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2 Introduction  Clear aligners treatment  is a common solution in 

orthodontics to treat both simple and complex 

malocclusions 1. 

With the recent increase in adults seeking orthodontic 

treatment, there has been a corresponding increase in 

demand for appliances that are both more aesthetic and 

more comfortable than conventional fixed appliances Since 

the introduction of the Tooth Positioner (TP Orthodontics) 

in 1944, removable appliances analogous to clear aligners 

have been employed for mild to moderate orthodontic tooth 

movements. Clear aligner therapy has been a part of 

orthodontic practice for decades, but has, particularly since 

the introduction of Invisalign appliances (Align 

Technology) in 1998, become an increasingly common 

addition to the orthodontic armamentarium2. 

 Clear aligners that satisfy this demand are also prone to 

rapid technological improvements in aligner materials and 

production techniques . Developments in clear aligner 

technologies have increased the number and complexity of 

cases treated with this method . Clear aligners provide an 

esthetic and comfortable treatment experience, facilitate 

oral hygiene, cause less pain as compared to fixed 

orthodontic appliances, reduce the number and duration of 

appointments, and require less emergency visits. As the 

demand for esthetic treatments is increasing, more people 

are seeking alternatives to fixed orthodontic appliances. 

Clear aligners are an esthetic and comfortable option for 

orthodontic treatment and have gained immense popularity 

over the last decade3. 

The malalignment of teeth is treated classically by metal 

braces with alloy wires, which has an unfavorable influence 

on the patients appearance during the treatment. With the 

development of digitization, computer simulation and 

three-dimensional (3D) printing technology, a modern 

treatment can be tried using clear polymeric aligners, which 
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were fabricated by molding polyurethane films via 

thermoforming on the 3D-printed personalized dental 

models4. 

Clear aligners are also advantageous in that they are 

removable, tailor-made in sequence on patient-specific 

malocclusion setups, and capable of progressively guiding 

teeth into their programmed positions5. 

 The different aligner Systems uses a computer as a tool to 

assist in creating a series of sequential movements to assure 

light and consistent forces on the patient's teeth6. 

A. Problem statement Aligners which are categorised as esthetic orthodontic 

materials are highly preffered by patients in recent years. 

Aligners are made up of thermoplastic polymers based on 

polyurethenes (PU) and polyesters such as polyethalene 

terephthalate glycol (PETG) which are thermoformed and 

used in patients. Plastic material like PU & PETG bound to 

release chemicals when in contact with saliva which needs 

to investigated and compared amongst different 

manufacturers. 

B. Rationale  Aligners which are made up of thermoplastic polymers 

based on polyurethenes(PU) and polyesters such as 

polyethalene terephthalate glycol(PETG) are being widely 

used in day to day practice in orthodontics, the conduct of 

these materials in oral cavity/ saliva should be carefully 

assessed to understand the effects of these chemicals on the 

overall health of  an individual. 

C. Novelty  Study the leaching of different chemicals from various 

thermoformed alingner materials  when in contact with 

artificial saliva 
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D. Expected outcome and application • Volume and various chemicals leached from 

thermoformed aligner materials  into artificial saliva  

• Correlation between the chemicals leached and their 

possible adverse effects on the health of individual. 

3 Research question(s) Are there any chemicals which gets released into the oral 

cavity from thermoplastic aligner materials and resultant 

effects of those chemicals on overall health of an individual 

4 Research hypothesis (es), if any Null hypothesis: There is no significant difference in the 

amount of leaching from different thermoformed aligner 

materials. 

Alternative hypothesis: There is significant difference in 

the amount of leaching from different thermoformed 

aligner materials. 

 

5 Objectives of the Study: 

A. Primary objective(s) 

B. Secondary objective(s) 

Primary Objective: 

• To evaluate the chemicals released into the oral cavity 

by  different thermoplasticised aligner materials 

Secondary objective: 

• To identify and compare the possible  chemicals which 

are released into oral cavity by different thermoformed 

aligner materials. 
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6 Review of literature Raghavan et al (2016) evaluated and compared bisphenol 

A levels in saliva in patients using vaccum formed 

retainers, Hawley retainer fabricated by heat cure, and 

Hawley retainer fabricated by chemical cure. The material 

and method consisted of 45 patients who had completed 

their fixed orthodontic treatment and entering retentive 

phase of orthodontic treatment were randomly allocated 

into 3 groups consisted of vacuum-formed retainer, 

Hawley retainer fabricated by heat cure, and Hawley 

retainer fabricated by chemical cure. Saliva samples were 

collected immediately before placement, within 1 hour 

after placement, 1 week and 1 month after placement, 

high-performance liquid chromatography was done to 

check BPA levels. Statistically significant BPA levels in 

saliva were found for all groups (P #0.05). The highest 

levels were noted in the vacuum-formed retainer group, 

followed by Hawley retainers fabricated by chemical cure, 

the lowest levels were found with Hawley retainers 

fabricated by heat cure.. They concluded the study 

indicating that a Hawley retainer processed by heat cure 

would be a favorable choice 7. 

 

 
 
Aseel Alhendi et al(2022) investigated and compared the 

leaching of four different aligner systems (Invisalign®, 

Eon®, SureSmile®, and Clarity®). Three sets of aligners as 

obtained from the four manufacturers were cut and 

immersed in  ethanol with different solutions. The first was 

100% ethanol, the second was 75% ethanol to 25% water, 

the third was 50% ethanol to water, the fourth was 25% 

ethanol to 75% water, and the last was 100% water. The 

samples were incubated for two weeks at 37 . Leached 

substances were detected by the gas chromatography–

mass spectrometry (GC-MS). Eleven different chemical 
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compounds were detected and confirmed. Benzene1,3-

bis(1,1-dimethylethyl) was the only compound detected in 

all four systems at levels 

of 100% and 75% ethanol. Eon® system was the only 

material to show statistically significant differences when 

comparing the number of leached substances among the 

immersion solution concentrations. The four included 

systems showed variable degrees of leaching. The lowest 

amount of leached chemicals was observed in relation to 

the Invisalign® system, while the highest number was 

found in the Eon® system. None of the included  aligner 

systems leached detectable amounts of bisphenol-A 

(BPA). They suggested that well-constructed clinical trials 

on  clear aligners should be conducted to evaluate the 

leaching from those appliances into body8 . 

 

Theodore Eliades et al.(2007) A chemically cured, no-mix 

adhesive and a visible light-cured adhesive were bonded 

to 40 stainless steel brackets divided in 2 groups of 20 

brackets each. In total, 3 series of specimens were 

prepared for each adhesive-bracket group. All specimens 

were immersed in alcohol to induce accelerated aging. 

Samples of eluent removed from each group at 1 day and 

at 1, 3, and 5 weeks after aging were processed with high-

pressure liquid chromatography; all assays were 

performed in triplicate, and the results were averaged 

 

 No trace of BPA was identified for either 

adhesive across all time intervals, implying that, if present, 

the amount of BPA did not exceed the detection 

limit of the analytical technique (0.1 ppm or 0.1 _g/L). 

They concluded the study by saying BPA release from 

light-cured or chemically cured, no-mix adhesives did not 

reach the 0.1 ppm level. Estrogenicity assays are required 
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to clarify the potential estrogenicity of adhesives, whereas 

formulation of benzoic ring-free, high molecular 

weight monomers might eliminate the concerns associated 

with the use of Bis-GMA9. 

 

Susan Schuster et al (2004) Two sets of maxillary and 

mandibular appliances— reference and intraorally 

xposed—were placed in 75% (v/v) ethanol-25%water 

immersion medium for 2 weeks at 23°C to simulate 

accelerated aging as proposed previously. The substances 

leached in the immersion solution were then characterized 

with gas chromatography-mass spectrometry (GC-MS) 

with a GC-MS unit (Saturn 2000, Varian, Palo Alto, Calif) 

equipped with an electron impact ionization detector. 

Approximately 10 mL of the samples was extracted with 

10 mL HPLC-grade dichloromethane, and the extract was 

dried over anhydrous sodium sulfate. A PB-5 column of 30 

m in length was used with the carrier gas at a flow rate of 

30 cm/msec. The column program was 5 minutes at 40°C, 

140°C intermediate temperatures, at a rate of 5°C per 

minute, 290°C final temperature at 10°C per minute, and 

20 minutes holding time. They concluded stating that In 

vitro aged appliances were found not to release traceable 

monomers or byproducts after immersion in an ethanol-

water solvent. The aging pattern of these appliances 

intraorally involves abrasive wear arising from mastication, 

and, thus, no definitive consensus on their reactivity and 

biological properties can yet be established. 

In addition to the environmental risks, there is the risk of 

releasing toxic products used as additives in the 

manufacture of polymers. Examples include cyanides 

released during thermal degradation and BPA (Bisphenol 

A), which is used to provide transparency and increased 

strength. A study published by Environmental Health 



Page 9 of 15 

 

Perspective revealed that, even in small amounts, this 

chemical can cause diseases such as immune system 

changes, prostate enlargement, diabetes, hyperactivity, 

infertility, obesity, precocious puberty, and breast cancer.  

There is some controversy about the real presence of BPA 

in the composition of orthodontic aligners. While 

manufacturers claim that they do not contain BPA, this has 

been verified in the systematic review of Iliadi et al., 

2020. Recent research showed traces of this compound 

both in aligners based on thermoplastic materials and in 

those produced in a vaccum10. 

 

7 Methodology  

A. Study design IN- vitro study 

B. Study participants (human, 

animals or both) 

NA 

 i. Inclusion criteria Duran- aligner material,  

Biolon- aligner material,  

Zendura- aligner material, 

Clarus- aligner material will be procured , thermoformed 

and immersed in artificial saliva to check and compare for 

the chemicals leached - In – vitro study 

 ii. Exclusion criteria   

NA 
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 iii. Withdrawal criteria, if any (trial-

related therapy, follow-up and 

documentation are terminated 

prematurely as it is indicated to 

ensure safety of the participants) 

 

 

                                 Nil 

 iv. Rescue criteria, if applicable 

(starting symptomatic therapy 

either to control symptoms of 

disease or to overcome lack of 

adequate efficacy of the study 

drug or placebo) 

 

 

                                 Nil 

 v. Number of groups to be studied, 

identify groups with definition 

• The study will be categorized under 4 different groups  

and 2 different timelines 

  

 C. Sampling 

a. Sampling population 

b. Sample size calculation 

c. Sampling technique 

d. Sampling technique 
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 D. Randomization details (for 

interventional studies)- 

Intervention details with 

standardization techniques 

(drugs / devices / invasive 

procedures / noninvasive 

procedures / 

others) 

 

               

 

                                 Nil 

 E. Ethical Clearance from the 

Institution’s Ethics Committee 

Obtained? (Copy to be Attached) 
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 F. Study procedure Alinger material from different manufacturers of 1mm 

thickness (Duran, Biolon, Zendura,Clarus)  will be 

procured and thermoformed  according to the 

manufacturer's instructions with a Biostar vacuum 

thermoforming system,  which will be immersed in 

artificial saliva. 15 samples from each group will be 

collected and tested on 3rd day & 14th day. 

 

The BPA levels in the saliva will be estimated according to 

the method described by Eliades et al  using high-

performance liquid chromatography. 

 

Briefly, the sample will be processed by mixing 

and vortexing 5 mL of saliva with an equal 

quantity of ethanol. The samples will be centrifuged at 

3000 rpm for 15 minutes to settle the particulate matter. 

From the processed sample, 50 µL will be collected and 

injected in the instrument and analyzed with 

highperformance liquid chromatography. These assays 

would be performed in 15 different samples for each group 

at 2 different timelines and the results would be averaged. 
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G. Data collection methods 

including settings and 

periodicity 

Aligner material  of 1mm thickness will be procured from 

different aligner manufactures (Duran, Biolon, Zendura, 

Clarus) and thermoformed  according to the manufacturer's 

instructions with a Biostar vacuum thermoforming system,  

which will be immersed in artificial saliva. Fifteen samples 

from 4 manufactures at 2 different timelines that is on 3rd 

and 14th day  will be collected and tested  and the results 

would be averaged. 

 

 

 

 

Sample size: 120 

 

Periodicity: 12months 

 H. List of statistical tests to be used 

for data analysis 

• Descriptive stastics like mean, standard deviation, 

median and interquartile range will be calculated 

• Kruskall- Wallis test-used to compare median amount 

of chemicals leached amongst the 4 groups at 2 

timelines. 

• Mann-Whitney will be done for pair wise comparisions 

between each of the 4 groups. 

• P value of less than 0.05 will be considered as 

stastically significant. 
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 I. If it’s a Clinical Trial: 

Clinical Trials Registry of 

India or equivalent 

registration number to be 

mentioned 

 

 

                                   Nil 
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