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use functional appliances, such as 
the Herbst* and Twin Block,** in 
growing patients with mandibular 
retrusion because they efficiently 
reduce overjet.2 Nevertheless, these 
removable functional appliances 
usually require finishing with fixed 
appliances.

Invisalign*** with mandibular advancement 
(MA) is indicated for the treatment of skeletal 
mandibular retrusion in conjunction with the align-
ment of rotated or tipped teeth. The possibility of 
combining tooth movement and mandibular ad-
vancement, thus reducing treatment time, rep-
resents the main advantage of this approach over 
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C lass II malocclusion is associ-
ated with mandibular skeletal 
retrusion in about 80% of all 

cases.1 Many clinicians prefer to 
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conventional functional appliances. As with func-
tional appliances, however, the success of treatment 
depends primarily on timing.3-5 When functional 
treatment starts before or after puberty, Class II 
correction is almost entirely limited to dentoalve-
olar changes. On the other hand, when functional 
treatment is performed during puberty, it has the 

added potential of inducing a long-term enhance-
ment of mandibular growth.4

No published studies have evaluated the ef-
fect of MA aligners on skeletal Class II treatment 
during the pubertal growth peak. This article re-
ports the outcome of such treatment.

Case Report
A 12-year-old male presented to the Depart-

ment of Orthodontics at the University of Rome 
Tor Vergata with the chief complaint of forward-
ly placed upper front teeth. Clinical examination 

*Registered trademark of Dentaurum, Inc., Newtown, PA; www.
dentaurum.com.
**Trademark of Protec Dental Laboratories Ltd., Vancouver, BC, 
Canada; www.protecdental.com.
***Registered trademark of Align Technology, San Jose, CA; www.
aligntech.com.

TABLE 1
CEPHALOMETRIC ANALYSIS

 Norm Pretreatment Post-Treatment

Sagittal skeletal

SNA 82° ± 2° 84° 85°

SNB 80° ± 2° 77° 82°

ANB 2° ± 2° 7° 3°

Wits appraisal 0mm ± 2mm +4mm +2mm

Vertical skeletal

FMA 25° ± 3° 22° 22°

SN/GoGn 33° ± 5° 30° 30°

ArGoMe 130° ± 7° 128° 130°

Dentobasal

U1/PF 105°-110° 116° 112°

IMPA 94° ± 5° 111° 96°

Dental

Overjet 2.5mm ± 2.5mm 6mm 3mm

Overbite 2.5mm ± 2.5mm 6mm 4mm

Mandibular skeletal

CoGn  101mm 106mm

CoGo  47mm 52mm

GoMe  64mm 68mm
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Fig. 1 12-year-old male patient with convex facial profile, Class II molar and 
canine relationships, skeletal Class II relationship, and retrognathic mandi-
ble before treatment.
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per and lower incisors were proclined with respect 
to the basal bone (U1/PF = 116°, IMPA = 111°). 
The skeletal maturity, as determined from the pre-
treatment cephalogram using the Cervical Verte-
bral Maturation method,6 indicated a CS-2 stage.

The main objective of treatment was to im-
prove the patient’s facial appearance by achieving 
Class I skeletal and dental relationships. The treat-
ment plan called for functional therapy with the 
Invisalign MA appliance. In this protocol, while 
the aligners are responsible for dental movements, 
two Precision Wings*** hold the mandible in a 
forward position, with the inclination of these two 
surfaces forming a complementary angle of 180° 
(Fig. 2). The hollow Precision Wings are fabricat-
ed from the same material as the aligners, although 
features such as grooves and reinforcement struc-
tures have been added to reduce flexibility and 
increase rigidity.

Our ClinCheck*** forecast involved three 
phases. In the pre-MA phase, which required 22 
aligners for each arch, the plan included simulta-
neous expansion of the maxillary arch and distal 
rotation of the upper first molars in relation to the 
Ricketts line; in the mandibular arch, the emphasis 
was on flattening the curve of Spee and promoting 

found a convex facial profile due to mandibular 
retrusion, a short lower anterior face, and an evert-
ed lower lip (Fig. 1). The patient was in the per-
manent dentition and had bilateral Class II molar 
and canine relationships. The maxillary arch ex-
hibited overerupted incisors, mesially rotated first 
molars, and mild rotations of the first and second 
premolars. The mandibular arch displayed over-
erupted lower incisors, excessive spacing, and a 
deep curve of Spee. Both the maxillary and man-
dibular midlines were coincident with the facial 
midline. Functional analysis revealed an atypical 
swallowing pattern and contraction of the perioral 
musculature.

The panoramic radiograph showed no under-
lying pathology and no sign of developing third 
molars. Cephalometric analysis (Table 1) con-
firmed a skeletal Class II relationship associated 
with mandibular retrusion (ANB = 7°, Wits ap-
praisal = +4mm, SNA = 84°, SNB = 77°), along 
with excessive overbite (6mm) and overjet (6mm). 
The skeletal divergence angles were slightly re-
duced (FMA = 22°, SN/GoGn = 30°), and the up-

Fig. 2 A. ClinCheck*** plan for mandibular advancement (MA) to reach edge-to-edge position. B. Invisalign*** 
with MA feature.

***Registered trademark of Align Technology, San Jose, CA; www.
aligntech.com.
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retroclination of the lower incisors to recover the 
amount of overjet needed for subsequent mandib-
ular advancement. Optimized rotation attachments 
were placed on both the upper and lower first mo-
lars to facilitate distal-out and expansion move-
ments. The patient was instructed to wear the 
aligners 20-22 hours per day and to change them 
once a week. He returned every six weeks for a 
check of the aligner fit and attachment positions. 
After about six months, a parabolic maxillary arch 
and a proper rotation of the upper first molars had 
been obtained (Fig. 3).

During the MA phase, which consisted of 36 
sets of aligners, the Precision Wings were pro-
grammed to provide a gradual advancement of 
2mm for every eight aligners. This advancement 
is achieved by shifting the placement and changing 
the mesiodistal length of the Precision Wings from 
one stage to the next. Horizontal rectangular at-
tachments were placed on the palatal surfaces of 
the upper molars to ensure aligner fit and retention. 
(Attachments cannot be placed on the buccal side 
of the premolars or molars when Precision Wings 
are used.)

During a one-month transitional phase, the 
patient wore four sets of aligners to maintain the 
results before the occlusion was finished with three 
more months of clear aligners.

Total treatment time was 19 months. The 
aligners were well tolerated by the patient, and no 
adverse effects were noticed during any stage of 
treatment. All objectives were achieved, including 
bilateral Class I molar and canine relationships and 
a significant improvement in the soft-tissue profile, 
with a more anterior position of the chin (Fig. 4).

The effects of MA were evaluated cephalo-
metrically (Table 1). A reduction of 4° in ANB was 
noted, mainly due to forward displacement of the 
mandible (SNB = 82°). The incisor proclination 
was reduced in both arches, especially the lower 
(U1/PF = 112°, IMPA = 96°). Normal overjet 
(3mm) and overbite (4mm) were obtained, and 
mandibular length and ramal height were increased 
(CoGn = 106mm, CoGo = 52mm, GoMe = 68mm).

Discussion
The efficacy of functional appliances in 

treating skeletal Class II malocclusion is still con-
troversial, with various authors reporting limited, 
partial, or irrelevant effects in terms of induced 
mandibular growth.

Our patient exhibited a pubertal stage of skel-
etal maturity (cervical stage CS-3) at the end of 
treatment, indicating that the pubertal growth spurt 
had occurred during treatment. That timing was a 

Fig. 3 A. After six months of pre-MA transverse correction. B. MA in progress.
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Fig. 4 A. Patient after 19 months of treatment (continued on next page).
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key factor in terms of mandibular growth enhance-
ment, ramal elongation, and chin protrusion. The 
superimposition of cephalometric tracings 
con firmed that the improved sagittal relationship 
was attributable to skeletal changes such as ante-
rior repositioning and increased mandibular length.

Treatment with MA aligners usually involves 
an initial pre-MA phase for correction of any oc-
clusal features that could prevent mandibular ad-
vancement. For example, a transverse discrepancy 
between the arches will cause occlusal interferenc-
es, thus preventing the mandible from posturing 
forward. Our planning for the pre-MA phase there-
fore included maxillary dental expansion. Similar-
ly, patients with a small mandibular-arch perimeter 
or retrognathia are prone to the development of a 

deep bite and a steep curve of Spee, because the 
incisors will supraerupt until they contact the op-
posing teeth or soft tissue. In our patient, the low-
er incisors were intruded and the posterior teeth 
extruded to flatten the curve of Spee.

Incremental mandibular advancement, as 
opposed to one-step activation, has been advocat-
ed to achieve more stable Class II correction with 
functional therapy.7-10 The variability of results is 
at least partly attributable to the difference in pa-
tients’ growth stages at the time of treatment. Only 
one study has compared two groups at the peak of 
growth, but these authors corroborated the finding 
that stepwise advancement produces greater skel-
etal effects than single-step protrusion.11 Smaller 
increments of mandibular advancement also en-

Fig. 4 (cont.) B. Comparison of patient profile before, during, and after treat-
ment. C. Superimposition of pre- and post-treatment cephalometric trac-
ings.
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hance patient compliance by reducing initial dis-
comfort and speech difficulties.

In the case shown here, the MA protocol 
demonstrated efficient and effective correction of 
skeletal Class II malocclusion during the pubertal 
peak-growth stage. While these results are encour-
aging, further research is needed to confirm the 
long-term effects of MA.
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