
European Journal of Molecular & Clinical Medicine 

 

ISSN 2515-8260 Volume 9, Issue 7, Summer 2022 
 

8730 

 

ORIGINAL RESEARCH 
 

Predictability of crowding resolution in clear aligner treatment- An 

original research 
 

1
Dr. V. Arun Deepak, 

2
Dr. Preetham Ravuri, 

3
Dr. Ajay K. Kubavat, 

4
Dr. Afreen Kauser, 

5
Dr. 

Ankit Kumar Shahi, 
6
Dr. Pradeep Kandikatla, 

7
Devirupa Mukherji 

 
1
MDS, Reader, Department of Orthodontics & Dentofacial Othopeadics, RVS Dental College 

and Hospital, Coimbatore, Tamil Nadu, India 
2
PhD Scholar, 

3
Professor & Head, Department of Orthodontics and Dentofacial 

Orthopaedics, Narsinhbhai Patel Dental College and Hospital, Sankalchand Patel University, 

Visnagar, Gujarat, India 
4
Specialist Orthodontist, Ministry of Health, Taif, Kingdom of Saudi Arabia 

5
MDS, Senior Lecturer, Department of Orthodontics and Dentofacial Orthopaedics, IDST 

Dental College, Modinagar, UP, India 
6
Reader, Dept. of Orthodontics and Dentofacial Orthopaedics, Vishnu Dental College, 

Bhimavaram, AP, India 
7
BDS Student, Awadh Dental College and Hospital, Jamshedpur, Jharkhand, India 

 

Correspondence: 

Dr. V. Arun Deepak 

MDS, Reader, Department of Orthodontics & Dentofacial Othopeadics, RVS Dental College 

and Hospital, Coimbatore, Tamil Nadu, India 

Email: arundeepak365@gmail.com 

 

Received: 14 September, 2022                Accepted: 19 October, 2022 

 

ABSTRACT 

Aim: To assess the predictability of crowding resolution and the efficacy of different 

strategies to gain space during clear aligners treatment. 

Methodology: 3D casts of a total of 40 subjects were evaluated. Thus, 80 arches were 

collected and uploaded on the Orthoanalyzer software for arch measurements. The data 

were gained on the starting arch form (T0), on the virtual arch developed with digital 

planning (vT1), and on the arch form achieved at the end of the aligner sequences (T1). 

The following parameters were scored: Little’s Irregularity Index, transversal arch 

diameters, (intercuspid, interpremolar, and intermolar width), incisor position/arch 

length, and enamel interproximal reduction (IPR). 

Results: For all the measurements, statistically significant differences were found at 

different stages. The predictability of crowding resolution was very high, ranging from 

87% in the upper arch and 81% in the lower one. Among the different strategies to gain 

space, variations in sagittal incisor position were predictable, with a value of 70% both 

in the upper and lower arch. Conversely, changes in arch diameters were less reliable 

varying between 49 and 67% in the lower arch and 59–83% in the upper one. 

Moreover, IPR was the least accurate procedure, wavering at 49% in the upper arch 

and 42% in the lower arch. 

Conclusion: The predictability of crowding resolution during treatment with aligners 

was high. However, the virtual arch forms obtained at the end of digital planning (vT1) 

did not correspond with the arch forms at the end of the aligner sequences (T1). The 
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IPR was the least predictable strategy to gain space, being, perhaps, an operator-

dependent procedure. 

Keywords: Clear aligners, enamel interproximal reduction (IPR), orthodontics. 

 

INTRODUCTION 

 Influence of appearance in personal and orthodontist lives have led to a considerable interest 

among the adult population seeking orthodontic treatment in the last few years. Invisalign or 

Clear Aligners are the new age of aesthetic orthodontic treatment methods developed 

especially for adults who are very self-conscious of how they appear. The frequency of 

malocclusions in adults is equal to or greater than that observed in children and 

adolescents.
1,2

 Sometimes patients are hesitant about the pain and discomfort related to 

braces, as well as metallic smile is unpleasant for young adults who want straighter teeth but 

refuses traditional metal orthodontics. Clear Aligners are utilized to fix crooked teeth, and 

also close spaces and alter overbites. The treatment includes wearing clear, plastic plate that 

is custom made for the mouth, making Clear Aligners a less-recognizable treatment option. 

While Clear Aligners method is regularly asked for its aesthetic advantages, numerous 

patients don't realize that it additionally has various oral health advantages.
3,4 

The history of 

clear aligners is back to 1945, when Dr H. D. Kesling first proposed a clear, vacuum-formed 

tooth-positioning appliance for minor tooth movement. It was a labor-intensive process that 

required manually repositioning teeth reset in wax, and a clear vacuum-formed retainer was 

made for every tooth movement in a series of stages until the teeth were aligned. This 

technique was capable of minor tooth alignment. However, the amount of labor required for 

the task precluded its use on a wide scale, particularly for correction of more complex 

malocclusions.
5
 Another half-century went by until two graduate students at Stanford 

University in 1997 applied three-dimensional (3D) computer imaging graphics to the field of 

orthodontics and created the world’s first mass-produced, customized clear aligner system. 

This new technology revolutionized the world of dentistry and orthodontics, launching it into 

the 21st century.
6,7

 In the early days of clear aligners, most clinicians understood them to be 

an orthodontic appliance that was suitable for the treatment of Class I cases with minor 

crowding, resolved primarily with interproximal reduction.
8
 Today, clear aligners from Align 

Technology are made of a new tripolymer plastic and make use of optimized attachments. 

The teeth are moved according to sophisticated computer algorithms developed in the 

software program. There are many clear aligner systems being developed all over the world, 

and it is evident that this will be the future of orthodontics.
9,10

 It is important to understand 

that clear aligner treatment is a technique, not a product. There is a common misconception 

that clear aligners are a “compromise” orthodontic appliance that is only capable of minor 

tooth movement. However, the clear aligner system of today is a comprehensive orthodontic 

appliance, capable of treating a wide range of malocclusions.
11 

 

 

AIM OF THE PRESENT STUDY 

 

Purpose of the present study was to assess the predictability of crowding resolution and the 

efficacy of the different strategies to gain space during clear aligner treatment and their 

correlation to provide a suitable protocol to achieve predictable results. 

 

METHODOLOGY 

In this retrospective study approved by ethical committee, 40 patients were chosen based on 

having full permanent dentition and non-extraction orthodontic treatment in both arches and 

having good compliance with aligner. The orthodontist placed the attachments with no 

restrictions, according to his preferences. Aligners were changed on average every 10 days. 
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3D casts were made and observed for arch measurements. Digital models were exported as 

STL (Standard Triangulation Language) files at the beginning (T0), at the end of the virtual 

digital planning (vT1), and at the end of the corresponding aligner sequence (T1) and 

uploaded into OrthoAnalyzer Program. The arch measurements were performed, similarly to 

those proposed by Raucci, to evaluate the changes between the three-time steps (T0; vT1; 

T1).Then for each arch to evaluate the real IPR, the mesiodistalteeth dimensions were 

measured from second to-second premolar before and after IPR. Thefull-arch amount of IPR 

performed was obtained throughthe difference between the length of mesiodistal 

toothdiameters before and after treatment.After it was compared to the planned IPR, shown in 

thevirtual digital planning. Dental crowding was quantified by Little’s 

IrregularityIndex.
12

The following formula was used to quantify the predictabilityof each 

measurement: predictability: [real post-treatment (T1)—initial pretreatment(T0)]/[ideal post-

treatment (vT1)—initialpre-treatment (T0)].Thus, an index of the predictability of each 

strategywas obtained: the closer the value to 1, the more precisestrategy was performed by 

the aligner (100% of theprescription).To evaluate the correlation between each spacegain 

strategy and crowding resolution, the treatmentoutcomes were assessed through the 

measurementchanges between the start (T1) and end of treatment(T0) (Delta: Δ). Descriptive 

statistics were calculated for eachmeasurement. The data distribution was normal, soa paired t 

test to determine if there was a statisticallysignificant change between vT1 and T1 (p < 0.05) 

wasused. 

 

RESULTS 

A total of 40 adult subjects (18 men, 22 women, of mean age 34 ± 7) for a complete of 80 

dental arches were achieved. All the patients completed treatment in keeping with the 

research protocol. Patient compliance forms were collected at the tip of treatment; all patients 

reported wearing their aligners for 21 to 23 h per day. Preliminary analyses showed the link 

to be linear with both variables normally distributed, as assessed by Shapiro– Wilk’s test (p > 

0.05), The predictability of crowding resolution measured with the decrease in the 

Irregularity Index was very high, starting from 87% (p < 0.04) within the upper arch and 81% 

(p < 0.03) within the lower one. In the upper arch, the foremost accurate prediction was for 

the first molar with the predictability of 83% (p < 0.00), while the smallest amount was for 

the canine of 59% (p < 0.03). Moreover, within the lower arch, the foremost accurate 

prediction was for the second premolar with the predictability of 68% (p < 0.09), while the 

smallest amount was for the canine at 49% (p < 0.03). (Table 1) Moreover, in the upper arch, 

there was a statistically significant, high inverse correlation between arch width (Δ 3-3) and Δ 
Irregularity Index, (r = −0.45; p < 0.05). (Table 2) 

Table 1- Summary of the variables’ predictabilities 

 Irregularity index (%) Arch widths (%) Arch length (%) IPR (%) 

Upper 87 59–83 68 49 

Lower 81 49–67 69 42 

 

Table 2- Correlation between space gain strategy and crowding in upper arch 

Δ Irregularity index Δ 3-3 Δ 4-4 Δ 5-5 Δ 6-6 Δ Arch length Δ IPR 

Pearson’s r − 0.41 − 0.35 − 0.21 − 0.27 0.09 0.31 

p value 0.01 0.03 0.19 0.12 0.58 0.06 

 

DISCUSSION 

One first aspect of great visual impact regarding the orthodontist-patient or orthodontist-

orthodontist communication is due to the use and manipulation of accurate three-dimensional 

images of the patient’s dental arches by the Clear Aligners system with the Clin Check 1.7 
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software. This tool allows a faithful visualization and prediction of the treatment in three 

dimensions (3D) prescribed by the orthodontist. From the interactive point of view, it also 

allows to change some initially prescribed movement, modifying the initial planning, 

progression and treatment outcomes. For the clinician, this means to visually predict the 

sequence, final result and estimated time of a suggested therapy before it was initiated. This 

way, it serves as a “self-evaluation” and a refer-ence for possible corrections of the 

orthodontic planning. It is also important to emphasize that both the selection as the 

prescription and acceptance of a clinical case planning using the Clear Aligners system are 

responsibilities of the orthodontist. Furthermore, this reinforces the need of specific 

knowledge on diagnosis and compatibilities of the treatment goals with the selected 

therapy.
13

 Align Technology provides guidelines for the types of malocclusion that can be 

successfully treated with Clear aligners. That indicated mild to moderate crowding 

(Discrepancy: -1 to -6 mm), and/or spacing (+1 to +6 mm), non-skeletal constricted arches, 

and relapse after fixed appliance therapy.
14

 The sample of this study presented an Irregularity 

Index mean of 7.26 mm in the upper arch and 8.13 mm in the lower one. These data indicated 

that the patients recruited had severe crowding in both arches, suggesting orthodontists’ 
confidence in treating this issue with clear aligners. The predictability of crowding resolution 

with clear aligners is a multifactorial issue. Some are related to aligners, such as the protocol 

used, the features and the thickness of the aligner material, the planning software, and the 

different strategies to gain space planned. Aligners do not allow theplanned expansion 

entirely as already reported in the literature.
14

 The least accurate transversal diameter change, 

as also reported in previous studies, was for canine and the first premolar with the 

predictability of 59% and 60%, while the most accurate wasfor the first molar with the 

predictability of 83%. Thiscould be related to the different extensions of the lingualsurface 

and anatomy of each tooth related to theretention and fit of the clear aligner. Indeed, the 

slenderand conical canine shape could not help to control theplanned expansion movement. 

These results highlight that with the clear aligners, it is possible to plan crowding resolution 

without buccal tipping, thus avoiding side effects of the lower incisors proclination, which 

are often present with fixed appliances. Therefore, IPR is the least accurate strategy to gain 

space, and it requires greater accuracy. This could improve the predictability of crowding 

resolution, reaching the optimal values planned. The result of this research showed that 

digitalplanning was not a predictor of final tooth position.Therefore, the virtual tooth position 

may not bethe achieved final tooth position. So, it is important toknow the limits of digital 

planning to overcorrect toothmovements when it is necessary to decrease the needfor 

refinement.
15

 Knowing the strengths and theweaknesses of clear aligners will help the 

clinician inselecting the best orthodontic appliance to treat a specificmalocclusion. 

 

CONCLUSION 

This study showed that the predictability of crowding resolution with clear aligners is 87% in 

the upper arch and 81% in the lower one. Transversal arch expansion’s predictability 

achieves a value between 59 and 83% in the upper arch and 49–67% in the lower one, 

decreasing from molars to canines in both arches. 
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