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SUMMARY 

 

 

 Orthodontic relapse is one of the most commonly seen sequela post orthodontic 

treatment, which emphasizes the retention period as one of the most crucial phases for successful 

long-term treatment.  One of the only effective approaches to prevent orthodontic relapse is long-

term retainer wear. Clear retainers have increased in popularity due to their “clear” esthetic 

nature (Chang et al., 2014). Crucial to maintaining the “clear” nature of these retainers is an 

effective cleaning technique. Until now, few scientific studies have been performed that focus on 

the proper maintenance for “clear” retainers. 

 

 This preliminary study aims to evaluate long-term light transmittance, surface 

roughness, and flexural modulus, of two clear retainer materials: Vivera® (Align Technology, 

Inc.) and Essix® ACE (Dentsply® International Inc.) using 7 different cleaning methods 

including: Invisalign® cleaning crystals, Polident®, Listerine® mouthwash, 2.5% vinegar, 0.6% 

sodium hypochlorite, 3% hydrogen peroxide, and toothbrushing with distilled water over a 6-

month period. 
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1. INTRODUCTION 

1.1  Background  

Clear retainers have increased in popularity due to their near invisible appearance (Mai et al., 

2014; Singh et al., 2009; and Hichens et al., 2007). The most common polymers used to fabricate 

clear retainers are polyester, polypropylene, and polyurethane (Zhang et al., 2011). Because 

retainers are essential in preventing orthodontic relapse, it is crucial to have an effective cleaning 

technique to maintain long-term use of the retainers. Coupled with long-term use of clear 

retainers comes disadvantages including loss of translucency and material integrity, 

discoloration, and plaque and calculus retention (Zafeirdiadis et al., 2014; and Gardner et al., 

2003). If an effective cleaning method can be formulated, it will allow for increased life span of 

the retainers and overall better retainer compliance.  

 

1.2 Objective 

This preliminary study aims to evaluate long-term light transmittance, surface roughness, 

and flexural modulus, of two clear retainer materials: Vivera® (Align Technology, Inc.) and 

Essix® ACE (Dentsply® International Inc.) using 7 different cleaning methods including: 

Invisalign® cleaning crystals, Polident®, Listerine® mouthwash, 2.5% vinegar, 0.6% sodium 

hypochlorite, 3% hydrogen peroxide, and toothbrushing with distilled water over a 6-month 

period. Ultimately, the goal of this study was to observe the long-term effects of various cleaning 

methods on the physical and mechanical properties of the clear retainer materials.  
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1.3 Hypotheses 

H(1) – There is no mean difference in the light transmittance, surface roughness, and 

flexural modulus between Vivera® and Essix® ACE thermoplastics at baseline.  

H(2) - There is no mean difference in the long term light transmittance, surface 

roughness, and flexural modulus of Vivera® or Essix® ACE between baseline and six months 

when exposed to seven cleaning methods. 

H(3) – There is no long term mean difference between seven cleaning methods in the 

light transmittance, surface roughness, and flexural modulus of Vivera® or Essix® ACE. 

 

1.4 Eligibility 

Inclusion Criteria 

 Retainer materials – 0.040” thickness 

o Vivera® - Invisalign® 

o Essix® ACE - Dentsply® International Inc. 

 7 cleaning methods and a storage solution 

o Invisalign® cleaning crystals 

o Polident® 

o Listerine® 

o 2.5% vinegar 

o 0.6% sodium hypochlorite 

o 3% hydrogen peroxide 

o Artificial saliva (storage) 

 Tooth-brushing cleaning method 
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Exclusion Criteria 

 Non Vivera® or non Essix® ACE retainer materials 

 Any cleaning method not listed above 
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2. REVIEW OF LITERATURE 

2.1  Importance of Retention 

Orthodontic retention is one of the most important aspects of orthodontic treatment to 

prevent relapse. Studies have shown that if the periodontal structures surrounding orthodontically 

treated teeth do not remodel, the teeth will have a higher tendency to relapse (Thilander, 2000). 

Post treatment, it is often difficult to distinguish between relapse due to continued growth of the 

patient and associated structures, or relapse due to remodeling of the periodontium or orthodontic 

treatment (Thilander, 2000). The final occlusal outcome is a combination of effects of facial 

growth in conjunction with dental development. However, facial structures and the dento-

alveolar process continue to change throughout one’s lifetime, therefore being in a constant state 

of turnover (Thilander, 2000).  The issues behind retention become much more pronounced in 

adults who may have had a malocclusion that developed over many decades and was corrected in 

a matter of 18-24 months. It becomes more difficult to retain a malocclusion in an adult versus in 

a growing patient due to the amount of time that the adult patient had the malocclusion 

(Arvystas, 1996). In adulthood, the time required for transeptal, supracrestal, supra-alveolar 

connective tissue fibers to stabilize is much more than in childhood.  Therefore, retention 

becomes even more important once patients are treated as adults. (Arvystas, 1996). Once 

orthodontists understand the interplay between relapse and continued physiological changes, 

they can better understand the best methods of retention. It is important however, for patients to 

understand that retention is a continuation of orthodontic treatment and is meant to maintain the 

teeth and occlusion in a steady state. (Thilander, 2000). In addition, based on each patient’s 

individual condition, the options for retention are numerous. 
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 Though the options for retention vary greatly, studies still remain inconclusive with 

regards to the efficacy of one retention protocol over another. 

 

2.2 Retention Options 

Recently, more options for orthodontic retention have been introduced aside from the 

traditional Hawley metal retainer. Thermoplastic clear retainers have increased in popularity due 

to their esthetic and clear properties. Though often preferred because of their clear nature, the 

physical properties of these clear retainers undergo constant transformation due to intraoral 

temperature and load deflection changes (Kwon et al., 2008). These clear retainers are fabricated 

from thermoplastic material, mainly composed of polyethylene or polypropylene. Previous 

studies have reported poor wear resistance of thermoplastic materials, and similar studies on 

mouth guards made from comparable materials have demonstrated dimensional changes (Kwon 

et al., 2008). Vivera®, a polyurethane blend is known to show sensitivity to heat, humidity and 

salivary enzymes though it has been shown to be biocompatible (Gracco et al., 2009).  

 Orthodontists differ extensively in their retention post orthodontic treatment. In a recent 

systematic review, the effectiveness of Hawley retainers compared to vacuum formed retainers 

was investigated. Seven studies were reviewed including five randomized control trials and two 

controlled clinical trials. Though there was some evidence suggesting no significant difference 

between Hawley retainers and vacuum formed retainers in regards to post treatment changes in 

intermolar and intercanine widths, there was no evidence recommending one over the other with 

respect to occlusal contacts, cost, patient satisfaction and lifetime (Mai et al., 2014).  

Furthermore, some studies show that Hawley retainers allow for better posterior occlusion 

settling, a process that is hindered by thermoplastic retention (Rinchuse et al., 2007).  
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 In a study by Lindauer and Shoff, clear retainers were compared to Hawley retainers in 

their effectiveness at maintaining orthodontic correction. Both types of retainers proved to be 

suitable in maintaining teeth alignment post orthodontic treatment (Lindauer and Shoff, 1998). 

On the other hand, a prospective randomized controlled trial showed more incisor irregularity 

after six months of Hawley retainer use compared to thermoplastic vacuum formed retainer use 

(Rowland and Williams, 2006).  

 Apart from removable orthodontic retention appliances, fixed retainers are another 

suitable retention option.  A twisted flexible wire such as a 0.0175” steel wire can be bonded to 

the six anterior front teeth. However, if only bonded to the canines and not the incisors, some 

rotation and/or labio/lingual movement of the incisors may occur. Heat treatment of the wire 

prior to bonding may prevent these unnecessary movements (Rinchuse et al., 2007).  Though 

fixed retention prevents the need for patient compliance with retainer wear, it does introduce 

other problems such as gingival inflammation and plaque buildup due to the difficulty in 

cleaning. Furthermore, occlusal interferences and forces may distort the wire causing unwanted 

movement of the teeth (Rinchuse et al., 2007).   

 Ultimately, the appropriate retention protocol is determined based on the individual 

patient in conjunction with goals set by the orthodontist (Mollov et al., 2010).  

 

2.3 Advantages of Clear Retainers 

The advantages of clear thermoplastic retainers are numerous. Apart from being more 

esthetic, cost effective, and durable when compared to Hawley retainers, there is no adjustment 

needed upon delivery. Furthermore, less lab time and knowledge of dental laboratories/wire 
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bending is needed to fabricate clear retainers compared to traditional Hawley retainers (Gardner 

et al., 2003). 

 The durability of clear thermoplastic retainers was tested in a study conducted by 

Gardner et al. In order to determine the wear capability of retainer thermoplastics, three 

thermoplastics, Raintree Essix® C+, Great Lakes Orthodontics Invisacryl® C and a TR® (hard 

polyethylene terephthalate glycol (PETG) copolymer) sheet were examined. The three polymers 

underwent 1000 cycles in a wear apparatus with steatite ceramic abraders. Results showed that 

the TR® thermoplastic material had four times less wear compared to Essix® C+ and 

Invisacryl® C. Furthermore, there was no difference in wear between Essix® C+ and 

Invisacryl® C (Gardner et al., 2003). 

 

2.4 Maintenance of Clear Retainers  

Though clear retainers have become more popular due to their esthetic nature, proper 

cleaning and maintenance of this type of retainer is difficult. There are two main methods for 

cleaning clear retainers, mechanical and chemical. Mechanical cleaning includes tooth brushing 

and/or using an ultrasonic device. Chemical cleaning on the other hand involves submerging 

retainers in refreshing/antimicrobial cleaning solution (Chang et al., 2014). Along with cleaning 

of the clear retainers, it is important to understand that the integrity of the clear plastic material 

may become compromised after repetitive use and cleaning cycles. If orthodontists understand 

the extent to which plastic retainers can undergo wear and deformation before fracturing, this can 

ultimately help prevent relapse due to broken retainers. 

 In a study by Pascual et al., 2010, two different clear plastic retainer materials were 

tested, polyethylene-terephthalate-glycol (PETG; Tru-Tain Splint) and polypropylene/ethylene-
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propylene rubber (PP-EPR) blend (Essix C+). The materials were stored either in dry air, 

distilled water, Listerine® mouthwash, mint Crest® ProHealth mouthwash, 3% hydrogen 

peroxide, or Polident®.  The specimens were then fractured under tension to determine their 

essential work of fracture and plastic work of fracture. Results of this study showed that 

compared to distilled water, none of the cleaning solutions decreased the energy needed to 

initiate fracture in both orthodontic thermoplastic retainers (Pascual et al., 2010).  

 

2.5 Relevant Studies 

In a recent study, the force and energy delivery properties of three Essix® thermoplastic 

materials, A+, ACE and C+ were investigated using a three-point bend test. These materials 

underwent thermocycling for 1000 cycles or 1mm repeated load cycling for 100 cycles. The 

materials were then tested at baseline and after cycling. Results of this study showed the force 

delivery after thermocycling was not statistically different from that at baseline, however it was 

different after repeated loading (Kwon et al., 2008).  

 In a similar study, 30 flat specimens of Vivera® retainer material were divided randomly 

into one of four test groups.  Each group consisted of a specific solution in which the retainer 

samples were immersed.  The four different solutions were coffee, tea, red wine, and Coca-

Cola®. The fifth group was distilled water, which was used as the control. The specimens were 

immersed in their appropriate solution for an unspecified amount of time. After immersion, a 

spectrophotometer was used to measure the CIE color parameters. Results of this particular study 

showed that coffee and tea both had a significant impact on the color staining of the Vivera 

retainer material, and to a lesser extent, red wine (Zafeiriadis et al., 2014). 
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A study by Chang et al., examined the mechanical and chemical effectiveness of bacteria 

removal on Essix® ACE plastics.  In the first study retainers were brushed with Colgate® 

toothpaste, brushed with distilled water and then rinsed with distilled water to determine the 

effectiveness of removal of Streptococcus mutans. In the second study, retainers were brushed 

with fluoridated toothpaste, chlorhexidine gel, and immersed in a chlorhexidine solution to 

determine the mechanical and chemical effectiveness of removal of multispecies biofilm.  

Results of the first study showed a 99% reduction in S. mutans when brushing with toothpaste 

alone. Conversely, in the second study, all techniques significantly reduced all microorganisms 

except for methicillin-resistant S. aureus (Chang et al., 2014).   

A study by Ryokawa et al., evaluated water absorption with a 2-week water absorption 

test, thickness changes tests with thermoforming and water absorption, and tensile tests in 

simulated intraoral environment of eight different thermoplastic materials. Results of this study 

demonstrated a significant increase in water absorption of the materials, a decrease in thickness 

after thermoforming, and an increase in elastic moduli of some of the materials with a decrease 

in the others. There was a decrease in tensile yield stress of the materials in the simulated oral 

environment. (Ryokawa et al., 2006). This study suggests that significant environmental factors 

may influence the mechanical and physical properties of dental thermoplastics. 

Few studies have investigated the effects of intra-oral conditions on the deterioration of 

clear aligners. One study by Gracco et al., evaluated the short-term optical, chemical, and 

morphological changes in Invisalign® aligners when exposed to the oral environment. This study 

investigated one ‘as-received’ Invisalign® aligner, one aligner submerged in artificial saliva for 

2 weeks, and one aligner that was intra-orally used. Infra-red analysis was used to determine 

molecular degradation, spectrophotometry was used to evaluate color and translucency changes, 
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and scanning electron microscopy was used to evaluate surface morphology. Results revealed 

significant molecular changes on the surfaces of all three different aligners, no surface damage to 

the ‘as-received’ aligner, but significant damage to the intra-orally used aligner. Translucency 

was greatest for the ‘as-received’ aligner and least for the intra-orally used aligner suggesting 

that human saliva contributes to discoloration of clear retainers (Gracco et al., 2009). 
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3. METHODOLOGY 

3.1 Study Design 

All testing was completed at the UIC School of Dentistry and the ADA building. Based 

on the current literature and what orthodontists most commonly recommend to clean retainers, 

seven different clear retainer cleaning methods were chosen for this study: Invisalign® cleaning 

crystals, Polident® denture cleaner, Listerine® mouthwash, 2.5% vinegar, 0.6% sodium 

hypochlorite (NaClO), 3% hydrogen peroxide (H2O2), and toothbrushing with distilled water 

with a standardized toothbrushing machine. 

All of the cleaning experimental procedures and storage of samples was performed at the 

laboratory at UIC and the property testing was performed at the ADA building. At baseline when 

the samples had not been treated, and after soaking at 6 months, the physical properties: light 

transmittance, surface roughness, and flexural modulus of the two clear retainers, Vivera® and 

Essix® ACE were measured using a spectrometer, profilometer, and an instron three-point bend 

test, respectively at the ADA.   

 

3.2 Specimen Preparation 

The two clear retainer materials chosen for this study were Vivera® from Align® 

Technology and Essix® ACE from Dentsply International Inc. Vivera samples, a polyurethane 

blend of methylene diphenyl diisocyanate and 1,6-hexanediol, were prepared by Align® 

Technology at the standard dimension of 50.8mmx12.7mmx1mm as recommended by the 

ANSI/ADA Standard No 139 for Dental Base polymers (Figure 1). Essix® ACE, a copolyester 

of 0.040mm thickness from Lot 00022419 and was generously provided by Dentsply 

International Inc. The Essix® ACE material was first processed over a stainless steel block 
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(Figure 2) with the following dimensions 55mm x 18mm x 6mm (Figure 3) using the Biostar® 

from Great Lakes Orthodontics, Ltd (Figure 4). The samples were cut from the processed sheet 

into the standard dimensions (Figure 5) using a diamond saw and automated CNC milling 

machine at the ADA. In a similar study, flat stone models were used instead of stainless steel 

blocks to fabricate flat specimen of standard dimensions (Kwon et al., 2008).  

 

 

                       
Figure 1: Photo of Vivera® sample 

 

 

 

 

 

            
Figure 2. Photo of stainless steel block used for material processing 
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Figure 3. Photo of processed Essix® ACE material 

 

 

 

 

 
Figure 4. Photo of Biostar® from Great Lakes Orthodontics, Ltd. 

 

 

 

 

 
Figure 5. Photo of Essix® ACE material in the standard testing dimension 
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Ten specimens of each prepared material were randomly divided into seven groups for 

each cleaning solution and the toothbrushing group. Five of the specimens in each group were 

tested for flexural modulus and the other five were tested for light transmittance and surface 

roughness. One specimen was taken at random from each cleaning group for SEM testing. The 

specimens for SEM only came from the specimens used for light transmittance and surface 

roughness. The labeling scheme for each individual specimen consisted of a letter and two 

numbers to designate the material, specimen number, and cleaning method. A “V” or an “A” was 

used to represent Vivera® or Essix® ACE respectively. The first number represented the 

specimen number (1-0) with the final number representing the solution (1-8). The specimen 

numbers, 1-5 were used for the flexural modulus test and 6-0 were used for the light 

transmittance and surface roughness tests. The solution numbers represented the cleaning groups 

as follows. Group 1-Invisalign® cleaning crystals, group 3-Polident®, group-4 Listerine®, group 

5-2.5% vinegar, group-6 0.6% sodium hypochlorite, group 7-3% hydrogen peroxide and group-8 

toothbrushing. As an example, V61 would represent Vivera®, specimen number 6 used for 

transmittance and surface roughness, and cleaning method Invisalign® cleaning crystals. A05 

would represent, Essix® ACE, specimen number 10 used for transmittance and surface 

roughness, and cleaning method vinegar (Figure 6). Note: Group 2 was a different solution used 

in a similar experiment but excluded from the current study. Five samples of each material were 

used in each cleaning solution to account for any fracture or breakage throughout the project. 

Each group of five specimens was wrapped in a 10”x10” piece of Regency Natural Ultra 

Fine 100% cotton cheesecloth, with each specimen separated from the next by a glass bead in 

order to allow the material to be completely exposed to all solutions. The bundle was tied tightly 

with twine (Figure 7). Each group of ten specimens, separated into two separate bundles was 
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stored in artificial saliva in a glass jar appropriately labeled with the retainer material and 

solution (Figure 8) and stored at 37°C. 

 

 

 

                 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Photo of labeled Vivera® and Essix® ACE samples 

 

 

 

 

 
Figure 7. Specimens wrapped in cheesecloth 
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Figure 8. Labeled specimens stored in artificial saliva 

 

 

 

 

 
Figure 9. 37°C Incubator 

 

 

3.3 Cleaning Solutions and Artificial saliva preparation 

Large volumes of 2.5% acetic acid (vinegar) and 0.5% sodium hypochlorite (NaClO) 

were prepared at a time to reduce the variation from solution preparation. To create the vinegar, 

25 mL of 99% glacial acetic acid was added to 800mL of Double-distilled water. Additional 

Double-distilled water was added up to a final volume of 1000 mL. 60 mL of 5% concentrated 

(splash less) Clorox® bleach was added to 540 mL of Double-distilled water to a final volume of 

600 mL to create 0.5% NaClO during the experiment. 3% hydrogen peroxide (H2O2) was 
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prepared on the experiment day with 60 mL of 30% H2O2 and 540 mL of Double-distilled water. 

600 mL of vinegar, 0.5% NaClO, and 3% H2O2 solutions were used each experiment day.  

Artificial saliva was prepared with 1.6g sodium chloride, 1.6g potassium chloride, 3.18g 

calcium chloride dehydrate, 2.76g sodium dihydrogen phosphate monohydrate, 0.02g sodium 

sulfide nonanhydrate, 4g urea, and 4000 mL distilled water (Nakagawa, 1999) (Figure 10). The 

saliva was thoroughly mixed overnight on a magnetic stir plate. The day following saliva 

preparation, potassium hydroxide was added to the saliva to achieve a final pH of 6.75. 

 

 

 

 

 
Figure 10. Artificial saliva 

 

 

3.4 Experimental process 

Throughout the study period, specimens remained in artificial saliva at 37°C. Twice a 

week, each group of specimens was removed from the artificial saliva, rinsed with Double-

distilled water, and then immersed in 600 mL of the appropriate cleaning solution. According to 
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the manufacturer’s instructions, six packets of Invisalign® cleaning crystals were dissolved in 

600 mL of distilled water and four tablets of Polident® denture cleaner were dissolved in 600 

mL of distilled water. Specimens were suspended from glass rods atop the beakers (Figure 11) 

filled with each of the six solutions for 15 minutes, with the exception of Polident®, which was 

used for 3 minutes per GSK manufacturing recommendation. The beakers were placed on 

magnetic stir plates with stir rods to facilitate cleaning.  

 

 

 
Figure 11. Specimens submerged in Invisalign® cleaning crystals 

 

 

 

For the seventh cleaning method, specimens from each material were brushed with a 

standardized tooth-brushing machine custom-fabricated by the ADA staff (Figure 12) and 

Double-distilled water for 2 minutes twice weekly over the same 6-month period. The tooth-

brushing machine speed control was set at 15%, which was equal to 300 strokes per minute, and 

the load was set at 50 grams. The machine was run for 2 minutes using a standard soft bristle 
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toothbrush. Over the course of the two minutes, Double-distilled water was sprayed through a 

plastic syringe on the specimen every 15 seconds to maintain moisture. 

 

 

 

    

 

 

 

 

Figure 12. Standardized toothbrushing machine 

 

 

 

Following soaking and toothbrushing each day, specimens were replaced in the 

cheesecloth and returned to the appropriate glass jars with a fresh batch of artificial saliva and 

replaced in the incubator at 37°C. 

 

3.5 Data Collection 

 The three physical properties that were measured for each of the specimens tested 

included: 1.) light transmittance, 2.) surface roughness, and 3.) flexural modulus. 

 Light Transmittance was measured using a system (Figure 13) consisting of a miniature 

spectrometer (Flame, Ocean Optics Inc.), a broadband quartz tungsten halogen light source, a 

six-inch diameter integrating sphere (Labsphere Inc.), a custom designed specimen holder, and 

associated fiber optic cables (QP100-2 UV VIS, Ocean Optics Inc.). Light transmission 

measurements were collected with Oceanview software (Ocean Optics version 1.5) using a built-

in transmission measurement algorithm. Prior to testing, the light source was allowed to stabilize 

for approximately 15 minutes. The system was then initialized with this light source by taking 
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light energy measurements without a specimen inserted into the specimen holder. After inserting 

the specimen, light energy measurements were taken and transmission measurements were 

automatically calculated for wavelengths from 380nm to 740nm.  

 

 

 
Diagram courtesy of Henry Lukic, ADA Science Institute, Research and Standards 

Figure 13. Diagram of light transmission measurement system 

 

 

 

Surface roughness was measured using a Surtronic 3+ profilometer (Taylor Hobson, Inc.) 

(Figure 14) placed on a Thorlabs motorized XYZ stage controlled by Thorlabs APT software. 

The parameters on the profilometer were set so that the cutoff length, Lc, was set to 0.25mm and 

the evaluation length, Ln, was set to 2.5mm (Figure 14). The resolution of measurements was set 

to 0.02 micrometers. Each sample was placed into the holder shown in Figure 15 with the 

engraved label side facing up and furthest away from the researcher. 
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Figure 14. Surtronic3+ Profilometer Display 

 

 

 

 
Figure 15. Photo showing profilometer stylus and specimen holder (left) and diagram showing 

specimen measurement locations (right) 

 

 

 

The APT software (Figure 16) was used to position the stylus of the profilometer to 

measure the surface roughness at three locations on each specimen. The measurements were 

located 5mm above the center, at the center, and 5 mm below the center along the length of the 

specimen (Figure 15). After the stylus was positioned, surface roughness measurements were 

taken by depressing the “measurement start key” located at the top left corner of the 

profilometer. The resulting output was electronically transferred to the Microsoft HyperTerminal 

application (Figure 16). 
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The following six roughness values were recorded during each measurement: Ra, Rq, 

RzDIN, Rt, Ry, and Sm, but for the purposes of this testing, only the arithmetic average roughness, 

Ra, was analyzed for surface roughness. 

A universal testing machine (Instron 5582) (Figure 17) was used to conduct a three-point 

bend test, in conjunction with the program Testworks. Prior to starting any testing, each 

individual specimen was measured three times using calipers and a C-clamp for width and 

thickness respectively. The measurements were made on either end of the specimen and directly 

in the center.  These measurements were used consistently throughout the entire six months of 

testing.  

 In the Testworks program, the width and thickness were entered for each individual 

specimen in the first tab labeled “Test”. All other values (test speed, endpoint, and length) 

Figure 16. Thorlabs APT software interface (left) and hyperterminal output (right) 
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remained constant. Each specimen was oriented with the labeled side face up and to the right of 

the positioner. The specimen was held between two black blocks in order to center itself on the 

fixture. Once inserted properly, only the block on the right side remained during the test (Figure 

17). 

 

 

 

 
Figure 17. Photo of Instron setup 

 

 

 

The plunger was lowered using the down arrow on the remote (Figure 18) until it just 

touched the sample.  

 

 
Figure 18. Photo of Instron remote 
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The LOAD value on the “Test” tab changed from negative to positive, after which the 

lowering of the plunger was halted and the machine was locked via the remote. The green arrow 

on the remote was pushed to begin the test after locking the machine. The plunger depressed the 

specimen until it reached 1% strain after which it stopped. Once 1% was reached, the plunger 

was released from the specimen. The “Review” tab on Testworks revealed the modulus of 

elasticity in MPa (Figure 19). The data was then exported to excel. 

 

 

 

 
Figure 19. Testworks interface (Young's modulus) 

 

 

 

The JCM-6000 Neoscope II Benchtop Scanning Electron Microscope (JEOL Inc.) was 

used to obtain qualitative image data to supplement the quantitative findings of the three 

previously described tests (Figure 20). The scanning electron microscope (SEM) images were 

taken only at the end of the 6-month testing period. One specimen was randomly chosen from 

each specimen group for a total of 15 samples. Each specimen was plated with a layer of gold 

approximately 10 nm thickness on both sides using the Cressington Sputter Coater (Figure 21). 
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Figure 20. JCM-6000 Neoscope II Benchtop SEM (JEOL, Japan) 

 

 

 

 

 

               

 

 

 

 

 

Figure 21. Cressington sputter coater (left) and Gold plating chamber (right) 

 

 

 

 

Gold plated specimens were placed into the JEOL chamber (Figure 22) and inserted into 

the machine. Qualitative analysis was taken in the center of each specimen at 50 microns scale 

and 500 times magnification. 
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Figure 22. Photo of specimen holder for SEM 

 

 

 

3.6 Data Analysis and Statistical Analysis 

 Once the light transmittance (%), surface roughness (μm), and flexural modulus (MPa) 

values were obtained from their respective machines, the raw data was recorded in an excel 

spreadsheet. The mean differences were calculated. Assumption of normality of the data was 

evaluated using the Shapiro-Wilk test. Shapiro-Wilks test of normality showed that the majority 

of the variables had a normal distribution. The study hypotheses were evaluated using parametric 

tests and non-parametric tests depending on the type of data distribution. For the comparison of 

the mean difference, independent student t-tests and one-way ANOVA were performed to 

compare the cleaning methods on the three properties of each material. For the comparison of the 

mean difference between each experimental method, Post-hoc Bonferroni multiple comparison 

tests were used when needed. Statistical significance was set at 0.05. All calculations and tests 

were performed with IBM SPSS Statistics for Windows (version 22.0, IBM Corp., Armonk NY). 

 

 



27 

 

4. RESULTS 

 

4.1 Normality 

 

 The Shapiro-Wilk test showed that the majority of the variables in this study had a 

normal distribution. Descriptive statistics were computed for all of the variables. Non-parametric 

and parametric tests were performed. Both parametric and non-parametric analyses demonstrated 

similar results. Based on the distribution of the raw data, mean differences were investigated 

using independent t-tests for each cleaning method between baseline and 6 months. The results 

are reported based on the parametric test procedures. The mean differences among all cleaning 

methods were investigated by one-way ANOVA with post hoc Bonferroni tests when needed. 

To test for any inherent difference in light transmittance, surface roughness, and flexural 

modulus between Vivera® and Essix® ACE at baseline, an independent student t-test was run to 

test the mean differences. Data from the tests indicate that Vivera® had less initial transmittance 

compared with Essix® ACE and greater initial flexural modulus. The surface roughness between 

the two specimens was comparable (Table I, Figures 23-25). 

 

TABLE I 

INDEPENDENT STUDENT t-TEST FOR MEAN DIFFERENCES  

AT BASELINE (NO SOLUTIONS) FOR VIVERA® AND ESSIX® ACE –  

DESCRIPTIVES RESULTS (X̅,SD) 

 
     *Statistically significant at: p≤0.05 

 

 

 

 

 

Groups         
Variables

Light Transmittance (%) Surface Roughness (μm) Flexural Modulus (MPa)

Vivera® (n=35) 92.2± 0.8* 0.14±0.05 2760±89*

Essix® ACE (n=40) 95.2±0.9* 0.14±0.02 2045±84*
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Figure 23. Graph of light transmittance at baseline 

 
Figure 24. Graph of surface roughness at baseline 

 

 
Figure 25. Graph of flexural modulus at baseline 
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4.2 Vivera® 

Results of the independent t-test between baseline and six months indicate that there was 

a consistent loss of transmittance in Vivera® retainer materials when immersed in all cleaning 

methods compared to baseline. Independent student t-tests between baseline and each of the 

cleaning methods on light transmittance at baseline and six months showed significant mean 

differences for all cleaning methods (p<0.05) (Table II, Figure 26). All methods produced similar 

roughness values when comparing baseline and six months except for NaClO (Table II, Figure 

27). Qualitative analysis with SEM of NaClO showed no difference in surface texture at 50 

microns and 500x magnification between baseline and six months (Figure 28). All cleaning 

methods showed similar effects on flexural modulus comparing baseline to six months except for 

vinegar and toothbrushing which both decreased the flexural modulus of Vivera® (Table II, 

Figure 29). 

 

TABLE II 

 INDEPENDENT STUDENT t-TESTS AT 6 MONTHS COMPARED TO BASELINE FOR 

VIVERA® (N=5) – DESCRIPTIVES RESULTS (X̅,SD) 

*Statistically significant at: p≤0.05 
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Figure 26. Graph of Vivera® light transmittance between baseline and 6 months (*P<0.05) 

 

 

 
Figure 27. Graph of Vivera® surface roughness between baseline and 6 months (*P<0.05) 

 

 

 

 



 

 

31 

 

 

 

       

 

 

 

 

 

 

 

Figure 29. Graph of Vivera® flexural modulus between baseline and 6 months (*P<0.05) 

 

 

 Results of the one-way ANOVA on cleaning methods for Vivera® showed that a 

statistically significant difference was found in light transmittance among the cleaning methods 

Figure 28. SEM of Vivera® no treatment (Left) and Vivera® with NaClO (Right) 
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(Table IV). Post hoc Bonferroni tests on transmittance indicated that toothbrushing had the 

greatest decrease in transmittance while Invisalign® cleaning crystals, Listerine®, and Polident® 

showed good transmittance at 6 months (Table V). There was no difference among the cleaning 

methods on surface roughness and flexural modulus (Table IV).  

 

 

TABLE III 

VIVERA® (N=5) – DESCRIPTIVES RESULTS (X̅,SD) 

 
 

 

 

TABLE IV 

VIVERA® ONE-WAY ANOVA RESULTS 

 
                 *Statistically significant at: p≤0.05 

 

 

 

TABLE V 

VIVERA® PAIR-WISE MEAN-DIFFERENCE RESULTS – LIGHT TRANSMITTANCE 

 
*Statistically significant at: p≤0.05 
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4.3 Essix® ACE 

Results of the independent t-test indicate that there was a consistent loss of transmittance 

with Essix® ACE in all cleaning methods at six months compared to baseline (Table VI, Figure 

30). Independent student t-tests between baseline and each of the cleaning methods on light 

transmittance at baseline and six months showed statistically significant mean differences for all 

cleaning methods (p<0.05) (Table VI). All methods produced similar roughness values at six 

months except for Listerine® (Table VI, Figure 31). Qualitative analysis with SEM of 

Listerine® showed no difference between baseline and six months (Figure 32). All cleaning 

methods increased flexural modulus at six months except for Invisalign® cleaning crystals 

(Table VI, Figure 33).  

 

TABLE VI 

 INDEPENDENT STUDENT t-TESTS AT 6 MONTHS COMPARED TO BASELINE FOR 

ESSIX® ACE (N=5) – DESCRIPTIVES RESULTS (X̅,SD) 

 
*Statistically significant at: p≤0.05 
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Figure 30. Graph of Essix® ACE light transmittance between baseline and 6 months 

 

 

 

Figure 31. Graph of Essix® ACE surface roughness between baseline and 6 months 
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Figure 32. SEM of Essix® ACE no treatment (Left) and ACE with Listerine® (Right) 

 

 

 
Figure 33. Graph of Essix® ACE flexural modulus between baseline and 6 months 

 

 

One-way ANOVA was performed to compare the methods on the three properties of each 

material. A statistically significant difference was found in light transmittance and flexural 

modulus changes among the cleaning methods (Table VIII). Post hoc Bonferroni tests on 

transmittance indicated that Listerine® had the lowest transmittance compared to all other 

solutions which showed better transmittance. There was no difference however between 

transmittance in Listerine® and toothbrushing (Table IX). Post hoc Bonferroni tests on flexural 
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modulus changes indicated 3% H2O2 had the greatest increase in stiffness compared to 

Invisalign® cleaning crystals which did not show much change (Table X). Toothbrushing also 

had an increase in stiffness that was different from Invisalign® cleaning crystals. There was no 

difference among the cleaning methods on surface roughness changes (Table VIII). 

 

TABLE VII 

ESSIX® ACE (N=5) – DESCRIPTIVES RESULTS (X̅,SD) 

 

 

 

TABLE VIII 

ESSIX® ACE ONE-WAY ANOVA RESULTS 

 
*Statistically significant at: p≤0.05 

 

 

 

TABLE IX 

ESSIX® ACE PAIR-WISE MEAN-DIFFERENCE RESULTS – LIGHT TRANSMITTANCE 

 
*Statistically significant at: p≤0.05 
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TABLE X 

 

ESSIX® ACE PAIR-WISE MEAN-DIFFERENCE RESULTS – FLEXURAL MODULUS 

 
*Statistically significant at: p≤0.05 
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5. DISCUSSION 

 

5.1  Discussion 

 

This study evaluated the long-term effects of cleaning methods on light transmittance, 

surface roughness and flexural modulus of Vivera® and Essix® ACE clear retainers. The main 

composition of Vivera® is polyurethane and Essix® ACE is a copolyester, consisting mainly of 

polyethylene (Invisalign Appliance Materials, 2013 and ACE Plastic, 2005). Aligner materials 

are generally composed of resin polymers and subject to changes when exposed to humidity, 

warmth, and salivary enzymes (Eliades et al., 1999).   

Results of our baseline analysis of light transmittance, surface roughness, and flexural 

modulus of Vivera® and Essix® ACE reveal that they differ in transmittance (Figure 23) and 

flexural modulus (Figure 25) but are comparable in surface roughness (Figure 24). Vivera® had 

a decreased initial transmittance compared to Essix® ACE and an increased modulus. Therefore, 

we reject the first null hypothesis for light transmittance and flexural modulus. Both materials 

are made up of different polymers. Vivera® is a polyurethane and comes from methylene 

diphenyl diioscyanate and 1, 6-hexanediol with additional additives (Invisalign® Appliance 

Materials, 2013). The literature reports that polyurethanes are particularly susceptible to light 

degradation (Thomson, 2013). Furthermore, aging of polyurethanes has been shown to increase 

modulus (Boubakri et al., 2010) supporting the results of our first hypothesis. Essix® ACE is a 

copolyester, primarily consisting of polyethylene tetraphalate and additives (ACE Plastic 2005). 

Because each material is made up of a different polymer, their baseline properties are expected to 

differ.  

Aromatic polyurethane, the specific type of polyurethane in Vivera® is extensively used 

in medical devices and known to have superb mechanical properties. These properties include 
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high tensile strength and high melting points, abrasion resistance, chemical resistance, ease of 

processing and tensile strength (A guide to thermoplastic polyurethanes). Despite good physical 

properties, polyurethanes are susceptible to light degradation over time (Thompson, 2013). 

Furthermore, they are susceptible to water hydrolysis and oxidative degradation ultimately 

leading to cracking when left in vivo for extended periods of time. Polyurethane is not inert, and 

is known to be affected by heat, moisture, and enzymes (Schuster et al., 2004). According to the 

MSDS sheet from Align® Technology, Vivera® is meant to be thermally stable at most 

temperatures. However, surface degradation is expected when exposed to sunlight. On the whole 

however, no large amounts of biodegradation are expected (Align Technology, 2013).

 Copolyesters are known to have high light transmittance, excellent mechanical properties, 

great fatigue resistance, and dimensional stability (Zhang et al., 2011). Primarily composed of 

polyethylene, copolyesters have good chemical resistance and have been shown to exhibit less 

wear than other softer thermoplastics (Gardner et al., 2003). Similar to polyurethane, 

copolyesters do contain low hydrolytic stability (Modjarrad and Ebnesajjad, 2014). As supported 

by the literature above, there is an inherent difference in the composition of Vivera® and Essix® 

ACE. 

The second hypothesis is rejected for light transmittance in both retainer materials. Both 

Vivera® and Essix® ACE showed similar loss of light transmittance among all cleaning 

methods. These results agree with previous studies examining the deterioration of properties of 

aligner materials overtime (Gracco et al, 2009). Based on the results of the current study, it is 

evident that there is a consistent decrease in translucency in both Vivera® and Essix® ACE 

retainer materials due to immersion in different cleaning solutions. Polyurethane, the primary 

component of Invisalign® aligners has been known to have loss of transmittance inherent in its 
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physical properties which could have attributed to the decrease in transmittance compared to 

Essix® ACE (Gracco et al., 2009). Furthermore, artificial saliva will accelerate discoloration of 

polyurethane material despite daily toothbrushing (Gracco et al., 2009). Previous studies have 

also found that polyurethanes are particularly vulnerable to pigment adsorption and have poor 

color stability supporting the fact that there was a decrease in translucency (Kim and Lee, 2009). 

The second hypothesis is accepted for surface roughness of Vivera®. Vivera® showed to 

be relatively unchanged in surface roughness at 6 months compared to baseline except with 

NaClO. Though NaClO did cause a statistically significant increase in surface roughness, 

qualitative assessment with SEM (Figure 28) showed no difference, indicating that the results 

may not be clinically significant. Similarly, the surface roughness of Essix® ACE was relatively 

unaffected by the cleaning methods. Though Listerine did cause a statistically significant 

increase in roughness, SEM results showed no difference (Figure 32) indicating little clinical 

significance. Furthermore, the human tongue cannot detect surface roughness less than 0.5 

microns (Sarrett, 2010), suggesting further lack of clinical significance in surface roughness 

results. All surface roughness values for Vivera® and Essix® ACE were well below 0.5microns, 

suggesting that the roughness caused by the solutions was not enough to have clinical 

significance even though it did have statistical significance.  

The second hypothesis is rejected for flexural modulus of Vivera® with vinegar and 

toothbrushing. All other cleaning methods had no effect on flexural modulus. Both vinegar and 

toothbrushing increased the modulus of Vivera®, thereby increasing stiffness and decreasing 

flexibility. Polyurethanes have been seen to undergo physiochemical changes due to water 

hydrolysis, thereby causing swelling and irreversible degradation, which may support this result 

of increased stiffness with vinegar and toothbrushing (Zhang et al., 2011). Likewise, the second 



 

 

41 

hypothesis was rejected for flexural modulus of Essix® ACE with all cleaning methods except 

for Invisalign® cleaning crystals. Invisalign® cleaning crystals had little effect on flexural 

modulus of Essix® ACE. This increase in flexural modulus or stiffness of Essix® ACE could be 

attributed to the oxidation of the polymer. Oxidation is synonymous with aging or degradation of 

polymers. Polymers undergo oxidation at certain temperatures, but this oxidation often results in 

an increase in modulus or stiffness (Sepe, 2014).     

The third hypothesis is rejected for light transmittance of Vivera® and Essix® ACE. 

Toothbrushing Vivera® with Double-distilled water elicited the greatest change in light 

transmittance. Results of the post hoc Bonferroni test indicated that Invisalign® cleaning 

crystals, Listerine® and Polident® are all different from toothbrushing, and therefore suitable 

cleaning reagents for Vivera® retainers. The scratches that toothbrushing elicited in Vivera® in 

(Figure 34) can be speculated to have contributed to the decrease in transmittance overtime. 

Results of the post hoc Bonferroni test for Essix® ACE indicated that Listerine® caused the 

greatest decrease in transmittance, similar to toothbrushing. One of the two main components of 

Listerine®, ethanol has been shown to cause slight yellowing at 50% in copolyesters (Eastman 

Spectar copolyester). Though ethanol is only present at about 20% in Listerine®, it can be 

thought that the alcohol content could still cause some discoloration in Essix® ACE. This result 

is further supported by results of a previous study which showed color changes in clear retainers 

when exposed to wine, suggesting that alcohol may lead to color changes in retainer 

thermoplastics (Zafeiriadis et al., 2014).  
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Figure 34. SEM of Vivera® with toothbrushing 

The third hypothesis is accepted for surface roughness of Vivera® and Essix® ACE and 

accepted for flexural modulus of Vivera® as no cleaning method appeared to be superior to the 

other. This hypothesis is rejected for flexural modulus of Essix® ACE. Results of the post hoc 

Bonferroni for flexural modulus in Essix® ACE indicate that H2O2 had the highest flexural 

modulus and differed significantly from Invisalign® cleaning crystals and toothbrushing. H2O2 is 

a powerful oxidizer, and as mentioned previously, oxidation has been known to increase stiffness 

in polymers which supports the results of the hypothesis. Oxidative degradation has been known 

to increase stiffness of polymers over time as a result of surface polarity changes in polyesters 

(Caudill, 1992). 

 

 

5.2  Limitations of this Study 

 

 One of the most significant limitations of this study is that the specimens that were used 

were flat and did not reflect the real shape of orthodontic clear retainers. Clear orthodontic 

retainers are fabricated over a model of a patient’s teeth and therefore assume a much less 

uniform shape. For the purpose of this study, flat specimens were used for ease of manipulation 



 

 

43 

and to create a basis for future studies. Though the specimens were flat, they were processed 

which eliminated the variable of heat effect on the material due to processing.  

 Align® Technology processed and cut the material before donating it for the study. 

Because of this, we are unaware of the method they use for processing and cutting the material. 

The process that the material went through could have played a factor and effected our results.  

 The profilometer machine proved to be an inefficient test for this particular study. Not 

only was the sensitivity too small, but generally for this type of test, there is a “control” sample 

that is measured before each test sample to ensure that the machine is recording the surface 

roughness accurately at each time.  

 

 

5.3  Future Research 

 

 In future studies, the sample size should be increased to enhance the power and validity 

of the study. Future studies would also benefit from testing real thermoformed retainers instead 

of flat specimen. This study demonstrates that the largest differences were seen in the 

translucency of the retainer materials. It would be beneficial to further investigate the degree of 

discoloration and decrease in translucency to better determine at what point new retainers should 

be fabricated.  

  Until now, most studies have focused on in vitro evaluation of retainer materials. Few 

studies have been in vivo, or evaluating the effects of the intraoral environment on clear 

retainers. Attempts to evaluate retainer thermoplastics intra-orally would have better validity and 

more clinical relevance as it is virtually impossible to simulate intra-oral environments and 

expect to have comparable results. Examining how the intraoral environment effects physical 

properties of clear retainers would have more clinical validity.  
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 Generally, orthodontists recommend full time retainer use for six months to one year after 

removal of appliances. After the first year, nighttime use is recommended. Therefore, a longer 

term study evaluating effects on retainers over a few years may hold more validity as it would 

simulate real world applications better than a 6-month trial. 
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6. CONCLUSION 

The light transmittance of Vivera® and Essix® ACE clear retainers appears to decrease 

over time. Toothbrushing appears to affect clarity of Vivera® the most while Listerine® appears 

to have the most detrimental effect on Essix® ACE. Surface roughness does not change over the 

6-month period of study. Qualitative analysis with SEM confirms the fact that the studied 

cleaning methods have a minimal effect on the surface roughness of these clear retainers. In 

addition, since the human tongue cannot detect surface irregularities below 0.5microns, the 

results of the profilometer test are not clinically relevant. Flexural modulus of Essix® ACE 

appears to be affected by strong oxidizers, leading to an increase in modulus and decrease in 

flexibility. Overall, Invisalign® cleaning crystals appear to have the least effect on light 

transmittance in Vivera® and little effect on flexural modulus in Essix® ACE suggesting that it 

is a likely an efficient cleaning method for clear retainers. However, future studies with an 

increased sample size and simulated intraoral conditions should be carried out to increase the 

validity and relevance of the findings. 
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