Intrusion of upper molars with mini-implants for open bite correction is effective? A systematic review
A intrusão de molares superiores com mini-implantes para correção da mordida aberta é eficaz? Revisão sistemática

ABSTRACT
Introduction: The open bite is a malocclusion defined by the absence of a positive vertical overlap of the upper incisors over the lower ones. It is believed that the correction of this malocclusion with mini-implants is as effective as another technique. Objective: To verify by scientific evidence the effectiveness of upper molar intrusion with mini-implants for correction of open bite. Method: This systematic review was conducted according to the PRISMA guidelines. Cochrane Handbook for Systematic Reviews of Interventions (version 5.3) was used to assess the methodological quality and risk of bias of the included studies. Results: During the selection and evaluation process, 795 of the 1297 papers were eligible for research in their titles and abstracts. Repeated articles were removed and as a result, 21 articles were retrieved and read completely. Those who did not meet the inclusion criteria were excluded, resulting in only 6 articles that were included. Conclusions: The intrusion of the upper molars with the use of mini-implants as a skeletal anchor is effective for open bite correction. When the technique of upper molar intrusion with mini-implants was compared with the technique of posterior high pull and incisor extrusion, the first one was more effective for the correction of open bite. The recurrence of molar intrusion does not invalidate mini-implant treatment for open bite correction because the benefits achieved outweigh the small dental relapse.
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RESUMO
Introdução: A mordida aberta é uma má oclusão definida pela ausência de um trespasse vertical positivo dos incisivos superiores sobre os inferiores. Acredita-se que a correção desta má oclusão com mini-implantes seja tão eficaz quanto outra técnica. Objetivo: Constatar por evidências científicas a eficácia da intrusão dos molares superiores com mini-implantes para correção da mordida aberta. Método: Esta revisão sistemática foi conduzida de acordo com as diretrizes PRISMA. Para avaliar a qualidade metodológica e o risco de viés dos estudos incluídos, utilizou-se a Ferramenta Cochrane de Colaboração para avaliação do risco de viés, publicado Cochrane Handbook for Systematic Reviews of Interventions (versão 5.3). Resultados: Durante o processo de seleção e avaliação, 795 dos 1297 artigos mostraram-se elegíveis para a pesquisa em seus títulos e resumos. Os artigos repetidos foram removidos e como resultado, 21 artigos foram recuperados e lidos por completo. Aqueles que não preencheram os critérios de inclusão foram excluídos, resultando em apenas 6 artigos que foram inclusos. Conclusões: A intrusão dos molares superiores com o uso de mini-implantes como ancoragem esquelética é eficaz para correção de mordida aberta. Quando a técnica de intrusão de molares superiores com mini-implantes foi comparada com a técnica de puxada alta posterior e extrusão de incisivos, a primeira foi mais eficaz para correção da mordida aberta. A recidiva da intrusão dos molares não invalida o tratamento com mini-implantes para correção da mordida aberta porque os benefícios alcançados superam a pequena recidiva dentária. 
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INTRODUCTION
	The anterior open bite (MAA) is one of the vertical occlusions that most concern the orthodontic clinic. We can define it as the absence of a positive vertical overjet of the upper incisors on the inferior ones (overbite)[1]. This malocclusion causes great impairment in the masticatory function and in the phonation by hindering the seizure and the cut of foods and the pronunciation of some phonemes. In addition, it may impair aesthetics and affect self-esteem, which justifies its correction[2].
	Its etiology may be related to changes in normal breathing patterns, dental ankylosis, incomplete eruption of the anterior teeth, permanence of an infant swallowing pattern and presence of deleterious or non-nutritive oral habits, such as digital sucking or pacifiers. In addition, an unfavorable pattern of maxillary posterior dento-alveolar growth, with vertical predominance, may favor the development of this malocclusion[2,3].
	Therapeutic approaches are numerous such as: myotherapy, preventive treatment, functional therapy, orthognathic surgery and orthodontic treatment with the intrusion of the posterior teeth or extrusion of the anterior teeth[4]. Among the non-surgical methods of orthodontic treatment are temporary anchoring devices, including mini -plates and mini-implants[5-7].  However, the extrusion of the anterior teeth demands greater care with the aesthetic smile and is a less stable treatment than the intrusion of the posterior teeth[8].
	The use of temporary anchorage devices for intrusion of posterior superior teeth was suggested to decrease the height of the lower third of the face by favoring the mandibular rotation counterclockwise, with results similar to that obtained with orthognathic surgery[4,5].
	Dental intrusion is one of the most difficult orthodontic movements to perform, especially in the case of posterior teeth with greater root volume[9]. The greatest challenge is to obtain pure intrusive movement, avoiding the extrusive effect of the anchoring tooth, and thus solving the extrusion of one without causing that of the other. However, with advancement in orthodontics and dentistry as a whole, this obstacle can be overcome by using skeletal anchorage, using miniature titanium plates or mini-implants. This type of anchoring allows dental movement to occur without undesirable effects and without patient dependence and, therefore, with more predictable results[10-12].
	It is believed that the correction of MAA with mini-implants is effective as another technique, but with the advantage of not requiring patient collaboration and orthognathic surgery. Thus, the objective of this systematic review was to verify by scientific evidence the effectiveness of upper molar intrusion with mini-implants for correction of open bite.

METHOD
	The systematic review was conducted according to the PRISMA guidelines (www.prisma-statement.org). Independent searches were conducted in the following databases: PubMed, MedLine EBSCO, CAPES Periodicals, SciELO, LILACS, BVS and Scopus, searching for articles published between 2000 and 2017. The search strategy included combinations of keywords, following the syntax rules of each database (Table 1).
Table 1. Database, search method and number of articles retrieved.
	Research strategy
	Results
	Selected

	PubMed
	(Maxillary molar intrusion using mini-implants) OR (Maxillary molar intrusion using miniscrews) OR (Open bite treatment AND Maxillary molar intrusion using mini-implants) OR (Open bite treatmeant AND Maxillary molar intrusion using miniscrews)
	188
	12

	
	
	
	

	Medline EBSCO
	(Maxillary molar intrusion using mini-implants) OR (Maxillary molar intrusion using miniscrews) OR (Open bite treatment AND Maxillary molar intrusion using mini-implants) OR (Open bite treatmeant AND Maxillary molar intrusion using miniscrews)

	101
	9

	Periódicos CAPES
	
(Maxillary molar intrusion using mini-implants) OR (Maxillary molar intrusion using miniscrews) OR (Open bite treatment AND Maxillary molar intrusion using mini-implants) OR (Open bite treatmeant AND Maxillary molar intrusion using miniscrews)

	846
	22

	SciELO
	
(Maxillary molar intrusion using mini-implants) OR (Maxillary molar intrusion using miniscrews) OR (Open bite treatment AND Maxillary molar intrusion using mini-implants) OR (Open bite treatmeant AND Maxillary molar intrusion using miniscrews)

	0
	0

	LILACS
	
(Maxillary molar intrusion using mini-implants) OR (Maxillary molar intrusion using miniscrews) OR (Open bite treatment AND Maxillary molar intrusion using mini-implants) OR (Open bite treatmeant AND Maxillary molar intrusion using miniscrews)

	7
	1

	BVS
	
(Maxillary molar intrusion using mini-implants) OR (Maxillary molar intrusion using miniscrews) OR (Open bite treatment AND Maxillary molar intrusion using mini-implants) OR (Open bite treatmeant AND Maxillary molar intrusion using miniscrews)

	46
	6

	Scopus
	
(Maxillary molar intrusion using mini-implants) OR (Maxillary molar intrusion using miniscrews) OR (Open bite treatment AND Maxillary molar intrusion using mini-implants) OR (Open bite treatmeant AND Maxillary molar intrusion using miniscrews)

	109
	12

	Total articles retrieved
	
	1297
	62

	Total without repetition
	
	
	21



	The articles were selected based on the title and abstract, with inclusion criteria: upper molar and open bite (P - participant) extrusion patients who used mini - implants for upper molar intrusion (I - intervention). The articles also had to compare individuals of the same age and gender treated with another method of intrusion (C - comparison), establishing from the results whether the use of mini - implants for upper molar intrusion is more effective than the use of another method or there is no difference between the techniques (O - result) (Table 2). Exclusions were: literature review, editorial or personal opinions, clinical case reports, studies with individuals in the deciduous dentition, mixed or those who had prolonged use of systemic medication and / or systemic disorder or who underwent surgery for correction of the open bite.
	The selection of articles was performed by two investigators based on critical analyzes of inclusion and exclusion criteria and the level of agreement according to the Kappa scores was 0.96 intra-examiner and 0.95 inter-examiner. If there were discrepancies found between the two researchers, a new researcher would be added to evaluate the articles. When there was a consensus among reviewers for articles that met the inclusion criteria, the article would eventually be included in the systematic review.
Table 2. Inclusion criteria based on PICO format.
	
	
	Inclusion criteria

	P (participants)
	
	
Patients with open bite and maxillary molar extrusion


	I (intervention)
	
	
They used mini-implants for upper molar intrusion


	C (comparison)
	
	
Individuals of the same age and gender treated with another intrusion method


	O (outcomes)
	
	Hypothesis: better effectiveness in molar intrusion with mini-implants than any other method. Null hypothesis: There is no difference between the techniques.





	The initial analysis excluded articles with titles and abstracts that were not related to the issue studied and that presented at least one of the exclusion criteria. The next step was a detailed analysis of the selected articles to examine those who met all the inclusion criteria or presented exclusion criteria. When the information in the title or abstract was insufficient to decide on inclusion or exclusion, the full article was read and then decided about its inclusion or exclusion. Articles without abstract have been read entirely to define their eligibility.
	To assess the methodological quality and risk of bias of the included studies, the Cochrane Collaboration Tool for bias risk assessment was used, published Cochrane Handbook for Systematic Reviews of Interventions (version 5.3)[13] .

RESULTS
	During the first step of the selection and evaluation process, 795 of the 1297 papers were eligible for research in their titles and abstracts. For the removal of the repeated articles, the result of the PubMed search database was compared with the other study participants. As a result, 21 articles were retrieved and read completely. Those who did not meet the inclusion criteria were excluded from the survey. Finally, only 6 articles were included in this systematic review (Figure 1).
Figure 1: Flowchart: search results.
After submission of articles[14-19] in the Cochrane Collaboration tool for assessing bias risk (version 5.3), published in the Cochrane Handbook for Systematic Reviews of Interventions, two studies were classified as low risk of bias[14,19], and the other four [15-18] as high risk of bias (Figure 2).
[bookmark: _GoBack]Figure 2: Qualitative evaluation of the selected studies. (Cochrane Collaboration Tool to Assess Bias Risk). Yellow (doubt); Green (presence); Red (absence).
	In the questions “random sequence generation” and “allocation concealment”, two of the articles[15,16] were considered as high bias because they did not use random method to select the sample or even how participants were selected for the groups to be compared. The other four articles were classified as risk of uncertain bias because they did not clearly describe whether some random method was used to select the sample and because they presented a single participant group.
	Due to the use of different devices and orthodontic treatments used, “blindness of participants and staff” was not possible in any of the studies evaluated. However, there was no high risk of bias in these criteria since knowledge of the treatment technique would not change the outcome. Low risk of bias was attributed to “blindness of outcome assessment” in all studies.
	With regard to “incomplete outcomes data”, two papers presented a high risk of bias. In the first[17], the authors reported that one of the participants lost the mini-implant and in the second[18]  three participants abandoned the study, being classified with high risk of bias. The other articles[14-16,19] were classified as low risk of bias. Regarding the items “selective reporting” and “other bias”, all articles were considered low risk.
	Table 3 shows the data extracted from the articles: author, year, age, sample size and characteristics, treatment performed, results and p value. The number of participants in the studies ranged from 9 to 31. All the studies used the mini-implant as an anchorage for intrusion, being analyzed by cephalometric radiographs, but only two[15,16] compared or associated with another technique. In this systematic review, Deguchi et al.[15] and Lee et al.[16] concluded that upper molar intrusion was more efficient in patients using mini-implants than in patients who used another method. The studies by Baek et al.[14] and Scheffler et al.[18] concluded that the amount of intrusion of the super-posterior teeth was greater than the relapse observed 3 and 2 years after treatment, respectively.
Table 3 – Description of included studies
	Author
	Participants
	Characteristics of the sample
	Intervention
	Results
	p-value

	
	Total
	Age
	
	Type of  treatment
	
	

	Baek et al14 (2010)
	9 (8F/1M)
	23.7(between 18.3 and 31.1)
	MAA average
>3.91
High mandibular plane SN-MP>40
	2 mini-implants between the 10s and 20s molars (1 on each side) in the buccal ridge for 5.4 ± 2.4 months and contention 41 ± 5 months)

	Intrusion of the maxillary molars 2.39mm in average compared to the palatal plane with an average overbite of 1.65mm. There was an average recurrence of molar intrusion of 0.41 mm and overbite of 1.2 mm after 3 years of treatment

	<0.05

	Deguchi et al15 (2011)
	15 (F)




15 (F)
	22.9± 4.9




25.7± 6.4
	MAA 4.6mm±1.5




MAA 4.4mm±1.2
	Extraoral High pull, extruded incisors and intermaxillary elastic


2 mini-implants between the 10s and 20s molar or between 2º premolar and 1 º  molar in the alveolar process by vestibular 

	Increased intrusion of the maxillary molars with mini-implants

	<0.05

	Lee et al16 (2013)
	
28(6M/22F)




23(M)

	
19.6±7.3




21.5±6.19

	MAA ≥ 2mm
	Extraoral High pull of 250g / f; transpalatal arch; intermaxillary elastic
.

2 mini-implants in the medial palatal suture 2x6mm

	The maxillary molars were intruded 0.71mm


The maxillary molars were intruded 1.30mm
	<0.001

	Foot et al17 (2014)
	16(12F/4M)
	13.1(between 12.2 and 14.3)
	MAA ≥ 2mm
	
4 mini-implants in the posterior region of the maxilla in the alveolar process by vestibular (2 on each side)
500g / f and continuous arc 0.017X0.025mm

	Intrusion of maxillary molars 2.9 ± 0.8mm
Overbite increased 3 ± 1.5mm

	<0.001

	Scheffler et al18 (2014)
	30(11M/19F)
	24.1±10.7
	MAA -.2mm±1.7
High mandibular plane 
	2 mini-implants between  10s e 20s molars (1 on each side) in the alveolar process by vestibular 
	
Intrusion of maxillary molars 2.3mm in average. Decrease of facial height in average of 1.6mm. There was an average recurrence of molar intrusion of 0.2 mm and facial height of 0.5 mm after 2 years of treatment

	<0.05

	Hart et al19 (2015)
	31(21F/10M)
	20.7(between 11.6 and 55 years)
	MAA
	2 mini-implants between  10s e 20s molars (1 on each side) in the alveolar process by palatine
	Intrusion of the upper molars by 90% (28 of 31) and 74% (23 of 31) respectively. The molars 2.3 mm and 20 molars 1.6 mm on average

	<0.001




DISCUSSION
	In many orthodontic treatments, proper anchor planning is imperative for the success of the proposed therapy. Dental intrusion, either for the correction of excessive overbite or anterior open bite, or for the correction of extruded teeth by the lack of antagonists, represents a great mechanical challenge due to the difficulty of controlling undesirable movements in the anchoring units. Obviously, over the years, the literature has indicated satisfactory results with the use of extra auxiliary devices and intraoral. However, it is not always easy to obtain from the patient the necessary collaboration, the physical and / or aesthetic discomfort that these devices can cause[20].
	In this context, an excellent alternative is the use of mini-implants. Its development, over the last few years, has provided a very efficient anchorage, which eliminates the use of teeth and does not entail any aesthetic compromise, nor does it require any patient collaboration[20,21]. 
	This resource has been used more and more frequently in the orthodontic clinic when there are not enough dental units to promote effective anchoring or simply to make the mechanics less complex and more predictable for the orthodontist[21].
	In the six studies there was no sample calculation, and the sample selection was performed within the inclusion criteria of each study, as mentioned in the sample characteristic topic in Table 3. Five studies were based in clinical records of treated patients, with the exception of the Foot et al.[17]  study whose patients were selected to be treated after the approval of the ethics committee.
 	Regarding the statistical analysis, Lee et al.[16] and Foot et al.[17] used the t test, Baek et al.[14] used ANOVA and Pearson correlation coefficients. Deguchi et al.[15] selected Mann-Whitney and Wilcoxon tests, Scheffler et al.[18],  an autoregressive correlation test and Hart et al.[19] used Pearson correlation coefficients.
	In order to verify the long-term stability of maxillary posterior teeth intrusion using mini-implants aiming at the open bite correction, Baek et al.[14] carried out a study with 9 participants (1M / 8F) in 2010. As a technique for molar intrusion, two mini-implants were used between the first and second molars (one on each side), a technique similar to that used by Scheffler et al.[18] in 2014. The mini-implants were used for 5.4 ± 2.4 months for intrusion. Thereafter, the participant group used palatal restraint for 41 ± 5 months. The authors performed four cephalometric evaluations: before treatment (T1), after treatment (T2), one year after treatment (T3) and three years after treatment (T4). Comparing the obtained data it was possible to observe that the average overbite of the patients in T1 went from -3.91 mm to 1.65 after the treatment. Three years after the treatment (T4), there was recurrence in the overbite of 1.2 mm, and in the molar intrusion of 0.41 mm. Even so, they concluded that favorable dentoskeletal changes were achieved, and the benefits achieved outweighed the small dental relapse. Thus, the use of mini-implants for molar intrusion in the correction of open bite is effective, corroborating with the opinion of other authors[5,10,18].
	Like Baek et al.[14] in 2010, Hart et al.[19] in 2015, also used the cephalometric exam to evaluate the dentoskeletal changes achieved with the intrusion of the posterior maxillary teeth, using mini-implants as an anchorage. Their group was 31 participants (21F / 10M), aged 18.3 to 31.1 years. Two mini-implants between the first and second molars were inserted through the palatine, where they remained intruded for 5.4 ± 2.4 (months). Cephalometric examinations were performed prior to initiation of treatment and after completion for comparison. The most significant data showed dental intrusion of the first molars (mean 2.39 mm in 90% of patients) and second molars (mean of 1.65 mm in 77% of patients). Post-treatment extrusion was also observed, but, like other authors[10,14,18], concluded that orthodontic mini-implants provide adequate skeletal anchorage for the postero-superior molar intrusion in MA patients with overbite of patients improved in 97% of treated cases.
	In their study, Lee et al.[16] in 2013, tested two methods for upper molar intrusion. The 28 participants of group A (6M / 22F), with a mean age of 19.6 ± 7.3, received the extra oral high pull associated with the palatal arch and the intermaxillary elastic arch, while group B, composed of 23 (M) participants with a mean age of 21.5 ± 6.19, received two mini-implants in the medial palatine suture. The two groups had MAA ≥ 2mm. Group A reached, on average, 0.71 mm of molar intrusion, while in group B the molars intruded 1.30 mm, on average. There were 0.59 mm of difference between the two methods that corroborate with other studies[14,19-23] on the effectiveness of the intrusion obtained with mini-implants for MA correction.
	Deguchi et al.[15], in 2011, also performed a comparative study such as Lee et al.[16], differentiating by the fact that the mini-implants were placed in the alveolar process by vestibular, emphasizing greater intrusion of the upper molars in the group that used mini-implants, but without measuring it.
	Foot et al.[17] in 2014 and Hart et al.[19] in 2015, even though they did not present a control group, found approximate values ​​of intrusion of the maxillary molars with mini-implants in the alveolar process by vestibular, even though they diverged in the amount used. The efficacy of upper molar intrusion in MA treatment also was observed in other studies[1-6,9,14,15,18,23,24], who found approximate values.
	In the maxilla, on the option of intrusion of the posterior teeth instead of extruding the anterior teeth, some authors[4,8,24,25] stated that intrusion is a more stable and simple movement to achieve, promoting the dentoskeletal changes necessary for the correction of BAD. In other studies[4,5,19]  the authors were unanimous in affirming that the result obtained in the treatment of MMA with the use of mini-implants resembles the results obtained with orthognathic surgery.

CONCLUSION
	Intrusion of the upper molars with the use of mini-implants as a skeletal anchor is effective for correction of open bite.
	When the technique of upper molar intrusion with mini-implants was compared with the technique of posterior high pull and incisor extrusion, the first one was more effective for the correction of open bite.
	The recurrence of molar intrusion does not invalidate mini-implant treatment for open bite correction because the benefits achieved outweigh the small dental relapse.
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