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Abstract: 

Aim of the study: The study aimed to develop 

a new easy applicable method to detect 

intended pressure points of the aligner over 

tooth surface using commercially available 

software which aid the designer to detect best 

positions for attachment placement over tooth 

surface.  

Materials and methods: Three different case 

scenarios were generated using Medit Design 

software version 3.1.0. These case scenarios 

were Scenario no.1: controlled tipping of upper 

right central incisor where thirty models were 

generated with different positive buccolingual 

inclination degrees of the upper right central 

incisor. Scenario no.2: Distal In rotation of 

upper left central incisor where thirty models 

were generated with different rotation degrees. 

Scenario no3: Bodily Movement of upper right 

central incisor where thirty models were 

generated with different bodily displacement 

degrees of the upper right central incisor. STL 

files (original malocclusion and final virtually 

planned aligner) of each case were 

superimposed over each other using smart 

automatic superimposition tool named 

Alignment mode. Also, virtual vertical sections 

were taken in the superimposed STL files to 

detect the pressure points of the aligner over 

tooth surface. These pressure points are 

considered the ideal positions for attachment 

placement to augment aligner pushing effect.  

Results: Regarding scenario no.1(controlled 

tipping); descriptive statistical analysis showed 

that there were a pressure points over all the 

labial surface of the tooth, the highest-pressure 

points were incisally (-0.652 ± 0.122 middle 

incisal) while the least-pressure points were 

gingivally (-0.508 ± 0.005 disto-ginigival). 

Regarding scenario no.2(distal in rotation); 

descriptive statistical analysis showed that 

there were pressure and relief points over the 

labial surface of the tooth, the highest-pressure 

points were concentrated distally (-0.145 ± 

0.039 disto-incisal) while the relief points were 

concentrated mesially (0.215 ± 0.022 mesio-

incisal). Regarding scenario no.3(bodily 

movement); descriptive statistical analysis 

showed that there were variable pressure points 

over all the labial surface of the tooth, the 

highest-pressure points were concentrated 

gingivally (-1.211 ± 0.074 Middle-gingival) 

while the least-pressure points were 

concentrated incisally (-0.033 ± 0.047 middle-

incisal).  

Conclusion: A novel method for detection of 

the aligner pressure areas over tooth labial 

surface is conducted by Medit design software 

through deviation display mode. This method 

enables the operator to accurately position the 
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attachment during designing of home-made 

aligners to augment a certain movement or 

limit another tooth movement. Regarding 

controlled tipping, it is recommended to place 

the attachment on the middle junction between 

middle and gingival thirds, as this attachment 

position will compensate for high pressure at 

incisal one third and by this way, a more 

predictable controlled tipping orthodontic tooth 

movement may be obtained. Regarding bodily 

orthodontic tooth movement, it is 

recommended to place the attachment on the 

middle junction between middle and gingival 

thirds which will augment more pressure over 

the cervical portion of the tooth labial surface 

favoring more root movement. 

Introduction:  

Esthetic appearance of orthodontic appliance 

became an important concern for many patients 

who are seeking orthodontic treatment (1). So, 

the demand for clear aligner therapy has 

increased as an orthodontic treatment option 

with esthetic appearance (2). Continuous 

development of Clear Aligner Therapy (CAT) 

is continuous to fulfill the criteria of ideal 

orthodontic appliance, both bio- mechanical 

control and best esthetic appearance (3). 

Regarding bio-mechanical control, orthodontic 

rotational tooth movement is considered one of 

difficult orthodontic tooth movement using 

CAT (4). The usage of attachment improved 

the predictability of rotational orthodontic 

tooth movement using CAT that attachment 

provide push surface over tooth surface which 

enhance the mechanics of aligners (5). 

Advancements in computer science and 

artificial intelligence has enabled many 

orthodontists to fabricate home-made aligners 

depending on many soft wares (6,7,8). Yet, 

these soft wares vary in integrated artificial 

intelligence capabilities. One of deficient 

points in designing soft wares is the ability to 

precisely automatically detect the attachment 

positions over tooth surface to achieve the 

desired orthodontic tooth movement (9,10). So, 

it is a worthy point of investigation to detect 

the best position for attachment placement that 

will enhance the effect of CAT.  

Aim of the study:  

The aim of the study was to develop a new 

easy applicable method to detect intended 

pressure points of the aligner over tooth surface 

using commercially available software which 

aid the designer to detect best positions for 

attachment placement over tooth surface.  

Methodology:  

An archived digital intra-oral scan was used to 

create different case scenarios. The scan was 

taken using digital scanner (Medit i700) (11) to 

a patient who had finished his orthodontic 

treatment in the orthodontic department, 

Faculty of Dentistry hospital, Minia University.  

Three different case scenarios were generated 

using Medit Design software version 3.1.0. 

These case scenarios were Scenario no.1: 

controlled tipping of upper right central incisor 

where thirty models were generated with 

different positive buccolingual inclination 

degrees of the upper right central incisor. 

Scenario no.2: Distal In rotation of upper left 

central incisor where thirty models were 

generated with different rotation degrees. 

Scenario no3: Bodily Movement of upper right 
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central incisor where thirty models were 

generated with different bodily displacement 

degrees of the upper right central incisor. 

STL files of the ninety generated models will 

be imported in an orthodontic software (3D 

maestro V6) (figure 1)  specific for virtual 

treatment planning and dental rotation 

correction without adding any virtual 

attachments (12). Subsequent virtually 

reproduced final Aligners of each case were 

exported and saved as STL files in addition to 

the STL files of the original malocclusion 

scans, STL files were imported in an 

application called (Medit Design) (figure 2). 

STL files (original malocclusion and final 

virtually planned aligner) of each case were 

superimposed over each other using smart 

automatic superimposition tool named 

Alignment mode (figure 3,4,5,6). Also, virtual 

vertical sections were taken in the 

superimposed STL files to detect the pressure 

points of the aligner over tooth surface (figure 

7,8,9). These pressure points are considered the 

ideal positions for attachment placement to 

augment aligner pushing effect.  

Deviation display mode in medit design 

software was used to detect areas of pressure 

and relief of aligner over tooth surface. 

Deviation display mode enables the operator to 

measure the degree of pressure or relief of 

aligner over tooth surface with numbers, zero 

number indicates no pressure or relief, positive 

number indicates releif point and negative 

number indicates pressure point. Also, a color 

grading in the deviation display mode indicates 

the degree of pressure or relief of aligner over 

tooth surface, yellow color indicates no 

pressure or relief, dark blue color indicates 

higher pressure and red color indicates higher 

relief (figures 10,11,12). Tooth surface in each 

case scenario was classified into nine 

measuring areas: (mesio-gingival, middle-

gingival, disto-gingival, mesio-middle, middle-

middle, disto-middle, mesio-incisal, middle-

incisal, disto-incisal) (figure 13). 

Data was extracted from measurements of the 

three case scenarios (controlled tipping, distal 

in rotation, and bodily movement) from the 

nine measuring points (mesio-gingival, middle-

gingival, disto-gingival, mesio-middle, middle-

middle, disto-middle, mesio-incisal, middle-

incisal, disto-incisal), then all data were 

tabulated for statistical analysis.

 

 

 

 

 

                       

Figure 1: 3D Maestro Software.             Figure2: Medit Design Software 
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           Figure 3: STL file of the malocclusion.          Figure 4: virtually reproduced final Aligner 

 

 

 

 

 

           

Figure 5,6: superimposition of virtually reproduced final Aligner and STL file of malocclusion 

 

 

 

 

 

 

Figure 7: lines of virtual vertical sections of the upper six anterior teeth 

 

 

 

 

 

 

 

 

Figure 8,9: virtual vertical sections of the upper six anterior teeth, virtual vertical section of the 

upper right central incisor 
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Figure 10,11: Deviation display mode enables the operator to measure the degree of pressure or 

relief of aligner (yellow color indicates no pressure or relief, dark blue color indicates higher 

pressure and red color indicates higher relief) 

 

 

 

 

 

 

 

Figure 12: Deviation display mode enables the operator to measure the degree of pressure or relief 

of aligner (zero number indicates no pressure or relief, positive number indicates releif point and 

negative number indicates pressure point) 

 

 

 

 

Figure 13: classification of tooth surface into nine measuring areas 

Results: 

Regarding scenario no.1(controlled tipping); 

descriptive statistical analysis showed that 

there were a pressure points over all the labial 

surface of the tooth, the highest-pressure points 

were incisally (-0.652 ± 0.122 middle incisal) 

while the least-pressure points were gingivally 

(-0.508 ± 0.005 disto-ginigival) (table1) (figure 

1). 

Regarding scenario no.2(distal in rotation); 

descriptive statistical analysis showed that 

there were pressure and relief points over the 

labial surface of the tooth, the highest-pressure 

points were concentrated distally (-0.145 ± 
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0.039 disto-incisal) while the relief points were 

concentrated mesially (0.215 ± 0.022 mesio-

incisal) (table1) (figure 2). 

Regarding scenario no.3(bodily movement); 

descriptive statistical analysis showed that 

there were variable pressure points over all the 

labial surface of the tooth, the highest-pressure 

points were concentrated gingivally (-1.211 ± 

0.074 Middle-gingival) while the least-pressure 

points were concentrated incisally (-0.033 ± 

0.047 middle-incisal) (table1) (figure 3).

Table 1: Descriptive statistics of the three scenarios ( Controlled tipping, Distal in rotation 

,and Bodily movement) 

 Uncontrolled tipping 

No.= 30 

Distal in rotation 

No.= 30 

Bodily movement 

No.= 30 

Mean ± SD 

Median (IQR) 

Mean ± SD 

Median (IQR) 

Mean ± SD 

Median (IQR) 

Mesio-gingival  -0.509 ± 0.004 

-0.509 

 (-0.512 – -0.505) 

0.145 ± 0.015 

0.145 

(0.131 – 0.159) 

-1.158 ± 0.056 

-0.1.137 

(-0.1.217 – -1.111) 

Middle gingival -0.513 ± 0.007 

-0.512 

(-0.52 – -0.506) 

-0.001 ± 0.005 

0.001 

(-0.006 – 0.002) 

-1.211 ± 0.074 

-1.213 

(-1.272 – -1.148) 

Disto-gingival -0.508 ± 0.005 

-0.508 

(-0.513 – -0.504) 

-0.078 ± 0.009 

-0.075 

(-0.087 – -0.07) 

-1.149 ± 0.051 

-1.126 

(-1.203 – -1.107) 

Mesio-middle -0.563 ± 0.015 

-0.564 

(-0.577 – -0.549) 

0.189 ± 0.008 

0.189 

(0.182 – 0.197) 

-0.917 ± 0.018 

-0.913 

(-0.935 – -0.903) 

Middle middle -0.564 ± 0.016 

-0.561 

(-0.58 – -0.549) 

0.004 ± 0.003 

0.004 

(0.0005 – 0.007) 

-0.983 ± 0.013 

-0.988 

(-0.994 – -0.971) 

Disto-middle 

incisal 

-0.564 ± 0.015 

-0.567 

(-0.578 – -0.549) 

-0.104 ± 0.01 

-0.103 

(-0.113 – -0.096) 

-0.922 ± 0.02 

-0.913 

(-0.941 – -0.908) 

Mesio-incisal -0.649 ± 0.012 

-0.654 

(-0.657 – -0.638) 

0.215 ± 0.022 

0.213 

(0.194 – 0.236) 

-0.106 ± 0.058 

-0.125 

(-0.149 – -0.053) 

Middle incisal -0.652 ± 0.122 

-0.655 

(-0.662 – -0.639) 

0.014 ± 0.002 

0.014 

(0.013 – 0.017) 

-0.033 ± 0.047 

-0.013 

(-0.067 – -0.008) 

Disto-incisal -0.649 ± 0.011 

-0.654 

(-0.657 – -0.638) 

-0.145 ± 0.039 

-0.133 

(-0.178 – -0.119) 

-0.099 ± 0.054 

-0.123 

(-0.129 – -0.059) 

(Negative values represent pressure areas while positive values represent relief areas) 
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Figure 1: Controlled tipping measurements comparison at different site. 

 

Figure 2: Distal in rotation measurements comparison at different site.

 

Figure 3: Bodily movement measurements comparison at different site. 
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Discussion: 

This research provided a new method for 

detection of pressure and relief points of 

aligner over tooth surface which is considered 

a promising tool for detection of best points for 

attachment placement over tooth surface (13,14). 

Many softwares are commercially available for 

clear aligner therapy planning through virtual 

teeth segmentation, virtual teeth movement, 

attachment positioning, and treatment staging 
(15,16). These softwares depend on the built-in 

algorithms (Artificial Intelligence) helping the 

software for attachment placement (17). As a 

designer, you can manually place the 

attachment over teeth surface in certain points 

serving your intended teeth movements. An 

archived intra oral scan for a patient who has 

finished his orthodontic treatment was used to 

generate different malocclusion STL models 

using Medit Design software. Three different 

malocclusion scenarios were designed for 

upper central incisor tooth (controlled tipping, 

distal in rotation, and bodily movement). Medit 

Design cannot be used for aligner therapy 

designing so, another software (3D Maestro) 

was for clear aligner designing. Ninety STL 

files of the three different malocclusion 

scenarios were exported from Medit Design 

software and imported in 3D Maestro software. 

3D Maestro software was used to generate the 

final aligners STL files without attachment 

placement over teeth surfaces. Final aligners 

STL files were exported from 3D Maestro 

software and imported in Medit Design 

software. Original malocclusion STL files and 

its Final aligners STL files were superimposed 

using alignment mode. Medit Design software 

is a new software which has a built-in feature 

named deviation display mode which depends 

on Artificial Intelligence to detect degree of 

interference between different 3D voxels and 

giving these interference numbers and colours. 

Regarding scenario no.1(controlled tipping); 

descriptive statistical analysis showed that 

there were a pressure points over all the labial 

surface of the tooth, the highest-pressure points 

were incisally (-0.652 ± 0.122 middle incisal) 

while the least-pressure points were gingivally 

(-0.508 ± 0.005 disto-ginigival) (table1) (figure 

1). Higher pressure of aligner over incisal one 

third of the labial tooth surface will favor 

uncontrolled tipping (18,19). So, it is 

recommended to place the attachment on the 

middle junction between middle and gingival 

thirds to compensate for high pressure at 

incisal one third and by this way, a more 

predictable controlled tipping orthodontic tooth 

movement may be obtained. 

Regarding scenario no.2(distal in rotation); 

descriptive statistical analysis showed that 

there were pressure and relief points over the 

labial surface of the tooth, the highest-pressure 

points were concentrated distally (-0.145 ± 

0.039 disto-incisal) while the relief points were 

concentrated mesially (0.215 ± 0.022 mesio-

incisal) (table1) (figure 2). So, it is 

recommended to place the attachment on the 

junction between the disto-middle third and 

gingiva-middle third to augment more distal in 

rotation. It is not recommended to place the 

attachment more gingival because of the 

aligner relaxation at the gingival one third is 

high (20). 
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Regarding scenario no.3(bodily movement); 

descriptive statistical analysis showed that 

there were variable pressure points over all the 

labial surface of the tooth, the highest-pressure 

points were concentrated gingivally (-1.211 ± 

0.074 Middle-gingival) while the least-pressure 

points were concentrated incisally (-0.033 ± 

0.047 middle-incisal) (table1) (figure 3). It is 

recommended to place the attachment on the 

middle junction between middle and gingival 

thirds which will augment more pressure over 

the cervical portion of the tooth labial surface 

favoring more root movement (21,22). 

Conclusion: 

A novel method for detection of the aligner 

pressure areas over tooth labial surface is 

conducted by Medit design software through 

deviation display mode. This method enables 

the operator to accurately position the 

attachment during designing of home-made 

aligners to augment a certain movement or 

limit another tooth movement. Regarding 

controlled tipping, it is recommended to place 

the attachment on the middle junction between 

middle and gingival thirds, as this attachment 

position will compensate for high pressure at 

incisal one third and by this way, a more 

predictable controlled tipping orthodontic tooth 

movement may be obtained. Regarding bodily 

orthodontic tooth movement, it is 

recommended to place the attachment on the 

middle junction between middle and gingival 

thirds which will augment more pressure over 

the cervical portion of the tooth labial surface 

favoring more root movement. 

Recommendations: 

1. More studies using deviation display 

mode in medit design software are 

recommended to assess pressure areas of 

aligner over tooth surface in different 

orthodontic tooth movement (intrusion, 

extrusion, and torque movement) 

2. Clinical trials are needed to confirm if 

the recommendations of attachment positioning 

according to aligner pressure areas over tooth 

surface will give more predictable orthodontic 

tooth movement rather than the automatic 

attachment placement generated by Artificial 

Intelligence used in different aligner designing 

softwares or not. 

3. Clinical trials are recommended to 

compare between the ability of Artificial 

Intelligence of different aligner designing 

softwares to accurately place the attachments 

over tooth surface according to pressure and 

releif areas of aligner over tooth surface. 

References:  

1. RosvallMD,FieldsHW,ZiuchkovskiJ,eta

l.Attractiveness,acceptability, and value of 

orthodontic appliances. Am J Orthod 

Dentofacial Orthop 2009; 135:276-288  

2. Weir T. Clear aligners in orthodontic 

treatment. Aust Dent J. 2017; 62 Suppl 1:58-

62.  

3. Iliadi A, Koletsi D, Eliades T. Forces 

and moments generated by aligner- type 

appliances for orthodontic tooth movement: A 

systematic review and meta-analysis. Orthod 

Craniofac Res. 2019 Nov;22(4):248-258.  

4. Koletsi D, Iliadi A, Eliades T. 

Predictability of rotational tooth movement 

with orthodontic aligners comparing software-



Egyptian 
Orthodontic Journal 

    10 Volume 64 – December 2023 

ISSN: 1110-435X 

ONLINE ISSN: 281-5258 

based and achieved data: A systematic review 

and meta-analysis of observational studies. J 

Orthod. 2021 Sep;48(3):277-287.  

5. Simon M, Keilig L, Schwarze J, Jung 

BA, Bourauel C. Forces and moments 

generated by removable thermoplastic aligners: 

incisor torque, premolar derotation, and molar 

distalization. Am J Orthod Dentofacial Orthop. 

2014 Jun;145(6):728-36.  

6. Caruso S, Caruso S, Pellegrino M, 

Skafi R, Nota A, Tecco S. A Knowledge-Based 

Algorithm for Automatic Monitoring of 

Orthodontic Treatment: The Dental Monitoring 

System. Two Cases. Sensors (Basel). 2021 Mar 

7;21(5):1856.  

7. Machoy ME, Szyszka-Sommerfeld L, 

Vegh A, Gedrange T, Woźniak K. The ways of 

using machine learning in dentistry. Adv Clin 

Exp Med. 2020 Mar;29(3):375-384. 

8. Shimizu Y, Tanikawa C, Kajiwara T, 

Nagahara H, Yamashiro T. The validation of 

orthodontic artificial intelligence systems that 

perform orthodontic diagnoses and treatment 

planning. Eur J Orthod. 2022 Aug 

16;44(4):436-444. 

9. Lombardo L, Arreghini A, Ramina F, 

Huanca Ghislanzoni LT, Siciliani G. 

Predictability of orthodontic movement with 

orthodontic aligners: a retrospective study. 

Prog Orthod. 2017 Nov 13;18(1):35.  

10. Alam MK, Kanwal B, Shqaidef A, 

Alswairki HJ, Alfawzan AA, Alabdullatif AI, 

Aalmunif AN, Aljrewey SH, Alothman TA, 

Shrivastava D, Srivastava KC. A Systematic 

Review and Network Meta-Analysis on the 

Impact of Various Aligner Materials and 

Attachments on Orthodontic Tooth Movement. 

J Funct Biomater. 2023 Apr 10;14(4):209. 

11. Amornvit P, Rokaya D, Sanohkan S. 

Comparison of Accuracy of Current Ten 

Intraoral Scanners. Biomed Res Int. 2021 Sep 

13;2021:2673040. 

12. Rafiei E, Haerian A, Fadaei Tehrani P, 

Shokrollahi M. Agreement of in vitro 

orthodontic measurements on dental plaster 

casts and digital models using Maestro 3D 

ortho studio software. Clin Exp Dent Res. 2022 

Oct;8(5):1149-1157. doi: 10.1002/cre2.605. 

Epub 2022 Jun 19. 

13. Hong K, Kim WH, Eghan-Acquah E, 

Lee JH, Lee BK, Kim B. Efficient Design of a 

Clear Aligner Attachment to Induce Bodily 

Tooth Movement in Orthodontic Treatment 

Using Finite Element Analysis. Materials 

(Basel). 2021 Aug 30;14(17):4926. 

14. Rossini G, Parrini S, Castroflorio T, 

Deregibus A, Debernardi CL. Efficacy of clear 

aligners in controlling orthodontic tooth 

movement: a systematic review. Angle Orthod. 

2015 Sep;85(5):881-9. 

15. Zhang XJ, He L, Guo HM, Tian J, Bai 

YX, Li S. Integrated three-dimensional digital 

assessment of accuracy of anterior tooth 

movement using clear aligners. Korean J 

Orthod. 2015 Nov;45(6):275-81.  

16. Tartaglia GM, Mapelli A, Maspero C, 

Santaniello T, Serafin M, Farronato M, 

Caprioglio A. Direct 3D Printing of Clear 

Orthodontic Aligners: Current State and Future 

Possibilities. Materials (Basel). 2021 Apr 

5;14(7):1799 



Egyptian 
Orthodontic Journal 

    11 Volume 64 – December 2023 

ISSN: 1110-435X 

ONLINE ISSN: 281-5258 

17. Sachdev S, Tantidhnazet S, Saengfai 

NN. Accuracy of Tooth Movement with In-

House Clear Aligners. J World Fed Orthod. 

2021 Dec;10(4):177-182. 

18. Iliadi A, Koletsi D, Eliades T. Forces 

and moments generated by aligner-type 

appliances for orthodontic tooth movement: A 

systematic review and meta-analysis. Orthod 

Craniofac Res. 2019 Nov;22(4):248-258. doi: 

10.1111/ocr.12333. Epub 2019 Jul 9.  

19. Alhasyimi AA, Ayub A, Farmasyanti 

CA. Effectiveness of the Attachment Design 

and Thickness of Clear Aligners during 

Orthodontic Anterior Retraction: Finite 

Element Analysis. Eur J Dent. 2023 Mar 24.  

20. Iliadi A, Enzler V, Polychronis G, 

Peltomaki T, Zinelis S, Eliades T. Εffect of 

cleansers on the composition and mechanical 

properties of orthodontic aligners in vitro. Prog 

Orthod. 2022 Dec 15;23(1):54. doi: 

10.1186/s40510-022-00449-w. 

21.  Hong K, Kim WH, Eghan-Acquah E, 

Lee JH, Lee BK, Kim B. Efficient Design of a 

Clear Aligner Attachment to Induce Bodily 

Tooth Movement in Orthodontic Treatment 

Using Finite Element Analysis. Materials 

(Basel). 2021 Aug 30;14(17):4926. 

22. Cheng Y, Liu X, Chen X, Li X, Fang S, 

Wang W, Ma Y, Jin Z. The three-dimensional 

displacement tendency of teeth depending on 

incisor torque compensation with clear aligners 

of different thicknesses in cases of extraction: a 

finite element study. BMC Oral Health. 2022 

Nov 16;22(1):499.

 


