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Abstract. In this article, the treatment of two clinical cases is presented, in which the two patients
showed distocclusion, severe overbite, required correction of the occlusal plane and movements
of the mandible. Both were treated with functional orthopedic appliances In the first case. the
patient was 4 years and 5 months old, and in second, 10 years 10 months old. Both had a significant
pathological occlusal plane with a large difference in the height between the right and left sides.
The lateral movements of the mandible showed completely different Functional Masticatory
Angle Planes. The protrusion and opening movements of the mandible also showed deviation. The
Functional Orthopedic appliance would advance the position of the mandible forward and would
produce better responses if it were able to touch the incisors in the specific area. The forward
mandibular position would activate the Ihh (Indian Hedgehog) and produce replication of the
mesenchymal cells in the condyle and glenoid fossa. Moreover, it could produce an increase of
mandibular length, and regulate the factors of mandibular condylar growth. The space produced
between the occlusion as a result of the change to the forward mandible position must stimulate
tooth eruption to correct the curve of the occlusal plane. Both cases showed balance of the occlusal
plane and same functional masticatory angle Planes. Furthermore, the protrusion and opening
movement of the mandible were corrected and no longer showed deviations. Note in both cases
that the stability of the mandibular advancement occurred due to maintenance of twice as long to
achieve incisor contact.
Keywords: Malocclusion, distocclusion, overbite, occlusal plane, functional masticatory angle
Planas, lateral movement, protrusion movement, opening movement, Indian hedgehog,
mesenchymal cells.
1. Introduction
Cases of malocclusion (distocclusion) with severe overbite must be treated as soon as it is
diagnosed. The early treatment can improve adjustment of development of the maxilla, occlusal
plane and balance of the ATM. Furthermore, it produces a physiological balance of the mandibular
movements (lateral, protrusion, opening and close) and the muscle system.
Malocclusion (distocclusion) with severe overbite can cause a pathological curve of the
occlusal plane. Moreover, a different maxillary curve could develop in the occlusal plane between
the right and left sides, when measured from the occlusal plane up to the Camper plane. It is also
important to diagnose the changes in the curve of the occlusal plane in the first dentition. The
occlusal plane must be flat in primary dentition and slightly curved in the permanent dentition [1].
The occlusal plane is a sagittal curve that will be no more than the sum of the individual occlusal
planes of each tooth. These individual planes are called microplanes and formation of the sagital
curve arises from their alignment. From canine up to the molar there will be an ascending curve
corresponding to the resulting directional muscular forces [2].
The lateral movement of the mandible should have the same masticatory angle according to
Planas on the right and left sides as well as the same length [3]. The lateral movement should be
in lateral-protrusion with the disocclusion in group touching the incisors, canine, pre-molars and
molars [3]. The protrusion movement is physiological when the mandible moves forward until it
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touches the palatal surface, moves downwards, touches the incisal edge and then move forwards
and upwards[1]. The protrusion movement is pathological or broken when the mandible moves
forward and does not touch the incisors1. Diagnosis of the position of the mandible is very
important and the incisor midline should be without deviation in the rest position. Furthermore,
when the mandible moves forward in a protrusion movement, it must remain without deviation.
There are 3 fundamental principles in Functional Maxillary Orthopedics: neural excitation, change
in the posture of the mandible, change in the posture of tongue and change in the therapeutic
posture of the mandible [1]. The change in the therapeutic posture of the mandible is when the
mandible moves forward until it touches the incisors in a specific area called Determined Area
(DA) [1]. This contact in DA establishes the neuro-muscular system that activates the pterygoid
muscle, ATM, condylar cartilage, tongue, temporal and facial muscle. Furthermore, there is a
relationship between the following structures: respiratory air space, cervical spine, tongue, head
position, mandible, neck, ATM and inframandibular region [4]. This activation of the
neural-muscular system and their relationship with the anatomical structures makes it possible to
change the position of the teeth and correct the occlusal plane curve. There are three possibilities
for advancing the mandible to correct the distocclusion with overbite and it depends on several
factors for example, the position of the mandible, deviation of the incisor midline, type of
protrusion movement, development of the ATM, teeth position and others. The first option for
advancing the mandible is by direct pro-translation movement [5] (advance the mandible until it
touches the DA), the second option is pro-translation movement in 2 steps [5] (advance the
mandible in 2 steps) and the third option is gradual pro-translation movement by interference [5]
(pain, overjet greater than 7 mm, caution). The change in posture of the mandible for correcting
the distocclusion produces the interocclusal space. It is very important and necessary to balance
the curve of the occlusal plane and correct the position of the teeth.
In research conducted by Petrovic et all [6-8] they found an increase in mitotic activity in the
mesenchymal cells of the condyle when the mandible was moved into the forward position. Rabie
and Hagg researched the factors regulating mandibular condylar growth at the cellular and
molecular levels [9]. Therapy with functional appliance has been found to accelerate and enhance
condylar growth [10]. Rabie et all have shown that replication of the mesenchymal cells in the
condyle and glenoid fossa could increase by 40-50 % during the forward position of the mandible.
The protein Indian Hedgehog (Ihh) is a mechanotrasduction mediator in the condylar cartilage
that has shown increased expression with the mandibular in a forward position. This activated the
molecular cells to increase the condylar bone formation [11]. Furthermore, the forward position
of the mandible is capable of up-regulating the expression of SOX9 and type 2 collagen in the
glenoid fossa in addition to increasing the endochondral ossification of condylar cartilage
indicated by expression of type X collagen [12]. The Vascular Endothelial Growth Factor (VEGF)
is an angiogenic factor that increased bone in the posterior glenoid fossa by up to 268% during
stepwise mandibular advancement [13]. Furthermore, the stepwise mandibular advancement
increased neovascularization and bone formation in the condyle when a new mandibular
advancement began [14]. The transcripcion factor Runx2, increases the protein synthesis in the
RNAm in the condylar cartilage during the mandibular advancement [15]. In addition, the
mechanical tension increased the protein runx2 in hypertrophic chondrocytes. In adults the
mechanical strain leads to condylar growth [16] and the continuous effects of mandibular
advancement leads to enhancing mandibular and condylar length [17].
Presentation of the first clinical case concerns the patient, a boy aged 4 years 5 months. In
Fig. 1, please note the malocclusion (distocclusion) with overbite, maxillary atresia with the
buccal inclination of teeth and deep curve of the occlusal plane.
Bimler's cephalometric analysis showed Superior Profile Angle (N-A) = –1 (Retrognathic),
Inferior Profile Angle (A-B) = 19 (Retrogenic), Mandibular Plane (Go-Me) = 32 (Leptognathous),
Palatal Plane (Ena-Enp) = –4 (Retro-tilt), Maxillary Incisive Angle = 89 (Retrusion), Interincisive
Angle 153 (Bi-retrusion), Mandibular Incisive Angle = 117(Medium), Goniac Angle = 129
(Leptognathous), Dolic/Lepto Dolicognathous. Lavergne/Petrovic Cephalometric Analysis shows
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SNA = 80 and SNB = 72. Mandible Anterior Rotation (A), Growth Potential Capacity at Tissue
Level 2, Mandible smaller than the Maxilla (2) and Mandible Distal Sagittal Relationship (D) with
an unfavorable prognosis. Furthermore, curve of the occlusal plane on the left side is higher than
that on the right side. The malocclusion was treated with the Bimler Functional Orthopedic
appliance, Simões network 1, Simões network 1 with micro-tracks.

Fig. 1. Initial front view

After 3 months, Fig. 2 shows the initial mandibular advancement with contact of the incisors,
improved development of the maxilla, and improved position of the teeth.

Fig. 2. Front view after 3 months

Fig. 3. Front view after 6 months

After 6 months, Fig. 3 shows the correction of malocclusion (distocclusion) with overbite and
mandibular advancement with incisor contact in DA. Furthermore, improved development of the
maxilla and correction of the buccal inclination of teeth were shown. Please, note the remodeling
process was taking place and the interocclusal space appeared on the left side, which was larger
when compared with the space on the right side. It is also important to reshape the balance of the
curve of the occlusal plane curve by tooth eruption and balance of the muscle strength.
In Fig. 4, at 9 years 11 months, shows maintenance of the advanced mandibular position,
incisors in contact and correction of distocclusion with overbite. Furthermore, please note
correction of the occlusal plane in the permanent dentition, with a light Spee Curve and the same
level of height on both the left and right sides.

Fig. 4. Front view after 9 years 10 months

In the Figs. 5, 6 and 7 the profile view showed the initial distal position of the mandible, at 3
months after advancement of the mandible; at 6 months after advancement of the position of the
mandible with the incisors in contact in DA and correction of distocclusion in the position of the
mandible.
Fig. 8 shows maintenance and stability of the mandibular position at 9 years and 10 months
after the patient was treated.
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Fig. 5. Initial profile

Fig. 6. Profile after 3
months

Fig. 7. Profile after 6
months

Fig. 8. Profile after 9
years 10 months

In Fig. 10 note the lateral movement of the mandible showing the latero-retrusion movement
on the left side and in Fig. 9 the latero-lateral movement on the right side
In Fig. 9 note the lateral movement to the right side showing the latero-lateral movement and
in the Fig. 10 note the lateral movement to the left side showing the latero-retrusion movement.

Fig. 9. Initial right laterality movement

Fig. 10. Initial left laterality movement

In Fig. 11 note the lateral movement to right side showing the latero-protrusion movement and
in the figure 12 note the lateral movement to the left side showing the latero-protrusion movement.
After 6 months treatment, the lateral movement was corrected.

Fig. 11. Right laterality movement
after 6 months

Fig. 12. Left laterality movement
after 6 months

Fig. 13. Right laterality movement
after 9 years 10 months

Fig. 14. Left laterality movement
after 9 years 10 months

In Figs. 13 and 14, with advancement of the mandible, please note the latero-protrusion
movement on the right and left sides, respectively, showing improved balance of the curve of the
occlusal plane and the same level of the occlusal plane on the right and left sides. Please note the
same functional masticatory angle according to Planas, to the right and left sides, the lateral
protrusion movement with balance and group disocclusion. Please note the physiological jaw
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development and the optimal permanent dental position an esthetic and balanced smile.
Presentation of the second clinical case concerns the patient, a girl aged 10 years 10 months.
Fig. 15, in a front view, note the severe malocclusion distocclusion with severe overbite and left
incisor midline deviation; buccal tipping of teeth 12, 21 and 22. Compare the difference between
the level of height of the curve of occlusal plane and note that the left side is higher than the right
side.

Fig. 15. Initial front view of malocclusion

In Figures 16 and 17, right and left side views, respectively, please note the severe
malocclusion distocclusion with a change in the curve of the occlusal plane. Note the large
difference in the position of height between central incisor (higher) and pre-molar (lower).

Fig. 16. Initial right side view

Fig. 17. Initial left side view

In Fig. 18, profile side view, note the severe distocclusion with overbite.

Fig. 18. Initial profile view

Fig. 19. Initial – left laterality movement

Fig. 20. Initial – right laterality movement
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In Figs. 19 and 20, respectively, initial of right laterality movement and left laterality
movement, note that the Functional masticatory angle according to Planas is smaller on the left
side. Furthermore note the lateral-retrusion movement of the mandible on the right and left sides.
Teeth position of 43 and 33 are in distal position in relation to teeth position of 13 and 23,
respectively. Moreover, the posterior teeth do not touch the molars.
In Fig. 19, please note the small amplitude of movement of right laterality (see the midline
incisor position) and compare with the left laterality in Fig. 20. The movement of left laterality
has twice the amplitude. This also demonstrates that the movement of mandibular dynamics is
performed on the left side.
The movement of protrusion movement showed a deviation of 4 mm to the left side.
Bimler’s cephalometric analysis shows Superior Profile Angle (N-A) = –2 (Retrognathic),
Inferior Profile Angle (A-B) = 17 (Retrogenic), Mandibular Plane (Go-Me) = 27 (Mesognathous),
Palatal Plane (Ena -Enp) = 0.5 (Orthoinclination), Goniac Angle 122 (Leptognathic), Maxillary
Incisive Angle 112 (Medium), Mandibular Incisive Angle 120 (Medium), Meso/Meso
Mesognathous.
Lavergne/Petrovic analysis shows SNA = 82.5 and SNB = 76.5. Anterior Rotation of the
Mandible (A), Capacity for Growth Potential at Tissue Level 5 and Normal Relation between Jaw
and Mandible (1), Distal Sagittal Relation of Mandible (D) with a favorable prognosis.
The malocclusion was treated with Functional Orthopedic appliance: Planas Indirect Tracks,
Planas Posterior Track and Planas with Step Posterior Track.
After 3 years 10 months, in the Fig. 21, front view, note the correction of the distocclusion
with severe overbite, and also the correction of the mandible position, the incisor midline
alignment and the tooth position 12, 21 and 22. Furthermore in Fig. 21, note correction of balance
of the curve of the occlusal plane and same the level of height on the right and left sides.

Fig. 21. Front view after 3 years 10 months

In Figs. 22 and 23, right and left side views, respectively, note correction of the curve of the
occlusal plane and correction of difference in the level of height between the central incisor and
pre-molar.

Fig. 22. Right side view
after 3 years 10 months

Fig. 23. Right side view
after 3 years 10 months

In Fig. 24, profile side view, note correction of the distocclusion with overbite and
advancement of the mandible with the incisors in contact.
In Figs. 25 and 26, right and left laterality movements, respectively, please note correction of
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the balance and lateral-protrusion movement with posterior disocclusion in group on the left and
right sides. In addition, presents the same Functional Masticatory Angle according to Planas.
Furthermore, note the correction of the amplitude in the laterality movement.

Fig. 24. Profile view after 3 years 10 months

Fig. 25. Right laterality movement
after 3 years 10 months

Fig. 26. Left laterality movement
after 3 years 10 months

The movement of protrusion no longer showed deviation of the midline.
2. Conclusions
Both clinical cases showed balance of the occlusal plane, balance in mandibular movements
and excellent esthetic result. When the procedures of correction start at an early age, they provide
better and faster responses to correcting the malocclusion. Advancement of the mandible can lead
to better response to the treatment of malocclusion (distoclusion) with overbite. The Functional
Orthopedics appliance stimulated and enhanced the Ihh and factors that regulate condylar growth.
The forward advancement of the mandibular position with the incisors in contact in DA led to a
better response to the treatment to achieve occlusal plane balance and for correcting the position
of the teeth. Furthermore, it stimulated the neural-muscular system to balance the mandibular
movements.
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