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Abstract: Deep bites can be treated by the intrusion of anterior teeth and the extrusion of the posterior
teeth, or both, according to the exposure of the incisors in the smile. The aim of this paper is to
propose a protocol to improve the effectiveness of deep bite treatments. Orthodontic movements
are programmed following the “frog staging” protocol for the anterior teeth, the application of
retention attachments and the overengineered final setup. Two case reports described the clinical
and radiographic changes with orthodontic treatment using Invisalign clear aligners by applying
this protocol.

Keywords: removable orthodontic appliances; overbite; malocclusion; orthodontics; corrective
orthodontics; clear aligners

1. Introduction
Deep Bite

A deep bite is characterized by excessive vertical overlap of the lower incisors by
the upper incisors in maximum intercuspation. A deep bite is a feature of malocclusion
that can be dental, skeletal or a combination of both [1]. A deep bite is often associated
with a retroclination and extrusion of the upper and lower front teeth, a loss of vertical
posterior dimension or a combination of both. A skeletal deep bite is characterized by
a counterclockwise rotation of the mandible [2-9].

Orthodontic treatment has the objective to level the curve of Spee with the intrusion
of the upper/lower anterior teeth and the extrusion of the posterior teeth, or both. It
is advisable to understand which is the best approach according to the exposure of the
incisors in the smile [10]. In particular, if a patient has a deep bite associated with a gingival
smile (Figure 1), it will be advisable to program the intrusion of the upper incisors. On the
contrary, as it often happens, if the patient has good exposure of the upper incisors to the
smile and a deep bite, it will be necessary to project a greater intrusion of the lower incisors
and an extrusion of the posterior teeth (Figure 2) [11,12].

The development of orthodontic therapies with transparent aligners has prompted
many clinicians to investigate their effectiveness and efficiency in detail [13-19]. Sev-
eral companies entered the orthodontic aligner market over the years, and Invisalign
established itself as the industry leader in the number of patients treated, the num-
ber of service providers and technological advancement. This also allowed for greater
scientific production [20-25].
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Figure 1. Gingival smile and deep bite.

Figure 2. Deep bite with good exposure of the upper incisors.

Fixed orthodontic multibracket appliance (Figure 3) may be useful to level the curve
of Spee more than aligners because aligners’ “bite block” effect can produce posterior
teeth intrusion or not allow posterior teeth extrusion. This effect can be reduced by the
application of precision bite ramps on palatal upper anterior teeth [26-29]. If a deep bite
can be solved just with upper and lower anterior teeth proclination and relative intrusion,
aligners can perform like fixed appliances. If the treatment has the objective to intrude lower
incisors and extrude posterior teeth, aligners have some difficulty making it possible [30,31].

Figure 3. Multibracket appliance during curve of Spee leveling: (A) at the beginning of the treatment;
(B) at the end of the treatment.

The aim of this paper is to present two clinical cases of deep bite treatment and to
propose a novel deep bite treatment protocol with Invisalign orthodontic aligners.
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2. Materials and Methods: Deep Bite Protocol with Aligners
2.1. Attachments

Since aligners need retention to express vertical movements, such as extrusion or
intrusion of posterior teeth, it is useful that the application of retention by conventional
horizontal rectangular attachments are 4 mm large on premolars and, if possible, 5 mm
on canines (Figure 4). If extrusion of the premolars is desired, the attachment design is
modified from horizontal rectangular to gingival beveled (Figure 5). The attachments of this
shape and dimension are necessary to improve the surface of force application to premolars
and canines and to prevent dislodgement of aligners during an anterior intrusion.

Figure 4. Conventional horizontal rectangular attachments.

- HORISONTAL
RECTANGULAR ATC

(retention)

- HORISONTAL GINGIVAL.
BEVELED ATC

(posterior estrusion)

Figure 5. Different designs of lower premolars attachments.

2.2. Working Setup

In fixed multibracket therapies, deep bite correction may require the use of reverse
curve archwires that determine an overcorrection of the deep bite to obtain more intrusion
of anterior teeth and extrusion of posterior teeth. With aligners, it is not possible to add a
reverse curve arch, but it can be possible to design a virtual setup in order to overcorrect
the position of the teeth such as the shape of a reverse curve archwire (Figure 6). Virtual
setup is composed of a series of overcorrected dental final positions (Figure 7).
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Figure 6. Working setup in a deep bite: (A) deep curve of Spee; (B) reverse curve of Spee archwire;
(C) overengineered setup.

* 3-3 Intrusion
* 4-6 Extrusion
* 7 Intrusion
|« 3 Mesial Crown Tip
« 7 Distal Crown Tip
« 1,2 Extra Lingual Root Tq

Figure 7. Overcorrection of the digital setup.

2.3. Staging

Staging is the sequence of movements generated by the virtual setup. Staging is
represented by a diagram showing each aligner and which corresponding teeth are moved.
Staging can involve simultaneous movements of all teeth or only of some teeth for some
aligners, and of other teeth on other aligners, such as working with a segmented orthodontic
technique. In deep bite correction, orthodontic movements are provided with the sequence
called “frog staging” (Figure 8) for the intrusion movement of the anterior sector. In
particular, the intrusion is programmed first on lower canines, then on incisors, again on
canines, subsequently again on incisors and so on. In this way, the number of aligners
increases and, consequently, the treatment duration increases, but the predictability of the
movement is improved. In fact, movements are directed on some teeth while the other
teeth, not moving, act as anchoring units.

Figure 8. Frog staging.
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3. Case Report Number 1

The first case reported was an adult male patient who had already undergone or-
thodontic treatment in the past with the extraction of the four first premolars. The or-
thodontic situation (Figures 9-11 and Table 1) showed a dentoskeletal class II malocclusion,
upper and lower crowding, severe deep bite with impingement of the lower incisors on the
palate, retroclination of the upper and lower incisors, and convex and biretruded profile.
The patient was strongly brachyfacial, and therefore, a deep bite was not only dental but
also skeletal. The patient showed good exposure of the upper incisors; therefore, in the
resolution of the deep bite, it was preferable not to intrude upper incisors in order not to
worsen the patient’s aesthetics.

The treatment was conducted exclusively with clear aligners and followed the protocol
for the resolution of the deep bite that was described above. It lasted approximately 18
months, with only one little refinement. At the end of the treatment, the resolution of the
deep bite and an important leveling of the patient’s curve of Spee was clearly evident, as
can be seen in the comparison between the initial and final orthopantomography.

The exposure of the lower incisors at the end of the treatment was normal, the upper
and lower crowding was resolved, and the dental class was corrected. In fact, at the
end of the treatment, the patient was in molar and canine class I. Cephalometric analysis
(Table 2) showed skeletal deep bite, skeletal class II, and better inclination of upper and
lower incisors. At the end of the treatment, intra- and extra-oral photos of the patient and
X-rays were taken (Figures 12 and 13) and, after few days, a removable Essix for long-term
retention was delivered. Final cephalometric tracing is showed in Figure 14.

Figure 9. Pre-treatment intraoral and extraoral photos of case number 1: frontal facial view (A); frontal
facial view smiling (B); right facial view (C); right facial view smiling (D); Right arches view (E); Frontal
arches view (F); Left arches view (G); upper arch occlusal view (H); lower arch occlusal view (I).
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Figure 10. Pre-treatment radiographic of case number 1: (A) orthopantomography; (B) lat-
eral cephalogram.

Figure 11. Pre-treatment cephalometric tracing.
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Table 1. Pre-treatment cephalometric values of case number 1.

Measurements Result Mean S.D. Severity
SNA 79.83 81.77 6.0
SNB 74.62 80.42 5.3 *
ANB 5.21 2.05 1.8 *
Bjork sum 382.11 393.97 3.7 o
FMA 11.29 25 4.0 ot
Gonial angle 102.95 122.38 4.9 il
APDI 75.80 85.98 4.0 **
ODI 90.55 73.35 5.9 *
Combination factor 166.35 159.3 7.1
A to N-Perp (FH) 0.70 1.1 2.7
B to N-Perp (FH) —7.89 -3.5 2.0 *
Pog to N-Perp (FH) —6.01 -0.3 2.5 **
FH to AB 76.98 81 3.0 *
A-B to mandibular plane 91.73 69.3 2.5 ok
Wits appraisal 8.97 —2.24 0.3 o
Overjet 3.72 2 2.0
Overbite 8.62 2 2.0 ot
Ul to FH 92.22 116.52 6.0 o
Ul to SN 81.40 109.31 6.0 o
Ul to UOP 76.49 55 4.0 ot
IMPA 96.76 95 5.5
L1 to LOP 56.94 66 5.0 *
Interincisal angle 159.74 128 5.3 e
Cant of occlusal plane —0.59 9.3 3.8 **
Ul to NA (mm) 3.24 4 3.0
U1 to NA (deg) 1.57 22 5.0 el
L1 to NB (mm) 0.04 4 2.0 *
L1 to NB (deg) 13.49 25 5.0 **
Upper incisal display 4.02 3 1.5
Upper lip to E-plane —8.53 0 2.0 ot
Lower lip to E-plane —8.50 0 2.0 ok
Nasolabial angle 102.08 95 5.0 *

* Low; ** Medium; *** High.

Table 2. Post-treatment cephalometric values of case number 1.

Measurements Result Mean S.D. Severity
SNA 79.13 81.77 6.0
SNB 75.37 80.42 5.3
ANB 3.76 2.05 1.8
Bjork sum 382.04 393.97 3.7 HHE
FMA 10.85 25 4.0 xEE
Gonial angle 104.36 122.38 4.9 ok
APDI 79.77 85.98 4.0 *
ODI 88.72 73.35 5.9 **
Combination factor 168.49 159.3 7.1 *
A to N-Perp (FH) 0.36 1.1 2.7
B to N-Perp (FH) —6.03 -35 2.0 *
Pog to N-Perp (FH) —2.98 -0.3 2.5 *
FH to AB 80.10 81 3.0
A-B to mandibular plane 89.05 69.3 2.5 xxx
Wits appraisal 3.54 —2.24 0.3 i
Overjet 3.39 2 2.0
Overbite 2.92 2 2.0
Ul to FH 105.32 116.52 6.0 *
U1 to SN 94.12 109.31 6.0 **

Ul to UOP 66.26 55 4.0 **




Appl. Sci. 2022,12, 6709

8of 17

Table 2. Cont.

Measurements Result Mean S.D. Severity
IMPA 102.70 95 5.5 *
L1 to LOP 66.13 66 5.0
Interincisal angle 141.13 128 53 **
Cant of occlusal plane 4.44 9.3 3.8 *
Ul to NA (mm) 0.42 4 3.0 *
Ul to NA (deg) 14.99 22 5.0 *
L1 to NB (mm) 191 4 2.0 *
L1 to NB (deg) 20.12 25 5.0
Upper incisal display 411 3 15
Upper lip to E-plane —9.54 0 2.0 ot
Lower lip to E-plane —7.88 0 2.0 ok
Nasolabial angle 129.11 95 5.0 il

* Low; ** Medium; *** High.

MALIIAL

Figure 12. Post-treatment extraoral and intraoral photos of case number 1: frontal facial view (A);
frontal facial view smiling (B); right facial view (C); right facial view smiling (D); right arches view (E);
frontal arches view (F); left arches view (G); upper arch occlusal view (H); lower arch occlusal view (I).
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Figure 13. Post-treatment radiographic of case number 1: (A) orthopantomography; (B) lat-
eral cephalogram.

=

Figure 14. Post-treatment cephalometric tracing.
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4. Case Report Number 2

The second case was concerned with the orthodontic treatment with transparent
aligners of a growing patient with dentoskeletal class II malocclusion, scissor bite of the
first right upper premolar, a slight contraction of the upper and lower arches, lower dental
crowding and an interincisive diastema.

The patient also had good exposure to their smile and deep bite, so it was indicated
to correct the deep bite by leveling the lower arch with the intrusion of the canines and
incisors (Figures 15 and 16).

Figure 15. Pre-treatment intraoral and extraoral photos of case number 2: frontal facial view (A);
frontal facial view smiling (B); right facial view (C); right facial view smiling (D); right arches view (E);
frontal arches view (F); left arches view (G); upper arch occlusal view (H); lower arch occlusal view (I).

Figure 16. Cont.
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Figure 16. Pre-treatment radiographic of case number 2: (A) orthopantomography; (B) lat-
eral cephalogram.

The patient presented a skeletal class II malocclusion, a normodivergent growth
pattern, excessive proclination of the upper incisors and a normoinclination of the lower
incisors (Figure 17 and Table 3).

An orthodontic therapy with transparent aligners was performed with all components
of the protocol just described: horizontal rectangular attachments on the posterior teeth
and lower canines, frog staging and over-correction of the final setup.

Furthermore, when the lower leveling and upper expansion phases were completed,
the patient was asked to wear class Il intermaxillary elastics.

Thanks to the patient’s excellent collaboration, the optimal biomechanical control
of the aligners and the patient’s growth, the treatment was successfully carried out in
18 months, reaching a dental class I, a resolution of crowding, a median diastema closure
and deep bite resolution.

Figure 17. Pre-treatment cephalometric tracing of case number 2.
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Table 3. Pre-treatment cephalometric values of case number 2.

Measurements Result Mean S.D. Severity
SNA 85.76 81.77 6.0
SNB 79.54 80.42 5.3
ANB 6.22 2.05 1.8 **
Bjork sum 391.96 393.97 3.7
FMA 22.50 25 4.0
Gonial angle 122.28 122.38 4.9
APDI 77.07 85.98 4.0 **
ODI 75.83 73.35 5.9
Combination factor 152.90 159.3 7.1
A to N-Perp (FH) 5.03 1.1 2.7 *
B to N-Perp (FH) —1.58 -3.5 2.0
Pog to N-Perp (FH) 0.36 -0.3 2.5
FH to AB 79.38 81 3.0
A-B to mandibular plane 78.13 69.3 2.5 ok
Wits appraisal 3.80 —2.24 0.3 il
Overjet 6.03 2 2.0 **
Overbite 5.30 2 2.0 *
Ul to FH 113.00 116.52 6.0
Ul to SN 103.54 109.31 6.0
Ul to UOP 57.39 55 4.0
IMPA 101.75 95 5.5 *
L1 to LOP 53.91 66 5.0 **
Interincisal angle 122.75 128 5.3
Cant of occlusal plane 4.53 9.3 3.8 *
Ul to NA (mm) 2.45 4 3.0
Ul to NA (deg) 17.78 22 5.0
L1 to NB (mm) 5.32 4 2.0
L1 to NB (deg) 33.25 25 5.0 *
Upper incisal display 4.64 3 1.5 *
Upper lip to E-plane —2.73 0 2.0 *
Lower lip to E-plane —1.56 0 2.0
Nasolabial angle 92.06 95 5.0

* Low; ** Medium; *** High.

The leveling of the lower arch and the coordination of the arches made it possible to
treat the dental class II using intermaxillary elastics (Figures 18-20 and Table 4). At the end
of the treatment, the patient was asked to wear removable Essix for long-term retention.

Figure 18. Cont.
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Figure 18. Post-treatment intraoral and extraoral photos of case number 2: frontal facial view (A);
frontal facial view smiling (B); right facial view (C); right facial view smiling (D); right arches view (E);
frontal arches view (F); left arches view (G); upper arch occlusal view (H); lower arch occlusal view (I).

Figure 19. Post-treatment radiographic of case number 2: (A) orthopantomography; (B) lat-
eral cephalogram.

Figure 20. Post-treatment cephalometric tracing of case number 2.
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Table 4. Post-treatment cephalometric values of case number 2.

Measurements Result Mean S.D. Severity
SNA 82.68 81.77 6.0
SNB 79.04 80.42 5.3
ANB 3.64 2.05 1.8
Bjork sum 393.11 393.97 3.7
FMA 22.58 25 4.0
Gonial angle 129.98 122.38 4.9 *
APDI 81.92 85.98 4.0 *
ODI 71.74 73.35 5.9
Combination factor 153.66 159.3 7.1
A to N-Perp (FH) 3.26 1.1 2.7
B to N-Perp (FH) -0.71 -3.5 2.0 *
Pog to N-Perp (FH) 2.95 -0.3 2.5 *
FH to AB 83.80 81 3.0
A-B to mandibular plane 73.62 69.3 2.5 *
Wits appraisal 1.39 —2.24 0.3 o
Overjet 3.11 2 2.0
Overbite 1.81 2 2.0
Ul to FH 110.99 116.52 6.0
Ul to SN 100.46 109.31 6.0 *
Ul to UOP 62.99 55 4.0 *
IMPA 94.70 95 5.5
L1 to LOP 64.50 66 5.0
Interincisal angle 131.73 128 5.3
Cant of occlusal plane 4.04 9.3 3.8 *
Ul to NA (mm) 2.32 4 3.0
Ul to NA (deg) 17.78 22 5.0
L1 to NB (mm) 4.32 4 2.0
L1 to NB (deg) 26.85 25 5.0
Upper incisal display 2.77 3 1.5
Upper lip to E-plane —8.01 0 2.0 ot
Lower lip to E-plane —5.83 0 2.0 **
Nasolabial angle 109.41 95 5.0 *

* Low; ** Medium; *** High.

5. Discussion

Most papers agree that a deep bite is difficult to treat with aligners, and anterior
intrusion and posterior extrusion are difficult to achieve, but not all papers share the
same opinion.

Although the patients had different malocclusions (the patient in case number 1 had
undergone an extractive treatment in the past and had a relapse, while the patient in case
number 2 had a class II malocclusion with complete dentition), the same protocol to treat
their deep bite malocclusion was effective. It is also important to report that both cases had
dental arch contraction and crowding. The resolution of these two features of malocclusion
helped with the correction of the deep bite because it was in part corrected with the relative
intrusion of the anterior lower teeth. Relative intrusion is a combination of intrusion and
labial tipping.

Krieger et al., stated that the vertical movements of intrusion and extrusion are more
difficult with the aligners [30].

From the systematic review by Galan-Lopez et al., knowledge emerged that the least
predictable movements with Invisalign are rotations and vertical movements [32].

According to a recent review of the literature conducted by Papadimitriou on the
efficacy of Invisalign therapy on different types of malocclusions, Invisalign was found
to be effective for tipping and rotation movements. Moreover, the results of Invisalign
therapies may be comparable with those of fixed multibracket therapies in the case of little
or medium crowdings in adult patients who do not require extractions [33,34].
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Invisalign was found not to be very effective in arch expansions through a bodily
movement of the teeth, in the closure of the extraction spaces, in the correction of vertical
occlusal contacts and in the resolution of major malocclusions. It has been found that some
malocclusions, such as minor dental misalignments or anterior dental open bites, can be
treated with more prediction using aligners [29,35].

On the contrary, malocclusions characterized by a deep bite are more complex to
treat [36]. A study by Douglas Henik et al. analyzed patients with skeletal deep bites treated
with Invisalign G5 and virtual bite ramps versus patients treated with fixed orthodontic
devices. This study showed that there is no difference in the effectiveness of treatment
between fixed and Invisalign equipment [31].

Additionally, according to Yang Liu and Wei Hu, the correction of a deep bite was
difficult with the transparent aligners. Deep bite correction involves the extrusion of the
posterior teeth and the intrusion of the anterior or both movements. The choice depends on
some factors, such as the exposure of the gum of the incisors during a smile and the vertical
dimension. The intrusion of the incisors was simple to obtain, while the extrusion of the
posterior teeth was not favored by the Invisalign because covering the occlusal surface
prevented their extrusion [36,37]. Roozbeh Khosravi et al. agreed that the resolution of a
deep bite with the Invisalign aligners occurred only through an intrusion movement of the
incisors and not also an extrusion of the posterior sectors [38].

The purpose of these case reports is to show the clinical results of an orthodontic
treatment protocol with transparent aligners to solve malocclusion associated with severe
deep bites. Anchorage attachments are very important for transfering the pressure desired
to intrude anteriors without disengaging the aligners on posterior teeth and favour posterior
extrusion. If the intrusion of anterior teeth is associated with proclination, then a deep
bite is easier to solve. Moving teeth with frog staging increase the number of aligners
than traditional methods and may improve predictability. Finally, overengineering the
dental final setup is an attempt to exceed the limits of the amount of vertical movements
performed with aligners. In case number 1, anterior teeth were proclined and intruded at
the same time without excessing lower incisor proclination, and the arches were expanded
with uprighting of posterior segments and improvement in the vertical dimension. In case
number 2, a deep bite was associated with class II skeletal malocclusion. The patient had
favourable growth of the mandible that helped the correction of deep bites.

6. Conclusions

The treatment of deep bites with transparent aligners can be approached with good
predictability using the protocol described in these two clinical cases. However, a more
in-depth analysis and larger case histories with the same protocol are needed.
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