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ABSTRACT
Introduction: The use of mobile phones has considerably 
increased, and the Electromagnetic Radiation (EMR) caused 
by these devices may influence intraoral appliances. Intraoral 
elastics are commonly employed in orthodontics and require 
periodic changing by the patient to be effective. Unfortunately, 
changes in mechanical properties are one of the biggest 
drawbacks of using elastics. 

Aim: To evaluate the effects of Radiofrequency Electromagnetic 
Radiation (RF-EMR) on the mechanical properties of intraoral 
orthodontic elastics under in-vitro conditions. 

Materials and Methods: This in-vitro study was conducted in 
the Department of Orthodontics at Saveetha Dental College, 
Chennai, Tamil Nadu, India, from February 2022 to June 2022. A 
total of 300 elastics with different diameters and force-exerting 
abilities were selected and divided into five categories (n=60). 
The five elastic groups were yellow, blue, green, red, and pink. 
These elastics were then exposed to EMR emitted from a cellular 
device for 1.5 hours per day over two days. The mechanical 

properties of the elastics were tested before and after exposure 
to EMR. Analysis of variance was used to determine if a 
significant difference existed between the groups, and Tukey’s 
post-hoc test was used to determine significant differences in 
the mean (p-value <0.05). The analysis was performed using 
Statistical Package for the Social Sciences (SPSS) version 23.0 
(SPSS Inc., Chicago, IL, USA). 

Results: The results of the present study showed a statistically 
significant difference in rupture strength (p<0.001) and force 
decay (p<0.001) of the intraoral elastics before and after 
exposure to EMR. However, there was no change in the thickness 
and optical properties of all the elastics after exposure. The 
average remaining force of the intraoral elastics after exposure 
to EMR emitted from a cell phone device was 41.1% after force 
decay, and red elastics were the least colour stable, while green 
elastics were the most colour stable. 

Conclusion: EMR emitted from mobile phones and other devices 
can influence the mechanical properties of intraoral elastics in 
terms of rupture strength, force decay, and colour stability.
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INTRODUCTION 
One of the most important goals of orthodontic treatment is to 
use light continuous force to achieve maximum effective tooth 
movement with minimal side effects [1]. For this purpose, various 
auxiliaries are used to move teeth, including coil springs, elastics, 
and elastomers [2]. Intraoral elastics have been one of the most 
versatile auxiliaries in orthodontics, and their use, combined with 
good patient cooperation, provides clinicians with the ability to 
correct both anteroposterior and vertical discrepancies [3]. 

Synthetic rubber polymers, such as polyurethane rubber, are commonly 
used for orthodontic purposes due to an increased incidence of latex 
allergic reactions, which led to the use of non-latex products within the 
orthodontic specialty [2]. Intraoral elastics can be classified in many 
ways based on the material, availability, uses, and force. Different 
manufacturers produce elastics with varying sizes, forces, colour 
coding, and names. 

It is known that factors such as tooth movement, temperature 
changes, pH variations, oral fluoride rinses, salivary enzymes, and 
masticatory forces can all contribute to elastomer deformation, 
force degradation, and relaxation behaviour [4]. 

Smartphones became widely available to people starting from 2011, 
and since then, their usage has accelerated. The ownership of 
smartphones and electrical devices is now widespread, even among 
children aged 11 and older [5]. As a result, Electromagnetic Radiation 
(EMR) has started to pollute modern society [6]. Mobile phones, 
microwave ovens, communication base stations, high-voltage lines, 
electronic devices, and other electromagnetic equipment are just a few 
examples of electrical systems that are sources of EMR. These systems 

generate a range of electromagnetic waves with varied frequencies, 
causing an increase in EMR intensity in inhabited environments [7]. 
High-frequency waves, such as cosmic, gamma, and X-ray rays, 
have enough energy to ionize matter. On the other hand, non-ionising 
electromagnetic waves, including ultraviolet, visible-region, infrared, 
microwave, and radio waves, are frequently used in daily life, especially 
radiofrequency electromagnetic radiation (RF-EMR, 30 kHz-300 GHz) 
for communication, and extremely low-frequency electromagnetic 
radiation (ELF-EMR, 3 Hz-3 kHz) produced by electricity [7-9]. 

The effects of RF-EMR on the human body have been studied [10]. 
These radiations also affect intraoral appliances, such as orthodontic 
appliances. The use of mobile phones and other devices utilising Wi-Fi 
routers has significantly increased. Therefore, it is necessary to assess 
the interaction of this radiation with orthodontic appliances [10]. A 
study by Mortazavi SM et al., found that exposure to RF-EMR can lead 
to the release of nickel ions from metal orthodontic appliances [11]. 

Intraoral elastics are a crucial component of orthodontic treatment, 
and any change in their properties can affect the duration and 
outcome of the treatment. However, there are limited studies that 
have assessed the effects of EMR on the properties of orthodontic 
appliances [11,12]. The present study is the first of its kind to 
evaluate the effects of RF-EMR on the mechanical properties of 
intraoral orthodontic elastics under in-vitro conditions. The objective 
of this study was to assess the effect of RF-EMR on the mechanical 
properties of intraoral orthodontic elastics. 

MATERIALS AND METHODS
This in-vitro study was conducted at the Department of Orthodontics, 
Saveetha Dental College, Chennai, India, over a period of five months, 
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from February 2022 to June 2022. Institutional ethical clearance (SRB/
SDC/ORTHO-2107/22/024) was obtained prior to the commencement 
of the study. 

A total of 300 intraoral elastic samples were utilised for this study. 
The sample size was calculated using G* Power software (version 
3.1) based on a previous study by Saghiri MA et al., [12]. With a 
study power of 95%, a probability of error of 0.05, and an effect size 
of 0.66, a minimum sample size of 27 per group was determined. 
Therefore, 60 samples per group were used in this study. The intraoral 
elastics were colour-coded based on thickness and applied force, 
and were categorised into five groups: Red (3/16” diameter), Blue 
(¼”), Green (5/16”), Yellow (5/16”), and Pink (3/8”) [Table/Fig-1]. 

stabilised for 5 seconds before recording the force levels. The 
technique for measuring force decay was based on a study by 
Aldrees AM et al., [13]. The measured forces were recorded in 
an Excel spreadsheet (Microsoft Corp., Redmond, WA, USA). 
The force decay percentage was calculated using the following 
formula: Force Decay (%)={(Initial Force-Subsequent Force)/Initial 
Force}×100. The calculated force decay percentage represents 
the relative change in the force exerted by the elastics between 
the preoperative and postoperative measurements. A higher 
force decay percentage indicates a greater reduction in force, 
suggesting potential instability or changes in the elastics. 

4. Optical properties: The optical properties of the elastics were 
tested using a colorimeter (Oakton, Germany). All the samples 
were placed in a bundle in a Petridish above the measuring 
tip. The colour parameter was based on the Commission 
Internationale de l’Eclairage (CIE) L*a*b* colour space system. 
In this system, L* represents lightness, a* represents the red-
green hue, and b* represents the yellow-blue hue in a three-
dimensional colour system. The L* axis represents brightness, 
with higher values indicating increased brightness. The a* value 
denotes the degree of redness (+a*) or greenness (-a*), and the 
b* value denotes the degree of yellowness (+b*) or blueness 
(-b*) of an object. Values for L*, a*, and b* were obtained from 
the colorimeter. The optical property measurements were 
based on a study conducted by Aldrees AM et al., [13]. 

exposure to rF-eMr: To determine the duration of exposure to 
radiation, a mobile survey was conducted among 180 orthodontic 
patients above the age of 11 years at the hospital. The sample was 
collected conveniently from patients who visited the orthodontic 

[Table/Fig-1]: Five groups of elastics used in the study: Group-1: Red (3/16” 
diameter); Group-2: Blue (¼”); Group-3: Green (5/16”); Group-4: Yellow (5/16”); and 
Group-5: Pink (3/8”).

inclusion criteria: The Orthodontic intraoral elastics with adequate 
shelf life and proper storage according to the manufacturer’s 
instructions were included in the study.

exclusion criteria: Extraoral elastics or elastics with breakages and 
deformities and the expired elastics were excluded from the study.

Procedure
The obtained elastic samples were within their designated shelf life 
and were stored in plastic covers provided by the manufacturer. They 
were kept away from direct sunlight to prevent heat distortion. All the 
elastics used in the study were manufactured by a single company, 
D Tech Orthodontics Pvt., Ltd., located in Pune, Maharashtra. 

Under laboratory conditions, all the samples were tested for their 
mechanical properties, including thickness, rupture strength, force 
decay, and colour stability. These mechanical properties were evaluated 
for all the groups both before and after exposure to RF-EMR. 

Parameters studied:

1. rupture strength: The rupture strength of each elastic was 
tested using the Instron universal testing machine (Boston, 
Massachusetts). The machine was set to a speed of 1 mm 
per minute with a load of 500 N [Table/Fig-2]. The elastic was 
stretched at the specified rate until it ruptured, and the value at 
which the rupture occurred was recorded for all the groups. 

2. thickness: The thickness of the samples was measured to 
the second decimal point using vernier calipers (Freemans 
0-150 stainless steel caliper, FMI Limited, Gurugram, India). 
Initial measurements were performed by one operator, and the 
values were repeated by a second operator. The average value 
was recorded for each sample. 

3. Force decay: Force decay was measured using an electronic 
force gauge (Shimpo DFS-1; Nidec-Shimpo America Corp., 
Itasca, USA) attached to a test stand with a flexible platform. The 
intraoral elastics were attached to the electronic force gauge and 

[Table/Fig-2]: The rupture strength of the elastics being tested in the Instron Universal 
testing machine.
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department within a week. The duration of phone usage was 
estimated from the mobile settings, which provided an average 
duration of phone usage including calls and other apps. The average 
duration was recorded and tabulated. 

The survey revealed that out of the 180 patients, 60 (33.33%) 
used their mobile phones for an average time of 47-60 minutes, 
100 patients (55.55%) used their mobile phones for an average 
time of 90-100 minutes, and 20 patients (11%) used their mobile 
phones for 120 minutes. To determine the overall average mobile 
phone usage time, an average value was calculated, which equated 
to 90 minutes (1.5 hours) per day. This average duration was 
considered as the standard for exposing the elastics to RF-EMR. 

The elastic samples were placed in a cardboard box along with a 
fully functional mobile phone, and the box was sealed. A Trifield 
TF2 EMF (Electromagnetic Frequency) detector was attached to the 
same box to ensure the proper functioning of the mobile phone. 
The Trifield TF2 EMF detector was used to measure the strength 
of RF-EMR during the experiment, ensuring that the elastics were 
adequately exposed to the radiation for 1.5 hours. Once the 
apparatus was prepared, a call was initiated on the mobile phone 
placed inside the box. Throughout the study, the Trifield TF2 EMF 
detector displayed a value of 2.1-2.4 GHz, which was maintained. 

The ongoing call was set to a duration of 1.5 hours for one day. 
After completing the desired exposure time, the elastics were taken to 
the laboratory for the same tests conducted prior to EMR exposure. 
The obtained values for all the tests were recorded and tabulated. 

STATISTICAL ANALYSIS
All data was collected and tabulated using Microsoft Excel 
(Microsoft Corp., Redmond, WA, USA) for subsequent statistical 
analysis. Descriptive statistics were performed using SPSS software 
version 23.0. Inter group comparisons were conducted using one-
way ANOVA with Tukey’s post-hoc test to compare rupture strength 
and force decay. The significance level (p-value) was set at 0.05 
with a 95% level of significance. Additionally, paired sample t-tests 
were conducted to compare pre and post-exposure thickness and 
colour stability. 

RESULTS
In the present study, mean values of rupture strength, both before 
and after radiation exposure, were recorded and tabulated in 
MPa [Table/Fig-3]. The post-exposure rupture strength for all the 
elastics was lower than the pre-exposure data. A one-way ANOVA 
test was performed to calculate the overall means and level of 
significance for the pre-exposure and post-exposure groups, which 
showed a statistically significant difference (p<0.001) [Table/Fig-4].

The study revealed that the blue and red elastics had a statistically 
significant change (p<0.001) in rupture strength compared to all 
other groups. The blue elastic showed the highest reduction in 
rupture strength. All the groups, except for the green elastic, showed 
a decrease in mean rupture strength after radiation exposure. The 
green elastic showed a slight increase in rupture strength after 
radiation exposure compared to the pre-exposure [Table/Fig-3]. The 
intergroup comparison was conducted using the Post-hoc Tukey 
test [Table/Fig-5,6]. 

elastics
Pre-exposure rupture 

strength (Mpa)
Post-exposure rupture 

strength (Mpa)

Blue 100.74 47.69

Red 33.48 30.29

Green 31.57 40.00

Yellow 50.33 38.01

Pink 40.93 29.31

[Table/Fig-3]: Pre-exposure and post-exposure rupture strength values (Mpa) of 
the five different types of intraoral elastics.

Mean Significance

Post-exposure rupture strength
Between groups 378.6 <0.001

Within groups 1.4 <0.001

Pre-exposure rupture strength
Between groups 564.6 <0.001

Within groups 0.082 <0.001

[Table/Fig-4]: Level of significance between post-exposure and pre-exposure 
rupture strength.
One-way ANOVA was applied for statistical analysis

Post-exposure 
rupture 
strength

elastic as compared to Mean difference Significance

Blue

Red 17.3 <0.001

Green 7.7 <0.001

Yellow 8.8 <0.001

Pink 7.6 <0.001

Red

Blue -17.3 <0.001

Green -9.5 <0.001

Yellow -8.5 <0.001

Pink -9.6 <0.001

Green

Blue -7.7 <0.001

Red 9.5 <0.001

Yellow 1.0 0.31

Pink -0.08 0.20

Yellow

Blue -8.8 <0.001

Red 8.5 <0.001

Green -1.0 0.314

Pink -1.1 0.238

Pink

Blue 0.00 <0.001

Red 0.00 <0.001

Green 1.0 1.00

Yellow 1.1 0.2

[Table/Fig-5]: The Tukey’s post-hoc test was applied for inter-group comparison 
of the post-exposure rupture strength.

thickness: A comparison of the thickness of the elastics before 
and after exposure to cell phone radiation was performed. The 
mean thickness pre-exposure was 14.75±6.6 mm, and the mean 

Pre-exposure 
rupture 
strength

elastic as compared to Mean difference Significance

Blue

Red 17.2 <0.001

Green 9.0 <0.001

Yellow 7.4 <0.001

Pink 18.2 <0.001

Red

Blue -17.2 <0.001

Green -8.1 <0.001

Yellow -9.7 <0.001

Pink 1 <0.001

Green

Blue -9.0 <0.001

Red 8.1 <0.001

Yellow -1.5 <0.001

Pink 9.1 <0.001

Yellow

Blue -7.4 <0.001

Red 9.7 <0.001

Green 1.5 <0.001

Pink 10.7 <0.001

Pink

Blue -18.2 <0.001

Red -1.0 <0.001

Green -9.1 <0.001

Yellow -10.7 <0.001

[Table/Fig-6]: The Tukey’s post-hoc test was applied for inter-group comparison 
of the pre-exposure rupture strength.
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on the mechanical properties of orthodontic intraoral elastics. The 
study found statistically significant changes in the rupture strength 
of blue and red elastics compared to all other groups after exposure 
to radiation. Various other factors such as salivary pH, use of 
dentifrices, and beverages can also affect the rupture strength of 
orthodontic elastics [15]. A study by Braga E et al., found significant 
changes in rupture strength after immersion in various beverages 
[15]. Another study by Berni Osorio L et al., investigated the effect of 
different disinfection solutions on the rupture strength of elastomeric 
ligatures and chains, finding a statistically significant difference when 
disinfected with 70% alcohol [16]. The force exerted by orthodontic 
elastics depends on their diameter, thickness, and the distance 
between points of force application [17]. The thickness of elastics 
can vary among different manufacturers [18]. In the present study, 
elastics manufactured by a single company were used to minimise 
variations. The study showed no statistically significant change in the 
thickness of the elastics before and after radiation exposure. 

The force decay in the post-exposure group was significantly higher. 
The average force decay of intraoral elastics after exposure to EMR 
emitted from a cell phone device was 41.1%. This force decay may 
be attributed to the degradation of elastic properties due to radiation 
exposure. Various factors such as lumen size of the elastics, saliva 
environment, pH, and thermocycling can influence the force decay 
of elastics [19]. Russell KA et al., reported faster rates of force loss 
for heavy elastics compared to medium elastics in certain brands, 
particularly in the first few hours [20]. In the present study, the red 
elastic, which is the heaviest in the group, experienced the highest 
force loss, which is consistent with previous studies [19,21,22]. 

The colour stability of the elastics was assessed using ΔE, which 
represents the magnitude of total colour difference between pre and 
post-exposure, calculated as ΔE={(DL*)2+(Da*)2+(Db*)2}(1/2). The CIE 
L*a*b* colour space consists of three coordinates: L* (lightness), 
a* (green-red), and b* (blue-yellow) [13]. The present study found 
no statistically significant differences between the pre and post-
exposure groups in terms of colour stability. Ravisankar A and Arun 
AV investigated the effect of cellular radiation on the elasticity of 
elastomeric chains and found statistically significant changes, similar 
to the intraoral elastics, which are also affected by RF-EMR [23]. 

Previous studies have examined the effects of RF-EMR on orthodontic 
brackets and wires. The impact of RF-EMR on metal brackets leading 
to nickel ion leaching has been documented, highlighting the harmful 
effects of mobile phone radiation [12,24]. Saghiri MA et al., discovered 
that RF-EMR can indirectly cause DNA damage by influencing the 
release of nickel from fixed orthodontic appliances [12]. Nanjannawar 
LG et al., concluded that mobile phone radiation can influence the 
pH and nickel ion release in the saliva of patients undergoing fixed 
orthodontic treatment [24]. They found that longer exposure to RF-
EMR emitted by a mobile phone resulted in higher concentrations of 
nickel in saliva. Ionescu IC and Ionescu E found that RF microwave 
effects and electromagnetic fields can potentially impact orthodontic 
treatment by altering saliva pH [25]. 

The use of mobile phones has significantly increased among 
individuals, and this change in lifestyle can impact the properties of 
orthodontic appliances. Further studies are needed to understand 
the mechanism by which radiation can cause changes in the 
mechanical properties. Clinically, these deteriorating mechanical 
properties can lead to a reduction in the force applied by the elastics 
on the teeth [25]. Currently, intraoral elastics are typically changed 
every two days, but based on the results of this study, it may be 
advisable to change them daily due to the increased force decay 
caused by cellular radiation. 

The blue and red elastics are commonly used for antero-posterior 
corrections and occlusion settling, making them routinely used in 
orthodontic treatment. Based on the results of this study, there is 
a statistically significant difference in the rupture strength and force 
decay of these elastics before and after exposure to radiation. This 

elastic Post-exposure Pre-exposure p-value

Blue 224.49±10.09 220.03±11.92 <0.001

Red 191.70±13.33 165.72±10.19 <0.001

Green 186.16±10.25 162.43±13.68 <0.001

Yellow 179.13±10.41 146.43±13.27 <0.001

Pink 179.75±16.45 138.56±14.11 <0.001

[Table/Fig-7]: Mean, standard deviation and p-values of the force decay pre and 
post exposure to Electromagnetic Radiation (EMR).

[Table/Fig-8]: Bar graph representing the colour stability of the different colours of 
intraoral elastics.

thickness post-exposure was 6.86±6.7 mm. The mean change 
in thickness was 7.89±8.9 mm. However, there was a statistically 
insignificant reduction in the mean thickness values (p=0.791). 

Force decay: The mean force decay between the pre and post-
exposure is shown in [Table/Fig-7]. The table demonstrates an 
increase in force decay after exposure to radiation. There was a 
statistically significant decrease (p<0.01) in the force levels post-
exposure. The overall force loss for the elastics after exposure to 
RF-EMR was 41.1%. 

Colour stability: The optical properties of the elastics before and 
after exposure to cell phone radiation were compared in this study. 
The bar graph displays the mean difference between the pre- and 
post-recorded optical properties, calculated using the formula 
ΔE*ab=((ΔL*)2+(Δa*)2+(Δb*)2)1/2 [Table/Fig-8]. The green elastic 
showed the least colour change, while the red elastic showed the 
highest colour change. A paired t-test was conducted to compare the 
means. However, the colour change was not statistically significant. 

DISCUSSION 
Mobile phones and digital communication systems have become 
integral parts of life, giving rise to concerns about the potential 
adverse health effects of RF-EMR on human health [11]. Insufficient 
understanding of these effects has raised concerns among 
healthcare professionals and researchers. Given the proximity 
of mobile phones to the oral cavity during conversations and 
the presence of orthodontic appliances in the mouth, there may 
be an increased risk of exposure of these appliances to mobile 
phone radiation [12]. The aim of the present study was to determine 
the potential effects of RF-EMR on intraoral elastics commonly 
used in orthodontic treatment. Five groups of elastics with different 
internal diameters, coded by different colours, were used in the 
study. All the elastics were obtained from a single manufacturer, as 
the properties of elastics can vary between different manufacturers. 
Mechanical properties such as rupture strength, force decay, 
thickness, and colour stability were tested for all the samples before 
and after exposure to RF-EMR. A Trifield EMF detector, as used in 
the study by Siddiqi N et al., [14], was used in the present study to 
detect the strength of EMRs and ensure that the mobile phones 
transmitted RF-EMR throughout the duration of the study. 

The main outcome of this preliminary study is that, under in-vitro 
conditions, RF-EMR emitted from a mobile phone has an effect 
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can affect the force-rendering capacity of these elastics and also 
impact inventory needs. It is important for practitioners to have 
a good understanding of elastic properties and the factors that 
can alter them [26]. Further research is needed to investigate the 
potential effects of RF-EMR on various orthodontic materials used 
in the patient’s mouth. Additionally, more in-depth research at the 
molecular level is necessary to understand how radiation can alter 
the properties of these materials. 

Limitation(s)
The main limitation of the study is that the materials were tested 
in-vitro, and the results may be influenced by variations in intraoral 
conditions in clinical settings. Therefore, generalisability of the findings 
can only be established through in-vivo studies. Additionally, the 
radiation emitted by mobile phones can vary depending on factors 
such as the model, communication system, and type of use. The 
study only investigated the radiation emitted during phone calls, and 
did not assess the relationship between the duration of exposure to 
radiation and the mechanical properties of the elastics. This aspect is 
important and requires further investigation.

CONCLUSION(S)
Mobile phone radiation can influence the mechanical properties of 
intraoral elastics, specifically in terms of rupture strength and force 
decay. The force-rendering capacity of the elastics can be affected 
by RF-EMR due to its impact on the mechanical properties of the 
elastics.
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