
Regeneration, Reconstruction & Restoration                                                                                                    Original Article 
                                                                                                                                                                                                             Open     Access 

Regeneration, Reconstruction & Restoration 2022; Volume 7: e1 
This work is licensed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International. 

The Effect of Fluoride Mouthwash on Force Degradation of Orthodontic 

Elastomeric Chains 

Mahmood Dashtia, Hoori Mirmohamadsadeghib, Amir Bayatianc, Farnaz Younessiand*, Alireza Akbarzadeh 

Baghbane, Nozhan Azimia, Gity Mirmohamadsadeghif 

aDentofacial Deformities Research Center, Research Institute of Dental Sciences, School of Dentistry, Shahid Beheshti University of Medical 

Sciences, Tehran, Iran; bOrthodontic Department, School of Dentistry, Dental Research Center, Research Institute of Dental Sciences, Shahid 

Beheshti University of Medical Sciences, Tehran, Iran; cOral and Maxillofacial Surgery Department, Dental School, Islamic Azad University, 

Tehran, Iran; dOrthodontic Department, UCLA Dental School, Los Angeles, CA, USA; eProteomics Research Center, Department of Biostatistics, 

School of Allied Medical Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran; fDepartment of Polymer Engineering & Color 

Technology, Amirkabir University of Technology, Tehran, Iran. 

Corresponding authors: Farnaz Younessian, Orthodontic Department, UCLA Dental School, Los Angeles, CA, USA. E-mail: farnaz.younessian@gmail.com Tel: 

+1 949 527 8434 

 Submitted: 31 May, 2022; Accepted: 14 August, 2022; Published Online: 25 September, 2022; DOI: 10.22037/rrr.v7.30696 

 

 

1. Introduction 

With regard to the potentially adverse effects of orthodontic 

appliances in terms of enhancing bacterial plaque accumulation, 

application of an individualized oral hygiene program during 

fixed orthodontic treatment has been advocated as an essential 

part of treatment programs [1]. In patients with poor oral 

hygiene, use of supplemental chemical plaque control agents 

concomitant with mechanical plaque removal plays a pivotal 

role in maintaining oral health [2]. The effects of these 

frequently used chemical agents on corrosion of orthodontic 

appliances, frictional resistance of wires and mechanical 

properties of elastic chains over the course of time are important 

in the treatment protocol [3, 4]. 

Elastomeric polyurethane-based chains are the most commonly 

used materials in clinical orthodontics for space closure, a time-

consuming phase of fixed orthodontic treatment [5, 6]. There is 

a possibility for the construction of shape memory elastic 

modules based on their material formula, application 

technology, and mechanical properties. These shape memory 

elastic materials can undergo large deformations and recover 

their original shape upon exposure to external stimuli like heat, 

chemicals, or pH changes [7]. Despite the distinct advantages of 

elastomeric chains such as ease of adjustment, minimal need for 
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patient cooperation and being more hygienic than other 

techniques, they have some inevitable disadvantages namely 

force degradation over time [8]. The degradation of orthodontic 

elastomeric chains with environmental alterations has important 

clinical implications [9]. Environmental factors such as 

exposure to moisture, various enzymes, and chemical substances 

(different mouthwashes), in addition to some clinical factors 

such as design and amount of initial strain, might impact the 

amount of observed released force [10]. The percentage of this 

force decay depends on the trademarks and must be taken into 

account to precisely determine the required load in different 

types of orthodontic tooth movement [11]. Chlorhexidine and 

fluoride mouthwashes are often prescribed to reduce the count 

of mutans streptococci in dental plaque and saliva [12]. Fluoride 

mouth rinse (0.05%) is an over-the-counter product that has been 

considered effective for daily oral hygiene maintenance in 

orthodontic patients, particularly to inhibit enamel 

demineralization around orthodontic brackets [13, 14].  To this 

date, several studies have been conducted in an attempt to study 

the effect of possible environmental factors on force degradation 

of elastomeric chains [15]. However, there are few information 

regarding the longitudinal effect of fluoride mouthwash on the 

force degradation properties of different orthodontic elastomeric 

chains with various chemical formulations and manufacturing 

processes. Considering the lack of well-proven 

recommendations on the use of fluoride mouth rinses during 

orthodontic treatment, the purpose of the present study was to 

investigate the effect of fluoride mouthwash on force 

degradation characteristics of four brands of elastomeric chains 

at in different environmental conditions and compare the 

elongation percentile between the conventional and smart types 

of elastomeric chains. 

2. Materials and methods 

In this in- vitro study, four trademarks of orthodontic 

elastomeric chains were studied: Super chain™ (International 

DENTSPLY GAC, USA), GAC conventional chain 

(International (DENTSPLY GAC, USA), RMO Energy chain 

(Rocky Mountain Orthodontics, Inc. USA), and the 

conventional chain (Rocky Mountain Orthodontics, Inc., USA). 

All the samples were polyether-based polyurethane products and 

had a closed-linked loop with short-spacing type configuration. 

They were also within their useable date in sealed plastic 

packages. The Super chains™ were kept in brown sealed plastic 

bags. Thirty specimens of each brand were examined. Each 

specimen contained 10 closed-linked loops with one extra loop 

at each end (12 ringlets). 

2.1. Specimen conditioning 

The experimental groups contained pre-stretched elastomeric 

chains at initial, 50%, and 100% lengths before storage in three 

different testing environments. The underlying reason for this 

degree of pre-stretching was based on a previous study which 

indicated that 100% pre-stretching generated more uniform 

force levels (16). An appliance was designed to keep the 

stretched elastomeric chains in the desired distance. This 

appliance contained two stainless steel supporting rods to grasp 

10 linked loops of each specimen which were adjusted and 

inserted in exact customized distances measured by means of a 

digital caliper (Mitutoyo, Tokyo, Japan) to an identical length 

for each brand. 

The testing environments included air, water and diluted 

fluoride solution (Oral-B Pro-Expert Multi-Protection Alcohol 

Free; containing SnF and cetyl pyridinium chloride). Five 

specimens were stored under each condition at 37±1°C for 14 

days. At the end of three weeks, the specimens were taken-out 

of the solutions and immediately mounted on a testing machine. 

2.2. Specimen testing 

Tensile strength testing was done on all specimens in each group 

using a Universal Testing Machine (Model 5566; UTM; Instron 

Corp, Canton, MA, USA) at a crosshead speed of 50 mm/minute 

at room temperature. Two stainless steel loops were formed to 

fit the machine crosshead and facilitate chain maintenance of 

this distraction during the testing procedure. Load per tensile 

strength (%) measurements of pre-stretched length, were noted 

for each specimen. 

2.3. Statistical analysis 

After three weeks, descriptive statistics including the mean 

values and standard deviations of automatically recorded tensile 

loads were calculated for each sample exactly at their pre-

stretched distance. One-way analysis of variance (ANOVA) was 

used to assess the effect of the storage environment and pre-

stretching extent on the tensile strength. Data were analyzed by 

means of Multifactorial ANOVA at a significance level of 0.05. 

Comparison between different brands was also performed with 

Chi-square test in order to identify the magnitude of generated 

forces. All statistical analyses were performed using SPSS ver. 

12.0 (SPSS Inc., Chicago, IL, USA). 

3. Results 

Descriptive statistics including the mean values and standard 

deviations of tensile force for the specimens stored in air 

(control) and in the other two test media over the three weeks 

are summarized in Table 2, based on the amount of pre-stretched 

values (50% or 100%). The data in Table 2 indicated that the 

recorded tensile force at 50% elongation of the elastomeric 

chains was lower than that at 100% elongation for each type. In 

all three environments, the highest force value for both 50% 

and100% elongation was for the conventional chain (GAC). 

Furthermore, both for the water and fluoride environment, 

Superchain™ (GAC) had the lowest value for 50% elongation, 
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Experimental groups 
Fluoride (n= 40) 

Mean ± SD (N) 

Water (n= 40) 

Mean ± SD (N) 

Control (n= 40) 

Mean ± SD (N) 

Elongation percentile 50% 100% 50 % 100% 50 % 100% 

Super chain™ (GAC) 1.87± 0.14 3.37±0.06 2.09±0.17 3.83±0.15 2.23±0.21 3.28±0.11 

Conventional chain 

(GAC) 
3.72±0.06 6.99±0.09 4.50±0.15 7.98±0.15 4.25±0.04 5.38±0.02 

Energy chain (RMO) 2.46±0.04 3.16±0.14 2.38±0.03 3.47±0.02 3.13±0.01 4.18±0.01 

Conventional chain 

(RMO) 
2.81±0.18 3.53±0.26 2.67±0.06 4.43±0.19 3.05±0.01 4.14±0.02 

Comparison of test 

groups 

Comparison group Mean difference Sig. 

Conventional chain (GAC) 

Super chain™ (GAC) 2.69201 .000* 

Conventional chain (RMO) 2.03098 .000* 

Energy chain (RMO) 2.33973 .000* 

Super chain™ (GAC) 
Conventional chain (RMO) -.66103 .052 

Energy chain (RMO) -.35228 .513 

Conventional chain (RMO) Energy chain (RMO) .30875 .621 

Table 1. The mean value and standard deviation of the tensile strength for each environment extension group at 50% and 100% elongation. 

 

Table 2. Comparison of means values of tensile strength among different brand types regardless of the environment and length. 

Figure 1. Comparison of different experimental groups at two elongation percentiles based on the three storage media. 
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whereas, for 100% elongation, Energy chain (RMO) showed the 

lowest value (Table 1). In the control group, the lowest values 

belonged to the Super chain™ (GAC) group. Table 2 

demostrates tensile strengh of different brands regardless of the 

environment, indicating the tensile strength was significantly 

higher in the conventional chain (GAC) group, irrespective of 

the amount of elongation (P < 0.001). Conventional chain 

(GAC) demonstrated a significant difference in the mean load 

with other brand types. Such statistically significant difference 

was not observed in pairwise comparisons between other brand 
types (Table 2). The tensile strength values of elastomeric chains 

of different trademarks stored in water and fluoride media are 

listed in Figure 1. According to data presented in Table 3, the 

tensile strength in fluoride storage medium was lower than that 

in water in all trademarks except for the conventional chain 

(RMO) and Energy chain (RMO) at 50% pre-stretching.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, this difference was between the two storage media in 

all groups, except for Super chain™ (GAC) and the 

conventional chain (RMO) at their 50% pre-stretching status. 

At the end of three weeks of pre-stretching and storage in the 

testing media, all samples demonstrated progressively increased 

length of elastic chains. The conventional chain (GAC) and 

Energy chain (RMO) groups exhibited the highest and the 

lowest elongation percentile values, respectively (Table 4). 

Furthermore, the conventional chain (RMO) and Energy chain 

(RMO) exhibited similar amounts of elongation percentile at 

their 50% pre-stretching state.At the end of three weeks of pre-

stretching and storage in the testing media, all samples 

demonstrated progressively increased length of elastic chains. 

The conventional chain (GAC) and Energy chain (RMO) groups 

exhibited the highest and the lowest elongation percentile 

Brand type Elongation 

Percentile 

Tensile 

strength 

Sig. 

GAC 

Conventional 

chain 

50% W> F .000* 

100% W>F .000* 

Super chain 
50% W>F .178 

100% W>F .000* 

RMO 

Conventional 

chain 

50% F>W .060 

100% W>F .000* 

Energy chain 
50% F>W .000* 

100% W>F .000* 

Experimental group Water 50% Fluoride 50% Water 100% Fluoride 100% 

Super chain (GAC) 4.11 (12.8%) 4.37 (13.6%) 10.16 (31.6%) 8.23 (25.6%) 

Conventional chain (GAC) 7.04 (27.5%) 8.29 (32.4%) 15.56 (60.9%) 16.9 (66.2%) 

Energy chain (RMO ) 2.28 (8.1%) 3.46 (12.2%) 3.34 (11.8%) 4.14 (14.7%) 

Conventional chain (RMO ) 3.61 (12.8%) 4.11 (14.6%) 7.36 (26.1%) 5.88 (20.8%) 

Table 3. Comparison of tensile strength in water (W) and fluoride (F) storage media, by brand type and pre-stretching status. 

Table 4. The mean elongation and elongation percentile  (in parentheses) of all experimental groups at both strain levels in various test environments 

in millimeters at the end of three weeks 

http://www.google.com/url?sa=t&rct=j&q=rocky%20montain%20orthodont&source=web&cd=17&cad=rja&ved=0CHoQFjAQ&url=http%3A%2F%2Finvesting.businessweek.com%2Fresearch%2Fstocks%2Fprivate%2Fsnapshot.asp%3FprivcapId%3D4515022&ei=cKD3UZfKEoeGOO_WgYgM&usg=AFQjCNHNUgHaaZju9ngLOresK3cQx0dcoQ&bvm=bv.49967636,d.ZWU
http://www.google.com/url?sa=t&rct=j&q=rocky%20montain%20orthodont&source=web&cd=17&cad=rja&ved=0CHoQFjAQ&url=http%3A%2F%2Finvesting.businessweek.com%2Fresearch%2Fstocks%2Fprivate%2Fsnapshot.asp%3FprivcapId%3D4515022&ei=cKD3UZfKEoeGOO_WgYgM&usg=AFQjCNHNUgHaaZju9ngLOresK3cQx0dcoQ&bvm=bv.49967636,d.ZWU


The Effect of Fluoride on Force Degradation                                                                                                                                              Dashti et al. 

Regeneration, Reconstruction & Restoration 2022; Volume 7: e1 
This work is licensed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International. 

5 

values, respectively (Table 4). Furthermore, the conventional 

chain (RMO) and Energy chain (RMO) exhibited similar 

amounts of elongation percentile at their 50% pre-stretching 

state. 

4. Discussion 

This in vitro study examined the ultimate effect of fluoride on 

elastic properties of four different elastomeric chains brands. 

Regarding variable contributing factors present in vivo, such as 

microbial flora, diet, and biting forces, the results of studies 

demonstrate considerable variety, which limits their clinical 

applicability. Therefore, we conducted an in vitro study with 

similar testing conditions, different storage environments, and 

two pre-stretching states.  

Previous studies have revealed distinct differences between dry 

storage and in vivo storage media. However, they have reported 

only minor differences between storage in water and saliva. 

Therefore, artificial saliva was not used in this study, as previous 

investigations reported no significant differences in force 

degradation between modules stored in saliva and those stored 

in water [16, 17]. Also, the use of thermocycling, while 

significant, resulted in only small differences in previous studies 

[18]. Furthermore, 0.2% chlorhexidine mouthwash was not used 

in this study since it has demonstrated that result in more force 

decay compared to sodium fluoride 0.05% mouthwash [19].  

In this study, except for the conventional chain (GAC) at 100% 

pre-stretching status, all the brands showed lower tensile 

strength in fluoride storage medium compared to the control 

group (Figure 1). Therefore, fluoride may increase the elasticity 

property of elastomeric chains. This is in accordance with a 

study by Ramazanzadeh et al. who found that  0.05% sodium 

fluoride mouthwash cause force degradation mostly in high 

levels of tensile force [20].  

Comparing the water and air environments, the conventional 

chain (GAC) at both pre-stretching states (50% and 100%) and 

also Super chain™ (GAC) and the conventional chain (RMO) at 

their 100% pre-stretching state demonstrated significant 

increase in their tensile strength. This may be due to the fact  that 

the presence of water can strengthen the hydrogen bonds of 

polyurethane-based elastomeric chains [21]. In this study, 

fluoride generally exhibited greater adverse effects on the 

perceived tensile strength in elastomeric chains in most groups. 

This observation was not so for the conventional chain (RMO) 

and Energy chain (RMO) at their 50% pre-stretching states.  

The results of the current study indicated that the amount of 

elongation percentile for Super chain™ (GAC), and the 

conventional chains (both GAC and RMO) at their 100% pre-

stretching status, was approximately two times more than the 

value at their 50 % pre-stretching status, which could be 

explained by low modulus of elasticity of the afore-mentioned 

elastomeric chains and also, by lower crystallinity of soft 

segments and weaker hydrogenic bonds in their main structures 

[22]. In contrast to other trademarks, the Energy chain (RMO) 

did not exhibit a considerable increase of elongation percentile 

from its 50 to 100% pre-stretching states. This observed 

alteration of the elongation percentile of elastomeric Energy 

chains may improve their efficacy for orthodontic tooth 

movement in clinical situations. Orthodontic visit intervals are 

scheduled usually every 3 or 4 weeks, depending on the type and 

stage of treatment. Therefore, most studies evaluate the behavior 

of applied orthodontic materials over a period of approximately 

28 days [9,23]. Further clinical research in this field, with more 

comparable clinical situations is needed to determine the most 

suitable orthodontic mouthwash for use. 

5. Limitations 

A limitation of this study might be that it was conducted in vitro, 

meaning the elastomeric chains were tested under controlled 

laboratory conditions rather than in the more variable and 

complex environment of the human oral cavity. Factors such as 

saliva composition, temperature fluctuations, pH variations, and 

the presence of other oral hygiene products were not replicated, 

which may affect the real-world applicability of the findings.  

6. Conclusion 

Based on the results of this study, it can be concluded that 

elastomeric chains show a higher tensile strength in water 

environment in comparison with fluoride mouthwash, and they 
show lower elasticity in fluoride environment, which is more 

obvious at 100% pre-stretching of the elastomeric chains. 
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