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Mechanics and Clinical Significance for Mini-
Screws in Four-Bicuspid Extraction Aligner Cases

Abstract 
When treating extraction cases with clear aligner therapy, root paralleling during space closure has been inconsistently. Even the 
G6 (Align Technology, Inc., San Jose, CA, USA) solution does not guarantee highly predictable tooth movement. Anchorage loss and 
unwanted side effects are still encountered. The aim of the present article is to propose a mini-screw gold standard of care for patients 
who demand inconspicuous aligner therapy involving extraction of four first premolars. (J Digital Orthod 2020;58:94-98)

Despite the fact that Invisalign® G6 has been launched to improve the management in patients requiring 
extraction of four first premolars,1,2 the actual clinical outcome may be less than satisfactory in some 
circumstances. Dai et al.3 have reported the differences between predicted and achieved tooth movement 
(DPATM) of maxillary first molars and central incisors in first premolar extraction cases treated with 
Invisalign®. To be more specific, first molars on average tipped mesially by 5.3˚ and moved mesially 3.16mm 
even if they were specified to be stable. Because of posterior anchorage loss, the central incisors were tipped 
lingually, retracted less, and extruded more compared to predictions.3 The consequence was similar to the 
torque play between rectangular archwires and bracket slots, a phenomenon referred to as the bowing 
effect. Fig. 1 demonstrates the difference between one of our cases and Dai et al.’s3 study results. This 
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 █ Fig. 1: 
A comparison of maxillary superimposed tracings of pre- and post-treatment (blue and orange, respectively) records a bimaxillary 
protrusion case that underwent four bicuspid extractions and clear aligner therapy. Dai et al.’s3 study results (green) tested G6 performance 
in extraction cases.
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patient presented with bimaxillary protrusion, gummy smile tendency, and mild crowding in both arches. 
A treatment approach involving extraction of the four first premolars, followed by Invisalign® treatment in 
conjunction with OrthoBoneScrew® (OBS) (iNewton, Ltd., Hsinchu, Taiwan) anchorage system, was chosen (Fig. 2).

The post-treatment results show excessive mesial tipping of the first molar, rather than the expected and 
vertical movement (intrusion) that was expected due to the inherent intrusive mechanics of mini-screws.5 
Initial crowding may explain the tilting molar, since it had been found to have an inverse correlation with 

 █ Fig. 2: 
The force system is diagrammed for the IZC and incisal mini-screws. Based on the presumed center of resistance (CR, red circle with a cross) 
for the maxillary arch, the elastics from the IZC screws to the cuspid precision cut has distal and vertical components (yellow arrows) that 
produce a clockwise moment around the CR (curved yellow arrow). The incisal screws anchor an intrusive force (green arrow) that create a 
counterclockwise moment (curved green arrow) tending to flare the maxillary incisors. The presumed resultant for overall applied loads is the 
blue arrow.
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DPATM relative to anchorage loss.3,6 As for the central 
incisor, the amount of retraction and intrusion was 
obvious, because it was a good use of the extraction 
spaces, but also prevented posterior open bite. 
Posterior open bite can be a common side effect in 
aligner treatment if there is premature contact in the 
anteriors.7 Furthermore, the angulation of the central 
incisor was better controlled in this case with the 
help of the mini-screws.

F ig .  2  demonstrates  the proper  mini-screw 
positioning and mechanics plan for aligners. Two 
2mm x 12mm stainless steel (SS) mini-screws were 
installed bilaterally in the infra-zygomatic crest (IZC) 
extra-alveolar (E-A) area, and two 1.5mm x 8mm SS 
mini-screws were inserted in the maxillary anterior 
inter-radicular region. These mini-screws were 
placed when the tenth aligner was delivered. 3.5oz 
elastics (Chipmunk and Fox, Ormco, Glendora, CA) 
were specified to activate the aligners (Fig. 3).

This four-mini-screw setup appears to be similar to 
the strategy for gummy smile in fixed appliances.8 
However, the IZC and incisal mini-screws serve 
different purposes. The aligners themselves can 
provide advantages with regard to the efficiency in 
mild-to-moderate cases,9 but cannot offer an ideal 
force system for all types of tooth movement. When 
treating extraction cases, root paralleling during 
space closure after extraction has been found to 
be challenging.10 Even the G6 protocol along with 
SmartStage®2 does not guarantee highly predictable 

tooth movement. Anchorage loss and unwanted 
side effects are still encountered. 

Thus, prevention is better than cure. On the one 
hand, the IZC E-A mini-screws literally maximize 
the posterior anchorage, allowing practitioners 
to design simultaneous retraction from canine to 
canine. On the other hand, the incisal mini-screws 
aim to compensate the anterior dumping tendency, 
minimizing the side effect and encouraging 
bodily movement during retraction. Furthermore, 
the presumed resultant for all applied loads is 
likely to impact the entire maxillary arch with 
backward and upward movement. This mechano-
therapy can change the occlusal plane, leading to 
counterclockwise rotation of the chin point. Thus, the 
OBS anchorage11 system is of the utmost importance 
in expressing the full potential of aligners.

 █ Fig. 3: 
The illustration of the combined use of application with clear aligner 
therapy, mini-screws and elastics. The incisal screws and IZC screws 
served different purposes for preventing unwanted movements .
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Mini-screws are a stable anchorage system that 
can withstand approximately 400g of orthodontic 
force,12 which is more than adequate for clear aligner 
therapy. The failure rates for IZC E-A screws and 
incisal screws to support fixed appliances are 6.3%13 
and 7.2%,14 respectively, and failure may be less 
frequent with aligners because the force applied is 
lower and intermittent. Further studies on this issue 
are expected.

With regard to the envelope of discrepancy,15 
Invisalign® has its own tooth movement assessment 

overview which provides guidance for programming 
substantial tooth movement into the ClinCheck® 
(Align Technology, Inc., San Jose, CA, USA) treatment 
plan, along with the skills that may be needed for 
the treatment (Fig. 4).16

Fixed appliances and clear aligners are simply tools. 
When and how to use them properly is left to the 
practitioners’ discretion. In the meantime, mini-
screws have the ability to expand the envelope of 
discrepancy for both appliances.

 █ Fig. 4: 
The anteroposterior and vertical millimetric range of treatment possibilities in orthodontics can be expressed as an envelope of discrepancy. 
The different colored zones describe the range of potential tooth movement with fixed appliances. The arrows indicate the direction of 
movement in the diagram. The reason the green zone is shown in “fuzzy” fashion is that there is only sufficiently reliable data to make estimates 
at this point.15 The blue dots indicate moderate treatment with variable predictability in clear aligner therapy, while black dots indicate more 
complex treatment with less predictability which often requires additional orthodontic techniques as they are more challenging to achieve 
with the use of aligners alone. Very close monitoring is recommended.16 The burgundy dots are estimated points, representing the expansion of 
the envelope of discrepancy for aligners.
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Conclusions

Without mini-screws, it is hard to deliver ideal 
mechanics for patients who demand inconspicuous 
aligner therapy for treatment involving extraction 
of four first premolars. This article explains the 
characteristics of mechanism, and emphasizes the 
clinical significance of mini-screws in conjunction 
with Invisalign®. Further studies will result in robust 
clinical recommendations.
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