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Main Points
+ The effects of mechanical vibration and chewing gum on orthodontic pain caused by initial archwire were evaluated.

Individual variations such as gender, amount of crowding, and pressure pain threshold of the participants were taken into account while forming 133
the groups.

+ The results suggest that both chewing gum and mechanical vibration have no pain-relief effect on orthodontic pain.

ABSTRACT

Objective: The aim of this study was to investigate the pain relief effects of chewing gum and mechanical vibration methods on
orthodontic pain caused by the initial archwire.

Methods: In this study, 57 patients, having a 3-6 mm maxillary dental crowding and non-extraction treatment modality were includ-
ed. The pressure pain thresholds of the subjects were measured. Patients were distributed equally by sex and randomly allocated into
3 groups: mechanical vibration, chewing gum, and control. The fixed orthodontic treatment was started in the upper jaw only. In the
first and second groups, mechanical vibration was applied and sugar-free gum was chewed, respectively. The third group was used
as the control. The pain perceptions were measured using the Visual Analog Scale. Kruskal-Wallis and Friedman tests were used for
statistical analysis.

Results: The groups were similar at the beginning of the study in terms of age and algometer scores (P=.138 and P =.155, respective-
ly). Statistical significant differences in the Visual Analog Scale scores among the groups could not be detected at any time point. The
highest pain scores were detected at the 24™ hour of treatment in all 3 groups. There was no statistically significant difference in the
highest pain level among the groups (P = .279).

Conclusion: Although the average pain values were perceived as lower, particularly in the mechanical vibration group, the temporary
displacement of the teeth has no clinically significant pain relief effect on orthodontic pain.
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INTRODUCTION

Pain is a side effect that occurs at an extremely high rate during fixed orthodontic treatments, resulting in com-
plaints from patients. Although the rate varies according to the studies, many researchers have reported that
80-95% of orthodontic patients experience pain during the treatment.'? A previous study highlighted that pain
was the most disliked aspect of orthodontic treatment, and it was ranked fourth in a list of apprehensions and
fears prior to treatment.? This situation affects both private and social lives as well as the treatment approach
and cooperation. Many patients prefer soft foods because they believe that they will cause less pain; however,
soft and sticky foods increase the risk of plaque formation and contribute to the deterioration of oral hygiene. In
addition, pain is one of the major factors for the discontinuation of treatment.*
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Orthodontic pain can be present both in the initial alignment
phase*and at the end of the treatment.® Previous studies showed
that pain that occurred during the initial alignment phase
usually begins at the second hour of treatment and increases
gradually with time. It reaches the peak level at 24-36 hours,
then gradually decreases until it disappears on the seventh
day."*® Although opinions vary, the most widely accepted
hypothesis about how orthodontic pain occurs is related to the
algogenes.® According to this hypothesis, orthodontic tooth
movement causes the release of algogenes—such as leukot-
rienes, histamine, substance P, dopamine, prostaglandin E's
(PGEs), serotonin, glycine, glutamate gamma-aminobutyric acid,
and cytokines—at the site of the periodontium. These chemicals
create a hyperalgesic response, and as a result of hyperalgesia,
pain occurs when the orthodontic force is applied.® Additionally,
orthodontic pain is affected by many factors such as age, gender,
pain threshold, the magnitude of the applied force, and cultural
differences.5’

To date, many methods have been used to eliminate orthodontic
pain. These approaches can be grouped into 2 subsets: pharma-
cological and non-pharmacological interventions. While phar-
macological methods are effective at relieving pain, it was shown
that some of them have adverse effects on tooth movement.®?
Also, their usage may lead to other side effects that might be
detrimental to the whole body such as bleeding disorders, aller-
gies, duodenal or gastric ulceration, asthma, renal insufficiency,
congestive heart problems, atherosclerosis, and hypertension.™
Due to this, researchers have recently been focusing on non-
pharmacological methods. Vibration devices, transcutaneous
electrical nerve stimulation (TENS), chewing gum, low-level laser
therapy (LLLT), and viscoelastic bite wafers have all been investi-
gated as alternative pain relief to drugs."""*

Various vibration devices have been launched by manufactur-
ers with claims that they reduce orthodontic pain and accelerate
tooth movement. Yet, publications related to the effectiveness of
these devices are very limited, and the results of the existing lit-
erature are also contradictory.''*¢ In addition, they are expen-
sive devices compared to other pain-relief methods. Chewing
gum is a similar method to the use of vibration devices in terms
of its pain-relieving mechanism; however, research relating to
them is equally scarce.

The aim of this study was to analyze the effects of mechani-
cal vibration and chewing gum on orthodontic pain caused by
an initial archwire and also to examine whether chewing gum
can be a viable alternative to mechanical vibration devices. The
hypothesis of the study was that both methods are effective in
relieving orthodontic pain.

METHODS

This study was approved by the Clinical Research Ethics
Committee of Tokat Gaziosmanpasa University (19-KAEK-121).
Based on the previously reported effect size for pain,” power
analysis showed that 19 participants were necessary per group
for an alpha of 0.05 and a power of 80%. Power calculation was

performed by using the PASS Power Analysis and Sample Size
Software (NCSS, Kaysville, Utah, USA). The minimum amount
of subjects per group was calculated to be 19 participants to
achieve a power of 80% for a clinically significant difference. In
this study, 57 patients aged between 12 and 24 years, who had
3-6 mm maxillary crowding, non-extraction treatment modal-
ity, and permanent dentition were selected from the patient
population of the orthodontic department. Patients who used
painkiller for medical causes and were planned to use an orth-
odontic appliance that could be a source of pain such as band,
transpalatal arch, headgear, and mini-screw were excluded from
the study. Informed consent was obtained from the patients and
parents who accepted to participate in the research.

Fifty-seven patients were randomly divided into 3 groups: those
using mechanical vibration, those utilizing chewing gum, and
the control group. Nineteen subjects were allocated into each
group in such a way that they all included 10 females and
9 males. Randomization was provided by using a blue raffle box
containing the names of the males and a red raffle box holding
the names of their female counterparts. The pressure pain thresh-
olds of the participants were measured using an algometer device
(JTECH Medical, Salt Lake City, Utah, USA). In case, the pain thresh-
olds of the participants were not equally distributed among the
groups, plans were made to exclude any disruptive subjects from
the sets and include new patients. Pressure algometry was intro-
duced as a means of measuring pain thresholds in muscles, joints,
tendons, and ligaments. The pressure algometer device is an
apparatus that quantifies the sensitivity levels of muscles, joints,
tendons, and ligaments, thereby documenting an individual’s
pain threshold. The measurement is performed by applying con-
tinuous pressure at a constant rate on the patient’s skin.

In all of the patients, a non-extraction fixed treatment was
started by placing 0.018 x 0.025-inch Roth prescription brackets
and tubes (American Orthodontics, Sheboygan, Wis, USA). Only
the upper arch was included in the study, and bracket bond-
ing was implemented to a total of 12 teeth, from the right first
molar to the left first molar. No application took place on man-
dibular teeth. Elastic ties were used to engage the 0.014-inch-
round nickel-titanium archwire (TP Orthodontics, La Porte, Ind,
USA) in the bracket slots. Then, the residual tips of the archwire
were cut at the distal aspect of the first molar tubes in such a way
that they did not irritate the buccal mucosa. The patients were
instructed about oral hygiene maintenance and were warned to
refrain from taking painkillers.

In the first group, mechanical vibration (Good vibrations,
Dentsply Sirona, Charlotte, NC) was applied for 20 minutes just
after the beginning of treatment (Figure 1). The procedure was
also repeated 24 and 48 hours later and administered for a total
of 60 minutes. The vibration device was operated with a battery-
powered motor and ran within a set of 111 Hzand 0.06 N param-
eters. All vibration sessions were conducted at the clinic under
the same supervisor. Meanwhile, the second group was assigned
as the chewing gum group. Just after initiating fixed orthodon-
tic treatment, patients chewed sugar-free gum for 20 minutes.
As was the case with the vibration group, the procedure was
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Figure 1. Application of the mechanical vibration

repeated 24 and 48 hours later, and the gum was chewed for a
total of 60 minutes. All chewing gum sessions were conducted at
the clinic and under the same supervisor. Lastly, the third group
served as the control. No procedure was implemented on these
participants aside from routine orthodontic treatment.

Ten-centimeter Visual Analog Scale (VAS) diaries, each with
6 sheets, were prepared to evaluate the pain perceptions that
occurred at the second and sixth hours of treatment, and on
the first, second, third, and seventh day of treatment. The Visual
Analog Scale was stated as suitable for dental pain measure-
ment and children’s use in terms of mental status.’®' Therefore,
we have preferred VAS for measuring the degree of pain.
Participants were instructed about how they must mark the VAS
forms. Before the measurements were taken, they were asked
to tap their teeth 10 times by opening and closing their mouths
and applying pressure to each tooth using their thumb.

Statistical Analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences (IBM SPSS Statistics for Windows, Version
25.0. Armonk, NY, USA: IBM Corp.). The distribution of the data
was evaluated using the Shapiro-Wilk test. The Kruskal-Wallis
test was utilized for the comparison of age, algometer scores,
and pain levels among the groups, since the parametric test pre-
conditions were not met. Repeated measurements were evalu-
ated by means of the Friedman test. P values of less than .05 were
considered statistically significant.

RESULTS
There was no statistically significant difference between groups

in terms of age (P =.138) and pressure pain threshold (P =.155)
(Table 1). The mean ages were 15.20, 15.10, and 14.11 years in

Table 1. Comparison of the age and algometer score among the
groups

Mean +
Standard
Group Deviation P
Age (year) Control 152+19 138
Chewing gum 1510+ 2.5
Mechanical 1411 +£29
vibration
Algometer score Control 15.5+5.7 155
Chewing gum 17.2+3.0
Mechanical 141 +4.7
vibration
2Evaluated by Kruskal-Wallis test.

the control, chewing gum, and mechanical vibration groups,
respectively. The mean algometer scores were 15.5, 17.2, and
14.1 in the control, chewing gum, and mechanical vibration
groups, respectively.

At all of the time points, there were no statistically significant dif-
ferences among the groups in terms of pain levels (2nd hour =
.814, 6th hour =.126, 24th hour =.279, 2nd day = .204, 3rd day =
.620, 7th day = .440) (Table 2).

For all groups, the peak points of VAS scores were recorded

at the twenty-fourth hour of treatment (Figure 2 and Table 2).
Additionally, the general pattern of the pain experienced

Table 2. Comparison of the VAS scores among the groups

Mean + Standard
Group Deviation (cm) P
Second hour  Control 1.39 + 1.88 814
Chewing gum 0.89 + 1.06
Mechanical vibration 1.25+1.34
Sixth hour Control 3.75+2.93 126
Chewing gum 2.92 +2.00
Mechanical vibration 2.13+2.18
First day Control 526 +2.11 279
Chewing gum 521+242
Mechanical vibration 4.03 +£295
Secondday  Control 440 +2.23 .204
Chewing gum 4.28 +2.08
Mechanical vibration 3.25+2.49
Third day Control 3.50+2.29 .620
Chewing gum 2.94 + 1.66
Mechanical vibration 2.89 +2.41
Seventh day  Control 1.27 +1.82 440
Chewing gum 1.47 +1.52
Mechanical vibration 0.96 +1.33
2Evaluated by Kruskal-Wallis test.
VAS, Visual Analog Scale.
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Figure 2. Graphic representation of pain patterns of the groups

was similar in all 3 groups. The pain detected at the 2nd hour
increased gradually and reached the highest point at the 24
hour. It progressively decreased after reaching the peak level
and came down to a clinically insignificant degree around the
seventh day.

DISCUSSION

Mechanical vibration, chewing gum, and bite wafers are actually
similar methods and they are based on the same principle. It was
claimed that all of these methods displace the teeth temporarily
and loosen the compressed periodontal areas including nerve
fibers and occluded blood vessels, thus enabling the blood to
flow more easily. In this way, biochemical agents that cause the
pain process are removed more quickly by means of increased
blood flow, and their actions at the site are prevented.

Various methods such as photobiomodulation, desensitizing
agents, non-steroidal anti-inflammatory drugs (NSAIDs), bite
wafers, TENS, and vibratory stimulation have been proposed to
reduce orthodontic pain, showing moderate results.>*?' One
of the most effective of these methods is the use of NSAIDs.
However, it has been reported that this method can cause some
detrimental effects on the whole body such as allergy, bleed-
ing disorders, gastric or duodenal ulceration, renal insufficiency,
asthma, congestive heart problems, hypertension, and athero-
sclerosis.® That is why researchers began to investigate noninva-
sive methods. Alternatively, the present study tested vibrational
and chewing forces, and it can be questioned why a comparison
of 2 similar methods on orthodontic pain was performed in the
present study.

In answer to the aforementioned query, the research had 2 main
objectives. The first aim was to contribute to the existing lit-
erature by testing whether these processes are actually useful.
This is because there are conflicting results in previous studies
about the efficacy of the principle."'%1>2223 While some articles
have reported no effect,'*?* there are also some examples of
research which suggest that vibration has particularly positive
repercussions on both pain and tooth movement.’®?? Based on

the studies reporting positive outcomes, manufacturers have
started to produce expensive devices. However, their effective-
ness has not been fully proven in the relevant literature.

The second objective was to determine whether chewing gum
can be an alternative to vibration devices. The thought process
behind this is that generally high-cost vibration devices are
difficult to find, especially in countries where low incomes are
prevalent. Moreover, there are significant advantages of using
chewing gum instead of other non-pharmacological methods.
First of all, it is easy to supply and is low cost. Unlike TENS, LLLT,
and mechanical vibration, it does not require the use of a device.
Additionally, it was shown that chewing gum stimulates saliva
flow, contributes to oral hygiene with the potential to promote
remineralization, and helps to reduce white spot lesion forma-
tion relating to fixed orthodontic appliances.?* Researchers have
also been interested in the different ingredients contained in
chewing gumes, such as fluoride, xylitol, and chlorhexidine, since
it is thought that they may contribute to oral hygiene in orth-
odontic patients.*?® Also, there is no remarkable evidence that
chewing gum causes breakages to appliances.?’

There is no clear consensus on how mechanical vibration must
be applied. Marie et al."" used the vibration device just once for
15 minutes, immediately after archwire placement. Meanwhile,
Miles et al.™ made their subjects use the vibration device
for 20 minutes per day during the 10-week study period. We
thought that multiple applications could be more effective than
a single application in terms of pain management, because it is
not likely that a single application immediately after archwire
placement, and before algogens are released, could alleviate
orthodontic pain. On the other hand, it would be unnecessary
to intervene the pain after the third day, as there seems to be a
trend where orthodontic pain decreases notably after the sec-
ond day, even if there is no intervention.® Consequently, our
preferred protocol of applications was 3 times: immediately
after engagement of the initial archwire, 24 hours later, and then
48 hours later. The gum was chewed utilizing the same protocols
performed in the vibration group to ensure the equality of the
applications.
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The hypothesis of this study was rejected. A statistically signifi-
cant decrease in pain could not be detected in both the vibration
and chewing gum groups; an outcome that is inconsistent with
some of the articles in related literature.""'>'?” Those publica-
tions have shown that vibration and chewing gum are effective
in alleviating orthodontic pain, but we think that this conflict
between our results and their outcomes is due to differences in
study design. In the design of these studies, individual variations,
such as gender distribution, amount of dental crowding, and the
pain threshold of the participants, were not taken into consider-
ation. Benson et al.?’ concluded that chewing gum significantly
decreased the pain caused by fixed appliances. Nevertheless,
gender equality between the groups was not considered in their
research. While 9 females and 19 males were included in the
non-chewing gum group, there were 17 females and 12 males in
the chewing gum group.

Lobre et al.”® also found that micropulse vibration devices signifi-
cantly lowered pain scores. However, gender-age distributions
between the experimental and control groups, as well as dental
crowding of the participants, were not mentioned in their study.
Similar drawbacks existed in other studies.’>’> One of the great
challenges associated with researching pain is that it is a sub-
jective phenomenon and can be greatly affected by individual
variations. It has been stated that orthodontic pain is affected
by gender, initial tooth positions and force levels, and physi-
ological and psychological susceptibility.® In this study, we tried
to preclude these conditions and to make the groups homoge-
neous in terms of individual variability. The groups constituted
of an equal number of female and male participants, and only
patients with 3-6 mm maxillary crowding were included in the
study. Moreover, patients' pressure pain thresholds were mea-
sured, and subjects who disrupted the homogeneity of the
groups were excluded from the study, with new participants
being brought in their place.

As well as the studies that present opposing outcomes,'"%1627
there are also studies that exhibited similar findings to the
results of our own research.'*%2¢ Miles et al."* have stated
that there appears to be no clinical advantage in using vibra-
tional appliances for the alleviation of pain during initial align-
ment. Woodhouse et al.’* have found that the use of a vibration
device had no remarkable effect on orthodontic pain and anal-
gesic consumption, during initial alignment with fixed appli-
ances. Furthermore, Alqareer et al.?® investigated the efficacy of
chewing gum to reduce orthodontic pain, and they determined
that chewing gum 3 times a day did not seem to reduce pain
significantly.

In terms of our own research, we believe there may be a few
noteworthy reasons why we attained negative results regarding
the usefulness of the investigated methods (mechanical vibra-
tion and chewing gum). First, temporary displacement of teeth
does not really work with regards to being a reliever of orth-
odontic pain. In some musculoskeletal disorders, the vibration
method has especially been shown to increase blood flow and
alleviate pain,?® but this does not prove that vibration will also
work in relation to orthodontic discomfort. Due to anatomical

difficulties, even if the occluded blood vessels and nerves at the
crown proportion of the root surface loosen in a limited manner,
the vibration effect may not reach the compressed vessels and
nerves in the deeper region.

Another possible reason for obtaining negative results may be
the low number of participants in our study. We might have
achieved statistically significant differences with a larger num-
ber of patients. Yet, when the number of participants of previ-
ous studies that obtained meaningful outcomes is examined, it
becomes clear that the number of subjects in this study was suf-
ficient. Farzanegan et al.’? used just 10 patients per group, and
they have determined that chewing gum is effective for pain
alleviation. Moreover, even if we had achieved statistically signif-
icant differences with more patients, we do not think that these
differences would have been clinically significant.

We think that there are 2 main limitations of the present study.
The first limitation is that we could not control whether the
participants used painkillers throughout the study. Prior to the
study, we have advised them to avoid taking a painkiller and
excluded subjects who needed medication for medical rea-
sons from the study. Nevertheless, there may be subjects who
used the painkiller and did not report it. The second limitation
is the pain measurement method we have used in the study.
Unfortunately, a method that can measure pain with objective
data and that can be used in orthodontic pain has not been
developed yet. In this study, we had to use the VAS, which is
one of the subjective methods. However, we could have stud-
ied chemical substances present in the gingival crevicular fluid
and considered as pain biomarkers. Thus, we would have had
the opportunity to support our subjective outcomes with
objective data.

CONCLUSION

The results of this study suggest that both chewing gum and
mechanical vibration have no pain-relief effect on orthodontic
pain.
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