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Objective: To determine the optimal method to correct rota-
tions of conical teeth using thermoplastic appliances with 
and without attachments.
Introduction: Despite the increasing popularity of clear 
aligner therapy, there are still uestions as to its e ecti e-
ness, e ciency, case selection and limitations. t has een 
reported that the full prescription for clear aligners is not 
expressed, and that the mean accuracy of any type of tooth 
mo ement using clear aligners is only  Dra e, ). 
One of the major limitations of clear aligner therapy is the 
correction of rotated conical teeth, especially canines and 
premolars ra it , ). According to Simon et al 

) , mandi ular premolar derotation has the lowest 
predicta ility of mo ement and accuracy with clear aligners. 
This is due to the fact that conical teeth lac  interproximal 
undercuts, and as a result, the aligner tends to slip as dero-
tation is attempted ra it ,  Simon, ). To address 
this limitation, the use of resin onded attachments, inter-
proximal reduction, o ercorrection, auxiliaries, or adjusting 
aligners with thermopliers has een recommended  howe -

er the e ecti eness of these methods has not een well es-
ta lished.  
Materials and methods: The design of this in itro study was 
prospecti e and experimental. A comparati e study was per-
formed to examine the e ect of attachment location and the 
num er of attachments on rotational control of conical 
teeth relati e to control, which was rotational control with 
no attachments. Total rotation correction was recorded as 
an angular measurement after placement of each aligner, as 
measured on a digital scan Ortho nsight D) using eo-
magic Design software. 
Results: Results of a one-way ANOVA showed that there were 
no statistically signi cant di erences etween the six groups. 
The group with a rectangular attachment on the uccal sur-
face had the highest o erall rotational correction. 
Conclusion: Attachments appear to mildly impro e rotation-
al correction of the mandi ular right second premolar. n-
creasing the num er of attachments does not appear to aid 
rotational control, as the group with a single uccal attach-
ment had the highest o erall rotational correction. ultiple 
attachments, and adding attachments to adjacent teeth, 
appear to impede rotational correction in this study.

Introduction

As the number of adults seeking orthodontic treatment 
has increased in recent years, so too has the demand for 
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aesthetic orthodontic treatment. The aesthetic treatment 
-

clude ceramic brackets, lingual orthodontics and clear align-
-

ments of the orthodontic market and is advantageous due 
the fact clear aligners are nearly invisible and are removable, 

mid-course corrections if aligners are no longer tracking. 

-

In a study by Bollen in 20031

-
ment2,3

2.
Although the use of clear aligners to correct alignment 

bands and wires with what he called a Tooth Positioning 
4 -

retention. He acknowledged that major tooth movements 

4,5. 
This vision was carried further by Henry I Nahoum, who 

19646

-
ment or fabricated to move teeth, similarly to the method 

7 also 

Invisalign and Clear Correct. Invisalign was founded in 1997 
-

fabricate a series of aligners in order to achieve desired 
tooth movements3,8,9,10. These aligners are fabricated from 

-
3. The align-

3,11. To correct 
-

gree rotational change12.
-
-

ciency, case selection and limitations. Little is understood 
about the mechanism of action of aligners, force delivery, 

13. One of the major limitations of 

14. According to 
Simon et al12 -
bility of movement and accuracy with clear aligners. This is 

-

12,14. To assist derotation of round teeth, clin-
-
-

-
tion of conical teeth using no attachments, and various at-

-
ment of the attachment.  

Material and methods

Fabrication of study models

(Henry Schein Dental, Melville, NY, USA) with missing 
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was rotated 30 degrees. An acrylic stent was fabricated and 
reinforced with laser-welded steel wire. This stent would 

-

references would serve as markers to allow measurement 
-
-

ucts, Itasca, IL, USA), Assure Plus (Reliance Orthodontic 
Products) and Transbond LR (3M Unitek, Monrovia, CA, 
USA). Study models were then randomly assigned to one of 

• 
• 

attachment, Reliance Orthodontic Products)
• 

-
tical attachment, Reliance Orthodontic Products)

• 

(rectangular vertical attachment, Reliance Orthodontic 
Products)

• -

attachment, Reliance Orthodontic Products)
• -

-

vertical attachment, Reliance Orthodontic Products).

Scanning models using iTero Scanner
Initial models were scanned using the iTero Scanner (Align 

-
-
-

Fabricating resin models using Juell 3D Flash OC

(DLP) to cure each resin layer. 

Fabricating aligners
Aligners were fabricated using 0.030-inch Zendura ortho-
dontic clear aligner material (Bay Materials, Fremont, CA, 

Lakes Orthodontics, Tonawanda, NY, USA). Zendura sheets 

over each resin model. Aligners were trimmed with a 
-

val margins (Cowley et al15).

Conducting trials

-

rotated.

Lower left canine Lower right 

reference line

Reference 

lower right 
second molar
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-

W20M, Sheldon Manufacturing, Cornelius, OR, USA) set at 

to elevate the model out of the hot water bath until the 

without immersing the aligner in the water. The ambient 

to simulate occlusal forces and ensure seating of the align-

taken to the OrthoInsight scanner for scanning.  
Digital scans were taken initially and after each of 10 

-
-

mat to be analysed using GeoMagic Design software (3D 
Systems, Rock Hill, SC, USA) to measure the degree of rota-
tion correction after each aligner.

Measuring angles using Geomagic Design

-

achieved, lines were drawn according to the reference mark-

through the occlusal reference line on the mandibular right 
-

Statistical analysis

SPSS (IBM, Armonk, NY, USA). Statistical tests run on the 
data included one way analysis of variance and used a sig-

P

-

intended rotational correction achieved.

Results

A one-way ANOVA was run to test the variance between the 
P

Discussion

orthodontic market. According to the American Association 
of Orthodontists, the number of adults seeking orthodontic 

Technology16

cases were treated using the Invisalign system. In contrast 
-

mands, and although they may desire orthodontic treat-
ment, they are more likely to reject treatment due to aes-
thetics.  Due to the rising aesthetic demands of orthodontic 

-

Design.
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action, indications and limitations. Few randomised clinical 
trials have been conducted, and much of the rationale for 

-

in itro

study focused on controlling the rotation of round teeth, 

Group Aligner 
1

Aligner 
2

Aligner 
3

Aligner 
4

Aligner 
5

Aligner 
6

Aligner 
7

Aligner 
8

Aligner 
9

Aligner 
10

1 1.6 1.64 2.09 1.64 1.65 1.7 1.88 1.84 2 1.92

2 1.92 1.97 1.99 2.46 2.67 2.23 2.51 2.23 2.2 2.08

3 2.15 1.37 0.87 1.68 2.49 2.09 2.66 2.37 2.58 2.61

4 1.9 1.58 1.58 1.16 1.75 2.29 2.34 2.4 2.2 2.83

5 0.94 1.31 0.47 0.95 2.42 2.2 2.08 2.22 1.66 2.11

6 1.03 0.75 0.89 1.01 0.8 0.57 0.73 0.6 1.03 0.94

Group Mean Rotation Per Aligner Mean Total Rotation Percentage of 30° Rotation Corrected

1 1.81 17.96 59.87

2 2.21 22.25 74.17

3 2.13 20.87 69.57

4 2.08 20.03 66.77

5 1.68 16.37 54.57

6 0.85 8.34 27.8

Mean rotation change 
for each aligner for each 
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Mean total rotation 

after a series of 10 aligners.

Percentage of initial 
30-degree rotation corrected.
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Standard Deviations: 
Group 1: 0.1714 
Group 2: 0.2515 
Group 3: 0.6011  
Group 4: 0.4966 
Group 5: 0.6752 
Group 6: 0.1718 



Journal of Aligner Orthodontics 2017;1(1):29–36 35

THE EFFECT OF ATTACHMENT PLACEMENT ON ROTATIONAL CONTROL OF CONICAL TEETH USING CLEAR ALIGNERS

 challenging movements to achieve with clear aligners, fol-
12,14,17 -

rection, and adjusting aligners with thermoform adjusting 

14. This study as-

number of attachments. 
Although the results obtained were not statistically sig-

-
-
-

no attachment had the smallest range of movement of the 
-

ure 4. The small standard deviation suggests that the no 
-
-

gest that there may be clinical situations where attach-
ments facilitate rotational correction and others where the 

-

one may strategise whether it would be advantageous to 

This is further illustrated in Figure 3, in which the no at-
-

treating without attachments. Each consecutive aligner also 

-
-

force to correct it. For this reason, each aligner was able to 

during treatment. This suggests it may be advantageous to 
account for lag or lack of correction when fabricating align-

over-correction at the end of treatment, when it may be too 
late. 

Clinical relevance and theoretical implications

are achieved to continue treatment with aligners. Alterna-
tively, treatment can initiate with clear aligners, and transi-

-
ces, they may reject orthodontic treatment altogether, or 

in order to limit movements to those which can be accom-

-

1,2,3. When 

-
sions will need to be taken, a new treatment simulation 

aligners and address the unsuccessful movements during 

Limitations and suggestions for future research 
Clear aligner research has numerous variables and limita-
tions. For this study, the greatest limitation is that it is an 
in itro -

in i o -
-
-

fects of saliva, occlusal forces, and intraoral wear on the 
aligner.

-
cacy of attachments to correct rotation of a mandibular 
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reducing tooth lag, reducing the need for mid-course cor-
rection, and decreasing the time and number of aligners 

-

-

aligners. 

Conclusion

Analysis of the results of this study yields the conclusion 
-

agreement with conclusions by Kravitz et al in 200814, and 
again with Simon et al12 in 2014. Attachments are com-
monly thought to be analogous to traditional brackets, 
however clear aligner treatment has a force delivery and 
tooth movement mechanism that although not fully under-

-
-

ments had the smallest degree of rotational correction of 

alignment by resisting deformation and returning to its 

-

-
-

ments could not only decrease force delivery, but in some 
-

12. This 
study shows that use of attachments with thermoformed 

should consider the variables involved to use them judi-
-

stances into careful consideration.
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