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cases to treat, especially in non-growing patients. Many patients 
prefer to avoid surgical treatment if possible, and are interested 
in more conservative treatment options if available. In this case 
report, a Class III malocclusion was treated using the Invisalign 
appliance in combination with auxiliary devices as well as 

The challenges of this Class III case include skeletal mandibular 

chin deviation, as well as lateral functional shift. Detailed diag-
nosis including cone beam computed tomography and clinical 
examination, as well as alternative treatments, are discussed. 

occlusion as well as closure of the space of the mandibular left 

are also discussed.

Introduction

Clear aligners may now be an additional treatment modality 
to consider when treating malocclusions nonsurgically. The 
Invisalign system has had continual developments, such as 
improvements in attachment design, addition of power 
ridges1 and development of virtual bite ramps2. As the In-
visalign system and other clear aligner systems continue to 
improve, they can be considered as treatment options for a 
wider range of malocclusions. It is also possible to use aux-
iliary appliances in combination with clear aligner systems 
to achieve the desired treatment results.

Clear aligners can provide a viable treatment option in 
treating Class III malocclusion cases. Clear aligner therapy 
may be more accepted by patients, particularly adult pa-
tients, due to the enhanced aesthetics3 and improved oral 
hygiene4 throughout treatment. A thorough diagnosis and 
understanding of the clear aligner system and auxiliary de-
vices can ensure that a predictable treatment outcome can 
be achieved. Class III malocclusion cases can be among the 
most challenging cases to treat orthodontically. In certain 
cases, orthognathic surgery in combination with orthodon-
tic treatment is the optimal treatment plan for these pa-

may be utilised to improve the dental malocclusion on an 
underlying Class III skeletal pattern. The decision between 

orthognathic treatment for Class III malocclusions can be a 
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extraction space is preserved partially using a band and loop space maintainer.
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4-7. The deci-
sions involved in treatment planning these cases involve a 
comprehensive diagnosis, and thorough discussions with 
the patient about their goals and treatment preferences as 

Alikhani et al8 introduced the micro-osteoperforation 
technique in 2013 to accelerate tooth movement by induc-
ing local micro-fractures in the alveolar bone and thus in-

bone remodelling. Since then, a few other reports pre-

resorption of the involved teeth9-12. This case report de-
scribes a Class III malocclusion of a late adolescent female 
patient who was treated using Invisalign in combination 
with selected auxiliary devices.
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Initial cone beam computed tomography (CBCT) imaging. (a)
side. (b)
(c) (d) Initial CBCT driven frontal 

(e and f) Right and left temporomandibular joint (TMJ) imaging 
before treatment. (g) Initial CBCT driven labiolingual-sagittal screen of the anterior teeth showing the narrow alveolar bone widths and 
anterior crossbite.
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Case presentation

Diagnosis
A 16 year and 2 months old female patient presented as 
seen in Figure 1. She was a nongrower as per physical and 
maturity, and she had no change reported on her bite or 
jaw position over the last year before starting treatment. 
She presented with a Class III skeletal and dental malocclu-
sion with a prognathic mandible and skeletal asymmetry to 

-
-
-

display on smiling, anterior crossbite, previously extracted 
-

tainer, mandibular dental midline deviated to the right side, 
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Clinical initial photographs and 
radiographs. (a to h) Clinical initial 
photographs at the initial teeth contact. (i) 
Lateral cephalometric radiograph in initial 
contact. (j) Initial CBCT-driven cephalo-
metric with visualised treatment objective 
surgical prediction of maxillary advance-
ment and mandibular set back.i j
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Lateral cephalometric analyses before and after treatment

Measurement Norm Before After

SNA (degrees) 82.0 88.1 88.4

SNB (degrees) 80.9 89.2 89.1

SN.GoGn (degrees) 32.9 30.4

FMA (MP-FH) (degrees) 23.9 27.1

ANB (degrees) 1.6 –1.1 –0.7

U1–NA (mm) 4.3

U1–SN (degrees) 102.8 110.9

L1–NB (mm) 4.0 9.1 2.7

L1–GoGn (degrees) 93.0 83.6 80.9

Lower lip to E-plane (mm) -2.0 7.1 3.9

Upper lip to E-plane (mm) -6.0 –0.1 1.2

Lower face height (ANS-Me) (mm)

Wits appraisal (mm) –1.0 –6.9

SN.GoGn, sella-nasion to gonion-gnathion angle; FMA (MP-FH), Frankfort to mandibular plane angle (mandibular plane to Frankfort 
horizontal); ANS, anterior nasal spine; Me, menton

Frontal cephalometric analyses before and after treatment

Measurement Norm Before After

Molar relation, left (mm) 4.2 1.8

Molar relation, right (mm) –1.1 4.3

Intermolar width, mandibular (mm) 61.2

Intercanine width, mandibular (mm) 33.0 28.0

Denture midline discrepancy (mm) 0.0 3.8 0.0

Frontal convexity, left (mm) 10.0 12.1

Frontal convexity, right (mm) 10.0 8.9 12.0

Maxillo-mandible midline (mm) 0.0 –12.6 –7.8

Occlusal plane tilt (degrees) 0.0 –13.3 2.2

Molar to jaw, left (mm) 11.1 12.3 10.0

Molar to jaw, right (mm) 11.1 12.9 13.8

Denture to jaw midline (mm) 0.0 –0.6 1.7

Postural symmetry (degrees) 0.0 4.8

Maxillary width (mm) 61.9 71.4 64.6

Mandibular width (mm) 76.2 93.6 83.3
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tomography (CBCT) imaging, initial panoramic radiograph, 
and temporomandibular joint imaging from the CBCT con-

-
dibular asymmetry to the right side (Fig 2).

An anterior functional shift was noted clinically, there-
fore additional records were taken in the initial contact pos-
ition (Fig 3). In this position there was an improvement in 

-
eral posterior open bites, and deviation of mandibular den-
tal and skeletal midline to the right side. Figures 3i and 3j 
compare the lateral cephalometric radiographs in centric 
relation and centric occlusion.

A surgical treatment plan was completed (Fig 3c) and 
presented to the patient; however, the patient declined sur-
gery and was not concerned about the mandibular skeletal 
asymmetry to the right side. Therefore, a dental compensa-
tion treatment plan with Invisalign was planned and ac-
cepted by the patient. This treatment plan would improve 
the dental relationships while maintaining the underlying 
Class III asymmetric skeletal pattern. Invisalign was pre-
sented as a viable treatment option because in the centric 
relation initial contact position, the patient could achieve an 
edge to edge anterior dental relationship with improve-

Treatment objectives
Treatment objectives included accepting the prognathic 
mandible and mandibular deviation to the right side, im-

smiling, correction of the anterior crossbite, space closure 
-

stitution of the mandibular left second molar for the man-

dental midline, and elimination of the functional shift.

Treatment plan
The initial ClinCheck included distalisation of the mandib-
ular left buccal segment to correct the anterior crossbite, 
improve the mandibular midline, and close the mandibu-

mandibular left premolars, canines, and incisors to the left 
side. Extrusion of the maxillary anterior teeth was planned 
to increase the incisal display on smiling, and the posterior 
open bites were closed by extrusion of the posterior teeth. 
Precision cuts were placed for Class III elastics, optimised 
attachments were used, and interproximal reduction was 
planned as needed. Figure 4 presents the superimposition 

teeth positions before (blue) and after (white) treatment, 
-

tion space with distal movement of mandibular left pre-

Superimposition of before 
(blue) and after (white) of the initial 
treatment plan (ClinCheck) showing 

extraction space. (a) Right side, (b) frontal 
view, (c) left side, (d) maxilla occlusal view, 
(e) mandible occlusal view.

a b c

d e
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molars, canine, and incisors. In addition, maxillary arch 
expansion was planned to be coordinated with the man-
dibular arch after mandibular left premolars and canine 
distalisation (Fig 4d). Moreover, maxillary incisors inclina-
tion was planned to help with anterior crossbite correc-
tion. Because maxillary incisors were initially proclined 

-
sion was planned to help possible open bite creation due 
to mandibular posterior distalisation and maxillary molars 
extrusion, as well as to correct maxillary incisors angula-
tion to SN. It was hypothesised that extrusion of the max-
illary incisors using labial attachments with the line of ac-

tion of the extrusion force passing labial to the centre of 
resistance of the maxillary incisors, would rotate the max-
illary incisors lingually, thus, correcting their axial inclina-
tion to SN. 

Treatment progress
After 10 months of treatment, positive overbite and overjet 
was achieved with improvement of the dental midlines and 
sequential distalisation of the left buccal segment was in 

placed on the mandibular left second premolar and man-
dibular left second molar to assist with uprighting the roots 

Progress clinical photographs after 10 months in treatment.
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of these teeth (Fig 6). To accelerate tooth movement, the 

mandibular anterior and posterior segments. During 
month 17, the segmental brackets were removed on the 
mandibular left side and replaced with buttons for elastics 
to assist with closing the posterior open bite. At month 18, 
segmental brackets were placed on the mandibular right 

with the severe rotation of the mandibular right second 
premolar (Fig 6). At this time, power arms were placed on 

with paralleling the root of these teeth (Fig 7).

Final result
-

sult after 7 months of retention is displayed in Fig 8 and 9. The 
treatment objectives that were outlined were achieved. An 

mandibular incisors and further settling the posterior occlu-
sion on the right side; however, the patient declined this be-

a b

c d e

a b

c d e

Intraoral progress photo-
graphs after 18 months in treatment 

mandibular right quandrant to upright the 
mandibular right second premolar and 

molar and second premolar to upright 
their roots.

Intraoral progress photo-
graphs after 14 months in treatment 

mandibular left quadrant and the 
micro-osteoperforation performed.
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cause she was already very happy with the result. The 
temporomandibular joint (TMJ) imaging in Fig 9f shows an 
improvement in the position of the right condyle, likely due to 
eliminating the functional shift. The lateral cephalometric 
analysis and superimposition of before and after treatment 
(Fig 10) shows a downward and backward rotation of the 
mandible. According to Peck et al13, anterior cephalometric 
tracings superimpositions show improvement in the patient 
facial asymmetry and midline corrections (Table 2 and Fig 11). 
Figure 12 shows clinical photographs of the patients at 
10 months in retention showing settling of the posterior teeth.

The number of aligners used to treat this patient in-
cluded the following:

• 

• -
tional aligners for both maxillary and mandibular 
arches)

• 
24 aligners for both maxillary and mandibular arches)

• 
maxillary and mandibular arches.

maxillary and 143 mandibular aligners were 
used.

a b c

d e

Final clinical photographs after completion of treatment.

f g h
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Final cone beam computed tomography (CBCT) imaging. (a) CBCT driven frontal image. (b) CBCT driven panoramic radio-
graph showing parallelism of the roots of the mandibular left second premolar and mandibular second molar, (c) CBCT driven lateral 
cephalometric projection, (d) CBCT driven frontal cephalometric projection, (e and f) Right and left CBCT driven temporomandibular 
joint imaging after treatment showing more uprighting of the right condyle than before treatment, (g) CBCT driven labiolingual-sagittal 
screen of the anterior teeth showing uprighting of mandibular incisors and correction of the anterior crossbite.

c
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Clinical photographs of the patients after 10 months in retention showing settling of the posterior teeth.

Superimposition of the tracings of the before and after 
treatment frontal cephalometric radiographs using Peck and 
Peck technique.

Superimposition of the tracings of the before and after 
treatment lateral cephalometric radiographs.
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Discussion

This case is an example of how clear aligners can be used 
with auxiliary appliances for nonsurgical treatment of a 
complex Class III case. In this case, a main factor in the 
treatment planning was the diagnosis of a functional shift. 

-

ClinCheck to predict the treatment outcome. For challeng-
ing tooth movements such as severe rotations and root 
uprighting, options such as using a Propel, segmental 
brackets, and power arms can be useful.

This treatment had a long duration due to the complex-
ity of the case; however, functional occlusion was achieved 
for the patient without surgery. Although surgical treat-
ment is the ideal treatment plan for certain patients with 
severe malocclusions, it is a large undertaking for patients14 
and presents with inherent, although infrequent, risks . 
Perhaps there is a certain range of malocclusions that could 
be treated with combined orthodontic-orthognathic sur-
gery17-19, or with a more conservative orthodontic camou-

20-23. It is important to have a comprehen-

treatment goals and expectations. 

Conclusions

and midline deviation without further extraction of teeth or 
surgical intervention. Patient chin deviation was improved 

showed slight chin deviation, which was acceptable by the 
patient and parents. Clear aligners can be a viable treat-
ment option for appropriately selected Class III malocclu-
sion cases. A comprehensive clinical diagnosis of the pa-
tient, thorough understanding of the Invisalign system and 

are important steps in the treatment process.
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