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Background  The aim of this paper is to illustrate the use of a 
modified vertical holding appliance (G-VHA) to obtain the vertical 
control of maxillary molars and tongue stimulation in order to achieve 
a transverse activation in growing patients with dental open bite 
without the patient’s compliance. 

Case reports  The G-VHA is a modified trans-palatal bar with 
a resin pad covering the Omega central loop and two adjunctive 
lateral loops to ensure the bar flexibility. The G-VHA is designed to 
direct the force of the tongue against the upper molars to generate 
intrusion and at the same time to stimulate and re-educate the 
tongue. Two cases of dental open bite in growing patients are 
illustrated. Both patients were successfully treated, and the open 
bite was fully corrected thanks to molar intrusion, following 
counterclockwise rotation of the mandible and tongue correction. 
Finishing of alignment was performed in phase II of the treatment 
with conventional appliances.

Conclusion The G-VHA proved to be effective in controlling the 
vertical position of maxillary molars promoting the counter-clockwise 
rotation of the mandible and stimulating a different tongue posture.
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Introduction

Anterior open bite is a challenging malocclusion characterised 
by a deficiency in the normal vertical overlap between anterior 
incisors edges when the posterior teeth are in occlusion. The 
prevalence of anterior open bite ranges from 1.5% to 11% 
among different age and ethnic groups [Pisani et al., 2016; 
Harvold et al., 1981. Di Ventura et al., 2019; Nota et al., 2019; 
Carvalho et al., 2011].

Dental and dentoalveolar open bite are the result of a 
mechanical block of the vertical development of the incisors 
on the alveolar component while skeletal relationships are 
normal; skeletal open bite is determined by a vertical skeletal 
discrepancy associated with respiratory problems [Richardson 

et al., 1969; Nanda, 1998; Lopatiene and Babarskas, 2002; 
O’Ryan et al., 1992; Schlenker et al., 2000; Ravera et al., 2020; 
Condò et al., 2012; Urzal et al., 2013]. However, in most cases, 
the boundaries between dento-alveolar and skeletal open bite 
are not so well-defined since malocclusion presents both dental 
and skeletal components [Cangialosi, 1984; Pedra et al., 2006]. 
Several studies have suggested that the majority of severe 
conditions of increased lower anterior vertical dimension, may 
be due to increase in alveolar growth, dental extrusion, lack 
of ramus growth, or deficient vertical condylar growth, 
associated with mandibular clockwise rotation [Burke and 
Jacobson, 1992; Chung and Font, 2004; Conley and Legan, 
2002; Tomer and Harvold, 1982; Di Vecchio et al., 2019].

The aetiological features of open bite can generally be 
grouped under three headings as follows.
-  Disturbances in the eruption of the teeth and alveolar growth 

(e.g., ankylosed primary molar).
-  Mechanical interference with eruption and alveolar growth 

(e.g., finger-sucking habit).
-  Vertical skeletal dysplasia.

According to Proffit and Fields [1983], the ideal timing to 
start interceptive treatment is during the mixed dentition 
because every modification in deciduous dentition has the 
potential to relapse due to ongoing growth-related changes. 

Since patients with this type of vertical growth are more 
susceptible to dental extrusion and further bite opening during 
conventional biomechanical therapy, several authors have 
proposed intraoral devices, similar to vertical holding appliances 
used during orthodontic treatment, to inhibit the maxillary 
molar over-extrusion and to promote a more favourable 
mandibular counterclockwise rotation [Bascifici and Karaman, 
2002; De Berardinis et al., 2000; Gracco and Spena, 2008; 
Wise et al., 1994; Linder Aronson et al., 1993; Shpak et al., 
2006; Cerruto et al., 2018].

Several options for vertical posterior control have been 
proposed to successfully treat the open bite [Pisani et al., 2016; 
Ortu et al., 2016]. Most options, including high-pull, facebow 
headgear, require a high level of patient compliance to avoid 
molar extrusion [Pedra et al., 2006]. In their search of low or 
no compliance devices, Wise et al. [1994] showed how the use 
of a traditional trans-palatal arch could be effective in vertical 
control, inhibiting maxillary molars extrusion with low 
compliance, achieving 0.20 mm extrusion per year versus 1 
mm per year in a control group. The authors suggested that a 
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TPA with an acrylic button could enhance the vertical control 
on molar extrusion by means of tongue pressure. 

In a retrospective study De Berardinis [2000] found that the 
increase in lower anterior face height was significantly lower 
in the group treated with a Vertical Holding Appliance as 
compared to a Tweed mechanics treated control group (1.53 
mm increase in VHA group vs 3.39 mm increase in Tweed 
group); VHA also inhibits the eruption of the upper first molar 
by approximately 0.41 mm. Again other authors [Gracco and 
Spena, 2008] proposed a vertical holding appliance with resin 
pad touching the tongue and inducing in this way a pressure 
on the maxillary molars able to create sufficient intrusion (0.4 
mm) to generate counterclockwise rotation of the mandible. 
The trans-palatal bar described by De Berardinis et al. [2000] 
and Gracco and Spena [2008] could interestingly induce 
significant molars intrusion when compared to controls, but 
since the resin is embedding the omega loop, the TPA will loose 
flexibility and the possibility of being re-activated.

The aim of this article is to present an alternative no 
compliance option in the treatment of dental open bite in the 
late mixed dentition stage, a modified Vertical Holding 
Appliance, based on a TPA with resin pad, called “G-VHA”.

Materials and methods

The G-VHA is a removable trans-palatal bar made of a 0.9 
stainless steel wire, with the Coffin loop completely covered by 
a resin plate. The bar is designed to be distant from the palate 
(5–7 mm) in order to press against the tongue thus exerting a 
vertical force on maxillary molars and at the same time inducing 
a change in tongue posture. Two adjunctive lateral loops have 
been modeled beside the central omega loop to simultaneously 
correct the transverse, vertical and sagittal position of the molars, 

as well to vertically re-activate the bar. In order to perform molar 
de-rotation and expansion the bar can be activated by widening 
the lateral loops (Fig. 1 a-b). Moreover, to increase the vertical 
force applied on the upper molars, the resin pad can be moved 
away from the palate by bending the lateral loops along the 
vertical plane (Fig. 1 c-d).

Case 1 
An 11-year-old female patient presented with a skeletal Class 

I malocclusion, slightly constricted maxillary arch, normal skeletal 
pattern and negative overbite with tongue interposition. The 
patient presented a dental Class I malocclusion on both sides, 
with slight midlines deviations and light crowding only in the 
upper arch (Fig. 2 a-m). In order to correct the negative overbite 
(-2 mm) a G-VHA was applied and left in place for 8 months. 
The G-VHA was constructed as described above, while 
activations were limited to transverse and sagittal molar position 
exerting expansion on the lateral loops, as described above. 
After three months of treatment, grinding of the primary molars 
was performed in order to create upper and lower molars 
over-occlusion. This procedure is not essential, but could be 
suggested in order to prevent lower molar extrusion due to 
the premature contact of deciduous teeth and avoiding 
posterior open bite. The G-VHA interceptive treatment lasted 
8 months; the dental open bite was completely corrected 
maintaining a Class I occlusion with normal anterior overlapping 
and improved midlines deviation. The general and maxillary 
superimposition showed a normal downward and forward 
growth direction and a clear inhibition of maxillary molars 
vertical position associated to upper incisors extrusion, due to 
a change in tongue posture (Fig. 3 a-h). A second simplified 
phase of treatment with fixed conventional appliance was 
performed in order to manage the overbite. Class I molar and 
canine relationship was achieved at the end of orthodontic 
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FIG. 1 G-VHA manufactured with adequate distance from palate; adjunctive loops activation.
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treatment with normal OVB and OVJ in a balanced smile and 
profile (Fig. 4 a-e).

Case 2
A 12 year-old female patient presented with skeletal Class I 

malocclusion with normal skeletal pattern associated with severe 
dental open bite with tongue interposition and constricted 
maxillary arch. The patient presented a dental Class II 
malocclusion more severe on the right side with moderate 
crowding in the lower arch, severe crowding in the upper arch 
due to lack of space for right canine eruption associated to face 

midline deviation. The upper and lower midlines were both 
shifted to the right because of the premature loss of deciduous 
teeth. A lingual arch from a previous treatment can be seen in 
the panoramic x-ray (Fig. 5 a-m). The G-VHA was applied 
following the same construction criteria and left in place for 9 
months; the appliance activations were concentrated on sagittal, 
transverse and vertical dimension with a monthly frequency.

The G-VHA treatment lasted 9 months; the dental open bite 
was completely corrected by vertical control of maxillary molars 
with a consequent favorable change in mandibular rotation 
and upper incisors extrusion. The general and maxillary 

FIG. 2 Case 1 Pre-treatment 
records.

FIG. 3 Grinding of deciduous molars to avoid posterior open bite and control lower extrusion.
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Class I molar and canine relationship has been achieved at the 
end of the orthodontic treatment with proper OVB and OVJ 
and a balanced smile and profile (Fig.7 a-e).

Discussion 

The dental open bite in both cases was satisfactorily corrected 
by using a less invasive appliance if compared to other devices 

FIG. 4 Case 1 Post-treatment records 
showing OVB correction by means 
of maxillary molars control combined 
with mandible counterclockwise 
rotation and incisors extrusion.

superimposition showed a normal downward and forward 
growth direction and a clear inhibition of maxillary molars 
vertical position associated to upper incisors extrusion, probably 
due to a change in tongue posture The midlines still remain 
deviated but a Class I relationship has been achieved with 
normal OVB and incisors overlapping (Fig.6 a-h). A second 
simplified phase of treatment with fixed self-ligating appliance 
has been planned managing eruption spaces for upper right 
canine and lower right second premolar and midline centering. 

FIG. 5 Case 2 Pre-treatment 
records.
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(quadhelix with spurs, lingual spurs) over an average time of 
9 months. Vertical skeletal measurements showed a general 
reduction (Sn-GoGn reduced of 2°) due to counter-clockwise 
rotation of the mandible, vertical maxillary control. The FMA 
showed a 3° reduction; the distance from the occlusal plane 
of the maxillary first molars to the bispinal plane remained 
stable in both cases regardless the growth (Case 1 at T1, 21 
mm, at T2, 21 mm; Case 2 at T1, 23 mm, at T2, 23 mm).

The effects of the G-VHA on the skeletal bases showed a 
reduction of the lower anterior face height, the FMA reduced 
from 28° to 25° as well as a general reduction in all other 
cephalometric measurements (Sn-GoGn). On a dento-alveolar 
level a mean increase in overbite of about 2–4 mm was 
achieved. This reduction was associated to a favorable 
counterclockwise mandible rotation and due to vertical control 
of the maxillary plane (ANS-PNS showed general increase of 
1°) induced by the tongue pressure on G-VHA appliance and 
therefore on the maxillary molars (Table 1, 2). Tongue pressure 
is fundamental as well as change in tongue posture, as it seems 
that the G-VHA creates a different tongue position able to 
re-direct functional forces from anterior to posterior area.

Posterior teeth remained in a stable vertical position regardless 
the skeletal growth, while all structures moved normally 

downward and forward. The distance from the occlusal plane 
of the maxillary molars to the bispinal plane was maintained 
due to tongue pressure on the resin pad of the trans-palatal 
bar. The two adjunctive lateral loops were thought to compensate 
the central omega loop embedded in acrylic resin, giving the 
wire the flexibility necessary for sagittal and transverse correction 
of maxillary molars. The effects on the anterior teeth showed 
no variations; the inclination on maxillary and mandibular plane 
was maintained, except for the overbite reduction due to 
mandible clockwise rotation and spontaneous incisors extrusion 
because of probable change in tongue posture.

When comparing the results of Gracco and Spena [2008] 
and De Berardinis et al. [2000] the advantage of this 
modification is represented by the possibility of re-activating 
the G-VHA by changing the vertical position of the resin pad 
thanks to the adjunctive loops, moreover the G-VHA was 
effective in combining transverse and sagittal modification of 
molars position by properly activating the flexibility of the bar.

Owing to the limitation of the present clinical report, the 
results obtained in growing patients suggest that the use of 
the G-VHA can be effective in maintaining the vertical maxillary 
molars position, avoiding extrusion movement that normally 
occurs following growth in late mixed dentition, thus helping 

FIG. 7 Phase 2 Post-treatment 
records showing OVB correction by 
maxillary molars control combined 
with mandible counterclockwise 
rotation and incisors extrusion.

FIG. 6 
Case 2 
Phase 1 
Post-
treatment 
records.
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Cephalometric morphological 
assessment

Mean SD
Pre-

treatment
Post 

treatment

Sagittal skeletal relations

Maxillary position    S-N-A 82° + 3.5 80° 82°

Mandibular position  S-N-Pg 80° + 3.5 76° 78°

Sagittal jaw relation   A-N-Pg 2°  +  2.5 4° 4°

Vertical skeletal relations

Maxillary inclination   S-N/Ans-Pns 8°  +  3.0 7° 8°

Mandibular Inclinat. S-N/Go-Gn 33° + 2.5 35° 33°

Vertical jaw relation  Ans-Pns/Go-Gn 25° + 6.0 28° 25°

Dento-basal relations

Maxillary incisor inclination 1/Ans-Pns 110°+ 6.0 109° 109°

Mandibular incisor inclination     
1  / Go-Gn

94  +  7.0 98° 98°

Mandibular incisor compensation
1  / A-Pg (mm)

2  +  2.0 1 0

Dental relations

Overjet  (mm) 3.5 + 2.5 2 2

Overbite  (mm) 2  +  2.5 0 4

Interincisal angle 1  /  1 132°+ 6.0 137° 137°

TABLE 1 Case 1 pre and post treatment cephalometric analysis. TABLE 2 Case 2 pre and post treatment cephalometric analysis.

Cephalometric morphological 
assessment

Mean Sd
Pre-

treatment
Post 

treatment

Sagittal skeletal relations

Maxillary Position   S-N-A 82°  +  3.5 80° 82°

Mandibular Position   S-N-Pg 80°  +  3.5 76° 78°

Sagittal Jaw Relation   A-N-Pg 2°  +  2.5 4° 4°

Vertical  skeletal relations

Maxillary Inclinat. S-N/Ans-Pns 8°  +  3.0 7° 8°

Mandibular Inclinat. S-N/Go-Gn 33°  +  2.5 35° 33°

Vertical jaw relat. Ans-Pns/Go-Gn 25°  +  6.0 28° 25°

Dento-basal relations

Maxillary Incisor Inclin. 1/Ans-Pns 110°+ 6.0 109° 109°

Mandibular Incisor Inclination 
1 / Go-Gn 94  +  7.0 98° 98°

Mandibular Incisor 
Compensation 1  / A-Pg (Mm) 2  +  2.0 1 0

Dental relations

Overjet  (Mm) 3.5  +  2.5 2 2

Overbite  (Mm) 2  +  2.5 0 4

Interincisal angle 1  /  1 132° + 6.0 137° 137°

open bite correction. The change in the vertical values suggest 
an interesting, albeit not wide, reduction in the divergency 
(3°), but the dental open bite correction  without compliance 
represents a relevant result considering the very low level of 
compliance. Moreover, the modification suggested with two 
adjunctive lateral loops to the vertical holding appliance can 
successfully compensate the loss of wire flexibility caused by 
the resin embedding the central omega loop.
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