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Bimaxillary dentoalveolar protrusion is challenging to treat 
with aligners. Such patients have not only dental protrusion 
problems, but often a combination with skeletal protrusion 

-
sion case types, including treatment by extraction of the four 

-
traction case, temporary anchorage devices were used as an-
chorage to achieve molar distalisation and to prevent a ‘row-

the ‘caterpillar motion design’ is also described, which accord-
-

tion space closure treatments. All described treatments were 

are possible with aligner systems but require a profound 
knowledge of the biomechanics and forces of aligner ortho-
dontics. Several possible approaches are presented.

Introduction

-

and an increased procumbency of the lips. It is seen com-
monly in African-American and Asian populations, but it can 
be seen in almost every ethnic group.

with dental crowding, which represents one of the most 
common types of malocclusion1 -
ined between 8 and 18 years of age, crowding was present 
in 47.3%2

headgear, or any of these in combination with traditional 
orthodontic therapy. Depending on the degree of crowding 
severity along with other related circumstances, the ortho-

-
tion treatment in order to gain space to relieve crowding. In 

-

3,4. In cases of severe crowding and certain skeletal com-
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-
dontics averages about 18%5 (but the ratio could possibly 
be higher in Chinese people), with premolars constituting 

6

7. However, many patients can be 
-

mara determined as borderline crowding patients, with 
mandibular crowding of 3 to 6 mm8.

With the advent of aligners and their advantages that 
include aesthetics, less invasive treatment, virtual treat-

-

-
sion is the new frontier of aligner treatment9,10.

Calvin C. Case, although it has a higher prevalence in 
Asia11,12 -
sion is one of the most commonly diagnosed orthodontic 

-
-
-

premolars, allowing for retraction and retroclination of the 

skeletal conditions are to be treated with orthognathic sur-
gery13.

Clinically, these patients usually have lip incompetence 

manifested with strain of the perioral muscles14

the skeletal-origin subdivision and the dental-origin subdi-
-

olar protrusion subdivisions is crucial, because skeletal bi-

orthognathic surgeries to create an ideal outcome15. In 
1983 Creekmore and Eklund16 introduced the possibility of 
skeletal anchorage, and in 1997 Kanomi17 reported on the 
use of market-available orthodontic mini-implants as an-

have become common tools in the armamentarium in or-
18.

strategies of implementing aligner therapy for the dental 

 

-

Diagnosis
A 12-year-old girl sought orthodontic treatment (Fig 1). Her 

-
lary midline deviated to the right, deep bite and 4 mm hori-

-

protrusion. 

Treatment objectives

 • to maintain the skeletal pattern
 •

and reduce lip protrusion
 • to relieve crowding
 • to reduce vertical overlap
 • to maintain Class I molar relationship
 •

Treatment protocols
One of the traits of aligner therapy is the use of computer 
software to simulate tooth movement throughout the en-
tire orthodontic treatment. Using software to show virtual 
tooth movement is one of the most important steps in 
aligner treatment (Fig 3). A complete treatment simulation 
includes three parts, as described below.

The pattern of tooth movement

involved and the shorter the moving distance in each stage, 
the better. For this patient, the design was to consider the 
four incisors as one unit and the two canines as another 
unit in each arch. Moving the canine unit back by 1 mm and 
then moving the incisal unit back to contact the canines was 
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retraction alone or en masse retraction with the aforemen-
tioned strategic approach, it seemed this could allow align-

-
ilar to the movement of a caterpillar; therefore, it is called 
‘caterpillar motion design’. A customised staging procedure 

for a predictable space closure with segmental aligners has 
19. 

The auxiliaries
-

cision cuts and button cut-outs cannot be overemphasised. 
Usually, keeping the default designs from the engineers is a 
good start. In deep vertical overlap patients, bite ramps on 

Intraoral photos at baseline, 

a b

d

c

e

Initial lateral radiograph and photographs showing lip protrusion and inter-labial gap at rest.

a b c

X X

X
X

X X

XX
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Digital simulations using 
ClinCheck, with a total of 62 sets of 
aligners. (a) 5-mm vertical rectangular 

(b) Arrow 
shows optimised attachment on the 

(c) Arrow 
indicates premolar pontic. (d) Arrow 

(e) Mandibular attachments.

in anterior teeth, with caterpillar motion 
design.

a

a

b

b

d

d

c

c

e

e

-
ment of a caterpillar.
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-
gested to allow for disocclusion of the posterior teeth and to 

-
theless, bite ramps in this area tend to irritate patients’ 
tongues and decrease the encapsulations of these teeth.

In Fig 6, the mandible occludes behind the bite ramps, 

results in a retrognathic displacement of the mandible and 

bite ramps in the following virtual simulation presents an 
absolute necessity. 

cases, the discrepancies between the software’s ideal sim-

ulations and chairside clinical results can happen quite of-
ten. Bite ramps result in laterally missing occlusal support 
during the period of aligner application and can therefore 
cause jaw joint pathologies20-22.

avoid occluding behind the bite ramps. 
One way to minimise the discrepancies is to incorporate 

the overcorrection concept. For instance, it is good practice 
to alter the software simulation with a slight open bite in 
deep bite patients, and vice versa.

Treatment progress

had been closed. Interarch elastics had been used in the 
early stages of treatment in order to minimise molar mesial 

Aligner including lingual bite ramps: mandibular incisors 
are behind the lingual bite ramps with severe retraction of the 
mandible.

Final ClinCheck design.

a b

d

c

e
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tipping and a posterior open bite. After 24 months of treat-

matching, and yet the vertical overlap had been deepened. 

deep bite.

At the end of treatment at 32 months (Fig 10), the mid-

overlap had been established, along with Class I canine and 

29 = 131 sets of aligners in 32 months of overall treatment 
time. 

Clinical photographs at 11 
months, with Class II elastics from the 

molars.

Clinical photographs at 24 
-

creased.

a

a

b

b

d

d

c

c

e

e
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Treatment results

 •
had been maintained

 • the mandibular plane angle had been reduced by 2 de-
grees

Final situation at 32 
months. Class I canine and molar 
relationship.

a b

ba

d

c

e

comparison: (a) initial compared with (b) 
end of treatment.

 • both the upper and lower lips were 2 mm behind the 
E-line.
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-
-

sion.

Diagnosis
A 31-year-old woman presented with the chief complaint of 
anterior teeth crowding and lip protrusion (Fig 13). Clinical 

Class I molar relationship, mild crowding in anterior teeth 

protrusion.

Treatment objectives

goals in this case were:
 • periodontal treatment
 • to relieve crowding
 • to reshape the gingival line of the anterior teeth using 

 • to straighten and retract the anterior teeth by 3 mm or 
more

(b) posttreatment cephalo-
metric superimpositions. 
Measurements are given in 

Cephalometric measurements pre- and posttreatment, as shown in Fig 12

Measurement Norm Initial Final Change

Skeletal 79.8–83.2 85 85 0

75.7–78.7 82 82 0

3.2–5.0 3 3 0

33.8–38.4 27 25

Dental 4.3–8.1 7 4

103.85–108.75 121 111

5.4–10.2 7 4

L1 to mandibular plane (degrees) 93.4–99.2 107 101

Soft tissue E-line to upper lip (mm) 0.7–3.1 1

E-line to lower lip (mm) 0.2–3.4 3.5

a b
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and cephalometric radiograph.

d e

g

f

h

a b c

 • to maintain a Class I molar relationship
 • to intrude (or at least to maintain) molars to reduce pos-

terior vertical height in order to have mandibular auto-
rotation and improve facial aesthetics

 • to decrease the black triangles of the anterior teeth by 

Treatment protocols and progress
Before the start of treatment the mandibular left third mo-

-
tally for 3 mm to gain anterior retraction space. A space of 
3 mm between the canine and lateral incisor was created 
before starting retraction of the anterior teeth (Fig 15). An-

26 months of treatment.
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ClinCheck design, with 67 
aligners.

a b

d

c

e

Clinical photographs at 8 
months (aligner 45). (a and c) Arrows 
indicate 2-mm spaces. (d) Arrows indicate 
3-mm spaces.

a b

d

c

e

a

Laser crown lengthening surgery was performed after orthodontic treatment: (a) Dotted line indicates planned laser 
surgery. (b) Constructed aesthetic crown ratio.

b
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a

a

b

b

Comparison (a) pre- and 
(b) posttreatment.

Comparison of the 
cephalometric radiographs after the 

(a) -
ment. (b) After 26 months.

Clinical photographs at the 
completion of treatment.

a b

d

c

e
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Treatment results

 •
 • midline coordination
 • Class I molar occlusion

 • symmetrical and even gingival line of anterior teeth
 • solid occlusal interdigitation
 • proportional aesthetic unit.

Cephalomet-
ric analysis. Measurements 

a b

Cephalometric measurements pre- and posttreatment, as shown in Fig 20

Measurement Norm Initial Final Change

Skeletal 79.8–83.2 85 85 0

75.7–78.7 80 80 0

3.2–5.0 5 5 0

33.8–38.4 33 34 1

Dental 4.3–8.1 10.5 2

103.85–108.75 121 95

5.4–10.2 14.5 10

L1 to mandibular plane (degrees) 93.4–99.2 108 108 0

Soft tissue E-line to upper lip (mm) 0.7–3.1 3 0

E-line to lower lip (mm) 0.2–3.4 6 2
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premolars and treatment with aligner orthodontics.

Diagnosis

crowding and labially positioned canines in both arches. 
-

manent teeth including unerupted third molars in a good 
periodontal state (Fig 21). In addition, the pretreatment 
photographs and cephalometric analysis revealed an in-

characterised by forward face sloping backward (Fig 22). 

with proclined mandibular incisors, and a skeletal open bite 
-
-

-
lar incisor position was deviating from the norm values as 

-
illary and mandibular incisors. A positive value of lower lip 
(LL)–E-plane was detected, suggesting a forward position of 
the lower lip with 2.4 mm deviation from the standard 
range.

midline was shifted 1.5 mm to the left with vertical overlap 

-
lary left and right lateral incisors, as well as a cross bite 

-
lar left canine were detected. Bolton tooth ratio analysis 
showed no deviations from the normal range (Fig 23). 

Treatment objectives

 • to relieve crowding 
 • to correct proclination of incisors 

-
graph.

Cephalometric measurements pretreatment, as shown in Fig 22.

Measurement Norm Initial

Skeletal 1.2 ± 2.0 5.6

Lower facial height (degrees) 47.0 ± 4.0 49.4

Mandible plane angle (degrees) 27.2 ± 4.5 39.7

Dental 1.0 ± 2.3 3.8

3.5 ± 2.3 6.7

Soft tissue Lower lip–E-plane (mm) 1.1

¯

¯
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 • to adjust bilateral class I canine relationship with ideal 

 •

lamella in the anterior region, the treatment of choice for 

space closure by means of aligner therapy23

space closure by means of the ‘caterpillar motion design’ of 
sequential aligners is essential19

were required to retract massive protruded anterior teeth, 
-
-

acterised by the tipping of anterior and posterior segments 
resulting from en masse space closure after four-premolar 

24.

-
creased aligner surface around the canine and incisor 
crowns, the sequential canine and incisor retraction in 
three separate cycles also improves the anchorage value of 
the posterior segment in contrast to the actively staged 
segment. Apart from the fact that the overall anchorage 
loss equals that of en masse retraction, the frequent an-

moderate crowding, in particular those including more re-
quired space closure, are associated with less tendency for 

segment, which in turn leads to less potential for incisal 
interference and posterior disocclusion – often observed as 

25.

a b

ed

c

f

Situation after removal of 

and mandibular canines before beginning 
aligner therapy.a b
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Treatment protocol

Preparation
Before starting the aligner treatment all canines were sep-

-

until the arrival of the aligners, a removable retainer (Du-
ran, Scheu-Dental) was inserted for night-time wear. 

After obtaining space mesial of all canines, the initial 
measurements for the aligner treatment could take place. 
For this, individually bonded attachments were placed on 

following intraoral scan and treatment instructions were 

plan.

Virtual treatment planning

to the submitted instructions (Figs 26 to 28). As the treat-

these teeth were virtually removed in the given simulation. 

and mandibular anterior teeth. For this purpose, the use of 
-

cient anchorage and to ensure additional force for the 

teeth were distalised in order to achieve a full Class I molar 
relationship. Simultaneously, the mandibular right molars 
and second premolar were also slightly mesialised.

right to match the mandibular midline. During the whole 
treatment, all premolars and molars were derotated in 
small increments, anterior crowding was solved and both 

on the mandibular left lateral incisors was removed and 
occlusal contact points were allocated uniformly on poster-

-

treatment planning from the initial situation to the prede-
termined results including dental overlap are shown in 

Treatment progress

Intraoral views with 
individually bonded attachments on the 
buccal dental surfaces at the beginning of 
aligner therapy.

a b

d

c

e
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ClinCheck views showing 
the planned virtual treatment goal.

ClinCheck views including 
virtual overlap of planned dental move-
ments demonstrating the amount of 

-

a b

d

a

c

e

b

ClinCheck views showing 
the initial dental situation before planned 

a b

d

c

e
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-

-
ance and the state of achieved dental movements were 
checked in order to observe proper treatment progress 
(Figs 30 and 31).

and retracted slightly more in order to reduce the dental 
deep bite and to resolve the anterior contact. For this pur-

-
formed at the mandibular anterior incisors and canines. 

Intraoral situation after 

a b

d

c

e

Intraoral views with good 

a b

d

c

e
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Intraoral views at the stage 
of aligner number 19. 

Intraoral views after phase I.

a

a

b

b

d

d

c

c

e

e

mandibular jump was inserted to simulate a perfect Class I 
canine relationship, to be obtained by the patient wearing 

of aligners (Figs 33 to 35).

After the second phase some aspects still remained to be 
-

lines were improved with the aid of Class II elastics and a 
-

ition of the mandibular anterior teeth, more intrusion and 
retraction was necessary as well as alignment to create 
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Initial dental situation at the 
beginning of phase II.

ClinCheck views showing 
the planned virtual treatment goal of 
phase II.

ClinCheck views including 
the virtual overlap of planned dental 
movements at phase II.

a

a

b

b

d

d

a

c

c

e

e

b
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Treatment results
As presented in this clinical report, the aligner technique 

-

ment. At the end of the orthodontic treatment all dental 
movements were performed as required and the arches 

-
traction spaces and the solution of crowding resulted in a 

vertical overlap. Furthermore, a stable occlusion with pos-
terior support and canine guidance was achieved (Fig 41). 

Intraoral views after phase 
II.

Initial dental situation at the 
beginning of phase III.

a

a

b

b

d

d

c

c

e

e
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ClinCheck views showing 
the planned virtual treatment goal of 
phase III.

ClinCheck views including 
virtual overlap of planned dental move-
ments at phase III.

a b

d

a

c

e

b

a b

d e

c

f
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Intraoral situation with 
marked occlusal contact points after 
equalising the spread of occlusal contact 
points.

 Lateral cephalogram and 
panoramic radiograph at the end of the 
treatment.

(b) posttreat-
ment cephalometric measurements, as 

a

a

a

b

b

b

Cephalometric measurements pre- and posttreatment, as shown in Fig 43.

Measurement Norm Initial Final Change

Skeletal 1.2 ± 2.0 5.6 0.8

Lower facial height (degrees) 47.0 ± 4.0 49.4 45.7

Mandible plane angle (degrees) 27.2 ± 4.5 39.7 40.3

Dental 1.0 ± 2.3 3.8 2.6

3.5 ± 2.3 6.7 5.2

Soft tissue Lower lip–E-plane (mm) 1.1 1.4

¯

¯
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skeletal Class I base with a reduced skeletal open bite ten-

to 0.8 mm was detected after the completion of orthodontic 

of incisor positions were in the standard range, measuring 

-
mended (Fig 42b).

Discussion

-
-
-

26

and 
27 -

illary dentoalveolar protrusion patients also have gummy 
-

illa. Usually, orthognathic surgeries for the skeletal subdi-
-

ter aesthetic and functional result than orthodontics 
alone11. 

-
cussed in the present article.

Patient 1

-
tion space closure and hence molar mesial tipping often 
happens. When molar mesial tipping is not detected early, 
tipping will get much worse during the course of treatment. 

¯

¯

In order to prevent this, incorporating short Class II elastics 
can provide more vertical forces, therefore more uprighting 
moments. When molars are severely tipped, posterior re-
gional brackets with segmental wires and anterior aligners 
can solve this situation or even prevent it. 
 • It is recommended that anterior retraction should be 

done by alternating canine retraction and incisal retrac-

then move incisors back. When incisors are moved back, 
-

petitive movement is called the caterpillar motion.
 • Due to the nature of aligner therapy, molar intrusion 

can happen because of occlusal forces acting on the two 
-

tics are used, its vertical component of force can reduce 
molar intrusion and decrease vertical overlap deepen-
ing during space closure.

 •
than 20 hours a day, 7 days a week. In this way, each 
aligner has enough time to move the roots to reduce 
crown tipping.

Patient 2
 •

to gain space for anterior retraction. Molar distalisation, 

distally. However, there are some anatomical limita-
tions, such as the amount of space distal to the second 

of second molars in retromolar gingiva may occur even 

 • Even with perfect anchorage, molars can be pushed 

should be taken into account. In cases with very limited 
width of anterior alveolar bone, when a great amount of 
incisal retractions is performed, fenestration and dehis-
cence may occur and induce periodontal diseases.

 •
of molar distalisation. In fact, from the cephalometric 
superimpositions, clinical molar distalisation was not 

for anterior retraction was from 2 mm transverse arch 
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 • Molar intrusions resulted in forward mandibular au-
torotation.

 •
and second molars for increased anchorage, reducing 

the molar moved back.
 •

rather than relative intrusions. In comparison with trad-
itional labial or lingual brackets, aligners fully encapsu-
late the entire crowns, so aligners could much easier 
apply intrusive forces through the centre resistances of 

-

Patient 3
-
-

veolar protrusion. For this purpose, the required dental 
movements have been proven to be feasible by means of 
aligner orthodontics28,29. It is important to ensure that the 
staging is not too fast30. Moreover, correct selection of the 
aligner material and strength31,32 and attachments33,34, as 

consideration of biomechanics have to be considered35,36. 
Even with precise planning of the treatment in the software 
and good patient compliance, several phases of aligners 
might be still needed to obtain an aesthetic and occlusally 
stable result, because the computer software did not re-
quire a transferral of the articulation into the software or a 
virtual articulator. 
 • As shown in Fig 24a, a small gap had been created me-

the aligner could optimally grab the canine also on the 
mesial surface and with this allow better transmission 

gaps prior to scanning or impressions might help to in-

planned movement onto the teeth. 
 • -

ber. Some changes in the virtual outcome of the 
ClinCheck software might have helped to avoid the 

-

tipped distally throughout the treatment time, to avoid 
loss of canine root angulation during the movements. 

 • With focus on the dynamic occlusion, in particular the 
canine guidance, the overall treatment included several 

-
-

sion patterns would be helpful to overcome this chal-
lenge. 

Conclusion

From these case studies, clear aligner therapy could suc-

clear aligner therapy should not need additional aligners 

the static and dynamic occlusion remain factors not yet in-

-
tient compliance, clear aligners can conquer this frontier.

It has been more than 100 years since Angle gave us 

traditional brackets can move teeth without major side ef-
-

over the treatment purely to the computer software simula-
tions and manufacturers will not suit clinical practices. On 
the contrary, with digital designs of tooth movement, ortho-
dontists must pay more attention to the details and clinical 
observations. In this day and age, pharmaceutical compa-
nies manufacture medicines, but it is still the physician’s 
responsibility to successfully treat the patient.
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