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Aligners are gaining in popularity as adults in particular dis-
like the appearance of fixed appliances; however, it is difficult 
to achieve bodily tooth movement, especially of molars, when 
relying on aligners alone. Additionally, reinforced anchorage 
is required in some cases, and the potential side effects of 
maxillomandibular elastics must be considered, such as un-
wanted shift of the anchor teeth. This could pose a serious 
problem, especially when unilateral elastics are applied, as 
these have the potential to cause midline shift, arch rotation, 
arch discrepancy and transverse occlusal canting. To avoid 
the risks of tipping and anchorage loss, as well as the strict 
requirements for elastic wear, mini-implant–borne sliders and 
expanders can be used. The anterior palate provides excellent 
conditions for inserting and ensuring stability of skeletal an-
chorage devices, as the amount and quality of available bone 
are far superior to those in other regions of the oral cavity. In 
this paper, the most frequently used combinations of mini- 
implant–borne appliances and aligners (Benefit for Aligner 
Technique) are presented to show how more predictable and 
faster results can be achieved in aligner therapy.

Introduction

An increasing number of orthodontic patients present 
seeking invisible or aesthetic orthodontic treatment with 
clear sequential thermoplastic aligners, which offer the ad-
vantages of improved aesthetics, digital treatment planning 
and reduced risk of white spot lesions1. Using aligners, 
teeth can be tipped and rotated effectively, depending on 
their morphology2; however, the treatment objective of 
achieving pure bodily tooth movement exclusively with 
aligner therapy and with a high level of predictability can 
prove challenging, especially when molars require bodily 
movement. Although there are only limited reports of suc-
cessful movements of up to 2.5 mm in distalisation cases in 
the literature, a high level of patient compliance is expected, 
with the additional requirement for maxillomandibular 
elastics to be applied for extended periods3-5. Moreover, 
the potential side effects of these elastics must be consid-
ered in terms of how they contribute to shifting the anchor 
teeth. This can pose a serious problem, especially when 
unilateral elastics are applied, as these have the potential 
to cause midline shift, arch rotation, arch discrepancy and 
transverse occlusal canting. Arch width control in particular 
may be better when asymmetrical elastics are used in 
aligner treatment because of the absence of play between 
the wire and slot. 

To minimise anchorage loss, mini-implants have been 
incorporated into aligner treatment planning recently6-9. 
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They can be positioned intraorally with a minimal degree of 
surgical invasiveness, are readily integrated with concomi-
tant biomechanical initiatives and are relatively cost-effect-
ive10-12. The use of mini-implants has increased over the 
last couple of years with a view to achieving more reliable 
anchorage10,13,14.

skeletal anchorage: Where to insert 
temporary anchorage devices (TADs) 

The alveolar process and the infrazygomatic crest (IZC) re-
gion are still frequently used insertion sites for mini-im-
plants; however, due to the high failure rate and the risk of 
root damage, insertion in these areas seems far from satis-
factory15. Moreover, mini-implants that are inserted buc-
cally can be positioned in the intended path of tooth move-
ment. lastly, bodily tooth movement is still not guaranteed. 
Conversely, the anterior palate offers the advantage of al-
lowing all teeth to be moved without any interference from 
mini-implants16,17. Furthermore, it is an area of high-quality 
bone with a thin attached mucosa, minimal risk of tooth 

injury and a reported success rate of over 90%15,18-20. Fi-
nally, bodily tooth movement is possible if palatal sliders 
with rails are employed. As such, it seems highly advisable 
to use mini-implants inserted in the anterior palate and 
sliders/expanders to:
 • avoid unwanted movement of anchor teeth and reduce 

the need for maxillomandibular elastics to be worn;
 • avoid tipping of teeth during desired bodily movements 

(in contrast to the use of IZC mini-implants).

This new combination of sliders/expanders on palatal tem-
porary anchorage devices (TADs) and aligners is called the 
Benefit for Aligner Technique (BAT; Fig 1). Recent develop-
ments in CAD/CAM techniques have been published show-
ing the possible use of insertion guides for palatal TADs to 
enable insertion of TADs and TAD-borne appliances in just 
one appointment (Fig 2)21. These guides may also give less 
experienced doctors more confidence in performing pal-
atal TAD insertion. Nowadays, TAD-borne appliances can be 
metal printed using selective laser melting procedures that 
offer more opportunities for customisation (Fig 3)22,23.

Fig 1  The BAT: a combination of sliders/
expanders on palatal TADs and aligners. 

Fig 2  CAD/CAM insertion guide. Fig 3  CAD/CAM metal printed Beneslider.  

Fig 4  Bonded tube for the connection 
from a Beneslider to a molar. After 
distalisation, the appliance should be left 
in situ for molar anchorage (modified 
into a passive molar anchorage device by 
using a steel ligature).  

Fig 5  Design of a metal printed shell with 
a buccal attachment.
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Connection of aligners and sliders

If clear aligners are to be used with a TAD-borne slider, the 
use of bonded tubes (Figs 3 and 4) or metal printed shells 
with attachments (Fig 5) is recommended9. With both of 
these, the adaptability and fit of the aligners is not under-
mined by the presence of stainless-steel molar bands, 
which is advantageous. The aligner material could there-
fore cover this bonded connection similarly to a large at-
tachment (Fig 4). 

Timing and staging

Two-phase approach
This approach involves an initial phase for molar distalisa-
tion/mesialisation/expansion, and a secondary phase for 
final detailing of the occlusion with aligners. in this two-
phase approach, an impression or scan of the teeth is taken 
after the molar distalisation/space closure/expansion is 
completed. 

One-phase approach
This involves simultaneous use of the TAD-borne slider and 
aligners. In a single, integrated approach, impressions/
scans for aligners are taken immediately after insertion of 
the slider/expander. For this purpose, the mean speed of 
molar movements using sliders of 0.6 mm/month must be 
considered during aligner treatment planning24,25. 

Maxillary molar distalisation
Class ii malocclusions are encountered frequently in ortho-
dontic practice. Although there are limited reports of suc-
cessful maxillary molar distalisation of up to 2.5 mm using 
aligners and Class II elastics in the literature, a high level of 
patient compliance is expected, with the additional require-
ment for maxillomandibular Class II elastics to be worn 
throughout sequential maxillary molar distalisation3,4,26. 
Moreover, the potential side effects of Class ii elastics must 
be considered in terms of mesial shift of the mandibular 
anchor teeth and resulting incisor protrusion. This could 
pose a serious problem, especially when unilateral Class II 
elastics are applied, as these have the potential to cause 
mandibular midline shift, maxillary rotation, arch discrep-
ancy and transverse occlusal canting. The Beneslider27-29 

was the first mini-implant–borne maxillary molar distalisa-
tion appliance to be used in the anterior palate (Fig 3). A few 
other systems involving similar distalisation mechanics on 
TADs have now been designed30. By modifying the angula-
tion of the rail, it is possible to achieve distalisation and 
simul taneous intrusion or extrusion of the molars9,31,32. Fol-
lowing distalisation of the maxillary molars, steel ligatures 
can be used or springs removed to modify the Beneslider 
from an active distalisation device to a passive molar anchor-
age device. The primary objective is to stabilise the maxillary 
molars during retraction of the maxillary anterior teeth. 

Clinical case 1 using the Beneslider

A 12-year-old boy with Angle Class II malocclusion pre-
sented with anterior crowding, midline deviation and a peg-
shaped maxillary right lateral incisor (Fig 6). The maxillary 
posterior teeth were noted to be positioned mesially. The 
patient specifically requested an “invisible” orthodontic 
treatment to be performed on a non-extraction basis. The 
treatment plan involved bilateral distalisation with the 
 Beneslider and simultaneous use of aligners (one-phase 
approach). After insertion of a Beneslider (Fig 7a), digital 
scans were taken for fabrication of clear aligners (Invisalign, 
Align Technology, san Jose, CA, UsA). As soon as the aligners 
were delivered, treatment began with the distalisation ap-
pliance being activated by gently compressing the lock onto 
the niTi spring (240 g) (Fig 7b). After 2.5 (Fig 7c) and 4 (Fig 7d) 
months of active distalisation, several small spaces were 
visible between the maxillary teeth and more space was 
gained for the maxillary right lateral incisor. As soon as the 
molars were in a Class I occlusion, all spaces were closed 
distally. The treatment was completed after 10 months, 
 including reshaping of the maxillary right lateral incisor 
(Fig 8). The panoramic radiograph shows the bodily distali-
sation of all the maxillary lateral teeth (Fig 8b). 

Space closure/mesialisation
Unilateral or bilateral missing maxillary teeth are encoun-
tered frequently in clinical practice. The aetiology of hypo-
dontia includes congenitally missing lateral incisors/second 
premolars, significant ectopic displacement of maxillary 
canines and dentoalveolar trauma resulting in anterior 
tooth loss. The treatment options available to address 
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 missing teeth are space closure or space opening with a 
view to performing subsequent prosthetic replacement. 
Both of these treatment approaches can influence the over-
all aesthetics, periodontal health and function of the final 
occlusal result33. single-tooth osseointegrated implants in 
the anterior maxilla have the highest reported risk of aes-
thetic complications from infrapositioning due to continu-
ing facial growth and eruption of the adjacent teeth34,35. In 

many cases, achieving space closure mesially and protrac-
tion of the maxillary posterior teeth seem to be the priori-
tised treatment objectives. Class III elastics have been used 
to augment anchorage in cases with a missing maxillary 
tooth; however, this anchorage modality requires a high 
level of patient compliance and may result in the side ef-
fects described above. The Mesialslider27,28,36 was intro-
duced as a mechanism to achieve sliding mechanics using 

Figs 6a-f  Clinical case 1: a 12-year-old boy with anterior crowding, midline deviation and a peg-shaped maxillary right lateral incisor.
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c
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Figs 7a-d  Insertion of a Beneslider (a), 
simultaneous use of aligners and the 
Beneslider (b), and the situation after 2.5 
months (c) and 4 months (d) of active 
distalisation. 

a b

c d
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mini- implants in the anterior palate, and enables the clin-
ician to mesialise or protract the maxillary molars and thus 
close spaces in the arch, either unilaterally or bilaterally, 
without the need for additional buccal brackets37. The ap-
pliance is versatile, and contralateral distalisation of teeth 
is possible (Mesial- Distalslider)38,39. As an alternative to the 
conventional Mesialslider which is only attached to the 
 molars, an additional force can be added to premolars 
 using bonded tubes (B-Mesialslider)40.

Clinical case 2 using the Mesialslider

The treatment protocol for a 25-year-old woman with a 
congenitally missing maxillary right second premolar is il-
lustrated in Fig 9. The primary molar remained in place but 
was to be extracted due to its poor prognosis (Fig 9b). Fol-
lowing presentation of the treatment options and consider-
ation of alternatives, the patient provided informed con-
sent to proceed with an aesthetic orthodontic treatment 
option with a view to achieving space closure. The treat-
ment began with the insertion of two mini-implants 
(2 x 9 mm anterior and 2 x 7 mm posterior, Benefit, PsM, 
Gunningen, Germany) positioned in the midline of the 
 anterior palate (Fig 10a), and the Mesialslider (Fig 10b). 

 Extraction of the primary molar was deferred until immedi-
ately before treatment began in order to facilitate expedi-
ent space closure (owing to the underlying expected re-
gional acceleratory phenomenon). The mesialisation 
springs (NiTi, 250 g) were activated immediately after inser-
tion of the Mesialslider (two-phase approach). After 
10 months, significant mesial bodily movement of the max-
illary right molars was noted (Fig 10c). The Mesialslider was 
removed and impressions were taken to facilitate detailing 
of the occlusion with clear sequential plastic aligners 
(Fig  10d). A thermoformed splint was worn at nighttime 
during the interval between removal of the Mesialslider and 
fabrication of the aligners. The second phase of treatment 
was completed with aligners for detailing and finishing the 
occlusion (ClearCorrect, Round Rock, TX, usA). The treat-
ment was completed over a 15-month period (Fig 11a). 
Radio graphic findings and intraoral images showed optimal 
bodily mesialisation (Fig 11b). 

Clinical case 3 using a 
Mesial-Distalslider

The treatment protocol for a 45-year-old woman with 
Class  ii malocclusion and a missing maxillary right first 

Figs 8a-f  Treatment results after 10 months. (a to e) Intraoral photographs. (f) Panoramic radiograph showing bodily distalisation of all 
the maxillary lateral teeth.
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 molar is illustrated in Fig 12. The patient specifically re-
quested an “invisible” orthodontic treatment option includ-
ing space closure in the first quadrant. Consequently, the 
two-phase treatment plan consisted of distalisation of all 
premolars in both maxillary quadrants and the molars in 
the second quadrant to correct the Class ii malocclusion. 
Additionally, the molars in the first quadrant were to be 

mesialised for space closure. In the second phase, aligners 
were to be inserted for finishing. 

After placement of two mini-implants (2 x 9 mm anterior 
and 2 x 7 mm posterior), the Mesial-Distalslider was in-
serted (Fig 13a). in the second quadrant, a 240-g distalisa-
tion spring was placed, and in the first quadrant, space 
closure was initiated with a reciprocal force application 

Figs 9a-f  Clinical case 2: a 25-year-old woman with a congenitally missing maxillary right second premolar. 
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Figs 10a-d  (a) Insertion of mini-implants 
in the anterior palate, (b) placement of 
the Mesialslider, (c) space closure after 
10 months and (d) detailing of the 
occlusion with clear sequential plastic 
aligners.
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c d
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Figs 11a-f  Treatment results after 15 months. (a to e) Intraoral photographs. (f) Panoramic radiograph showing optimal bodily mesial-
isation. 

Figs 12a-g  Clinical case 3: a 45-year-old woman with Class II 
malocclusion and a missing maxillary right first molar.  
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 using an elastic chain (Fig 13a), then later using open springs 
(Fig 13b). The bodily space closure took 10 months (Fig 13b). 
The second phase of treatment involved finishing with 
 Invisalign aligners (Figs 13c and d). After the total treatment 
time of 20 months, all spaces were closed and a Class  i 
 occlusion was achieved (Fig 14). 

Maxillary expansion
Rapid maxillary expansion (RMe; also known as rapid pal-
atal expansion, RPe) is considered the optimal procedure to 
achieve skeletal widening of the maxilla41,42. since the 
forces are distributed to the bony structures via the anchor 
teeth, their distribution to as many teeth as possible and 
completion of root growth are considered essential; 

Figs 13a-d  (a) Insertion of the Mesial- 
Distalslider, (b) 10-month follow-up and  
(c and d) second phase of aligner 
treatment.  

a b

c d

Figs 14a-f  Treatment results after 20 months. 
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 however, side effects such as tooth tipping, root resorption, 
a decrease in buccal bone thickness, buccal bone dehis-
cence and loss of marginal bone height, resulting in gingival 
recession, may occur43-46. More recently, mini-implants 
have been used to share the load of the expansion with the 
anchor teeth to reduce or eliminate the unwanted dental 
side effects. Wilmes et al14,27,47,48 introduced the Hybrid 
Hyrax expander in 2007 using two mini-implants in the an-
terior palate and two (primary) molars. similar expanders 
were introduced subsequently by garib et al49 in 2008, lee 
et al50 in 2010 and Moon et al51 in 2015 and called maxillary 
skeletal expanders (MsEs). In the conventional Hybrid Hyrax, 
the mini-implants and molars are used as anchors for RMe; 
however, if a patient is treated with aligners, it seems ad-
vantageous to avoid any connection with the dentition, with 
the aim of aligning all teeth free from interference, with an 
expander that must stay in the mouth for retention. Conse-
quently, pure bone-borne expanders were established 
 using two (Benefit Maxillary Xpander [BMX], PsM) or four 
(quadexpander) mini-implants. 

Clinical case 4 using two mini-implants 
and a BMX

A 13-year-old girl presented with a severe maxillary trans-
verse deficiency (Fig 15). she and her parents requested an 
aligner treatment and made an informed decision to pro-
ceed with a treatment using a mini-implant–borne ex-
pander in the maxilla and aligners to level the teeth after-
wards. The treatment began with insertion of two 
mini-implants (2 x 9 mm) in the anterior palate under local 
anaesthesia (Fig 16a). A prefabricated BMX (8 mm) was 
adapted by pre-turning the expansion screw directly chair-
side and fixed with two fix ation screws (Fig 16b). expansion 
activation was initiated by performing one activation per 
day to achieve a total of around 0.2 mm expansion each 
day. After 4 weeks of activation, approximately 5.5 mm 
maxillary expansion had been achieved (Fig 16c). sub-
sequently, scans were taken for aligner finishing (Clear-
Correct). The BMX stayed in place for skeletal retention 
(Fig  16d). The aligner treatment was completed after 
10  months (Fig 17). The total treatment duration was 
12  months (1  month expansion, 1 month aligner manu-
facturing, 10 months aligner finishing). 

Figs 15a-f  Clinical case 4: a 13-year-old girl with a severe maxillary transverse deficiency.  
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Clinical case 5 using four mini-implants 
and a quadexpander

A 37-year-old woman with a Class II malocclusion presented 
with a maxillary transverse deficiency (Fig 18). she re-
quested an aligner treatment and made an informed deci-
sion to proceed with a treatment involving use of a mini- 
implant–borne expander in the maxilla and aligners for the 

Class II treatment and levelling of the teeth afterwards. The 
treatment began with insertion of four mini-implants 
(2 x 9 mm anterior and 2 x 7 mm posterior) in the palate and 
a scan to manufacture the quadexpander46,47 in a labora-
tory. After insertion of the quadexpander (Fig 19a), activa-
tion was initiated by performing one activation per day to 
achieve a total of around 0.2 mm expansion each day. After 
4 weeks of activation, approximately 5.0 mm maxillary 

Figs 16a-d  (a) Insertion of two mini- 
implants in the anterior palate, (b) BMX, 
(c) maxillary expansion after 4 weeks of 
activation and (d) subsequent aligner 
finishing.
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c d

Figs 17a-f  Treatment results after 10 months.
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 expansion had been achieved without any surgical assist-
ance (Fig 19b). subsequently, scans were taken for the 
aligner treatment using Class II elastics (Align Technology) 
(Fig 19c). The quadexpander stayed in place for skeletal 
retention (Fig 19d). The treatment was completed after 
12 months (Fig 20). 

Figs 19a-d  (a) insertion of the quad-
expander; (b) after 4 weeks of activation; 
(c) aligner treatment; (d) the quad-
expander remained in place for skeletal 
retention. 

a b

c d

Figs 18a-f  Clinical case 5: a 37-year-old woman with Class ii malocclusion and a maxillary transverse deficiency. 

a b

d

c

e f

Discussion

Additional anchorage with palatal TADs
The anterior palate has proven to be a highly recommended 
insertion site where mini-implants with larger dimensions 
and higher stability52,53 can be placed in a region with high 
bone quality, thin overlying soft tissue and an almost 
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 negligible risk of interference with teeth or potential root 
damage54. The bone volume is reduced in the lateral and 
posterior areas of the palate55,56. The area immediately 
distal to the third palatal rugae, referred to as the “T-zone”, 
remains the preferred region for insertion of palatal mini- 
implants57. The two adjacent mini-implants in the anterior 
palate can be positioned in a sagittal (median insertion) or 
transverse (paramedian insertion) direction28. Nowadays, 
paramedian insertion is preferred to avoid any inference 
with the incisive canals and suture58 and because of the 
higher stability it offers59.

Timing and staging: The simultaneous (one-phase) 
approach versus the consecutive (two-phase) 
approach
Our experience in using a TAD-borne appliance in conjunc-
tion with aligners originated with a two-phase approach9: 
the initial phase involved molar distalisation/mesialisation/
expansion, and the second involved final detailing of the 
occlusion with aligners. In this two-phase approach, an 
 impression or scan for aligners is taken after molar distali-
sation/space closure/expansion is completed. The ap-
proach does not require coordination of tooth movement 
with the slider and staging of tooth movement with the 
clear aligners, and fewer aligners can be used to achieve 
specific treatment objectives; however, alignment of the 

anterior teeth and improvements that are visible to the 
patient only occur at a later stage of treatment.

To reduce the total treatment duration and start align-
ment of the anterior teeth sooner, simultaneous use of a 
TAD-borne slider and alignment with aligners seems advan-
tageous. With a single, integrated approach, the impres-
sions/scans for aligners are taken immediately after inser-
tion of the slider. The tooth movement anticipated to be 
produced by the slider is programmed in the digital soft-
ware platform. The potential drawback of this approach is 
the coordination between the slider and the tooth move-
ments planned to be produced using the aligners. The wire 
of the slider has to be designed considering the anticipated 
movement curve of the dentition. A two-dimensional 
 superimposition of the ClinCheck (Align Technology) and a 
picture of the slider may help to check and coordinate tooth 
movement in the horizontal plane. If the distalisation/ 
mesialisation force and/or the rate of mesial molar move-
ment are greater than the aligner staging, the fit and accur-
acy of the aligner may be compromised. Teeth that are 
connected with the slider will move parallel to the wire. 
Thus, rotation or tipping of these teeth cannot be integrated 
into the ClinCheck at this early stage of treatment; however, 
attachments are still important in order to have a proper 
connection between both appliances. The speed of the 
movement in the ClinCheck is anticipated based on the 

Figs 20a-f  Treatment results after 12 months. 
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usual rates of tooth movement. The rate of maxillary molar 
distal/mesial movement associated with the use of a slider is 
approximately 0.6 mm per month24,25; this rate of molar 
speed, i.e. 0.15 mm per week, should be kept in mind when 
determining the appropriate aligner staging. In clinical real-
ity, the slider probably acts as the pacemaker and the aligner 
potentially reduces the speed of tooth movement. All the 
other tooth movements are controlled by the  aligners. Ac-
cording to the present clinical findings, sequential tooth 
movement is not required. The entire maxilla can be moved 
simultaneously due to the absolute anchorage provided by 
the mini-implant–borne appliance; the stretching of the inter-
dental fibres supports the simultaneous drift of the teeth. on 
the other hand, sequential tooth movement may provide 
better tooth control as the aligners have more contact with 
the teeth to be moved. Thus, the present author recom-
mends en masse distalisation/mesialisation with small 
spaces (semi-sequential tooth movement). Another point 
that should be noted is that when a refinement is planned 
and new aligners are ordered, the slider must be maintained 
in a passive state to ensure adaptation and fit of the aligners. 

Conclusion

In conclusion, for maxillary molar distalisation cases, a two-
stage approach is recommended for young patients due to 
its greater ease, and a one-stage approach is advisable for 
adults as the anterior teeth are aligned at an earlier stage. 
In space closure and expansion cases, a two-stage protocol 
seems favourable. 
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