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Improvement of nasal septal deviation in response to 
Orthodontic treatment in an adult patient

ABSTRACT

Here we present an improvement in nasal septal deviation (NSD) in an adult male patient 
who received non-surgical treatment for a skeletal Class III malocclusion due to maxillary 
deficiency, hypo-divergent facial pattern, and significant asymmetry. The patient had 
already received extractions at another clinic in preparation for orthognathic surgery, 
and mid-treatment was seeking a non-surgical treatment option. Cone-beam computed 
tomography (CBCT) analysis showed a nasal septal deviation and an enlarged polyp that 
was accompanied by a cant in the nasal floor. In addition, the patient presented a significant 
crossbite, mandibular shift, and occlusal plane cant. Transverse and sagittal correction 
of the maxilla and condylar remodeling was addressed through orthopedic treatment by 
Neuro-Immuno-Mechanotherapy (NIM), including sutural stimulation, cortical drift, 
periosteal stimulation accompanied with micro-osteoperforations (MOPs), and osteo-
genic stimulation using high-frequency acceleration. At the end of treatment, significant 
improvement in skeletal and dental relations were observed. In addition, the patient’s NSD 
demonstrated a significant improvement that was accompanied by a decrease in the size 
of the polyp and improvement of the nasal floor cant.                        
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Background

The adult nasal septum is composed of three parts: the carti-
laginous septum, the perpendicular plate, and the vomer. The 
perpendicular plate of the ethmoid and the vomer bone make 
up the bony component of the nasal septum.

Nasal septal deviation (NSD) is defined as deviation from 
the facial midline of either the bony or cartilaginous septum or 
both. It has been estimated that NSD is a common abnormality 
that can be observed in 80% of the population [1-3]. 

Mild NSD might be unproblematic; however, more prominent 
NSD has been associated with severe nasal obstruction that 
can increase nasal airway resistance [4, 5]. Resultant impaired 
nasal breathing can lead to preferential mouth breathing, which 
if chronic, may cause craniofacial alterations [6]. The nasal 
airway obstruction resulting from NSD may also contribute to 
Sleep Disordered Breathing [5, 7]. Additionally, NSD alters the 
air flow pattern of the nasal cavity, nasal cycle and mucociliary 
clearance, which is associated with chronic sinusitis [5, 8-10].

The etiology of NSD is unclear. While some deviation has 
been related to facial trauma, many people believe NSD is 
genetic or results from maxillary deficiency [11-13].

While surgery has been suggested as an option of choice to 
correct NSD [14, 15], improvement in NSD has been observed 
in growing children treated with maxillary expansion [16-18]. 
However, to the best of our knowledge, no improvement in NSD 
following orthodontics treatment in adults has been reported 
in the literature.

Here we present an adult patient with a severe maxillary 
deficiency who was undergoing orthodontic treatment in 
preparation for orthognathic surgery. However, the patient 
changed his mind mid-treatment and refused to proceed with 
the surgical treatment. The patient was referred to the CTOR 
clinics for a possible non-surgical treatment option. CBCT 
examination, in addition to a maxillary deficiency, demon-
strated a significant NSD and a large polyp associated with 
a nasal floor cant. In addition, the patient demonstrated some 
degree of dental root resorption. The previous Orthodontist had 
already extracted the maxillary first premolars and mandibu-
lar second premolars in preparation for the decompensation 
stage of orthognathic surgery, which made the non-surgical 
treatment of this malocclusion more challenging. To address 
the skeletal problem Neuro-Immuno-Mechanotherapy (NIM) 
was proposed to stimulate cortical drift, sutural stimulation and 
asymmetry correction to gradually improve the maxillary-man-
dibular relation. Personalized mechanotherapy [19], combined 
with micro-osteoperforations (MOPs) in the mandible, was 
designed to decrease the possibility of further root resorp-
tion [20]. Later in treatment, high-frequency acceleration was 
applied to facilitate further bone formation and alveolar bone 
remodeling [21-24]. The final CBCT demonstrated improved 
skeletal Class III relation, a Class I dental relation and signifi-
cant improvement in the NSD.

Patient Presentation, Etiology and Diagnosis

A healthy 29.4-year-old male presented to our clinic with a 
chief concern of unsatisfactory orthodontic treatment and facial 
esthetics due to a crossbite and a protrusive chin. He had been 
in treatment with fixed orthodontic appliances for 1 year, and 
the maxillary first premolars and mandibular second premolars 
were extracted in preparation for orthognathic surgery. Clinical 
examination revealed bilateral temporomandibular joint (TMJ) 
clicking during opening and closing, which the patient reported 
was non-painful. The patient had no history of trauma. 

Extraoral examination and frontal portrait photographs 
(Figure 1) showed a brachyfacial pattern and a decreased lower 
facial third. Facial asymmetry was noted and the mandible 
deviated to the right upon closure. No lip incompetence or 
mentalis strain at rest were observed.

Portrait photographs (Figure 1) showed a concave profile with 
a deficient maxillary lip relative to the E-plane and a protrusive 
mandibular lip relative to the maxillary lip. The labiomental 
angle was acute and the chin-to-throat angle was obtuse (89o 
and 132o, respectively) (Table I). Full smile was broad with 
increased buccal corridor width and asymmetric incisal display 
(70 to 50%). 

Intraoral examination (Figure 1) showed fair oral hygiene 
and normal frenum attachments. Severe proclination of the 
maxillary anterior teeth was noted. The maxillary midline was 
deviated 3 mm toward the right relative to the facial midline, 
while the mandibular midline was deviated 1.5mm to the left 
relative to the maxillary midline. Measurements indicated 
that there was a 6o incisal plane cant that was higher on the 
right side.

Digital cast analysis showed Class III canine and molar 
relationships on both sides. The overjet was -2.1 mm and the 
overbite varied from -1.5 to 1.48 mm. The maxillary dental arch 
was constricted with an inter-canine and inter-molar width of 
52.1 mm and 58.4 mm, respectively, whereas the mandibular 
dental arch was broad with an inter-canine and inter-molar 
width of 45.1 mm and 46.2 mm, respectively. Extraction spaces 
in the maxilla and mandible had not been addressed leaving 8 
mm spacing in the maxillary dental arch and 15 mm spacing 
in the mandibular dental arch. An anterior Bolton discrepancy 
of 3 mm due to maxillary excess was also measured. A cross-
bite was observed extending from the maxillary right second 
premolar to the maxillary left second premolar. The mandibular 
dental arch showed a severe curve of Wilson.

The panoramic radiograph (Figure 2) revealed a complete 
dentition except for the maxillary first premolars and mandibu-
lar second premolars, which had been previously extracted. All 
third molars were present. Roots on all teeth were fully devel-
oped. Mild to moderate root resorption was seen on maxillary 
and mandibular anterior teeth and the maxillary second premo-
lars. Asymmetric condyles showed some degree of remodeling. 
Mandibular morphology showed prominent and asymmetric 
gonial angles.
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Figure 1: Pre-treatment portrait and intra-oral photographs. Adult male patient who was receiving orthodontic treatment (with fixed appliances shown in photos) in 
another clinic in preparation for orthognathic surgery. Patient was referred to CTOR clinics for possibility of non-surgical treatment. Lateral profile photograph showed 
a brachyfacial concave profile, a decrease in the mandibular facial third, a protrusive chin, and deficient maxillary lip and acceptable mandibular lip position. Frontal 
portrait photographs show dark buccal corridors, asymmetric incisal display upon smiling, maxillary dental midline deviated 3 mm to the right in relation to the facial 
midline, mandibular midline deviated 1.5 mm to the left with respect the maxillary dental midline. Measurements indicated a cant of the incisal plane elevated on the 
right side. Facial asymmetry noted as the mandible deviated to the right. Intraoral photographs reveal a constricted maxilla, spacing in area of maxillary first premolars 
and mandibular second premolars as they were previously extracted. A crossbite observed extending from the maxillary right premolar to left first premolar, and a 
Class III canine and molar relationship. 

Figure 2: Pre-treatment panoramic radiograph. Panoramic radiograph shows a complete dentition except for maxillary first premolars and mandibular second premolars. 
Roots on all teeth were fully developed and showed mild to moderate root resorption on the anterior teeth and the maxillary premolars. Bone loss is clear around the 
mandibular anterior teeth and the maxillary canines. Asymmetric condyles showed some degree of remodeling and flattening on their anterior surface. Mandibular morphol-
ogy shows prominent and asymmetric gonial angles with some degree of remodeling on the left side. Nasal polyp is visible along the medial wall of the left nasal cavity
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Figure 3: Pre-treatment lateral view of cephalometric radiograph. Cephalometric analysis showed a Class III tendency (ANB= -3.9°), hypo-divergent profile and 
protruded mandible (FMA= 14°, SN-MP= 23.3°, SNB= 86.1°), severely proclined maxillary incisors (U1°-SN= 112°), proclined mandibular incisors (IMPA= 101.2°) 
and an anterior crossbite with -2.1 mm of overjet.

Lateral cephalometric analysis (Figure 3 and Table I) showed a skeletal Class III relation (ANB = -3.9°) with a hypodivergent 
(FMA = 14°, SN-MP = 23.3°) and protruded mandible (SNB = 86.1°). Both maxillary and mandibular incisors were proclined 
(U1°- SN = 112.4°, IMPA = 101.2°). 

Table I: Cephalometric Analysis Pre- and Post- Treatment. Angular and linear measurements were measured using craniofacial skeletal, dental and soft tissue land-
marks identified on pre- and post-treatment lateral cephalograms (° - degrees, mm - millimeters).
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The CBCT scan (Figure 4) showed a NSD towards the left (Figure 4A), and a large polyp that changed the contour of the nasal 
floor and contributed to the nasal floor cant (Figure 4B). Soft tissue analysis (Table I) indicated that the upper lip was deficient but 
the lower lip was protrusive compared with upper lip, but retrusive relative to the E-line (-8.7 and -1.6 respectively).

Treatment Options
The patient expressed opposition to orthognathic surgery; 

therefore, this option was not discussed. After comprehensive 
assessment, non-surgical orthopedic and orthodontic treatment 
was discussed with the understanding of the limitations posed 
by the severity of the skeletal malocclusion and the patient’s 
age. Consultation with an ENT specialist was recommended.

Mechanotherapy Plan

The maxillary transverse deficiency was addressed by a 
tooth-anchored Hyrax expander, which was accompanied by 
periosteal stimulation to maximize cortical drift. Mandibular 
sectional mechanics with fixed appliances was used for canine 
and first premolar retraction, followed with full set up and 
incisor retraction. Retraction of mandibular teeth was done 
using MOPs to decrease the risk of further root resorption [20]. 
These steps were followed with full maxillary and mandibular 
fixed appliances. NIM therapy principles were used to address 
the mandibular asymmetry and re-establish normal mandib-
ular function. After major skeletal and dental corrections, 
high-frequency acceleration (VPro5; Propel Inc) was started 
to stimulate bone formation and condylar remodeling. After 
treatment, fixed lingual retainers from canine to canine were 
placed in the maxillary and mandibular arches. A customized 

 
Treatment Objectives

The primary objectives were to establish an optimal func-
tional outcome, harmonic and stable occlusion and improve 
the facial and dental esthetics, which in more detail included 
the following:

I. Facial esthetics: improve the facial profile, labiomen-
tal and chin-to-throat angles, decrease the buccal corridors, 
increase lower facial height, correct the occlusal plane cant 
and improve incisal display. 

II. Skeletal objectives: improve the maxillary transverse 
deficiency, improve sagittal jaw disharmony, decrease the 
hypo-divergency, and improve the asymmetric mandible.

III. Dental objectives: Correct the crossbite, improve the 
dental midlines, close the extraction spaces, improve incisal 
inclination, establish proper overjet and overbite relation, 
establish a functional and stable Class I canine and molar rela-
tionship, correct the incisal/occlusal cant, improve marginal 
ridge discrepancies, level gingival margins and gingival height 
of contour around the anterior teeth, prevent or minimize 
further root resorption.

Figure 4: Pre-treatment frontal view of cone-beam computed tomography (CBCT) scan. A) Pre-treatment frontal view of CBCT scan shows a nasal septal deviation 
towards the left side (vertical dotted line positioned slightly to the right of the septum to show bone deviation), and an asymmetric mandibular position canted upwards 
towards the right side (horizontal red lines). B) Coronal section localizing the nasal polyp (arrow in B and C) to the left nasal cavity. Cant of the nasal cavity floor up to 
the right is clearly visible. C) 

A

B C
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removable appliance (MA appliance) was used to maintain the 
maxillary and mandibular sagittal and transverse corrections. 
The patient was referred for further myofunctional therapy to 
change the position of the tongue.

Duration of Treatment

The total treatment duration was 29 months.

Treatment Outcome

I. Facial and Soft Tissue analysis 
The overall facial balance was improved and the lower facial 

height was increased. The labiomental angle improved 2o, while 
the chin-throat angle and the chin-throat length improved 8o 
and 4.8 mm, respectively (Figure 5 and Table I). 

II. Smile analysis
The patient showed a wider maxilla and a significant decrease 

in buccal corridor width at full smile. Incisal/occlusal plane cant 

Figure 5: Post-treatment portrait and intra-oral photographs. Post-treatment portrait photographs demonstrate an improvement in the facial profile, with an increase 
in the lower facial height, and improved smile esthetics. Intra-oral photographs show maxillary arch development, aligned maxillary and mandibular dentition, full 
correction of the crossbite, an ideal overjet and overbite relation, Class I molar and canine occlusal relationship, correction of the incisal/occlusal plane cant and closure 
of the extraction spaces. Both maxillary and mandibular dental midlines are aligned with the facial midline. Gingival margins and heights of contour improved around 
the anterior teeth. Lingual fixed retainers are shown extending from canine to canine in both arches.

correction also contributed significantly to the improved smile 
esthetics. Gingival display evaluation showed leveling of the 
gingival margins and the height of contour around the anterior 
teeth without detrimental effects on the patient’s periodontal 
health (Figure 5).

III. Intra-oral and Digital Cast analysis
Intra-oral exam and cast analysis at the end of treatment 

showed the following outcomes (Figure 5):
A) The maxillary dentition was expanded transversely with 

an increase in the inter-molar width of 1.2 mm and inter-canine 
width of 3.2 mm. 

B) The spaces in the maxillary and mandibular dental arches 
were closed.

C) The crossbite was resolved, and proper overjet (1.1 mm) 
and overbite (2.8 mm) were established.

D) Class I canine and molar occlusion was established. 
E) Both the maxillary and mandibular dental midlines were 

aligned with the facial midline.
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F) The incisal/occlusal plane cant was corrected. 
G) The patient demonstrated cuspid-rise and a mutually protected occlusion with no additional bone loss or gingival recession. 

No pain or clicking was reported or observed in either TMJ.

IV. Panoramic Radiograph Analysis
Post-treatment panoramic radiograph (Figure 6) showed root alignment with no additional loss in vertical height of alveolar bone 

around any teeth, and improvement in the condylar remodeling around the anterior surface of the condyle. 

Figure 6: Post-treatment panoramic radiograph. Panoramic radiograph at the end of treatment shows good root alignment, no additional bone loss and bone remodeling 
on the anterior surface of the condyle. Noticeable reduction in the size of the nasal polyp is also noted.

R L

V. Cephalometric Analysis
A) Pre-treatment and post-treatment comparison of lateral 

cephalometric analyses (Table I and Figure 7) demonstrate 
significant improvement in the maxillary and mandibular 
sagittal skeletal relationship, with the ANB angle increasing 
from -3.9o to -1.6o. 

B) The skeletal vertical dimension improved as shown by a 
change in FMA from 14o to 17.9o  (Table I and Figure 7). 

C) Superimposition of pre- and post-treatment radiographs 
showed a clockwise rotation of the mandible resulting from 
extrusion and uprighting of the maxillary and mandibular 
molars (Figure 8).

D) Maxillary superimposition showed the extrusion and 
uprighting of the molars and extrusion, retrusion and retrocli-
nation of the anterior teeth (Figure 8).

E) Mandibular superimposition revealed extrusion and 
uprighting of the molars, and decreased angulation of the 
mandibular anterior teeth (Figure 8).

F) The post-treatment mandibular movement path was 
smooth without deviations, and neither clicking nor pain was 
present in either TMJ at the end of treatment.

VI. CBCT analysis of Nasal Cavity
CBCT analysis demonstrated, improvement in NSD (Figure 

9A), decrease in polyp size and leveling of the nasal floor 
(Figure 9B). In addition, the nasal cavity demonstrated a 
modest expansion of 2 mm anteriorly and 1 mm posteriorly, 
as measured by the height of contour of the nasal walls (Figure 
10 and Table II). 

Discussion

The nasal cavity has significant effects on oral cavity struc-
ture. It has been hypothesized that nasal breathing acts as a 
capsular matrix for development of the maxilla [25]. Chronic 
nasal cavity obstruction can be accompanied with maxillary 
constriction, posterior teeth extrusion, hyper-divergency, and 
even severe Class II or Class III skeletal pattern [6]. 

While the effect of the nasal cavity on the oral cavity has 
received some attention, the role of the oral cavity on the 
nasal cavity is not clear. Since the roof of the oral cavity is 
the floor of nasal cavity, and the position of the walls of the 
nasal cavity are defined by the position of the maxilla, one 
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Figure 7: Post-treatment lateral cephalometric radiograph and analysis. Post-treatment cephalometric analysis showed overall improvement in maxillary and 
mandibular relationship (ANB= -1.6°), improved mandibular plane angle (FMA= 17.9°, SN-MP= 27.4°), correction of anterior crossbite into ideal overjet, ideal overbite, 
improvement in the maxillary incisor inclination (U1°-SN= 107.8°) and mandibular incisor uprighting (IMPA= 79.5°).

Figure 8: Superimposition of pre- and post-treatment cephalometric tracings. Cephalometric superimposition of pre-treatment (black tracing) and post-treatment 
(red tracing) on the anterior cranial base shows clockwise rotation of the mandible, extrusion of the maxillary and mandibular molars, extrusion, retraction and retrocli-
nation of the maxillary anterior teeth, and retraction and retroclination of the mandibular anterior teeth (A). Superimposition on the body of the maxilla shows maxillary 
molar extrusion, uprighting, and mesialization, and incisor retroclination (B). Superimposition based on the inferior-alveolar nerve and inner profile of the mandibular 
symphysis reveals mandibular molar extrusion and uprighting, and incisor retroclination (C). 

A B

C
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Figure 9: Post-treatment frontal view of cone-beam computed tomography (CBCT) scan. A) Post-treatment lateral view of CBCT scan showed an overall improvement 
of the NSD (vertical dotted line) and a correction of mandibular cant (horizontal red lines). Note the leveling of the nasal cavity floor. B) Correction of the NSD and 
absence of the nasal polyp (white arrows on B and C) 

Figure 10: Maximum nasal cavity width in the anterior, middle, and posterior areas. Linear measurements of the width of the nasal cavity were completed on pre- 
and post-treatment CBCT images (mm – millimeters). A) Measurements were taken from the widest points of the nasal cavity by drawing vertical lines (vertical dashed 
lines) perpendicular to the horizontal line joining the center of the right and left orbit (horizontal dashed line). The measurement was taken where the vertical line touched 
the curvature of the nasal cavity at the anterior, middle and posterior sections of the nasal cavity. B) The regions of the nasal cavity were established by joining ANS to 
PNS (red horizontal line in B) and dividing the length of that line into 4 equal sections. Vertical lines at the intersection of those 4 segments  (vertical lines in B) mark 
the anterior, middle, and posterior sections where measurement of the with were completed. 

A

B C

A B
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would expect any changes in maxillary transverse, vertical 
or sagittal dimensions to automatically affect the nasal cavity 
dimensions. In other words, nasal breathing affects the shape of 
the oral cavity, which in turn indirectly affects the nasal cavity’s 
shape. Based on this logic, one would expect any deficiency 
in maxillary growth should manifest itself also as a decrease 
in the nasal cavity size. On the other hand, any increase in 
maxillary dimensions should simultaneously be accompanied 
by increased nasal cavity dimension. For example, it has been 
shown that maxillary expansion provided during orthodon-
tic treatment has the potential to alter the internal dimensions 
of the nasal cavity, promote the reduction of nasal resistance, 
increase in airflow, and even produce a favorable change at the 
patient’s breathing pattern [26-39]. Based on this argument, 
improvement in nasal breathing in response to orthopedic treat-
ment in children can be related to displacement of hemimaxilla 
in space and, consequently, circum-maxillary sutural growth. 
However, these changes in adults are more limited and, by 
themselves, cannot completely explain the improvement in 
nasal breathing that is observed after orthodontic treatment. 
For example, in the patient presented here, orthopedic treatment 
produced an increase in nasal cavity size both anteriorly and 
posteriorly, but these increases were modest (1-2 mm). While 
these changes can partially improve the nasal passage, they 
cannot be considered as the sole cause of changes that were 
observed in the nasal cavity by CBCT and improvement of 
nasal breathing that was reported by the patient after treatment. 

One of the main changes that was observed in this patient 
was the change in the nasal septum’s deviation. NSD occurred 
at both the bony septum and cartilage septum. Improvement of 
NSD was accompanied by a spontaneous decrease in the polyp 
size and opening of the nasal passage. These changes could 
not be simply explained due to application of an expander. 
While in growing children significant NSD improvement has 
been observed in response to maxillary expansion [16, 40, 41], 
expanders alone have not demonstrated any effect on NSD in 
adults [18, 39].

Could the deviation of the bony nasal septum in this patient 
before treatment and improvement after treatment be explained 
by occlusal forces, especially when many studies emphasize 
the importance of the nasal septum as the middle bar of the 
naso-maxillary capsule [42]? Based on Wolff’s law, any change 
in the function of bones is followed by changes in their internal 
and external conformation. Bone architecture changes in ways 
that keep bone strains significantly below fracture strength of 
25000 micro-strain. To achieve this goal, bone realigns itself 
with the line of action of the applied force to prevent bending. 
In this patient, his crossbite pushed him to use his right side 
as the main side for occlusion. This factor, could change the 
balance of the force on both sides of nasal septum. This change 
in the balance of the occlusal force could be accompanied by 
bending moments on the nasal septum. Occlusion correction 
without a significant increase in the nasal cavity size could 
balance the forces on both sides of the nasal septum and allow 
the bony septum to realign itself and decrease its bending. This 
is similar to the mechanism used to improve the shape of bone 
after a fracture, if it heals incorrectly [43-45].

In line with the above argument regarding occlusal force 
impact on NSD, one can consider the biomechanical forces 
as the contributing factors in the nasal floor cant. This can 
explain the association that has been reported between NSD and 
asymmetric facial development [46, 47]. In the case presented 
here, however, existence of the chronic polyp could also have 
a local effect in reshaping the nasal floor. Therefore, correct-
ing the nasal floor cant after treatment could be explained by 
both the improvement in biomechanics and the decrease in 
the polyp size. 

Based on the above discussion, one can conclude that ortho-
dontic treatment can affect different parts of the nasal cavity and 
can have a significant effect on the overall health of the nasal 
passage. Perhaps the role of orthopedic treatment to correct 
the facial structure should be redefined to include the nasal 
cavity and the medical community could take advantage of 
the Therapeutic possibilities that this treatment can provide.

Table II: Maximum width in different sections of the nasal cavity. Linear measurements of the width of the nasal cavity in the anterior, middle, and posterior sections, 
were completed on pre- and post-treatment CBCT images (mm – millimeters) as illustrated in figure 10.
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Applied Innovation

Nasal septal deviation is a common problem among patients. 
While the role of occlusion and changes in the balance of forces 
on NSD have not been reported before, this case report demon-
strated significant improvement in NSD following changes 
in occlusal biomechanics. To the best of our knowledge this 
is the first time the relation between NSD and occlusion has 
been reported. Considering that bone shape and curvature are 
influenced significantly by orthopedic mechanics, the effect of 
change in force distribution after malocclusion correction (in 
addition to maxillary displacement) in both children and adults 
should be further studied.
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