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Abstract: Background: The transversal maxillary deficiency represents one of the most frequent
skeletal discrepancies of the craniofacial region. The analysis of morphological characteristics of the
maxilla can be detrimental for a correct diagnosis and treatment plan. Methods: This paper shows a
user-friendly digital workflow involving mirroring, superimposition, and the deviation analysis of
3D models of the maxilla in order to identify the presence of symmetry/asymmetry of the palatal
vault. Such information can be helpful to clinicians in order to design an appropriate orthodontic
appliance for the treatment of transversal maxillary deficiency. We also describe a case report of
a seven-year-old female affected by mild transversal maxillary deficiency associated with anterior
openbite. The appliance is designed after a comprehensive evaluation of the morphology of the maxilla
performed by using the presented diagnostic digital workflow. Additionally, the orthodontic treatment
is assisted by photobiomodulation sessions that expedite the achievement of clinical outcomes.
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1. Introduction

Maxillary transverse deficiency (MTD) represents one of the most common skeletal deformities
of the craniofacial region [1,2]. Skeletal maxillary expansion, in the form of rapid and slow
maxillary expansion protocols (SME) [3], is an efficient therapy for the treatment of MTD. Usually,
the diagnosis of MTD is based on visual inspection of posterior-crossibite, despite the fact that
transverse dento-alveolar compensation may cause underestimation of this condition [4]. In particular,
dento-alveolar compensation may mitigate the negative effect of MTD on the occlusion as well as
camouflage specific morphological characteristics of the maxilla such as the asymmetry of the palatal
vault and/or of the dento-alveolar processes [5]. The analysis of morphological characteristics of the
maxilla is fundamental for a correct diagnosis and treatment plan of MTD. In this respect, the awareness
of the symmetry/asymmetry of the maxilla will guide the clinicians in choosing the design of the
maxillary expander for each patient [5,6].

To date, progress in 3D imaging has opened new scenarios for the evaluation of anatomical
characteristics and morphological changes in dentistry [7,8]. In the orthodontic field, for example,
digital scans of maxillary and mandibular jaws can be registered (superimposition) and deviation
analysis can be used to detect shape and to obtain detailed dimensional information. Moreover, 3D
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models of the maxilla and/or mandible of the same subject can be mirrored and superimposed in
order to detect anatomical asymmetry as well as asymmetrical changes between two sides [9–11].
This information can be provided by referring to “surface-to-surface” analysis, and can be visualized
in colors in a 3D color-map [9–11].

Once a correct diagnosis and treatment plan are established, clinicians are concerned about the total
treatment time required for reaching clinical outcomes. This is particularly relevant in young patients,
when orthodontic therapies should be as efficient as possible in order to maintain patients’ compliance.
In this respect, photobiomodulation (PBM) represents the new frontier for expediting orthodontic
movement, as confirmed by previous clinical studies [12–15]. In particular, photobiostimulation
is a noninvasive irradiation procedure that uses a laser light within the red to near-infrared range
(wavelengths from 632 to 1064 nm) to provoke a biological reaction. In-vitro studies reported that
photobiostimulation accelerates cellular turnover by increasing the expression of osteocalcin [16],
stimulating angiogenesis [17], and the availability of mitochondrial ATP [18,19].

In this respect, the present study shows an updated approach to reach a comprehensive diagnosis
and efficient orthodontic treatment. In particular, we showed the case of a seven-year-old female
affected by transversal maxillary deficiency and anterior openbite. The diagnostic phase included a
specific procedure involving mirroring, superimposition, and deviation analysis of 3D models of the
maxilla, to detect morphological characteristics of the palatal vault. The therapeutic phase involved
the use of photobiomodulation to expedite the correction of crossbite and anterior-openbite.

2. Materials and Methods

2.1. Patient’s Clinical Characteristics

A seven-year-old female attended consultation, having as her chief complaint difficulty in biting
and persistent oral breathing pattern. The parents were worried about the negative functional
and aesthetic consequences of the presence of an anterior vertical space between upper and lower
incisor negative.

Facial examination revealed a eugnatic jaw growing pattern, slight retrusive profile with opened
naso-labial angle, and labial competence (Figure 1). Intra-oral clinical examination, recorded with
intra-oral photographs (Figure 2), showed early mixed dentition, a 5 mm anterior openbite, and posterior
crossbite at the left side with small loss of coincidence between maxillary and mandibular midlines
due to a slight shift of the mandible toward the crossbite side. Both the upper and lower midlines are
coincident with the center of maxillary and mandibular arches. Functional examination revealed the
presence of infant swallowing pattern with the tongue keeping an anterior position in an attempt to
close the anterior space during swallowing or feeding.
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Figure 2. (A–C) Intra-oral examination. See the presence of anterior openbite (A). Additionally, 
posterior crossbite is present at the left side (B) with loss of coincidence between maxillary and 
mandibular midlines due to a slight shift of the mandible toward the crossbite side (left side). Both 
the upper and lower midlines are coincident with the center of maxillary (A) and mandibular (B) 
arches. 

Digital models were registered and integrated within digital articulator in order to better assess 
the dento-alveolar relationship of both arches in centric occlusion (Figure 3) and centric relation 
(Figure 4). 

Centric occlusion (Figure 3) showed class I relationship on the right side and class II relationship 
(neutron-occlusion) on the left side. Such discrepancy was attributed to the slight mandibular shift 
upon closure due to potential occlusal interferences. In fact, when digital models were set in centric 
relation (Figure 4), i.e., with coincidence of both maxillary and mandibular midlines, posterior 
occlusal interferences were detected between vestibular cusps of primary molars and first permanent 
molars. These interferences could be due to a mild maxillary transverse constriction [4]. 

Panoramic radiograph showed the presence of all permanent dentition with no signs of ectopic 
eruptive pattern (Figure 5). We did not request lateral cephalogram considering the patient’s age and 
the absence of relevant clinical signs of skeletal antero–posterior discrepancies; thus, useless radiation 
exposure was avoided for the patient, according to the A.L.A.R.A. principle [20–22]. 

 

Figure 3. (A–C) Digital models in centric occlusion. (A) Right lateral view. (B) Frontal view shows the 
posterior crossbite at the left side with loss of coincidence between maxillary and mandibular 
midlines, due to a slight shift of the mandible toward the left side. (C) Left lateral view. 

 

Figure 4. (A) Centric relation, with mandibular and maxillary midlines coincident, showing occlusal 
interferences leading to mandibular shift upon closure (see intra-oral images). (B) Digital articulator 
used to simulate centric occlusion of the patient in order to detect occlusal interferences. 

Figure 2. (A–C) Intra-oral examination. See the presence of anterior openbite (A). Additionally,
posterior crossbite is present at the left side (B) with loss of coincidence between maxillary and
mandibular midlines due to a slight shift of the mandible toward the crossbite side (left side). Both the
upper and lower midlines are coincident with the center of maxillary (A) and mandibular (B) arches.

Digital models were registered and integrated within digital articulator in order to better assess the
dento-alveolar relationship of both arches in centric occlusion (Figure 3) and centric relation (Figure 4).
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Figure 4. (A) Centric relation, with mandibular and maxillary midlines coincident, showing occlusal
interferences leading to mandibular shift upon closure (see intra-oral images). (B) Digital articulator
used to simulate centric occlusion of the patient in order to detect occlusal interferences.

Centric occlusion (Figure 3) showed class I relationship on the right side and class II relationship
(neutron-occlusion) on the left side. Such discrepancy was attributed to the slight mandibular shift
upon closure due to potential occlusal interferences. In fact, when digital models were set in centric
relation (Figure 4), i.e., with coincidence of both maxillary and mandibular midlines, posterior occlusal
interferences were detected between vestibular cusps of primary molars and first permanent molars.
These interferences could be due to a mild maxillary transverse constriction [4].

Panoramic radiograph showed the presence of all permanent dentition with no signs of ectopic
eruptive pattern (Figure 5). We did not request lateral cephalogram considering the patient’s age and
the absence of relevant clinical signs of skeletal antero–posterior discrepancies; thus, useless radiation
exposure was avoided for the patient, according to the A.L.A.R.A. principle [20–22].
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Figure 5. Panoramic radiograph.

To evaluate maxillary morphology and to identify the potential area of maxillary transversal
restriction, i.e., palatal vault and/or dento-alveolar process, including the assessment of symmetry or
asymmetry, a preliminary digital morphological evaluation was performed by referring to a specific
computer-aided workflow.

2.2. Creation of 3D Virtual Model of Both Maxillary and Mandibular Arches

Patient received conventional dental impressions using a monophasic polyether impression
material (Impregum Penta; ‘3M ESPE,’ Seefeld, Germany) with stainless steel impression trays (Hi-Tray
Metal; ‘Zhermack SpA,’ Rovigo, Italy), which was poured, at most, after 4 hours with type IV stone
(Ortostone; Techim Group, Milan, Italy). Then, the maxillary cast was scanned using the D500 3D
scanner (3Shape A/S, Copenhagen, Denmark) according to a validated and described system [5,23].
After scanning, each dental cast was combined and rendered into a 3D stereo-lithographic model
by using a specific software (ScanItOrthodontics™ 2015, version 5.6.1.6, “3Shape A/S,” Copenhagen,
Denmark).

The digital model of the scanned printed model was exported to Geomagic Qualify software (3D
Systems, Rock Hill, Washington, DC, USA) to perform model registration and superimposition and
exported to Ortho Analyzer software (3Shape) to perform linear measurements.

2.3. Digitial Workflow for Anatomical Morphological Evaluation of Maxilla

A median palatal plane (MPP) was drawn on the maxillary digital cast to identify two landmarks
along the median palatal raphe (Figure 6): (1) the point on the median palatal raphe adjacent to the
second ruga and (2) the point on the median palatal raphe 1 cm distal to point one.
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Figure 6. Median palate plane (MPP) drawn on digital maxillary dental arch. See also emi-linear
measurements as distance between the MPP and primary canines (D1) and permanent first molars (D2)
on both sides.

After identification of MPP, the following measurements were performed (Figure 6):

• D1: the distance between the midpoint at the dento-gingival junction of the primary canine from
the crossbite and noncrossbite sides compared with the MPP.

• D2: the distance between the midpoint of the dento-gingival junction of the first molar from the
crossbite and noncrossbite sides compared with the MPP.

• D3: the distance between the midpoint at the dento-gingival junction of the two primary canines
(Figure 7).

• D4: the distance between the midpoint at the dento-gingival junction of the two first molars
(Figure 7).
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Figure 7. Total linear transversal measurements: distance between the midpoint at the dento-gingival
junction of the two primary canines (D3) and the distance between the midpoint at the dento-gingival
junction of the two first molars (D4).



Appl. Sci. 2020, 10, 1495 6 of 13

These measurements provide information about the transversal diameter of the maxillary arch
(D3-D4) and about the emi-transversal diameters to identify potential linear asymmetry between both
sides (D1–D2).

To check for crossbite/noncrossbite symmetry, the digital cast of the patient was superimposed
through a semiautomatic surface-to-surface matching technique, using 3D reverse modelling software
(Geomagic Control™ X, version 2017.0.0, ‘3D Systems,’ Rock Hill, SC, USA), which also calculated the
deviation between the mirrored and unmirrored 3D palatal models.

• To define the palate surface of the 3D model to be analysed, a gingival plane had to pass through
all the most apical points of the dento-gingival junction of all the teeth (from first right molar to
first left molar, Figure 8A).
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Figure 8. (A–E) The gingival plane (A) was assessed by linking the most apical point of the dento-gingival
junction of all teeth at the palatal tooth face. Then the palatal vault model was created (B), mirrored
(C), and roughly superimposed using the MPP plane and its perpendicular plane (D). Then, a “best-fit”
alignment was done to enhance the superimposition (E) quality.

The workflow for the superimposition of the palate can be divided in four steps, as follows:

• Step 1: Mirroring. Mirroring consists of converting the image orientation from right–left,
antero–posterior, and infero–superior to left–right, antero–posterior, and infero–superior
(Figure 8B,C).

• Step 2: First registration. Initial manual superimposition of the two models. Pairs of models (the
original and the mirrored one of the same patient) were oriented and approximately registered by
using the MPP and a line drawn perpendicularly through point two of the MPP. (Figure 8D).

• Step 3. Final registration: Final registration was made using the “best-fit alignment” option in
the Geomagic Control X software. The precision of the registration was set to at least 0.3 mm
(tolerance type: “3D Deviation”) with a maximum of 100,000 polygons for surface representation.
The corresponding polygons from selected reference areas were automatically superimposed
(Figure 8E).

• Step 4. Superimposition and 3D analysis: The distances between corresponding areas of the
original maxillary cast and the corresponding mirrored one were compared to obtain color-coded
maps (Figure 9). The yellow-to-red fields indicated that the definitive casts were larger than the
master model, and the turquoise-to-dark blue fields indicated that the definitive casts were smaller
than the master model. The 3D deviation analysis has a tolerance range (green) of ±0.50 mm with
a maximum of 2 mm. All the values in this range indicated the matching percentage between the
two specular 3D models.
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total mismatching. Green indicates matching percentage. As shown, both palatal shells (original and
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2.4. Diagnosis and Treatment Plan

Transversal measurements of the maxilla showed a distance of 21.86 mm between primary
canines and 29.04 mm between primary second molars. According to the study of McNamara and
coauthors [4,24], a clinical value of inter-molar distances ≤ 31 mm should be considered as a cut-off

parameter for diagnosis of narrowed maxillary requiring treatment by maxillary expansion. However,
considering that the patient was only 6 years old and that she presented full primary dentition, this
cut-off could be higher considering the potential growth of the patient [24]. Thus, the maxillary
contraction could be considered as moderate in severity.

Emi-lateral distances to the MPP at the primary canines level were 12.24 mm at the right side
and 11.60 mm at the left side. The same distances at the first molars level were 16.80 mm at the right
side and 16.82 mm at the left side. Thus, no relevant differences were detected between right and left
side concerning transversal linear measurements. Additionally, the deviation analysis of mirrored
superimposed models of the maxilla revealed a good coincidence between the two models, as shown
by the the colored map (green color). In particular, Figure 9 shows no areas of mismatching (intense
blue and intense red contours) between the original and specular model either in the palatal vault or
along the profile of the dento-alveolar processes.

Thus, according to the diagnostic information obtained, the patient presented a slight bilateral
symmetric contraction of the palatal vault with symmetric contraction of the alveolar process of the
upper arch. As a consequence, our treatment goal was to correct the maxillary transverse deficiency
by symmetrically expanding both the palatal vault and dento-alveolar processes, eliminating those
occlusal interferences causing an altered posture of the mandible (mandibular shift). Along with this
outcome, it was imperative to correct the anterior openbite in order to restore a correct functional
posture of the tongue during swallowing and biting.

We decided to construct a maxillary removable mono-block with a built-in Hyrax screw and
with an anterior grid that was extended 3–4 mm below the lower incisor’s marginal edge. This grid
forced the tongue in a more physiologic position (backward and upward), with the tip of the tongue
contacting the retro-incisal papilla (Figure 10 A,B). With the tongue in a more backward position, upper
and lower incisor were left free to erupt facilitating the closure of the bite [25], without the application
of orthodontic forces on these teeth. The screw was slowly activated, i.e., two times a week up to the
clinical assessment of crossbite resolution and correction of mandible posture in centric relation, with
both maxillary and mandibular midlines coincident.
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Figure 10. (A,B) Removable appliance with built-in Hyrax screw and asymmetric cut of the resin in
order to provide bilateral expansion of the maxilla (A). Frontal intra-oral photograph showing the
anterior grid behind upper and lower incisors (B).

2.5. PBM Administration

PBM was administered using a Diode laser emitting infra-red radiation at 980 nm (Wiser, Doctor
Smile—Lambda Spa, Brendola, VI). The flat top optical fiber (AB 2799, Doctor Smile—Lambda Spa,
Brendola, VI) dispensed a beam spot size of 1 cm2, and irradiation was administered by positioning
the optical fiber tip (1.5 cm as minimum on defocalization, as prescribed by the producer) (1) along the
MPP and (2) along the anterior upper and lower dental segment (canine to canine). All irradiations
were done with an output power of 1 W at a continuous wave. The palate was irradiated in three
points, i.e., the area behind the first palatal ruga, the area behind the third palatal ruga, and the mesial
area of soft palate. Each area was irradiated one time for 50 s, with an interval of 2 min between each
administration, i.e., for a total energy density of 150 J/cm2. Four dental segments (deciduous right
first molar–canine, right lateral-central incisors, left-central lateral incisors, deciduous left canine-first
premolar) were consecutively irradiated for 6 s, for a total of 24 s, in both maxillary and mandibular
arches. The procedure was repeated three times with an interval of 2 min between each administration,
for a total energy density of 72 J/cm2 for each jaw.

3. Results

Figures 11 and 12 show patient’s occlusal characteristics 4 months after treatment.
Maxillary transverse deficiency was corrected with complete resolution of the unilateral crossbite on
the left side. Patient shows bilateral class I occlusion with coincidence of both midlines upon closure
(Figure 12). The anterior bite was completely closed, restoring a physiological functional pattern during
biting and swallowing. Additionally, the aesthetics of the patient significantly improved, especially
while smiling (Figure 11). The total active expansion treatment time was two months, while the same
appliance was worn longer in order to obtain correction of the openbite.
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The present paper shows how new technologies can be integrated with acquired knowledge and 
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by surface-based superimposition of mirrored maxillary models. According to this reverse 
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Post-treatment radiographic examination such as dental panorex was not required considering
the young age of the patient and the short overall treatment time (4 months), thus avoiding useless
radiation according to the A.L.A.R.A. principle [20–23].

4. Discussion

The present paper shows how new technologies can be integrated with acquired knowledge
and skills of orthodontic clinicians in order to enhance the diagnosis and treatment plan of specific
malocclusion. We discussed the treatment of a seven-year-old female presenting transverse maxillary
deficiency and anterior openbite, and we proposed two distinct methods involving (1) the use of a
digital diagnostic workflow for the thorough evaluation of maxillary morphology and (2) the use
of photobiomodulation to expedite dental movement. Both methodologies have been described in
previous studies [5,10,12,13].

We evaluated the palatal size and morphology of a seven-year-old female affected by unilateral
functional crossbite patients by using digital linear assessment of maxillary transversal diameters and
by surface-based superimposition of mirrored maxillary models. According to this reverse engineering,
each virtual palate can be mirrored at an arbitrary point. This procedure allows for the detection
of morphologic differences between the two emi-palatal halves. Moreover, the 3D differences of
the registered models are usually translated into color codes that represent the distance between
corresponding points [25,26].

By this method, we can verify that the maxilla was narrowed with a symmetric growth pattern
involving both the palatal vault and the dento-alveolar processes (Figure 9). This is in disagreement
with previous findings showing asymmetric transverse growth of the dento-alveolar process in presence
of functional unilateral-posterior crossbite in children [5,27–31]. A possible explanation could be that
adaptative asymmetric changes of the shape of the dento-alveolar process have still not occurred in
the patient presented here. In a previous study [6], the same reverse engineering methodology was
used to detect areas of asymmetry in the maxilla of a patient affected by MTD. Authors concluded
that reverse engineering methodology could help clinicians in developing a specific appliance for
asymmetric expansion of the maxilla. Here, according to the information provided by deviation
analysis, we needed to expand the maxilla symmetrically, confirming that the presented diagnostic
digital workflow is helpful in providing a comprehensive assessment of the morphology of the palate.

Treatment outcomes were reached in less then 4 months. In particular, the anterior openbite
was corrected by the combination of the lingual grid and PBM [27–29]. While the anterior grid
forced the tongue in backward and upward position, anterior teeth were free to erupt since they
were not obstructed by tongue interposition [30,32]. This spontaneous eruption was expedited by
the administration of PBM, which is able to provoke an accelerated metabolic activity by increasing
cellular turnover [13], increasing vascular activity [14,33,34], and the availability of ATP [15,35,36].
In this respect, PBM is a free-side effects procedure that has also been validated for several therapeutic
applications in children [13,37,38].

PBM can create a favorable environment for tooth movement, as two types of host responses occur
in the irradiated tissues. First, photobiomodulation increases the production of mitochondrial ATP
by upregulating the cytochrome c oxidase [12,14,39–45] and promotes the cellular viability and the
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expression of osteocalcin in the tension areas of PDL [12–15,39–43]. This increased metabolic activity
accelerates cellular turnover (osteoclast, osteoblast, and fibroblasts) [44–53] and the production of
cytokines involved in the bone remodeling, mainly the IL-1b [46,54–57]. Second, photobiomodulation
activates the receptor of nuclear factor kappa B (RANK) and macrophage-colony stimulating factor
along with its receptor (c-fms) that, respectively, seem to play a role in the expedition of dental
movement [44].

5. Limitations

The present study was designed as a case report to fully document a digital orthodontic diagnostic
workflow and specific clinical treatment procedure. However, further studies with appropriate sample
size, including both patients and orthodontists, are required in order to assess if the presented digital
workflow can increase the effectiveness and the comprehensiveness of the diagnostic process.
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