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Physical displacement of a tooth 
causes cells to be stimulated to 

remodel bone.
(the exact mechanism is unclear)

-Is it the amount of displacement that 
provokes the ideal stimulus?

-Is it the amount of force or just the 
presence of force that provokes the ideal 

stimulus? 

A complex question which has not been resolved in theory or in practice.



How much force does it 
take to move a 

tooth???

One gram per square 
millimeter of  on root surface 

area???



Angle Orthod. 2003



• July 2017 Angle Orthod (2017) 87 (6): 809–815.
• How accurate is Invisalign in non-extraction cases? Are predicted 

tooth positions achieved?
• Thorsten Grünheid; et. Al. 

• Predicted and achieved tooth positions differed in all tooth types. 
Anterior teeth were often positioned too far occlusally, rounded 
teeth such as mandibular canines and premolars were not fully 
rotated, and posterior teeth had discrepancies in all directions. The 
largest difference was found for maxillary second molar torque. For 
clear aligner therapy there seems to be greater flexibility and less 
force exerted by the posterior segments of aligners.



• CONCLUSIONS:
• In general, Invisalign is able to achieve predicted tooth positions  in 

non-extraction cases. Clinicians may consider the following when 
planning treatment with Invisalign:

• • Maxillary arch expansion may not be fully achieved.
• • Mandibular incisors tend to be positioned more occlusally than 

predicted.
• • Rotation of rounded teeth may be incomplete.
• • Molar torque may not be fully achieved, with maxillary second 

molars often having a clinically relevant magnitude of more facial 
crown torque than predicted.



February 2017 AJO/DO Volume 151, Issue 2, Pages 259–266
Evaluation of Invisalign treatment effectiveness and efficiency compared with 
conventional fixed appliances using the Peer Assessment Rating index
Jiafeng Gu, Jack Shengyu Tang, Brennan Skulski, Henry W. Fields Jr., F. Michael Beck, Allen R. Firestone, Do-
Gyoon Kim, Toru Deguchir

• Conclusions
• 1. Final occlusal scores did not differ between the 2  

systems.
• 2. Fixed appliances improved malocclusion more 

effectively than did Invisalign.
• 3. Treatment with Invisalign was finished on average 

30% (5.7 months) faster than treatment with fixed 
appliances.

• 4. However, the likelihood of achieving “great 
improvement” in a malocclusion appears to be 

better with fixed appliances.



• February 07, 2022 Braces are faster than Invisalign? An RCT
• Differences in finished case quality between Invisalign and 

traditional fixed appliances: A randomized controlled trial
• Eric Lin et al. Angle Orthodontist: Online: DOI: 

10.2319/032921-246.1
• “Compare patients treated with traditional braces to patients 

treated with Invisalign
• They enrolled 40 patients into each intervention group. At the 

end of treatment, they analyzed data for 31 braces and 32 
Invisalign patients. It was relevant to see that 1 brace and 4 
Invisalign patients did not complete their treatment. 

• At the start of treatment, the mean age of the Invisalign 
patients was 26.7 years, and the braces patients were 25.9 
years old.

https://meridian.allenpress.com/angle-orthodontist/article/doi/10.2319/032921-246.1/471152/Differences-in-finished-case-quality-between
https://meridian.allenpress.com/angle-orthodontist/article/doi/10.2319/032921-246.1/471152/Differences-in-finished-case-quality-between


• CONCLUSION

• “There were no differences in the occlusal results of 
treatment between the two treatments”.

• “Invisalign patients took 4.8 months longer to complete 
treatment than the braces patients”.

• Final comment
• The most important take-home message is that the 

standard of treatment for mild malocclusions with braces 
and Invisalign is high. Nevertheless, the duration of 
treatment with Invisalign was much longer than with 
braces. Perhaps, this is the price to pay by our patients for 
having relatively invisible appliances? 



AJO/DO September 2020 Has Invisalign improved? A prospective 
follow-up study on the efficacy of tooth movement with Invisalign
Nada Haouili

• Highlights
• •The mean accuracy of Invisalign for all tooth movements 

was 50%.
• •The highest overall accuracy occurred with a buccal-lingual 

crown tip (56%).
• •The lowest overall accuracy occurred with rotation (46%).
• •Despite the improvement, the weaknesses of tooth 

movement with Invisalign remained the same.

https://www.ajodo.org/article/S0889-5406(20)30303-6/fulltext


March 2020 AJO/DO Volume 157, Issue 3, Pages 357–364 
Smile outcome comparison of Invisalign and traditional fixed-appliance 
treatment: A case-control study
Terpsithea Christou

• Conclusions:
• The data suggest that orthodontic treatment with fixed appliances in 

patients with Class I nonextraction produces greater changes in the 
patient's smile than Invisalign treatment. Fixed appliances appear to 
be more effective in improving the variables that quantify 
posttreatment–smile outcome. However, Invisalign treatment may be 
of shorter duration than ABO treatment. Neither of the 2 treatment 
modalities have any significant effect on the lips at rest or on smiling.

https://www.ajodo.org/issue/S0889-5406(20)X0002-3


For What Types of Tooth Movements are Aligners 
Predictable??

Predictable tooth movements:

-Arch expansion up to 3mm possible , 1-2 mm more realistic
-Bite closing (anterior openbites)
-Tipping (within reason)
-Intrusion of a single tooth (attachments on each side)
-Rotation of incisors (~less than 30 degrees and may expect 1-
2 degrees per stage (with appropriate attachment)
-Close diastema (anterior occlusion may requires lower IPR)
-basic tooth alignment



For What Types of Tooth Movements are Aligners 
Less Predictable??

Not so predictable :

-Extrusion (higher % of relapse – typically the max laterals)
-Rotations of anterior teeth (including canines) greater than 
30 degrees
-Forced eruption of impacted teeth
-Closing severe open Bites (high relapse)
-Decreasing over bite (opening a deep bite)
-Buccal x-bite (single molar vs. multiple teeth)
-A-P corrections 
-Upright posterior molar beyond 8-10 degrees (good luck)



Things all aligners have difficulty with!!!

• Deep bites
• Severely rotated teeth (more than 30 degrees) and especially 

cuspids
• Impacted teeth, severely tipped teeth
• Maxillary expansion other than tipping
• Anything other than minor A-P corrections
• Compliance and OH



WHAT OTHER PROBLEMS ARE ASSOCIATED 
WITH CLEAR ALIGNERS???

•COST
•COMPLIANCE (THEY SIMPLY DON’T WORK W/O 

GOOD COMPLIANCE)
•OH (CONSIDER REDUCING EXPOSURE TO SUGARY 

DRINKS)



• December 2019:  Angle Orthod (2019) 89 (3): 359–364 
• Incidence of white spot lesions among patients treated with clear 

aligners and traditional braces 
• Peter H. Buschang; et. Al.

• Conclusions:
• Patients treated with aligners have less risk of developing WSLs than 

do patients treated with traditional braces, which could be partially 
due to shorter treatment duration, or better pretreatment OH.



• June 2013 Angle Orthod (2013) 83 (1): 146–151.

• Periodontal status of adult patients treated with fixed buccal appliances and 
removable aligners over one year of active orthodontic therapy 

• Marzieh Karkhanechi; et. Al.

• CONCLUSIONS:
• The results of this study suggest that the use of removable aligners facilitates 

oral hygiene.
• Treatment with removable aligners was associated with improved periodontal 

status as evidenced by decreased plaque levels, gingival inflammation, bleeding 
upon probing, probing pocket depths, and BANA scores.

• These results suggest that removable aligners be considered when treatment 
planning for the adult orthodontic patient at risk for periodontitis.



May 2020. AJO/DO Volume 157, Issue 5, Pages 594–601 
Enamel demineralization during clear aligner orthodontic treatment compared 
with fixed appliance therapy, evaluated with quantitative light-induced 
fluorescence: A randomized clinical trial
Ziad Albhaisi

• Conclusions:
Orthodontic treatment with aligners and fixed appliances both 
caused enamel demineralization. The aligner group developed 
larger but shallower white spot lesions, whereas the fixed 
appliance group developed more new lesions with greater 
severity, but they were smaller in area. More plaque 
accumulation was found in the fixed appliance group 
compared with the aligner group.

https://www.ajodo.org/issue/S0889-5406(20)X0004-7


JADA August 2018 Volume 149, Issue 8, 
Pages 712–720.e12
Periodontal health during orthodontic 
treatment with clear aligners and fixed 
appliances
A meta-analysis
Qian Jiang, MDS, et al.

https://jada.ada.org/issue/S0002-8177(17)X0010-X


• The authors systematically searched the PubMed, Web of Science, 
Cochrane Library, and Embase databases to collect related studies. 
After extracting data and assessing quality, the authors performed a 
meta-analysis and trial sequential analysis. The authors used the 
Grading of Recommendations Assessment and Development

• Conclusions and Practical Implications
• Clear aligners were better for periodontal health than fixed 

appliances and might be recommended for patients at high risk of 
developing gingivitis. However, high-quality studies still are required 
valuation system to assess the quality of the evidence.



Another Clinical observation regarding 
compliance
• Patients that are on the spectrum (OCD, Asperger, etc.) tend 

to do vey well with aligners
• These patients often tend to do poorly with fixed appliances. 



• April  2020 -Alissa F. Borda;  Angle Orthod (2020)
• Outcome assessment of orthodontic clear aligner vs fixed 

appliance treatment in a teenage population with mild 
malocclusions 

• Conclusions:
• Outcomes for treatment of mild malocclusions in adolescents 

showed equivalent effectiveness of clear aligners compared to fixed 
appliances, with significantly improved results for clear aligner 
treatment in terms of tooth alignment, occlusal relations, and 
overjet. Assessment of the number of appointments, number of 
emergency visits, and overall treatment time showed better 
outcomes for treatment with clear aligners.



“a multicenter prospective IRB clinical study was completed with 80 
patients in North America. Preliminary results from 42 cases thus far 
show statistically significant correction of Class II malocclusion in 
growing teen patients”.
• WHAT DOES THIS MEAN?????
• “They are claiming that the new Invisalign appliance is better than 

other Class II correctors. They are also suggesting that it grows jaws. 
This is what I have a problem with. These claims are potentially 
misleading and are similar to those made for other recent 
developments in orthodontics.”

• Let’s talk about Invisalign Mandibular Advancement!
• Kevin O'Brien January 21, 2019 
•

https://kevinobrienorthoblog.com/lets-talk-about-invisalign-mandibular-advancement/
https://kevinobrienorthoblog.com/author/KOB57/


AJO/DO January 2021 Class II malocclusion correction with 
Invisalign: Is it possible?
Brian D. Patterson

• 80 adult Class II dental patients

• Conclusions
• The Invisalign system successfully achieves certain tooth 

movements but fails to achieve other movements predictably. No 
significant Class II correction or overjet reduction was observed with 
elastics for an average of 7-month duration in the adult population. 
Additional refinements may be necessary to address problems 
created during treatment, as evidenced by a posterior open bite 
incidence.

https://www.ajodo.org/article/S0889-5406(20)30641-7/fulltext


• Angle Orthodontist March 2019 
• Comparison of achieved and predicted tooth movement of maxillary 

first molars and central incisors: First premolar extraction treatment 
with Invisalign

• Fan-Fan Dai; et. Al.

• CONCLUSION
• In first premolar extraction cases treated with Invisalign, first molar 

anchorage control and central incisor retraction were not fully achieved as 
predicted. Age, attachment type, and initial crowding affected the 
differences between predicted and achieved tooth movement. Auxiliary 
anchorage devices, power ridges and attachment designs, and 
overcorrection should be considered to help achieve predicted changes.



• August 2017: Angle Orthod (2017) 87 (1): 3–10.
• Orthodontically induced external apical root resorption in patients 

treated with fixed appliances vs removable aligners 
• Alejandro Iglesias-Linares;  Angle Orthod (2017) 87 (1): 3–10.
• CONCLUSIONS
• •This clinical study is the first to offer comparative data on 

the incidence of OIEARR in a large sample of patients 
treated with Invisalign or fixed appliances, adjusting the 
response based on genotype and radiographic and clinical 
data.

• •Under the conditions of the present clinical study, it is 
suggested that the predisposition to experience OIEARR 
with Invisalign is similar to that of using fixed appliances.



Invisalign Aligners 
• In 1997, Align Technology (Santa Clara, Calif) developed Invisalign, which 

is arguably the most used and recognizable clear aligner system today. 
Initially, each Invisalign aligner was programmed to move a tooth 0.25 to 
0.33 mm over 14 days.

• In 2016, Invisalign changed its protocol from two-week wear to weekly 
(or 10 day) aligner switches, decreasing treatment time by up to 50%.

• Each aligner is to be worn for 20-22 hours a day to be effective.

• Limitations of Invisalign may include posterior arch expansion through 
bodily tooth movement, closure of extraction spaces, improvement of 
occlusal contacts, extrusion of maxillary incisors, correction of large 
anteroposterior and vertical discrepancies, correction of severe rotations 
and intrusion of teeth in deep OB cases.



AJO/DO| Volume 160, ISSUE 2, P250-258, August 01, 2021
Efficacy of Invisalign attachments: A retrospective study
Theresa Karras, Maharaj Singh, Emelia Karkazis, Dawei Liu, Ghada Nimeri, Bhoomika Ahuja

• Introduction
• The purpose of this study was to compare the efficacy of Invisalign's (Align Technology, Santa 

Clara, Calif) optimized and conventional attachments on rotational and extrusive tooth 
movements.

• Conclusions
• 1.Differences between mean accuracies of tooth movements using Invisalign's optimized vs 

conventional attachments were neither statistically nor clinically significant. This applies to the 
derotation of canines and premolars and extrusion of incisors and canines, specifically.

• 2.There was a statistically significant difference between the amount of tooth movement that was 
predicted and the amount that was achieved. For extrusion, this was also clinically significant 
(>0.2 mm), but for rotation, it was not (<15°).

• 3.Derotation of canines and premolars was accomplished with a 63.2% mean accuracy, and 
extrusion of incisors and canines was achieved with a mean accuracy of 47.6%. Overall, the mean 
accuracy of both these movements was 57.2%.

• 4.IPR or spacing did not significantly affect accuracy for rotations of canines and premolars and 
for extrusion of anterior teeth. A larger sample size of teeth with this treatment or condition is 
needed for more definitive conclusions.

https://www.ajodo.org/issue/S0889-5406(20)X0018-7
https://www.ajodo.org/article/S0889-5406(21)00251-1/fulltext
https://www.ajodo.org/article/S0889-5406(21)00251-1/fulltext
https://www.ajodo.org/article/S0889-5406(21)00251-1/fulltext
https://www.ajodo.org/article/S0889-5406(21)00251-1/fulltext
https://www.ajodo.org/article/S0889-5406(21)00251-1/fulltext
https://www.ajodo.org/article/S0889-5406(21)00251-1/fulltext


• The consensus among clinicians is that ClinCheck plans do not accurately 
reflect the patient’s final occlusion on completion of Invisalign treatment.

• In 2009, Kravitz et al compared programmed tooth movements on 
ClinCheck to actual tooth movements with Invisalign and found that 
overall the mean accuracy with Invisalign was 41% in moving teeth to the 
programmed tooth positions. The programmed outcomes of Invisalign 
treatment using ClinCheck have been questioned because of the 
uncertainty of accuracy compared with actual post-Invisalign treatment 
outcomes, especially regarding the extent of clinical expression of 
correction of a deep overbite, extrusive movements, rotations, torque, 
and bodily movements. Given that no orthodontic appliance delivers 
100% of the movement prescribed and that Invisalign ClinCheck software 
is effectively analogous to archwire design with fixed appliances, the 
under expressions of planned tooth movements are not unexpected.



Attachments Are Usually Needed 
…Why? -Smooth round surface of a tooth doesn’t provide much 

resistance with a smooth plastic material

- Forces with the INVISALIGN trays are pushing teeth, not 
pulling like traditional fixed ortho appliances allow

- Vertical shapes are most effective for 
addressing rotations (corkscrew) and tipping

-Horizontal buttons are most effective for leveling arches (ie
lower COS) and  anterior extrusive forces 

(ie Max 2-2 in open bites) or relative posterior intrusion

- Don’t put buttons too close to the edge of tray material

- 99% of the time buttons are placed on the facial



Problems with Attachments?? Tips….

• Often times too many are added
• Always check that the flash is removed from the attachments to 

ensure a better fit of the aligners.
• Optimized attachments aren’t always needed or are the best ones 

to use.
• Use horizontal rectangular on most bicuspids
• Avoid second molar attachments if possible (can use if needed for 

short clinical crowns).
• When needed in the incisors try to place symmetrically for better 

aesthetics.



Problems with 
Attachments

I rarely use second molar attachments.
The cuspid attachments tend to 
make the aligner flare at the gingiva.

Better with no second molar attachment.
Standard vertical rectangle for the cuspid.



Sash 
attachment
(45 degree angled
horizontal beveled 
attachment)
(runs from gingival
in the direction you 
want to rotate)

Designed to 
Extrude and 
Rotate



AJO/DO Volume 160, ISSUE 2, P250-258, August 2021
Efficacy of Invisalign attachments: A retrospective study
Theresa Karras

• Introduction
• The purpose of this study was to compare the efficacy of Invisalign's 

(Align Technology, Santa Clara, Calif) optimized and conventional 
attachments on rotational and extrusive tooth movements.

• Highlights
• •A clinically detectable amount of tooth movement was chosen to be 15°

and 0.2 mm.
• •The efficacy of Invisalign's optimized and conventional attachments was 

similar.
• •Mean accuracy was 63.2% for rotation and 47.6% for extrusion.
• •Clinicians may overcorrect extrusion by 0.4 mm to 0.6 mm and rotations 

by 4° to 6°.

18

https://www.ajodo.org/issue/S0889-5406(20)X0018-7
https://www.ajodo.org/article/S0889-5406(21)00251-1/fulltext


• Conclusions
• 1) Differences between mean accuracies of tooth movements using 

Invisalign's optimized vs conventional attachments were neither 
statistically nor clinically significant. This applies to the derotation of 
canines and premolars and extrusion of incisors and canines, specifically.

• 2) There was a statistically significant difference between the amount of 
tooth movement that was predicted and the amount that was achieved. 
For extrusion, this was also clinically significant (>0.2 mm), but for rotation, 
it was not (<15°).

• 3) Derotation of canines and premolars was accomplished with a 63.2% 
mean accuracy, and extrusion of incisors and canines was achieved with a 
mean accuracy of 47.6%. Overall, the mean accuracy of both these 
movements was 57.2%.

• 4) IPR or spacing did not significantly affect accuracy for rotations of 
canines and premolars and for extrusion of anterior teeth. A larger sample 
size of teeth with this treatment or condition is needed for more definitive 
conclusions.

19



Assessment of preparation time and 1-year Invisalign aligner attachment survival 
using flowable and packable composites:A split-mouth clinical study 
Shuang Lin; 
Angle Orthod (2021) 91 (5): 583–589.

• Objectives
• To compare preparation time and 1-year Invisalign aligner 

attachment survival between a flowable composite (FC) and a 
packable composite (PC).

• Conclusions
• The use of a FC may save time as compared with the use of a PC. 

With regard to attachment survival, there was no significant 
difference between the two composites. None of the covariates of 
attachment materials (sex, arch, tooth location, attachment type, 
presence of overbite, or occurrence of tooth extraction) affected 
attachment damage.



What this means for expansion with aligners

• Mostly tipping movements
• Best and most stable results achieved with palatally tipped 

upper molars and buccally tipped lower molars
• Skeletal expansion is age dependent and much less likely to 

occur
• True maxillary arch constriction with flared upper molars 

(in crossbite) will be difficult to correct or retain with 
aligners alone (consider leaving this crossbite untreated in 
adults).



AJO/DO March 2021 Predicted and actual outcome of anterior 
intrusion with Invisalign assessed with cone-beam computed 
tomography
Maher Al-balaa
• Methods
• Twenty-two patients, with a mean age of 23.74 years, who underwent Invisalign 

(Align Technology, Santa Clara, Calif) clear aligners treatment for both arches only after 
having completed treatment with an initial series of aligners were included in this study. 

• Highlights
• •Pre and posttreatment CBCT was measured to evaluate the Invisalign anterior intrusion.
• •Dolphin Imaging software was used to measure the anterior intrusion.
• •Predicted intrusion movements differed significantly from actual values.
• •Auxiliary methods of anterior intrusion may help reduce the need for refinement.
• Conclusions
• The mean precision of true anterior intrusion with Invisalign clear aligners was 51.19%, and 

the mean amount of correction was 48.81%. The use of other supplementary methods of 
anterior teeth intrusion may be helpful to reduce the rate of midcourse corrections and 
refinements.

https://www.ajodo.org/article/S0889-5406(20)30804-0/fulltext


AJO/DO Volume 160, ISSUE 5, P725-731, November 01, 2021
Predictability of overbite control with the Invisalign appliance
Haylea L. Blundell , Tony Weir , Brett Kerr , Elissa Freer 

• Highlights
• •Correcting deep overbite with Invisalign appliances is challenging.
• •Overbite results predicted with ClinCheck are not consistently 

achieved.
• •The deeper the overbite, the lower the likelihood ideal overbite will 

be achieved.
• Conclusions
• Overbite reduction may result in suboptimal outcomes when using 

the Invisalign appliance unless remedial measures are employed. The 
deeper the initial overbite, the more challenging it is to achieve the 
prescribed posttreatment overbite.

https://www.ajodo.org/issue/S0889-5406(20)X0021-7
https://www.ajodo.org/article/S0889-5406(21)00441-8/fulltext
https://www.ajodo.org/article/S0889-5406(21)00441-8/fulltext
https://www.ajodo.org/article/S0889-5406(21)00441-8/fulltext
https://www.ajodo.org/article/S0889-5406(21)00441-8/fulltext


Australasian Orthodontic Journal. Volume 37, Issue 1, July 221
Reliability of torque expression by the Invisalign® appliance: A retrospective study 
Raj Gaddam * / Elissa Freer * / Brett Kerr * / Tony Weir 
• ABSTRACT
• Introduction: Incisal torque in orthodontics has always been important due to its relationship with 

smile aesthetics and the stability of a final treatment outcome. The aim of this study was to 
quantify the accuracy of torque expression predicted by ClinCheck® planning associated with 
Invisalign® treatment, compared to clinical outcomes.

• Methodology: Forty adult patients consecutively treated using the Invisalign appliance were 
selected. Torque and the interincisal angle (IIA) were measured at T0 (pretreatment), T1 (predicted 
post-treatment), and R (end of initial aligner sequence) stages on STL files using metrology 
software (Geomagic Control X).

• Results: The difference between the predicted and achieved torque (torque differential) was 
statistically significant (P < 0.001) in the labial crown torque group with a mean of 6.43° (SD = 
7.09) for the upper central incisor, 5.06° (SD = 7.32) for the upper lateral incisor and 2.75° (SD = 
5.7) for the lower incisor sub-groups. In contrast, the corresponding lingual/palatal crown torque 
sub-groups did not show a statistically significant torque differential (P >0.05). Similar 
observations were made for the IIA differential (difference between predicted and achieved IIA) 
with a mean IIA differential of 9° (SD = 10.73; P < 0.001) and -3.4° (SD = 7.9; P > 0.05) in the labial 
and lingual/palatal crown torque IIA groups, respectively.

• Conclusions: Torque was under-expressed when the teeth were 
moving labially, and fully- or over-expressed when moved lingually, 
indicating Invisalign’s inefficiency in torqueing incisors in the labial 
direction.



Australasian Orthodontic Journal. Volume 36, Issue 2, Pages 130-137, Nov 2020
The incidence and severity of root resorption following orthodontic treatment 
using clear aligners 
Christopher James Costello * / Brett Kerr * / Tony Weir * / Elissa Freer *

• ABSTRACT
• Introduction: The aim of this study was to assess the incidence and severity of root 

resorption in patients who were orthodontically treated by clear aligner therapy.
• Methods: Linear tooth lengths of maxillary and mandibular teeth from the second molar 

to second molar were measured from preand post-treatment cone beam computed 
tomography examinations of 25 patients who were treated by a clear aligner system.

• Results: Mean reductions in tooth length varied according to tooth type, with maxillary 
central and lateral incisors experiencing the most resorption, of 0.5 ± 0.41 mm and 0.4 ±
0.56 mm respectively. All tooth types had most resorption fall within the <0.25 mm 
range, with 7% of central and lateral incisors accounting for resorption >1.5 mm. 
Although the level of resorption identified in this study was less than that reported for 
fixed appliances, overall, the trends were similar.

• Conclusions: Orthodontic treatment carried out with clear aligners resulted in 
root resorption that was largely clinically insignificant. There was a general 
trend towards more resorption affecting anterior teeth in both the maxilla and 
mandible. Original tooth length was found to be a predictor of the amount of 
resorption.



AJO/DO May 2021 A cone-beam computed tomographic study evaluating the 
efficacy of incisor movement with clear aligners: Assessment of incisor pure 
tipping, controlled tipping, translation, and torque
Ting Jiang

• Methods
• Pretreatment and posttreatment cone-beam computed tomography (CBCT) scans were 

collected from 69 patients who underwent nonextraction treatment with clear aligners 
(Invisalign; Align Technology, San Jose, Calif).

• Highlights
• •The efficacy of incisor movements with clear aligners in the sagittal plane was 

evaluated.
• •The most predictable movement was pure tipping, and the least predictable was 

torque.
• •Labial root movement was significantly more accurate than the lingual root movement.
• •The labial movement was significantly easier for the mandibular than maxillary incisors.
• •The type of movement achieved was likely to be different from the type designed.

17

https://www.ajodo.org/article/S0889-5406(21)00041-X/fulltext


AJO/DO Volume 160, ISSUE 6, P805-813, December 01, 2021
Comparison of achieved and predicted crown movement in adults after 4 first premolar extraction 
treatment with Invisalign
Fan-fan Dai, Tian-min Xu, Guang Shu

• Highlights
• •Tooth crown movements were not fully achieved as predicted.
• •First molars showed greater anchorage loss, buccal inclination, and intrusion.
• •Canines and central incisors showed greater distal tipping and lingual inclination.
• •Canines and central incisors showed insufficient retraction and intrusion.
• •Achieved-predicted differences varied between the maxilla and mandible.
• Conclusions
• Tooth crown movements were not fully achieved as predicted 

following Invisalign treatment. Differences focused on mesial tipping, 
buccal inclination, mesial displacement, and intrusion of the first 
molars, as well as distal tipping, lingual inclination, insufficient 
retraction, and intrusion of the canines and central incisors.

https://www.ajodo.org/issue/S0889-5406(20)X0022-9
https://www.ajodo.org/article/S0889-5406(21)00440-6/fulltext
https://www.ajodo.org/article/S0889-5406(21)00440-6/fulltext
https://www.ajodo.org/article/S0889-5406(21)00440-6/fulltext


Treatment time and # of aligners
• Aligners do not move teeth faster
• In 2015 Invisalign changed the recommended time for patient to 

wear aligners from 14 days to 7-10 days (??).
• Aligner changes can be speeded up or slowed down based on how 

the case is ‘tracking’.
• Generally best to overestimate the # of aligners as the frequency of 

changing can be adjusted depending on how the case is tracking.
• Generally try and get the upper and lower to finish at the same time 

and have the total number of aligners be a multiple of the number 
of aligners you give out at a time.  



AJO/DO September 2020 Has Invisalign improved? A prospective 
follow-up study on the efficacy of tooth movement with Invisalign
Nada Haouili

• Highlights
• •The mean accuracy of Invisalign for all tooth movements 

was 50%.
• •The highest overall accuracy occurred with a buccal-lingual 

crown tip (56%).
• •The lowest overall accuracy occurred with rotation (46%).
• •Despite the improvement, the weaknesses of tooth 

movement with Invisalign remained the same.

https://www.ajodo.org/article/S0889-5406(20)30303-6/fulltext


What about using chewies/munchies???
• Used when teeth not tracking 
• Mostly adults 
• Use when driving, watching TV on the computer
• Not to speed up tx but to get back on track
• If not improved in 2 weeks then need to consider refinement.  



Additional Aligner Tips….
• The clincheck approval process is the most important part of the aligner 

treatment (never approve the first clincheck).  
• Avoid anything that you would classify as severe (including A-P corrections,

teeth rotated over 30 degrees, severe deep bites or open bites, etc.)
• When in doubt always increase the number of trays (you can always speed up 

the time trays are worn if things are tracking well).
• Try to keep attachments to a minimum (especially multiple attachments on one 

tooth).
• Try to minimize IPR.
• Know when to do a refinement (generally remove all attachments when do 

refinements).  Look for anterior tray gaps, rotations lagging, trays not seating 
completely in the posterior.  Remember you may need to finish the case with 
fixed appliances for a short period of time for difficult movements.  

• Typical retention is lower fixed 3-3 and upper Vivera (or Essix).
• Remember always ‘under promise and over deliver’.  



Why do IPR ? 

Not enough crowding to extract teeth.

Not realistic to do dental arch expansion lateral or A-P.

Removing enamel interproximally is a compromise 
in cases where extracting teeth would be too much and the 
minor orthodontic expansion would not relieve the 

crowding.  IPR can be a great solution to relieve arch 
length discrepancies in orthodontically challenged 

cases. 



Reasons to not do IPR ? 

-caries risk (poor OH, hign DMF

-enamel thickness (as observed on x-rays)

-risk management and patient profile

-tooth size and shape not amenable 

-clinician/patient/parent preference

-



INFORMED CONSENT REGARDING INTERPROXIMAL REDUCTION
You have been advised that as part of your orthodontic treatment plan, it is necessary to remove some enamel from the sides of some of your teeth.  This 

procedure goes by various names.  It is often referred to as interproximal reduction, reproximation, stripping, IPR, and enamelplasty. 

WHAT IS INTERPROXIMAL REDUCTION (IPR)?
Essentially, what the procedure involves is removing small amounts of enamel from the sides of one or more teeth in an effort to make a tooth's 

dimension smaller.  This is most often done to create additional space to resolve mild to moderate crowding as well as to recreate normal anatomy for a tooth that was 
slightly malformed.  The alternative methods to create this space would be either to extract permanent teeth or to flare out the teeth and expand the dental arch form, 
each one of which has potential negative consequences.

HOW IS IPR PERFORMED?
There are two basic approaches to removing enamel from the sides of teeth.  The first is to take "sandpaper" like strips and rub them back and forth along 

the sides of the teeth removing a small amount of the outer layer of enamel.  The other most common way is to use rotary instruments (dental drills) with either very 
thin discs or very small burrs to file down the sides of the teeth.  

WHAT ARE THE RISKS OF THIS PROCEDURE?
For the most part, the risks are very small.  Occasionally however, the following occurrences sometimes happen:
- small step like projections can occur along the side of a tooth,  
- cavities may occur in areas where the tooth has been filed down, 
- the affected tooth may become sensitive to hot or cold stimulation,
- the gum tissue around the tooth may become cut, inflamed or swollen,
- the shape of the affected teeth may be different from the adjacent teeth, and 
- the patient's gums, lips or tongue may be cut during the procedure.
While the above occurrences do sometimes occur, when they do most of the time they are of such a minor nature that there are no long lasting negative 

effects.  In very rare cases, IPR may lead to the nerve of a tooth being permanently injured.  

DO I HAVE TO HAVE THIS PROCEDURE PERFORMED?
No you do not, but as previously mention, the only other alternative would be the extraction of permanent teeth, or placing the teeth in positions that 

might be very unstable.

CONSENT
I have been informed that     [  ] I      [  ] my child requires IPR and I acknowledge that I am aware of what the procedure is, what it entails, and the 

potential risks associated with the procedure. I have also been informed about other alternatives to IPR.  I have had the opportunity to have all of my questions 
concerning IPR asked and answered. 

______________________________________ ________________
patient, parent, or legal guardian date



AJO/DO Volume 160, ISSUE 6, P793-804.e3, December 01, 2021
Proximal enamel thickness of the permanent teeth: A systematic review and 
meta-analysis
Vignesh Kailasam, Hita Rangarajan, Harshini Nivetha Easwaran, M.S. Muthu

• Highlights
• •Of 1388 eligible studies, 11 were considered for systematic review and meta-analysis.
• •A total of 4019 mesial and distal surfaces involving 2118 teeth were assessed.
• •All included studies showed low to moderate risk of bias.
• •The meta-analysis reported a moderate level of heterogeneity (I2 of 45%).
• •Enamel on the distal aspect was greater than on the mesial aspect by an average of 

0.10 mm.
• Conclusions
• The summary effect of the meta-analysis revealed that the thickness of the 

enamel on the distal aspect was greater than on the mesial aspect by an average 
of 0.10 mm (95% CI, 0.09-0.12). This finding would be of relevance to all 
disciplines of dentistry and especially for the clinician planning interproximal 
reduction, a procedure that is routinely done for clear aligner therapy.

https://www.ajodo.org/issue/S0889-5406(20)X0022-9
https://www.ajodo.org/article/S0889-5406(21)00489-3/fulltext
https://www.ajodo.org/article/S0889-5406(21)00489-3/fulltext
https://www.ajodo.org/article/S0889-5406(21)00489-3/fulltext
https://www.ajodo.org/article/S0889-5406(21)00489-3/fulltext


Quantitative evaluation of implemented interproximal enamel reduction during 
aligner therapy: A prospective observational study
Authors:Zamira Kalemaj and Luca Levrini
Angle Orthod. 2021. doi:10.2319/040920-272.1

• Objectives
• To investigate the correspondence between programmed interproximal 

reduction (p-IPR) and implemented interproximal reduction (i-IPR) in an 
everyday-practice scenario. The secondary objective was to estimate 
factors that might influence i-IPR to make the process more efficient.

• Materials and Methods
• Fifty patients treated with aligner therapy by six orthodontists were 

included in this prospective observational study. Impressions were taken at 
the beginning of treatment and after the first set of aligners. Data on p-IPR, 
i-IPR and technical aspects of IPR were gathered for 464 teeth.

https://meridian.allenpress.com/angle-orthodontist/article/91/1/61/444339/Quantitative-evaluation-of-implemented
https://meridian.allenpress.com/angle-orthodontist/article/91/1/61/444339/Quantitative-evaluation-of-implemented


• Clinical Procedures
• Six doctors contributed to this study with five to 10 patients each. In 

terms of experience with Invisalign cases, four doctors had moderate 
experience, and two had extensive experience. Of the four doctors 
with moderate experience, one used interproximal manual reduction 
strips (Horico one-sided metal strips, Henry Schein, Melville, NY, USA) 
or burs (IPR burs, Dentsply Sirona, Charlotte, NC, USA), one used only 
burs, and the other two used only contra angle mounted strips (Space 
File Interproximal reduction kit, Dentsply Sirona). Three of the doctors 
with moderate experience always used an IPR measuring gauge, 
whereas the fourth reported its use occasionally. Of the two doctors 
with extensive experience, one used only burs followed by an IPR 
measuring gauge, and the other doctor used interproximal manual 
reduction strips or burs with no gauge measurement.



• CONCLUSIONS
• The results of this prospective observational study suggest that there 

is a discrepancy between implemented IPR and prescribed IPR, with a 
tendency to provide less enamel reduction than prescribed.

• Particular attention should be paid to IPR performed on lower canines 
and on distal surfaces of teeth, as these areas are more prone to 
imprecision.

• In terms of IPR techniques, burs tend to provide more IPR compared 
to manual and contra-angle strips; however, there are significant 
variations between the techniques.

• Further studies are needed to estimate the best conditions for precise 
and efficient IPR.



These IPR techniques have been used for Orthodontic treatment 
with braces for decades.  Dr. Zachrison is the most notable 

orthodontist that has been researching IPR in combination with 
proper fluoride treatment to gain arch space in orthodontics

Instruct patients to use topical fluoride rinse nightly for 1 week

IPR vs. extraction usually makes IPR sound more conservative 
Make it known to patient that IPR only removes enamel and does 

not penetrate into the dentin layer of the tooth.

IPR (Interproximal Reduction)



American Journal of Orthodontics & Dentofacial Orthopedics
Volume 105, Issue 2 , Pages 142-152, February 1994
Air-rotor stripping and enamel demineralization in vitro*

David A. Twesme, DDS, MS, Allen R. Firestone, DDS, MS
Timothy J. Heave, DMD, PhD, Fred F. Feagin, DMD, MS, MDS, PhD
Alex Jacobson

• The data showed that fluoride treatments significantly reduced lesion 
penetration on intact and abraded surfaces compared with a no 
fluoride group. Lesion depth on the abraded, fluoride treated surfaces 
was significantly greater (p < 0.05) than on the intact untreated 
surfaces. No significant differences (p < 0.05) were apparent between 
the fluoride treatment groups with respect to lesion depth and 
mineral density within the lesion. These results suggest that air-rotor 
stripping increases the susceptibility of proximal enamel surfaces to 
demineralization. As a result, the clinician should use caution in the 
application of this technique until the long-term effects on caries 
susceptibility have been determined.



American Journal of Orthodontics & 
Dentofacial Orthopedics
Volume 130, Issue 1 , Pages 26-30, July 2006
Caries risk after interproximal enamel 
reduction

Karim Jarjoura, Genevieve Gagnon, Lewis 
Nieberg



Conclusions: 
The findings indicate that the risk of 
caries is not affected by ARS. 
Furthermore, our data show that the 
application of topical fluoride on the 
enamel surfaces immediately after ARS 
in patients exposed to fluoridated 
water and fluoride-containing 
toothpaste may not provide any 
additional benefit.



Caries risk in Posterior teeth.  Study of 43 patients 
within ages of 19-71 yrs and received IPR 4-6 yrs
previously.  This group had 278 interproximal reduced 
surfaces in posterior teeth.

Conclusion:
“There is no evidence that mesiodistal enamel 

reduction within recognized limits and in appropriate 
situations will cause harm to the teeth and supporting 
structures.”

Zachrisson et al in American Journal of Orthodontics 
and Dentofacial Orthopedics, Jan. 2011 ; 139: 90-8 

IPR  in the Literature



American Journal of Orthodontics & Dentofacial 
Orthopedics
Volume 131, Issue 2 , Pages 162-169, February 
2007
Dental health assessed more than 10 years after 
interproximal enamel reduction of mandibular 
anterior teeth

Björn U. Zachrisson, Lise Nyøygaard, Karim 
Mobarak



Conclusions: 
Interdental enamel reduction according 

to this protocol did not result in 
iatrogenic damage. Dental caries, 

gingival problems, or alveolar bone loss 
did not increase, and the distances 

between the roots of the teeth in the 
mandibular anterior region were not 

reduced. The overall incisor irregularity 
at the follow-up examination was small.



IPR weapon of choice

Thin, tapered, flamed shaped diamond 
Widest point equal to .5mm



Diamond strips 
Interproximal width .18mm to .08 mm 



Red diamond is used for contouring anterior line angles on facial and 
lingual interproximal surfaces



Yellow diamond is used for contouring posterior line angles 
on facial and lingual interproximal surfaces



Thickness  gauges are the most valuable tool to get 
the most accurate IPR.
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