
 

16 JAW FUNCTIONAL ORTHOPEDICS AND CRANIOFACIAL GROWTH. JUNE 2022, VOLUME 2, ISSUE 1  

Study of skeletal changes in individuals with anterior 
open bite treated with JFO 

Everaldo Teixeira Costa1, Ieda Piramo Moreira Santiago2, Orlando Santiago Júnior3 
1Santa Bárbara do Leste, MG, Brazil 
2UNICENTRO Promove Dental School and Arnaldo Dental School, Belo Horizonte, MG, Brazil  
3ABO MG Belo Horizonte, MG, Brazil and ABO Muriaé, Belo Horizonte, MG, Brazil 
2Corresponding author 
E-mail: 1dreveraldo@yahoo.com.br, 2osjofm@gmail.com, 3corpysofm@gmail.com 
Received 22 May 2022; received in revised form 20 June 2022; accepted 30 June 2022 
DOI https://doi.org/10.21595/jfocg.2022.22723 

Copyright © 2022 Everaldo Teixeira Costa, et al. This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Abstract. Anterior Open Bite (AOB) is a type of malocclusion that promotes severe esthetic 
aesthetic and functional impairment. Its etiology is multifactorial and may involve several 
etiological factors, such as deleterious oral habits, hypertrophic tonsils, mouth breathing, dental 
ankylosis and eruption abnormalities either associated with genetic factors or not. AOB is one of 
the most challenging treatments in any treatment protocol. A retrospective study of 21 patients 
with anterior open bite treated with Jaw Functional Orthopedics (JFO) with improvement in 
overbite was conducted with the aim of understanding mandibular behavior during the treatment. 
Using SPSS 11.0, using Shapiro-Wilk test all variables showed Normal distribution (𝑝  0.05), 
in the comparison between the means at T0 and T1, the t-test for paired samples was used. In order 
to verify whether cooperative patients had better results than the non-cooperative group, a variable 
was created. For all tests, a significance level of 5 % was used. A weak statistical correlation  
(𝑃 ൏ 0,1) was found for Bimler’s Factor 8. Change resulted from AOB treatment with FOA in a 
short time. There was no statistical correlation of Bimler’s Factor 8 when cooperative patients 
were compared with the non-cooperative group. It could be concluded that in the studied sample 
there was a weak correlation between overbite improvement during AOB treatment with JFO and 
mandibular rotation. Further studies are necessary to understand the skeletal behavior of the 
maxillary bones in the treatment of AOB with FOA. 
Keywords: anterior open bite, treatment, mandibula rotation, jaw functional Orthopedics, 
functional orthopedic appliances. 

1. Introduction  

Anterior Open Bite (AOB) is a type of malocclusion that promotes severe esthetic and 
functional impairment. The majority of authors agree that the etiology of AOB is multifactorial 
and may involve several etiological factors, such as deleterious oral habits, hypertrophic tonsils, 
mouth breathing, dental ankylosis and abnormalities in the tooth eruption process either associated 
with genetic factors, or not. AOB is one of the most challenging treatments for Jaw Functional 
Orthopedics (JFO), mechanical Orthopedics, orthodontics, and orthognathic surgery [1, 2]. 
However, there is little consensus about best age to treat, treatment protocol, retention period, and 
even about the definition of malocclusion. According to Rijpstra and Lisson [1] the only aspect 
about which there is agreement, is the high level of difficulty of treatment. When the 
Parafunctional etiology is not accompanied by skeletal etiology, this results in a simpler treatment, 
even with the occurrence of partial or total self-correction, depending on the age at which the 
parafunction is eliminated [3]. 

Simões [4] has reported that when craniofacial growth deformation caused by AOB surpassed 
normal growth standards, for instance, goniac angle greater than 130o when measured using 
Capitulare (center of the condyle), Gonion and Menton, or greater than 135o when using Articulare 
(cephalometric point – intersection of the posterior border of mandible ramus with the sphenoid 
bone), Gonion and Menton; this would increase the possibility of surgical treatment being the only 
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possible treatment. The above-mentioned author added other parameters, such as those in cases 
when the inferior goniac angle reported by Jarabak was equal to or greater than 76o , and the 
individual had a broken protrusion movement. In cases such as these, the author recommended 
the use of both the Articular Compass cephalometry and the skeletal tracing to verify whether the 
non-surgical treatment protocol would be an option and the location tracing to position the frontal 
accessories in the Functional Orthopedic Appliance (FOA) if non-surgical treatment were 
available [5]. 

Many dental and/or skeletal changes have been reported based mainly on the treatment 
protocol used. Diminished anterior facial height occurred after treatment with cervical headgear 
due to a significant counter clockwise rotation of the mandible, and clockwise rotation and distal 
displacement of the maxilla [6]. Use of Quad Helix with crib generated a downward bodily 
rotation of the maxilla that contributed to correction of AOB.[7] Use of promoted a counter 
clockwise rotation in the mandibular plane, intrusion of mandibular molars e extrusion of 
maxillary incisors [8-10], while another study reported that using Invisalign the primary 
mechanism is incisor movement. [9] Correction of anterior open bite either with non-extraction or 
extractions with continuous arch wires and vertical anterior elastics will upright the mandibular 
posterior teeth. [11] Significant dental and skeletal changes were observed after treatment. 
Posterior build-ups in adults promotes molar intrusion, extrusion of mandibular and maxillary 
incisors and the mandibular plane angle showed a closure with decrease in anterior facial height 
[12,13]. Use of a surgical protocol led to rotation of the mandible, maxilla or both as it is a uni or 
bimaxillary protocol and some dento-alveolar compensation was reported [14, 15]. 

Soares and Santiago Jr. [16] reported the clinical efficacy of JFO to improve the overbite in 
AOB treatment with a 𝑃 = 0.003. But there is still no data available about the skeletal behavior 
due to FOA. The aim of this study was to investigate the behavior of the mandible by means of 
Bimler’s factor 8. 

2. Material and methods 

In a universe of 257 patients, who underwent treatment at the clinic of the JOF specialization 
course of the ABOMG – Muriaé section, 47 patients (18.3 %) had anterior open bite. The sample 
of this investigation was composed of 21 of these patients who underwent a second teleradiograph 
exam after a period of 16 to 18 months of treatment. Of these, 6 patients (28.6 %) were males and 
15 (71.4 %) females, with age ranging from 4 years and 11 months to 25 years and 3 months, with 
mean age 12 years and 1 month. The inclusion criteria were absence of anterior guide during 
protrusive movement of the mandible. All the legal tutors of the patients signed the Term of Free 
and Informed Consent.  

A Lateral teleradiograph was requested for each individual before treatment for the purposes 
of diagnosis, prognostic and treatment assessment (T0) and after 15 months of treatment another 
lateral teleradiograph (T1) was requested to assess treatment evolution. The exam was performed 
in a period of between 16 and 18 months of treatment. The exams were performed by the same 
radiology technician on the same X ray device. 

To study the behavior of mandible during AOB treatment, Bimler’s cephalometric analysis 
was used. Bimler defined 10 angular measurements, which he denominated Factors, and 
enumerated these factors from 1 to 10. The following cephalometric points were traced on the 
teleradiographs at T0 and T1: Orbitale (Or), Porion (Po), Tuber (T), Capitulare (C) and Gonion 
(G). From these cephalometric points the following planes were drawn Frankfurt Horizontal, T 
Vertical and Factor 8. Factor 8, a line that joins the center of the condyle represented by point C 
(Capitulare) to point G (Gonion) (Fig. 1), shows the mandibular flexion; that is to say, the degree 
of mandibular closure [4] was used to investigate the behavior of the mandible in AOB treatment. 
The tracings were made twice in each teleradiograph by the same investigator and checked 
separately by the other two. 
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Fig. 1. Simplified Bimler Cephalometry showing Factor 8 

Monthly clinical behavior of the dental overbite was measured with a digital pachymeter Litz 
Professional, 6 in/15 cm (Germany). In Fig. 2 clinical behavior of the overbite may be observed. 
In Figs. 2a and 2b AOB total closure and 2c and 2d AOB partial closure with a significant 
improvement in overbite. All individuals were treated with bioelastic FOA [4, 5], more 
specifically with Simões Network 2 (Simões Network 2 – Tongue Maintainer Model), SN3 
(Simões Network 3 –Lower Winglets Model), SN6 (Simões Network 6 – Special Pad Model) [4] 
constructed according to Santiago Jr and Santiago instructions [17]. The behavior of Factor 8 in 
AOB treatment with FOA may be observed in Table 1. 

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 2. Examples of improvement in overbite with JFO treatment. a) Patient M.E.P. prior to treatment, b) 
result after 16 months of use of FOA with total closure of the open bite. c) Patient D.O.R. prior to treatment 

and d) after 18 months of use of FOA with partial closure of the open bite 

3. Results 

SPSS 11.0 was used in statistical analyses. The assumption of normality was verified by the 
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Shapiro-Wilk test. As all variables showed approximately Normal distribution (𝑝 > 0.05), in the 
comparison between the means at T0 and T1; the t-test was used for paired samples. In order to 
verify whether cooperative patients had better results than the non-cooperative group, a variable 
was created, which expressed the difference (in degrees) between the result of T1 Rx and the result 
of T0 Rx.  

Table 1. Factor 8 (degree) in T0 and T1, treatment time with JFO 
Patient’s Initials Factor 8 T0 Factor 8 T1 Treatment time in full months  

A.M.S. +15,7° +16° 16 months 
A.S.F. +5° +3° 18 months 

C.J.A.J. +0,5° +3° 18 months 
D.S.J. +11° +15° 18 months 
D.O.R. +6° +8° 18 months 
H.R.V. +15° +15° 18 months 
I.L.P. +6° +3° 18 months 
I.M.C. +4,5° +5° 18 months 
I.A.S. +7° +11° 18 months 
J.M +13° +13° 18 months 

J.M.M. +6° +6° 18 months 
M.A.F.S +7° +8° 18 months 
M.E.P. +12° +17° 16 months 
M.C.S. +15° +17,5° 18 months 
M.C.M. +2,5° +1° 18 months 
L.S.F. +9° +12° 18 months 
R.C.L. +7° +8° 18 months 
S.P.J. +9,5° +5° 16 months 
S.S.E. +13,5° +8° 18 months 

Y.M.G. +8° +6° 16 months 
Y.A.O.S. +8° +7° 18 months 

For all tests, a significance level of 5 % was used. A weak statistical correlation (𝑃 < 0,1) was 
found for Bimler’s Factor 8. Change resulted from AOB treatment with FOA in a short time 
(Table 2). showing that – at least – in the short-term treatment, improvement in overbite achieved 
by AOB treatment with JFO was not mainly due to increase in mandibular flexure. To check 
whether engagement in treatment could have an influence on these results. A comparison of the 
behavior of Bimler’s Factor 8 was made between cooperative and non-cooperative patients and 
no statistical correlation was found (𝑃 = 0,837) as may be seen in Table 3.  

Table 2. Statistical analysis between T0 and T1 of Factor 8 behavior in AOB treatment with JFO 
 T0 T1 Difference (T1-T0) p 

Factor 8 (degree) 6.58 ± 5.972 8.93 ± 5.080 2.35 ± 6.204 0.098 

 
Fig. 3. Mean and Standard deviation of Factor 8 (degree) at T0 and T1 
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Table 3. Comparison between cooperative and non-cooperative patients. Data in mean ± standard deviation 
 Cooperative Non cooperative p 

Factor 8 (degrees) 2.343 ± 6.697 3.000 ± 5.822 0.837 

4. Discussion 

Mandibular and/or maxillary rotation during AOB treatment has been reported in the literature. 
Use of orthodontic aligners promoted mandibular rotation during AOB treatment due to molar 
intrusion [8-10]. Since the FOA appliances used in the treatment of this sample did not promote 
molar intrusion this may be a reason why mandibular rotation was only weakly correlated with 
JFO treatment of AOB. Another reason may be related to relative treatment time. Since the mean 
treatment time of AOB with JFO takes about 36 months (excluded here were AOB malocclusion 
classified as skeletal [3, 4]) and treatment time with orthodontic aligners rarely exceed 12/15 
months it would be useful to investigate the mandibular rotation achieved in AOB treatment with 
JFO after a 36-month period.  

With the orthognathic surgical treatment protocol for anterior open bite(?), mandibular and 
maxillary rotation was observed [14, 15] depending on whether the surgical procedure was 
performed in one or both maxillary bones. The same rationale relative to above-mentioned 
treatment can be used when comparing mandibular rotation and results in the sample previously 
described with those of orthognathic surgery.  

Mandibular rotation using build ups on molars has been described [12, 13]. According to the 
authors the build ups created a fulcrum and the mandible rotated, approaching the anterior region 
thereby contributing to improvement in the overbite during AOB treatment. 

The sample used in this study was small, there was no control group and treatment time was 
too short to make a categorical statement of the behavior of the mandible during AOB treatment 
with JFO. However, in the sample used in this investigation the mandibular rotation did not appear 
to be a major factor that influenced the improvement in overbite with JFO during AOB treatment. 

One interesting point should be discussed. All patients had a positive Factor 8 (Point G in front 
of point C) meaning that there had previously been a compensation in the degree of closure of the 
mandible, according to Simões [3]. It would be very interesting to conduct the same investigation 
with AOB in individuals with a negative factor 8 (point G behind point G), or even zero (point G 
in the same horizontal direction of point C) to verify the behavior of mandibular rotation during 
AOB treatment with JFO. 
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