 

Mean 
Difference 

   

  Mean SD Mean  SD  CI 95% P 

Dentoalveolar relationship 

Overbite 5.73 1.72 5.81 2.29 -0.08 -1.30 1.13 0.891† 

Overjet 0.51 1.55 0.43 1.44 0.07 -0.81 0.97 0.857† 

Vertical development         

Mx dentoalveoliar (mm) -3.45 2.31 -3.09 1.75 -0.36 -1.54 0.81 0.535† 

Mx1 clinical crown height (mm) 1.30 1.37 1.26 0.85 0.04 -0.65 0.73 0.590‡ 

Mx6 clinical crown height (mm) 0.65 0.36 0.68 0.33 0.24 -0.24 0.17 0.768† 

Md dentoalveolar (mm) -1.69 1.80 -0.94 1.51 -0.70 -1.70 0.20 0.121† 

Md1 clinical crown height (mm) 0.87 0.73 0.83 0.52 0.04 -0.33 0.41 0.830† 

Md6 clinical crown height (mm) 0.40 0.55 0.61 0.45 -0.20 -0.50 0.09 0.181† 

Arch dimensions 

Mx arch perimeter (mm) -2.85 2.52 -2.63 2.30 -0.21 -1.65 1.22 0.765† 

Mx arch length (mm) -0.80 1.76 -1.05 1.16 0.24 -0.63 1.12 0.574† 

Palatal depth (mm) 0.61 0.89 0.66 1.28 -0.05 -0.71 0.61 0.877† 

Md arch perimeter (mm) -4.10 2.36 -4.64 1.96 0.53 -0.74 1.82 0.404† 

Md arch length (mm) -1.02 1.50 -1.61 0.83 0.58 -0.15 1.32 0.115† 

Width 

3-3 Mx Cusp (mm) 1.09 1.61 1.77 2.04 -0.68 -2.39 1.03 0.417† 

3-3 Mx Cervical (mm) 0.18 0.96 0.54 1.71 -0.35 -1.58 0.86 0.548† 

6-6 Mx Mesiobuccal Cusp (mm) 1.38 1.14 1.04 0.93 0.34 -0.27 0.96 0.271† 

6-6 Mx Cervical (mm) 0.29 0.87 0.37 1.17 -0.07 -0.69 0.54 0.801† 

3-3 Md Cusp (mm) -0.98 2.00 -0.81 1.93 -0.22 -4.96 4.52 0.925† 

3-3 Md Cervical (mm) -0.05 1.40 -1.14 2.02 1.09 -1.57 1.23 0.806† 

6-6 Md Mesiobuccal Cusp (mm) 0.08 0.90 0.35 0.88 -0.27 -0.80 0.26 0.311† 

6-6 Md Cervical (mm) 0.18 1.03 0.19 0.91 -0.01 -0.59 0.57 0.970† 

SD, standard deviation; CI, confidence interval; Mx, maxillary; Mx dentoalveolar, 
vertical development of maxillary anterior teeth measured from the contact point of 
central incisors to the occlusal plane; Mx1, maxillary incisor; Mx6, maxillary first molar; 
Md, mandibular; Md dentoalveolar, vertical development of mandibular anterior teeth 
measured from the contact point of central incisors to the occlusal plane; Md1, 
mandibular incisor; Md6, mandibular first molar. 
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DENTOSKELETAL CHANGES AFTER 2-YEAR ANTERIOR OPEN BITE 

TREATMENT WITH BONDED SPURS ASSOCIATED WITH BUILD-UPS VERSUS 

CONVENTIONAL BONDED SPURS: A RANDOMIZED CLINICAL TRIAL 

  

ABSTRACT: 

Objective: To compare the dentoskeletal changes of anterior open bite treatment in 

the mixed dentition with bonded spurs associated with build-ups versus conventional 

bonded spurs after a 24-month follow up. Methods: Fifty patients between 7 and 11 

years of age (18 male, 32 female) were randomly assigned into two groups. The 

experimental group (n=25) was treated with bonded spurs associated with build-ups. 

The comparison group (n=25) was treated with bonded spurs only. Digital headfilms 

were obtained before treatment (T1) and after 2 years of treatment (T2). 

Measurements were performed using Dolphin Imaging software (version 11.5; Dolphin 

Imaging and Management Solutions, Chatsworth, Calif). The cephalometric variables 

consisted of maxillary and mandibular components, vertical components, overbite 

(primary outcomes), maxillary and mandibular dentoalveolar components. Intergroup 

comparisons were performed using t tests and Mann-Whitney U tests. The significance 

level regarded was P<0.05. Results: During the 24-month follow up, three patients in 

the experimental group and one in the comparison group were lost. Both groups 

presented similar overbite increase, vertical facial height increase and incisors and first 

molar extrusion. The success rate of AOB closure during the mixed dentition consisted 

in 100% in experimental group and 95.83% in comparison group. No significant 

differences between experimental and comparison group regarding treatment 

alterations. Conclusions: Both therapy demonstraded similar dentoskeletal changes. 

The occlusal build-ups were not an advantage to openbite correction after a 2-year 

followup. 

Keywords: Open bite, mixed dentition, bonded spurs, build-ups. 

 

 

INTRODUCTION: 

Anterior open bite (AOB) consists of a malocclusion characterized by the lack 

of contact between incisal edges of maxillary and mandibular incisors, resulting in a 

negative overbite.1 This alteration is more difficult to treat the older the patient and the 



 

 

greater the negative overbite.2 Anterior open bite might impair the smile esthetics, the 

speech, the swallowing and increase bullying problems.1,3,4 

Environmental and genetic factors are involved in the etiology of anterior open 

bite.1,5 The treatment success and stability are related to AOB etiology.2 Deleterious 

oral habits, such as tongue interposition, pacifier sucking, mouth breathing and digital 

sucking are the most common environmental factors associated with anterior open 

bite.2,6,7 Consequently, the prevalence of AOB during the mixed dentition is high (17%) 

and decreases as age increases.5  

Fixed or removable palatal crib is commonly used in early treatment of anterior 

open bites during the mixed dentition.8-12 The spurs bonded to palatal and lingual 

surfaces of incisors are also used to correct the negative overbite and tongue 

posture(Fig. 1).11 The bonded spurs present similar outcomes compared to palatal 

cribs12. Bonded spurs are also more accepted by the patients and parents due to 

adequate esthetic and comfort.11 Both palatal crib and bonded spurs can be associated 

with other appliances when patients present a posterior crossbite or a hyperdivergent 

growth pattern.10,12  

The control of vertical dimension can be performed with removable or fixed 

appliances that result in molars intrusion or skeletal vertical growth control as 

headgears, biteblocks or chin cap.13-15 Occlusal build-ups consisting of 2-3mm resin 

blocks can also be used associated with the palatal crib or bonded spurs.16,17 The 

association of these blocks with orthodontic fixed appliance were described in the 

permanent dentition as an alternative to treat AOB and promote a counterclockwise 

rotation of mandible in adults.18 A previous randomized clinical trial analyzed build ups 

associated with bonded spurs in the mixed dentition and observed a success rate of 

open bite closure of 66.7% after 12-month follow-up.16,17 This low correction rate might 

have been associated with the short followup. Cases with more severe anterior open 

bite and prolonged oral deleterious habits should need a longer treatment time.16,17 

Considering the hypothesis that longer treatment time could influence the 

frequency of open bite correction, the objective of this study was to compare the 

dentoskeletal changes of anterior open bite early treatment with bonded spurs 

associated with build-ups versus bonded spurs alone after 24 months. The null 

hypothesis tested was that both treatment protocols present similar dentoskeletal 

changes. 
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METHODS 

Trial design and any changes after trial commencement 

 This research consisted in a single-center RCT with 1:1 allocation ratio and two 

arms. The study followed the Consolidated Standards of Reporting Trials statement 

and guideline. Because of ethical reasons, no control group without therapy was used. 

 

Participants, eligibility criteria and settings  

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

School, University of São Paulo, Brazil (protocol nº CAAE 19700919.2.0000.5417). 

This RCT was registered at Clinicaltrials.gov with the identification number 

NCT03702881. 

All patients and legal guardians/parents filled the informed consent before the 

study commencement. Patient’s selection was conducted at Bauru Dental School, 

University of São Paulo, Bauru from June of 2017 to April of 2018. Individuals from 7 

to 11 years of age of both sexes, in the mixed dentition with first molars and central 

incisor fully erupted and with anterior open bite greater than 1mm were included. The 

exclusion criteria consisted of moderate or severe incisor crowding, need of maxillary 

expansion, history of previous orthodontic treatment, permanent tooth loss or dental 

agenesis, systemic or neurological diseases and craniofacial anomalies. 

 

Intervention 

 Spurs (Morelli Ortodontia, Sorocaba, São Paulo, Brazil) were bonded at the 

lingual surfaces of central and lateral maxillary and mandibular permanent incisors with 

Transbond XT light cure orthodontic adhesive (3M Unitek, Monrovia, Calif). In the 

experimental group, resin build-ups (Ortho bite; FGM, Joinville, Santa Catarina, Brazil) 

with 2-3 thickness were bonded on the functional cusps of the maxillary firs permanent 

or second deciduous molars. The thickness of these build-ups were controlled with a 

millimetric ruler to achieve a standardizations. The comparison group used the bonded 

spurs alone without the occlusal build-ups.  

 After 12-month followup the deciduous canines already presented the 

reestablishment of vertical contact. Consequently the 2-3mm resin build-ups could not 

be able to improve the vertical dimension and were removed. Experimental and 

comparison groups had the bonded spurs in the oral cavity until the complete anterior 

bite closure with an overbite of at least 2mm. In cases with a more severe AOB, the 



 

 

bonded spurs were maintained as active retention  until the end of the 24-month follow-

up.  

 Before treatment and after 24 months of follow-up, digital headfilms were 

obtained with Orthophos XG 3D (Dentsply Sirona, Bensheim, Germany) for all 

patients.  

 

Outcomes (primary and secondary) and any changes after trial commencement: 

 The primary outcome was the overbite changes. The secondary outcomes were 

the other cephalometric changes (Table I). Dolphin Imaging software (version 11.5; 

Dolphin Imaging and Management Solutions, Chatsworth, Calif) was used to perform 

all cephalometric measurements.  

 The overbite was cephalometrically determined as the distance in millimeters 

between the incisal edges of maxillary and mandibular central incisors.  

 

Sample size calculation 

 A 80% of test power at a significance level of 0.05 to detect a minimum of 1.5mm 

in the overbite between both groups was considered with a standard deviation of 

1.69mm.19 A minimum sample size of 20 patients in each group was necessary.  

 

Interim analyses and stopping guidelines 

Not applicable. 

 

Randomization (random number generation, allocation concealment, 

implementation) 

 The randomization was obtained using the Randomization.com web site 

(http://www.randomization.com).20 Envelopes were identified with patient’s name and 

allocation data. The patients were allocated into one of the two groups and the 

envelopes were stored in another place different from where the research was 

developed. The opaque and sealed envelopes, sequenced and numbered according 

to a random number generation were opened in allocation concealment.21  

 Three different investigators performed the random number generation, 

allocation concealment methods and allocation. The patients investigation was 

performed by another researcher. 
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Blinding 

The patients and operator were not blinded for the type of therapy. 

Consequently, this RCT was not a double-blind study.  

 

Statistical analysis  

 After 30-day interval, 30% of the sample were remeasured by a single operator. 

The interclass correlation coefficient (ICC) was used to inter and intraexaminer 

calibration.22 

 The normal distribution of the variables was evaluated using Shapiro-Wilk tests. 

The comparison of sex distribution between groups was analyzed using Fisher exact 

test. Depending on normal distribution, intergroup comparisons were performed using 

t tests or Mann-Whitney U tests. 

 To perform the statistical analyses, the SPSS software (version 25; IBM, 

Armonk, NY) was used. The significance level regarded was P<0.05. 

 

RESULTS 

Participant flow 

Initially, 1025 children were evaluated in eligibility assessment. After applying 

the inclusion and exclusion criteria 969 were excluded, and 6 did not accepted to 

participate. Consequently, 50 patients were included and allocated into two groups with 

a 1:1 ratio (Fig. 3) 

 

Baseline data 

Both groups presented similar age, sex distribution and pretreatment 

cephalometric variables (Tables II and III). 

 

Number analyzed for each outcome, estimation and precision 

Some patients could not reach the final stage of the research as consequence 

of COVID-19 pandemic. In the experimental and comparison groups 12% (three 

patients) and 4% (one patient) were lost due to treatment interruption, respectively. 

The final sample consisted of 22 patients in the experimental group and 24 patients in 

the comparison group. 

 The ICC values ranged from 0.772 to 0.997 in interexaminer analysis and from 

0.857 to 0.997 in intraexaminer evaluation, which demonstrates a very good reliability.  



 

 

 The AOB clinical closure after 24-month follow-up consisted in 100% in the 

experimental group and 95.8% in the comparison group. 

 There were no significant differences between experimental and comparison 

group for primary and secondary outcomes (Table IV). Both groups presented overbite 

improvement of approximately 6mm in 24 months (Table IV). The mandibular plane 

angle showed a slight counterclockwise rotation in both groups (Table IV). The vertical 

facial heights (AFH, PFH and LAFH) increased similarly in the experimental and 

comparison groups (Table IV). Incisors and first molars showed an extrusion during 

the followup that was similar in both groups (Table IV). A lingual inclination and 

retrusion of maxillary and mandibular incisors were observed similarly in both groups 

(Table IV).  

 

Harms 

 During the treatment time, 2.5% patients in experimental group and 5.3% in 

comparison group had accidental spur debonding. The spurs were bonded again as 

soon as possible. 

 

DISCUSSION 

Main findings in the context of the existing evidence and interpretation 

 The anterior open bite has been studied and some early treatment protocols are 

described in the literature, such as the use of palatal crib, chincup associated therapy, 

posterior bite blocks, Frankel-4 regulator and spurs associated or not with build 

ups.11,13-15,23 The cephalometric analysis is usually performed to evaluate the 

dentoskeletal changes during these therapies.11,17,19 There are many studies regarding 

these alterations and protocols, although there are still a lack of randomized clinical 

trials in this field. 

Most of studies regarding AOB early treatment presented shorter follow-ups at 

maximum 12-months 11,12,16,17,19,24 and were not randomized clinical trials.11,19,24 

Previous studies have evaluated the cephalometric changes after 12 months in this 

same sample.16,17 The experimental group presented build-ups and bonded spurs, 

meanwhile the comparison group presented only the bonded spurs. At this stage, the 

open bite closure prevalence consisted of 66.7% to experimental group and 72% to 
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comparison group. After 12 months the build ups were removed. The bonded spurs 

were maintained to evaluate the anterior open bite correction in a longer follow up. 

The present study showed that a follow-up longer than 12 months is important 

to improve the bite closure in severe open bite cases. Consequently, the AOB was 

clinically closed in 100% of the patients in the experimental group and in 95.8% in the 

comparison group after a 24-months follow-up. The anterior open bite was not 

completely closed in only one patient in the comparison group (4.16%), as 

consequence of deleterious oral habit persistence, although the openbite has 

decreased. A fixed palatal crib might be installed in these cases to interrupt the habit 

more efficiently and improve the bite closure.12,25-27  

The frequency of AOB correction in this study was higher than previous studies. 

It was previously reported that AOB correction with bonded spurs alone or associated 

with appliances to promote vertical control varied from 47% to 86.7%.11,16,17,19,24,28 This 

success rate might not be higher in consequence of the shorter treatment time and the 

persistence of deleterious oral habits. 

After 24 months of treatment, both groups presented similar alterations, with no 

statistical significant differences (Table IV). The changes in maxillary, mandibular and 

maxillomandibular skeletal components represented the normal growth development 

of individuals with the same age evaluated in the present research.  

Regarding the vertical components, the similarity between the experimental and 

comparison groups at posttreatment was expected. A counterclockwise rotation of the 

mandible was found in both groups. The anterior rotation of the mandible was 

described in previous studies of anterior open bite treatment with bonded spurs.11,12,17 

Consequently, the present data pointed that bonded spurs has no influence in skeletal 

vertical development. 

The increase in overbite of 6.00 and 5.91 in experimental and comparison group, 

respectively, was higher than previously reported. The treatment with only bonded 

spurs presented an increase of overbite ranging from 3.07 to 4.84mm11,17,24,28, 

meanwhile the association between bonded spurs and vertical dimension control with 

chincup or build ups ranged from 4.52 to 5.23.12,17,19 In contrast, untreated patients 

with anterior open bite presented an increase in overbite ranging from 1.43 to 2.08 mm 

in a 12-month follow up, which was consequence of the spontaneous correction of the 



 

 

malocclusion after the deleterious oral habits was removed.11,12,19 The removal of 

deleterious habits and 12-month treatment are useful to correct smaller negative 

overbite discrepancies. The AOB correction in more severe cases needs longer 

treatment time.16,17 

Regarding dentoalveolar component, the results represent the pattern of open 

bite closure. The correction of AOB with bonded spurs occurs through incisors vertical 

development and palatal/lingual inclination after the improvement in tong posture.11,24 

This alteration was previously reported,11,12,19,24,28 although changes in incisors 

position in the present study were higher as consequence of the longer treatment time. 

There were maxillary and mandibular first permanent molars extrusion in both groups, 

which might be associated with the normal growth pattern of the sample.  

Limitation: 

The main limitation of this study is the lack of a nontreated control group in the 

evaluation. However, this group would have  an ethical issue with no intervention for 

24 months.  

Generalizability 

The results obtained during this follow-up represents patients with similar 

characteristics of the groups. Further studies might be performed with different groups 

at 24-months followup.  

 

CONCLUSION 

• The success rate of AOB closure after 24-month followup consisted in 100% in the 

experimental group and 95.8% in the comparison group 

• The cephalometric changes were similar in both treatment modalities 

• The use of build-ups did not presented significant vertical effects after 24-months 

followup 
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Figure legends: 

Figure 1. Open bite treatment with bonded spurs only. 

Figure 2. Open bite treatment with bonded spurs associated with build-ups. 

Figure 3. Consort flow diagram.  
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Figure 1.   



 

 

 

 

Figure 2.  
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Figure 3. 

  



 

 

Table I. Cephalometric variables. 

Variables  Definition 

Maxillary and mandibular 
component 

 

SNA, º SN to NA angle 

Co-A, mm Co to A point distance 

SNB, º SN to NB angle 

Ar-Go, mm Ar to Go distance 

Ar.Go.Me, º Ar-Go to mandibular plane distance 

Co-Gn, mm Co to Gn distance 

ANB, º NA to NB angle 

Vertical component  

SN.Go.Gn, º SN to GoGn distance angle 

SN.PP, º SN to palatal plane distance angle 

N.S.Gn, ºNS.Gn SN to SGn angle 

AFH, mm N to Me point distance 

PFH, mm S to Go distance 

LAFH, mm Anterior nasal spine to Me distance 

Dentoalveolar relationship  

Overbite, mm Distance of maxillary incisal edge to mandibular 
incisal edge, perpendicular to occlusal plane 

Maxillary dentoalveolar component  

Mx1.NA, º Maxillary incisor long axis to NA angle 

Mx1-NA, mm Distance between the most anterior central 
incisor labial surface to NA 

Mx1-PP, mm Distance between central incisor edge to palatal 
plane 

Mx6-PP, mm Distance between maxillary first molar 
mesiobuccal cusp to palatal plane 

Mandibular dentoalveolar 
component 

 

Md1.NB, º Mandibular incisor long axis to NB line distance 
angle 

Md1-NB, mm Distance between most labial mandibular 
incisor surface to NB 

Md1-GoMe, mm Distance between mandibular incisal edge to 
mandibular plane 
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Md6-GoMe, mm Distance between mandibular first molar 
mesiobuccal cusp to mandibular plane 

Mx1, maxillary incisor; Mx6, maxillary first permanent molar; Md1, mandibular incisor; 
Md6, mandibular first permanent molar. 

  



 

 

Table II. Pretreatment characteristics of study groups. 

Variable Experimental (n= 22) Comparison (n= 24) 
 

 
Mean SD Mean SD P 

Age 
(years) 8.18 1.07 8.33 1.00 0.635 

Sex n % n % 
 

Female 15 68.2 14 58.3 
 

Male 7 31.8 10 41.7 0.552† 

 † t test. 
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Table III. Intergroup comparison at pretreatment (T1). 
Variable Experimental Group Comparison Group         

 
(n=22) (n=24) Difference 

   
  Mean SD Mean  SD Mean CI 95%  P 

Maxillary skeletal component 

SNA (º) 83.14 2.72 83.69 3.96 -0.55 -2.56 1.45 0.581† 

Co-A (mm) 74.62 3.24 74.69 3.19 -0.06 -1.98 1.84 0.942† 

Mandibular skeletal component 

SNB (º) 79.05 3.49 79.51 3.12 -0.45 -2.42 1.51 0.645† 

Ar-Go (mm) 33.95 4.11 34.42 3.64 -0.46 -2.77 1.84 0.686† 

Ar.Go.Me (º) 130.2 6.21 132.02 4.5 -1.82 -5.02 1.38 0.259† 

Co-Gn (mm) 95.82 4.82 96.6 4.95 -0.78 -3.69 2.12 0.621‡ 

Maxillomandibular component 

ANB (º) 4.09 1.83 4.17 1.83 -0.08 -1.17 1.00 0.878† 

Vertical component 

SN.GoGn (º) 34.31 5.5 34.75 4.1 -0.43 -3.3 1.63 0.509‡ 

SN.PP (º) -0.46 3.24 -0.77 3.33 0.31 -1.64 2.27 0.747† 

N.S.Gn (º) 66.87 3.77 67.27 3.02 -0.39 -2.41 1.63 0.697† 

AFH (mm) 98.76 4.92 99.32 5.61 -0.56 -3.71 2.58 0.721† 

PFH (mm) 41.98 3.79 42.14 3.37 0.88 -2.28 1.97 0.884† 

LAFH (mm) 56.18 3.48 56.96 4.41 -0.79 -3.17 1.58 0.505† 

Dentoalveolar relationship 

Overbite (mm) -4.52 1.48 -4.35 1.69 -0.17 -1.12 0.77 0.715† 

Maxillary dentoalveolar component 

Mx1.NA (º) 28.27 5.09 29.1 5.27 -0.83 -3.91 2.25 0.767‡ 

MX1-NA (mm) 4.57 1.88 5.52 2.14 -0.94 -2.15 0.25 0.119† 

Mx1-PP (mm) 21.16 2.57 21.85 2.84 -0.69 -2.30 0.92 0.394† 

Mx6-PP (mm) 16.96 1.68 17.17 2.68 -0.21 -1.55 1.13 0.753† 

Mandibular dentoalveolar component 

Md1.NB (º) 28.1 4.36 29.98 5.62 -1.88 -4.89 1.12 0.213† 

Md1-NB (mm) 4.87 1.37 5.65 1.81 -0.78 -1.74 0.18 0.109† 

Md1-GoMe (mm) 31.59 2.23 32.31 2.59 -0.72 -2.17 0.72 0.317† 

Md6-GoMe (mm) 24.40 2.21 24.42 2.00 -0.02 -1.27 1.23 0.974† 

† t test; ‡  Mann Whitney U test; Mx, maxillary; Md, mandibular; 1, central incisor; 6, first molar. 

  



 

 

Table IV. Intergroups comparisons of treatments changes (T2-T1). 

† t test; ‡  Mann Whitney U test; Mx, maxillary; Md, mandibular; 1, central incisor; 6, first molar. 

 

 

 

 

Variable Experimental Group Comparison Group         

 
(n=22) (n=24) Difference 

   
  Mean SD Mean SD Mean CI 95% P 

        

Maxillary skeletal component 

SNA (º) -0.18 1.12 0.27 1.14 -0.46 -1.13 0.20 0.170† 

Co-A (mm) 3.86 1.70 3.25 1.27 0.61 -0.27 1.50 0.169† 

Mandibular skeletal component 

SNB (º) 0.65 1.19 1.15 1.41 -0.49 -1.27 0.29 0.212† 

Ar-Go (mm) 4.86 2.4 3.73 2.48 1.12 -0.32 2.58 0.126† 

Ar.Go.Me (º) -1.47 2.36 -1.42 2.17 -0.04 -1.39 1.30 0.944† 

Co-Gn (mm) 5.65 1.96 5.01 1.62 0.63 -0.42 1.70 0.235† 

Maxillomandibular component 

ANB () -0.84 0.88 -0.85 0.83 0.00 0.50 0.51 0.972† 

Vertical component 
       

SN.GoGn (º) -0.55 1.38 -0.21 1.93 -0.33 -1.34 0.67 0.503† 

SN.PP (º) -0.82 1.71 0.65 1.87 0.16 -0.90 1.24 0.753† 

N.S.Gn (º) -0.41 1.02 -0.65 1.48 0.23 -0.52 1.00 0.537† 

AFH (mm) 4.55 1.59 4.32 2.04 0.23 -0.86 1.33 0.670† 

PFH (mm) 2.85 2.42 1.82 1.92 1.02 -0.26 2.32 0.116† 

LAFH (mm) 2.21 1.20 2.20 1.59 0.00 -0.83 0.85 0.984† 

Dentoalveolar relationship 

Overbite (mm) 6.00 1.79 5.91 1.75 0.09 -0.96 1.15 0.855† 

Maxillary dentoalveolar component 

Mx1.NA (º) -5.06 5.17 -5.54 4.88 0.47 -2.51 3.46 0.749† 

MX1-NA (mm) -0.44 1.58 -0.58 1.61 0.14 -0.81 1.09 0.939‡ 

Mx1-PP (mm) 3.7 1.46 3.60 1.75 0.10 -0.86 1.06 0.836† 

Mx6-PP (mm) 1.11 0.65 1.32 0.75 -0.21 -0.63 0.21 0.318† 

Mandibular dentoalveolar component 

Md1.NB (º) -3.06 3.12 -3.11 3.36 0.05 -1.82 1.92 0.958† 

Md1-NB (mm) -1.17 3.84 -0.61 2.63 -0.55 -2.54 1.43 0.574† 

Md1-GoMe (mm) 3.41 1.11 3.50 1.15 -0.08 -0.76 0.58 0.798† 

Md6-GoMe (mm) 1.06 0.90 0.95 1.02 0.10 -0.46 0.68 0.704† 
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3 DISCUSSION 

 

 

The early treatment protocols of the anterior open bite has been studied and  are 

described in the literature, although there are still a lack of randomized clinical trials in 

this field.19, 21, 24, 30, 35 The cephalometric analysis is usually performed to evaluate the 

dentoskeletal changes during these therapies.19, 28, 36 It is an important tool, although 

is also important to evaluate the dentoalveolar involvement in open bite malocclusion 

with 3D tools, such as digital models.2 It is also  possible to measure the dentoalveolar 

changes with more precision in digital models in relation to plaster models, because 

there are less distortions. 

In addition to the lack of randomized clinical trials, most of studies regarding AOB 

early treatment present follow-ups at maximum 12-months 19, 28, 36-39 It was previously 

evaluated the cephalometric and dentoalveolar changes after 12 months in this same 

sample.36, 39 At this stage, the open bite closure prevalence consisted of 66.7% to 

bonded spurs associated with build-ups group and 72% to only bonded spurs group.  

The open bite closure previously found indicates that more severe open bites 

cannot be fully treated in only 12-month follow-up. In the present study, after 24-month 

follow-up the AOB was clinically closed in 100% of the patients in the experimental 

group and in 95.8% in the comparison group. Consequently, the overbite improvement 

consisted of 6.00 and 5.91 in experimental and comparison group, respectively. This 

increasement was higher than previously reported in studies with bonded spurs and 

vertical dimension control or with only build-ups 19, 28, 36-38, 40 

Even with the bonded build-ups, one patient in the comparison group (4.16%), 

did not present the AOB closure, which was consequence the deleterious oral habit 

persistence.16, 33, 38, 41  

These founds are clinically important and present higher frequency of AOB 

correction than previous studies. Most studies reported an AOB correction ranged from 

47 to 86.7% in cases with bonded spurs alone or associated with appliances to 

promote vertical control. 19, 28, 36, 37, 39, 40  

After the 12-month observation stage of the present study, as the deciduous 

canines reestablished contacts, the build-ups were removed and no significant vertical 

intergroups differences were found after 24 months. It should be further investigated if  
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the increase in build-ups heigh after the reestablishment of canines contacts would 

influence in vertical dimension control. 

At the pretreatment stage, both groups were comparable and similar in most 

variables. Only regarding the dentoalveolar analysis the mandibular intercanine 

distance was significantly larger in the comparison group. In contrast, after 24 months 

both groups were similar in dentoalveolar and skeletal alteration, with no statistical 

significant differences. 

After 24 months of treatment, both groups presented similar dentoalveolar and 

skeletal alterations, with no statistical significant differences. The skeletal alterations 

represented the normal growth development of individuals with the same age 

evaluated in the present research. The decreases in perimeter and arch length are 

consequences of the lingual and palatal incisor inclinations during treatment and also 

the molar mesialization to the leeway space.33, 42, 43 

In the digital casts and cephalometric analysis there was incisors and molars 

clinical crown extrusion in both groups, which consists in a desirable effect of bonded 

spurs, and also was influenced by the normal growth pattern of the patients included.3, 

19, 43, 44 
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4 CONCLUSIONS 

 

 

The outcomes of this research lead to the following conclusions: 

 

• The success rate of AOB closure after 24-month followup consisted in 100% in 

the experimental group and 95.8% in the comparison group 

• Both groups presented similar results regarding overbite improvement  

• The dentoalveolar and cephalometric changes were similar in both treatment 

modalities 

• The use of build-ups did not presented significant vertical development 

restriction after 24-months followup. 
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