
Abstract. Background/Aim: The transient receptor potential
vanilloid 1 (TRPV1) ion receptor is involved in the release of
calcitonin gene-related peptide (CGRP), a major contributor
to orthodontic pain. Approaches that attenuate expression of
TRPV1 and CGRP may reduce orthodontic pain. We explored
the ability of high-frequency interval vibration to reduce
orthodontic pain. Materials and Methods: Orthodontic force
(50 g) was applied to both maxillary first molars in 8-week-
old Wistar rats (n=72). Vibration was applied at 125 Hz for
15 min/day. Duration of face grooming was assessed as a
measure of orthodontic pain. Immunofluorescence and western
blotting were used to assess TRPV1 and CGRP in the
trigeminal ganglia. Results: Compared to orthodontic force
alone, application of vibration significantly decreased the
duration of face grooming at 24 h and day 3 and reduced
expression of TRPV1 and CGRP at 24 h. Conclusion:
Vibration represents a promising mechanical approach to
reduce orthodontic pain. 

Orthodontic pain originates from orthodontic force-induced
noninfectious inflammatory processes. Orthodontic force
triggers the release of neuropeptides such as calcitonin gene-
related peptide (CGRP) and substance P (SP) from
nociceptive fibers in the periodontal tissue. These
neuropeptides promote inflammation in periodontal tissue

and play an important role in evocation of orthodontic pain
by transferring pain signals via sensory afferent neurons to
neuronal bodies in the trigeminal ganglia (TG) and
trigeminal nucleus caudalis, thereby generating pain
perception within the sensory cortex (1-4). Various methods
of relieving orthodontic pain have been investigated,
including pharmacological (5), behavioral (6) and
mechanical approaches (7-9). However, while some
methods–such as administration of nonsteroidal anti-
inflammatory drugs–effectively reduce orthodontic pain, they
also decrease the rate of tooth movement by inhibiting
prostaglandin synthesis via inflammatory processes (10). 

Mechanical vibration has been used as a supplementary
approach to reduce musculoskeletal and dental pain (11, 12).
Based on the theory of gate control, an appropriate vibration
can activate mechanoreceptors, such as Meissner’s corpuscle
in subcutaneous and bone tissue, which will stimulate large-
diameter Aβ nerve fibers to initiate inhibitory interneurons
that, in turn, reduce pain perception by inhibiting nociceptive
signals transmitted from projection neurons to the brain (13).
In addition, there is evidence that vibration may act as
analgesic by triggering retrograde transport within primary
sensory neurons and subsequently reduce the release of
nociceptive neuropeptides (14). However, the ability of
vibration to relieve orthodontic pain has only been assessed
in a limited number of studies.

Previous studies have established transient receptor
potential vanilloid subtype 1 (TRPV1) as the primary
nociceptive transducer involved in orthodontic pain. When
triggered by noxious stimuli (15)–including orthodontic
force–TRPV1 mediates the release of various neuropeptides
(16, 17). Application of the TRPV1 agonist capsaicin has
been reported to up-regulate calcitonin gene-related peptide
(CGRP) in both the TG and trigeminal subnucleus caudalis
in response to tooth movement (18), suggesting CGRP is a
primary mediator released by TRPV1. CGRP is a member of
the calcitonin family of peptides, which function as
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vasodilators and in transmission of nociceptive information.
Up-regulation of CGRP is thought to increase the excitability
of trigeminal neurons; CGRP is anterogradely transported to
the periodontal tissues, resulting in amplification of
orthodontic pain (4). Thus, TRPV1 and CGRP play
important roles in the transmission of nociceptive
information during orthodontic tooth movement.

The aims of this study were to assess the effects of high-
frequency interval vibration on nocifensive behavior (the
duration of face grooming) after application of orthodontic
force using a rat model. To explore the related molecular
mechanisms, we also examined the effects of orthodontic
force with and without vibration on the expression of TRPV1
and CGRP in the neuronal cell bodies of the TG. These
peptidergic neurons convey noxious information from the
maxillary arch to the lateral restricted area of the maxillary
division of the TG. We employed electrical toothbrushes to
apply high-frequency vibration as these tools are
inexpensive, simple to use, widely available and the
approach is non-invasive (9, 19).

Materials and Methods

Experimental animals. Seventy-two 8-week-old male Wistar rats
(Nomura Siam International Company, Bangkok, Thailand)
weighing 200-250 g were used for this study. All animal procedures
were approved by the Experimental Animal Center of Prince of
Songkhla University (Songkhla, Thailand). Animals were housed in
a strict hygienic conventional system in a temperature-controlled
room in standard cages with food and water available ad libitum
under a 12-h light cycle. The rats were allowed to acclimatize to the
housing conditions for at least 1 week before the experiments were
initiated.

The animals were randomly allocated to three groups: control
group (Con), orthodontic force group (F), or orthodontic force
combined with vibration group (FV). The eight rats in the control
group received no interventions. The thirty-two rats in the F group
received orthodontic treatment and the thirty-two rats in the FV
group received orthodontic treatment and vibration. The groups and
experimental timeline are shown in Figure 1A and B, respectively.

Experimental orthodontic tooth movement. To apply orthodontic
force, the rats in the F and FV groups were anesthetized by
intraperitoneal administration of 30 mg/kg ketamine and 10 mg/kg
xylazine. A nickel-titanium close coil spring (Dentos, Dentaplex
Daegu, Republic of Korea) was placed between the maxillary first
molar and the maxillary incisor on both sides to move the maxillary
first molars mesially, as previously described (20). The ligature
wires were securely tied at the mesial surface of the maxillary first
molar. Stainless steel 0.008-inch ligature wires were also placed
around the maxillary incisors. A flowable light cure resin composite
(Flow Tain, Reliance Orthodontic products Inc., Itasca, IL, USA)
was then placed over the ligature wire on the buccal and palatal
surfaces of the maxillary first molar and around the maxillary
incisors. Finally, the coil-springs were activated and attached to the
ligature wire, as illustrated in Figure 1C. The springs were activated
to exert 50 g force in the F and FV groups. 

Experimental application of vibration. A high-frequency vibration
generator with an eccentric weight at the tip of an electric
toothbrush was used to apply high-frequency vibration at 125 Hz.
The tip of the toothbrush was applied on the occlusal surface of the
experimental first molars for 15 min immediately after insertion of
the close coil-spring and once daily for 15 min on days 0, 1 and 2
after insertion of the appliance. The timeline for the intervention is
illustrated in Figure 1B.

Animal behavioral test. The face grooming test, a behavioral
response to pain, provides a reproducible and reliable method of
assessing orthodontic pain and was performed as previously
described (21). The behavioral assay and video analysis were
performed by a blinded investigator. The rats were placed in a
20×10×10 cm3 clear plastic box in a quiet environment for at least
15 min before the recordings were initiated. Digital video records
were manually captured for 30 min. The duration of grooming was
averaged for 5 rats to yield the mean value for each group on days
1, 3 and 7. 

Immunofluorescent staining. TRPV1 and CGRP expression in the
trigeminal ganglion were examined using an immunofluorescent
assay (22). Rats (n=5 rats per time-point per group) were terminally
anesthetized by intraperitoneal administration of 30 mg/kg ketamine
and 10 mg/kg xylazine at 12 h, 24 h, day 3, or on day 7. The rats
were transcardially perfused with 0.1 M PBS followed by 4%
paraformaldehyde (PFA). The trigeminal ganglia were dissected,
post-fixed for 3 days in 4% PFA at 4˚C, cryoprotected by immersion
in 0.1 M PBS/30% sucrose at 4˚C for 3 days and sectioned at 5 μm
using a cryostat.

Tissue sections were fixed in 4% PFA for 40 min, washed twice
in PBS for 10 min, incubated in blocking solution (10% normal
donkey serum in PBS with 0.25% Triton X-100) for 60 min at room
temperature, then incubated overnight at 4˚C with polyclonal rabbit
anti-TRPV1 (1:500; Abcam, Cambridge, MA, USA) or polyclonal
rabbit anti-CGRP (1:500; Abcam). The antibodies were diluted in 5%
normal donkey serum in PBS with 0.25% Triton X-100 (PBST).
After thoroughly washing three times in PBST for 10 min, the
sections were incubated with donkey anti-rabbit IgG-Fluorescein
(FITC) secondary antibody (1:500; Jackson Immunoresearch, West
Grove, PA, USA) for 2 h at room temperature. Sections were
examined using a Zeiss fluorescence microscope (Carl Zeiss,
Oberkochen, Germany). Control specimens were incubated with PBS
without the primary antibodies. The fluorescence intensities in the
maxillary branch of the TG were analyzed in the stored digital image
sequences using Zen software (Carl Zeiss, Oberkochen, Germany).
The control antibody-negative specimens were invariably negative.

Western blotting. Expression of TRPV1 and CGRP in the entire TG
was examined by western blotting (n=3 rats per time-point per
group) at 12 h, 24 h, day 3 and on day 7. TG tissues were lysed in
RIPA lysis buffer and the supernatants were stored at -80˚C until
analysis. The total protein concentration of each sample was
quantified using the BCA protein assay kit (Pierce™, Waltham, MA,
USA). Lysates were separated on SDS-PAGE gels and the proteins
were transferred onto polyvinylidene fluoride (PVDF) membranes
and blocked with 5% skimmed milk in Tris-buffered saline with
0.1% Tween 20 (TBST) solution for 2 h at room temperature. The
primary and secondary antibodies were polyclonal rabbit anti-
TRPV1 (1:500; Abcam), polyclonal rabbit anti-CGRP (1:500;
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Figure 1. Schematic diagram of the experimental model. (A) The rats were divided into three groups: control group (Con; n=8), orthodontic force
group (F; n=32), and orthodontic force combined with vibration group (FV; n=32). The eight rats in the control group received no intervention.
(B) Timeline of the experiment. (C) Coil springs were placed between the left and right maxillary first molars and incisors in the F and FV groups.
The springs were activated to exert 50 g force. Vibration was applied for 15 min immediately after force insertion (day 0) and on day 1 and 2. Rats
were euthanized at 12 h, 24 h, on day 3 or 7 and the TG were examined by immunofluorescence staining and western blotting.



Abcam), polyclonal rabbit anti-β-actin (1:1000; Abcam) and
secondary-goat anti-rabbit IgG (1:3000; Abcam) (23). The densities
of the protein bands were analyzed using Image J (NIH, Bethesda,
MD, USA) (24) and normalized to the levels of the internal control
housekeeping protein β-actin. 

Statistical analysis. Data were analyzed using SPSS Statistics for
Windows version 17.0 (SPSS Inc., Chicago, IL, USA) and are
presented as mean±standard error of the mean. The Kolmogorov-
Smirnov test was used to test normality of the data distributions.
The Student’s t-test was used to compare normally distributed data;
the non-parametric Kruskal-Wallis and post-hoc Mann-Whitney U-
tests were used to compare non-normally distributed data. The
criterion for statistical significance was p<0.05.

Results
Interval vibration reduces the duration of pain behavior
associated with application of orthodontic force in rats. The
duration of face grooming was used as an indicator of
orthodontic pain to determine whether application of
vibration could reduce orthodontic pain during orthodontic
tooth movement. The same five treatment-naive animals
were used as the control group at each time point. As shown
in Figure 2, the duration of face grooming was significantly
greater at 24 h and day 3 after application of orthodontic
force than in the untreated control animals. The duration of
face grooming was significantly greater in the F group than

that in the FV group at 24 h and day 3. The duration of face
grooming decreased in both the F and FV groups between
24 h and day 3, but remained significantly higher in the F
group compared to the FV group on day 3. The duration of
face grooming decreased further between day 3 and day 7
and was similar in both groups on day 7.

Vibration reduces the intensity TRPV1 expression in the
maxillary branch of the TG during orthodontic tooth
movement. We determined the expression of TRPV1 in the
maxillary branch of the TG to assess the mechanism by
which vibration reduced orthodontic pain during tooth
movement. As shown in Figure 3, the mean fluorescence
intensity of TRPV1 was significantly higher in the F group
compared to the control group at 24 h (p<0.05) after
application of orthodontic force; the mean fluorescence
intensity (MFI) for TRPV1 peaked at 24 h in the F group.
Furthermore, the MFI for TRPV1 was significantly higher in
the F group than in the FV group at 24 h, indicating that
vibration reduced the induction of TRPV1 expression in
response to orthodontic force. These findings imply that
vibration may reduce orthodontic pain by suppressing
TRPV1.

Vibration reduces TRPV1 expression in the TG during
orthodontic tooth movement. Western blotting of TG lysates
was performed to confirm whether vibration decreased
orthodontic pain during tooth movement by reducing the
expression of TRPV1. Compared to the control group,
application of orthodontic force significantly up-regulated
TRPV1 expression in the TG in the F group at 24 h, then
TRPV1 expression gradually decreased from days 3 and 7.
However, the FV group expressed significantly lower levels
of TRPV1 than the F group at 24 h (Figure 4). These results
indicate that application of vibration during tooth movement
may reduce orthodontic pain by decreasing the expression of
TRPV1 in the TG. 

Vibration reduces CGRP expression in peptidergic neurons
in the maxillary branch of the TG during orthodontic tooth
movement. We quantified the expression of CGRP by
immunofluorescent analysis to further examine the role of
TRPV1 in response to the application of orthodontic force.
As shown in Figure 5, compared to the control group,
application of orthodontic force alone significantly increased
the MFI for CGRP in the maxillary branch of the TG at 24
h and on day 3 (p<0.05), with CGRP expression levels
peaking at 24 h in the F group (p<0.05). However, compared
to the F group, application of vibration in combination with
orthodontic force significantly reduced the MFI of CGRP in
the TG in the FV group at 24 h and on day 3. This indicates
that vibration attenuated the up-regulation of CGRP induced
by application of orthodontic force.
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Figure 2. Orthodontic force induces spontaneous face grooming-evoked
pain behaviors in rats. The pain scores were determined from the
duration of face grooming activities at various time points after
insertion of the coil-spring. The duration of face grooming in the F and
FV groups is expressed relative to the control group; *p<0.05,
**p<0.001 compared with the control group; ##p<0.001 for the
comparison between the F group and FV group, Mann-Whitney U-test.
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Figure 3. TRPV1 immunoreactivity in the maxillary branch of the TG during experimental tooth movement. (A) Representative images of
immunofluorescent staining for TRPV1 in the maxillary branch area of the TG. TRPV1-positive cells are green. (B) Mean fluorescence intensity for
TRPV1 in the maxillary branch of the TG in the F and FV groups expressed relative to the control group. *p<0.05 compared with control group;
#p<0.05 for the comparison between the F group and FV group, Mann-Whitney U-test.



Vibration reduces CGRP expression in the TG during
orthodontic tooth movement. We performed western blotting
in TG lysates to confirm the effects of high frequency vibration
on CGRP expression during tooth movement. Compared to the
control group, application of orthodontic force significantly
up-regulated CGRP expression in the TG in the F group at 24
h, then CGRP expression gradually decreased from day 3 to
day 7. However, the FV group expressed significantly lower
levels of CGRP than the F group at 24 h (Figure 6). These
results indicate that applying vibration after application of
orthodontic force reduced orthodontic pain by decreasing the
expression of CGRP in the TG.

Discussion 

We successfully established a rat model that produces
measurable levels of orthodontic pain to investigate the

ability of high-frequency interval vibration to reduce
orthodontic pain. Our experimental model showed that
applying vibration to the teeth after application of continuous
orthodontic force decreased face grooming behavior and
reduced the expression of CGRP and TRPV1 in the TG
compared to rats subjected to orthodontic force alone.

Orthodontic pain is an undesirable side effect induced by
orthodontic force during orthodontic treatment. Orthodontic
force is received by the periodontal sensory nerve endings as
a nociceptive stimulus. Pain signaling is subsequently
transmitted to the TG, trigeminal nucleus caudalis and
somatosensory cortex where orthodontic pain is perceived and
a memory of unpleasant feelings is generated (3). In both
humans and rat models, orthodontic pain develops 12 h after
force application, peaks after 1 day, and then steadily decreases
after 3-7 days. Similarly, the peak duration of face grooming
behavior was observed 24 h after application of continuous
orthodontic force, compared to the control group, and the
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Figure 4. Vibration decreases TRPV1 expression in the TG during orthodontic tooth movement. (A) Representative western blots of TRPV1 protein
expression in the TG of the F group and FV group at 12 h, 24 h, 3 days and 7 days after application of orthodontic force. (B) Quantification of
relative TRPV1 expression in the TG at the different time points in the F group and FV group normalized to the control group. Data are mean±SEM
(n=3); *p<0.05 compared with the control group; #p<0.05 for the comparison between the F group and FV group, Mann-Whitney U-test.
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Figure 5. Vibration reduces the expression of CGRP in the TG during orthodontic tooth movement. (A) Representative images of immunofluorescent
staining for CGRP in the maxillary branch area of the TG. CGRP-positive cells are green. (B) Mean fluorescence intensity for CGRP in the F group
and FV group expressed relative to the control group. Data are mean±SEM (n=5); *p<0.05, **p<0.001 compared with the control group; #p<0.05
for the comparison between the F group and FV group, Mann-Whitney U-test.



duration of face grooming behavior gradually reduced by day
7. Furthermore, applying vibration after application of
continuous orthodontic force significantly decreased the
duration of face grooming behavior, in agreement with the
clinical study by Lobre et al. in 2015 (9). Likewise, in 2018,
Alansari et al. (19) have reported that daily exposure to 5 min
high-frequency vibration reduced pain perception in humans
according to a numerical rating. Similarly, Stacy et al. (7) have
demonstrated that exposure to 30 Hz vibration for 20 min
reduced orthodontic pain, as indicated by a visual analog scale.

Two mechanisms may possibly explain the effect of
mechanical vibration on orthodontic pain. First, according to
gate control theory, application of vibration may reduce
orthodontic pain by stimulating inhibitory interneurons,
which would reduce the amount of pain signals transmitted
by Aδ and c fibers. Second, exposure to repeated vibration
triggers axonal retrograde-transport in primary sensory

neurons and subsequently decreases the release of
nociceptive neuropeptides, and thereby reduces nociceptive
transmission (14). Since some neuropeptides are potent
peptide vasodilators, vibration-induced reductions in the
levels of nociceptive neuropeptides may also decrease the
area of periodontal ligament compressed by temporary
displacement of the teeth–including nerve fibers and
occluded blood vessels–and thus promote blood flow (25). 

Furthermore, our data showed that TRPV1 and CGRP were
up-regulated in the TG by orthodontic force. However,
applying vibration after application of orthodontic force
remarkably reduced TRPV1 and CGRP expression. TRPV1 is
a polymodal TRP receptor channel that can be activated by
noxious temperatures, changes in pH or voltage, and fatty acid
amides and vanilloids. TRPV1 is considered to be an
interesting nociceptive target for relieving pain, including
orthodontic pain (26). A previous study has found TRPV1
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Figure 6. Vibration decreases CGRP expression in the TG during orthodontic tooth movement. (A) Representative western blots of CGRP protein
expression in the TG of the F group and FV group at 12 h, 24 h, 3 days and 7 days after application of orthodontic force. (B) Quantification of
relative CGRP expression in the TG at the different time points in the F group and FV group normalized to the control group. Data are mean±SEM
(n=3); *p<0.05 compared with the control group; #p<0.05 for the comparison between the F group and FV group, Mann-Whitney U-test.
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Figure 7. Schematic diagram of the proposed mechanisms by which high frequency vibration decreases TRPV1 and CGRP expression in the TG
during orthodontic tooth movement.



mRNA and protein expression were elevated in the TG during
orthodontic pain. Moreover, orthodontic force stimulates
TRPV1 sensory receptors in the nerve endings of TG neurons
in periodontal tissues and subsequently increases calcium
influx into the cell, thereby promoting the release of
neuropeptides, including CGRP. CGRP is a neuropeptide
responsible for nociceptive transmission that can induce
neurogenic inflammation associated with dental pain (27). Up-
regulation of CGRP increases the excitability of trigeminal
neurons and, additionally, CGRP is anterogradely transported
to periodontal tissues, which amplifies orthodontic pain (4). A
previous study has demonstrated a relationship between
TRPV1 and CGPR by applying the TRPV1 agonist capsaicin
during tooth movement. The TRPV1 agonist up-regulated
CGRP in the TG and trigeminal subnucleus caudalis (18).
Collectively, the decreases in TRPV1 and CGRP expression
observed in the TG after applying vibration during orthodontic
force-induced experimental tooth movement mirror the
reductions in orthodontic pain conferred by vibration. Thus,
our data support the roles of TRPV1 and CGRP in the
transmission of nociceptive information during orthodontic
tooth movement. 

In addition, the duration of face grooming was
significantly lower in the FV group compared to the F group
at 24 h and on day 3. In contrast, western blotting only
showed significant decreases in TRPV1 and CGRP in both
groups at 24 h. One possible explanation is that CGRP
stimulated the production of inflammatory cytokines that
amplified pain behavior on day 3, in addition to the direct
effects of CGRP. Moreover, immunofluorescent staining
showed that CGRP was expressed at significantly higher
levels in the F group than in the control group at 24 h and 3
days, while TRPV1 expression was significantly increased
only at 24 h. Therefore, the sustained increase in CGRP
expression compared to TRPV1 could possibly be due to a
positive feedback loop, in which released CGRP causes local
vasodilation and inflammatory accumulation, which in turn
trigger the release of more CGRP (4, 28). Notably,
immunofluorescent staining revealed CGRP expression was
significantly lower in the FV group compared to the F group
at 24 h and 3 days. In contrast, CGRP expression was only
significantly different between both groups at 24 h in
western blot analysis. One possible explanation is that the
entire TG, including the mandibular branch and ophthalmic
branch were assessed in western blot analysis, whereas the
maxillary branch–which directly receives pain signaling from
maxillary first molar teeth–was only examined by
immunofluorescence.

In summary, we report vibration has the potential to
reduce orthodontic pain, possibly via mechanisms linked to
reduced expression of TRPV1 and CGRP (Figure 7). These
findings may provide a novel therapeutic approach to relieve
orthodontic pain based on vibrational analgesia.
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