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Abstract

Background
Pain is a common symptom of orthodontic treatment. Therefore, this study aimed to determine the effect
of vanillin on emotional stress and pain-related behaviours induced during tooth movement by observing
the behaviours of orthodontic rats and to provide a therapeutic basis for the discomfort caused by
orthodontic treatment.

Methods
A 75 g orthodontic force was applied via an orthodontic appliance to the left maxillary incisors and first
molars of 200–250 g male Sprague-Dawley rats. The rats were then administered vanillin in three
different ways on days 1, 2, 3, 5, and 7 (via gavage, sniffing, or coating around the gingiva of the
orthodontic teeth). Behaviour was evaluated at each time point in an open field based on the number of
lines crossed in the first 30 s and 5 min, the number of lines crossed to the centre, the rearing time, the
facial grooming time, and the Resistance-to-Capture scores.

Results
In the experimental orthodontic stimulation, the rats showed anxious, pain-related behaviours such as
nervousness, rearing, decreased interest in exploring their surroundings, and reduced mobility. Conversely,
in orthodontic rats administered vanillin, anxiety and pain-related behaviours were alleviated, and their
mobility was restored. Furthermore, each administration method has the advantages of reducing pain
and increasing activity.

Conclusion
This study revealed that three vanillin administration methods have advantages in alleviating anxiety and
pain during experimental tooth movement, which can serve as a reference for clinicians to treat patients
with orthodontic pain.

Background
Pain is a common symptom of orthodontic treatment, with a reported incidence of 72–100% among
orthodontic patients who experience various degrees of pain [1]. This pain typically occurs within a few
hours to a day after the treatment, peaks on day 3, and returns to baseline on day 14 [2, 3]. The application
of orthodontic force rebuilds periodontal tissue and triggers the release of various inflammatory
mediators such as Prostaglandin E2 (PEG2), inducible nitric oxide synthase (iNOS), bradykinin, 5-
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Hydroxytryptamine (5-HT), and substance P [4]. These mediators activate the injury receptors and
transmit pain signals. These pain signals are then transmitted via the Aδ and C fibres of the trigeminal
nerve to the trigeminal ganglion cytosol, converted by neurons at all levels, before being projected to the
cerebral cortex, leading to the perception of nociception [1]. However, while reducing local inflammation
can be an effective method of pain relief, concerns regarding discomfort during the initial phase of
orthodontics and the psychosocial implications of wearing braces can cause high levels of anxiety [5]. In
particular, dental anxiety may cause negative thoughts, fears, sleep disturbances [6], interference with
work and personal relationships [7–10], and even affect compliance with orthodontic treatment [11]. Some
studies have compared the emotional status of patients before and after orthodontic treatment and, in
many cases, showed a positive association between pain and stress [12, 13]. In addition, during dental
injections, anxious patients tend to experience more pain than less anxious patients [14], as dental anxiety
consistently influences the perception of pain throughout various dental procedures, thereby highlighting
the importance of anxiety management for highly anxious patients and pain control for all dental
patients [15, 16]. Consequently, psychological interventions have been suggested as a means to alleviate
pain.

Many methods, such as musical intervention, verbal and written advice from doctors, and visual
activation, have been used to demonstrate pain perception in patients undergoing dental treatment [17–

21]. Another notable method is olfaction, which plays an important role in transmitting and processing
noxious stimuli. A prior study reported that smell and taste appear to interact at both the behavioural and
neural levels, share common features, and are strongly linked to emotion and cognition [22]. Although
there is evidence that olfactory and gustatory substances have powerful effects on experimental pain,
such as unpleasant chemosensory stimuli, which increase the perception of pain in patients with chronic
oral burns [23], other studies have reported that olfactory input stimulated by linalool odour has an
analgesic effect [24, 25]. Currently, nonsteroidal anti-inflammatory drugs (NSAIDs) are most commonly
used to relieve pain because they block the formation of arachidonic acid during the prostaglandin
production cycle [26]. However, patients often worry about the side effects of drugs. Moreover, because
procedures such as electrical and vibration stimulations are more complex, researchers have been trying
to find a safe and convenient method to relieve orthodontic pain.

Vanillin, an aromatic compound extracted from vanilla beans, has a strong milk fragrance and stable
aroma and is widely used as a flavouring agent or food additive. Recently, the pharmacological activities
of vanillin have attracted increasing attention. As a natural small-molecule substance, vanillin can quickly
pass through the blood-brain barrier compared to plasma and exhibit greater stability in the brain tissue
[27]. Vanillin has also been reported to exhibit anti-inflammatory [28–31], antinociceptive [32] and anti-stress
activities, as studies have shown that vanillin elicits a protective effect in rats subjected to chronic mild
stress [33], and the antinociceptive potential of vanillin has been demonstrated in acetic acid-induced
visceral inflammatory pain models [32]. However, its application in orthodontics is yet to be explored.
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Therefore, this study aimed to investigate the role of vanillin in relieving the emotional stress and pain
induced by experimental tooth movement (ETM) in rats as well as provide a basis to enhance the comfort
and experience of patients undergoing orthodontic treatment.

Methods

Animals
A total of 40 male Sprague–Dawley rats weighing between 200 and 250 g were used in this study. The
rats were housed in clear plastic cages containing soft bedding in a colony room following a 12-hour
light-dark cycle with an ambient temperature maintained at 21–23°C. Food and water were randomly
provided, and the feeding and tests were conducted in a room with a background noise level of 40–50
dB. Before the commencement of the study, the rats were allowed to acclimatise to the housing
conditions for 5 days. All possible measures were taken to minimise animal suffering and the number of
animals used in this study.

Experimental Design
Animals were randomly divided into four orthodontic groups and one control group (eight rats per
group[32]) (Fig. 1A). A 75 g orthodontic force was applied to the left maxillary incisor and first molars
using a fixed nickel-titanium (Ni-Ti) alloy closed-coil spring in the orthodontics groups [35]. The groups
were as follows: Group O received orthodontics without any drugs, Group O + iV received 50 mg/kg of
vanillin[26] intragastrically (1% w/v diluted in 25°C purified water, i.g.) (Fig. 1B), Group O + sV received
aroma of 1% w/v vanillin (vanillin solution was added to cotton balls and placed at the bottom of the
aromatherapy barrel [36]) with the rats placed on a perforated platform in the middle of the aromatherapy
barrel, one per barrel (Fig. 1C), Group O + cV received 1% w/v vanillin coated around the gingiva of the
orthodontic teeth (Fig. 1D) and Group N received no appliance or drug. Vanillin was administered for 7
days. After administering vanillin for 30 min, the rats underwent behavioural tests on days 1, 2, 3, 5, and
7. To assess the whole-body effects, the animals were weighed before treatment and at regular intervals
during the experimental period.

Behavioural Testing
Two behavioural tests were performed: an Open-Field Test and the Resistance-to-Capture Test [37]. All
tests were conducted during the light phase of the light/dark cycle and were performed on days 1, 2, 3, 5,
and 7 after the orthodontic appliances were placed. Each rat was brought to the test room for behavioural
testing and promptly returned to the colony room afterward. The test room was quiet and temperature
controlled (22°C). The rats were recorded using a camera placed 2 m above the testing box during the
tests, and the images taken were then analysed by five observers blinded to the grouping of the animals.

Open-Field Test
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During this test, each rat was placed in one corner of a 100 × 100 cm open field surrounded by 40 cm
high plastic board walls. The floor was composed of an odourless plastic board divided into 25 squares
of equal size. The behaviour of the rat in the open field was recorded for 5 min. Then the following
parameters were analysed: (1) the number of lines crossed in the first 30 s, (2) the total number of lines
crossed in 5 min, (3) the number of lines crossed to the centre of the open field, (4) the rearing time, and
(5) the facial grooming time. A line was considered crossed when all four paws crossed the line. Facial
grooming time was measured using a stopwatch.

Resistance-to-Capture Test
Following the open field test, a resistance-to-capture test was performed. The test involved measuring the
animal’s resistance to being picked up by the examiner. The level of resistance was evaluated as follows:
0, easy to pick up; 1, vocalises or shies away from hand; 2, shies away from hand and vocalises; 3, runs
away from hand; 4, runs away and vocalises; 5, bites or attempts to bite; and 6, launches a jump attack.

Measuring tooth movement distance
After 7 days of orthodontic treatment, the rats were anaesthetised. The maxillary region of the rats was
then carefully separated and fully exposed for further analysis. With the aid of a vernier calliper (Fig. 2A),
the distance between the left maxillary first molar and second molar was measured three times by three
researchers.

Statistical analysis
Statistical analyses were performed using SPSS (version 26; IBM Corp, Armonk, NY, USA) and GraphPad
Prism (version 6.01; GraphPad Software, San Diego, Calif, USA). The Shapiro-Wilk test revealed that the
data were normally distributed (p < 0.05). A repeated-measures analysis of variance and Dunnett’s post-
hoc comparison tests were conducted, with statistical significance set at p < 0.05 to analyse the changes
in parameters at different time intervals.

Results
Effects of vanillin on the tooth movement distance of rats during ETM

Before studying the effect of vanillin on the pain and anxiety caused by orthodontic treatment, it was
necessary to determine its role in tooth movement during ETM. The average distance of the first molar
movement measured on the 7th day in each group is shown in Fig. 2B and Tab. 1. The distance between
the first and second molars in all ETM groups was statistically significant compared to the N group (p <
0.05). However, there was no significant difference in the distance between the vanillin-treated groups (p >
0.05). This suggests that the application of vanillin did not affect tooth movement. 

Furthermore, we found that the body weight of the rats in the N group increased gradually from 227.8 ±
0.7 g on day 0 to 252.0 ± 2.0 g on day 7, and compared with the body weight on day 0, that on day 7
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increased significantly (p < 0.001) (Tab. 2). However, for rats subjected to 75 g of orthodontic force, the
weight decreased in the first 2 days before increasing after the third day (Fig. 3). In group O, the mean
body weight of the rats decreased significantly from 227.6 ± 2.4 g before orthodontics to 221.8 ± 2.8 g on
day 2 (p < 0.05). After that, the body weight steadily increased, reaching 238.8 ± 3.7 g on day 7. Likewise,
the body weights of rats administered vanillin showed a similar trend to group O but with a faster growth
rate (Tab. 2 and Fig. 3). These findings suggest that the use of vanillin in vivo may be safe, or potentially
less toxic, and may alleviate discomfort and promote normal feeding in rats.

Vanillin relieves emotional stress and pain during ETM in rats

After confirming the safety and effect of vanillin on tooth movement, it was necessary to determine the
role of vanillin in emotional stress and pain-related behaviours induced by ETM in Rats. First, an Open-
Field Test was conducted (Fig. 4A). In this experiment, the number of lines crossed in the open field
represented the mobility of the rats and was analysed at each time point (days 1, 2, 3, 5, and 7) in the five
groups (Figs. 4B-C). During the first 30 s, the number of lines crossed was lower than that observed at 5
min. The number of lines crossed decreased in the first 2 days and then increased after the third day in
the O and O + iV groups. However, different trends were observed in the O+sV and O + cV groups, as they
increased during the first 2 days (compared to the O and O + iV groups), peaked on day 2, and then
decreased. Afterward, the lines crossed by the O+sV group gradually increased and returned to the group
N values on day 7. In contrast, lines crossed by the O+cV group increased on day 5 and then decreased
on day 7, below the level observed in the other groups, but showed no statistical significance. Analysis of
the number of lines crossed into the central area showed that rats in the vanillin group entered the central
area more often than those in groups N and O (Fig. 4D). The number of rearing time in the open field of
group O rats was lower compared to the vanillin-treated group (Fig. 4E), and statistically significant
differences were observed on day 2 (Fig. 4E: day 2 N group vs O group, p < 0.05; O+sV group vs O group, p
< 0.05; O+cV group vs O group, p < 0.05). Facial grooming time in the O and vanillin groups increased in
the first 2 – 3 days, reaching a peak (Fig. 4F: day 1: N group vs O group p < 0.05; day 2: N group vs O
group p < 0.01; day 3: N group vs O group p < 0.01), and then decreased to the same level as that of the N
group on day 7. Notably, the facial grooming time of the vanillin group was shorter than those in group O
(Fig. 4F: day 1 O+iV group vs O group p < 0.01; day 1: O+cV group vs O group p < 0.01; day 2: O+cV group
vs O group p < 0.01; day 5: O+cV group vs O group p < 0.05; day 7: O+cV group vs O group p < 0.01). The
resistance-to-capture ability indicates resistance to adverse external stimuli (Fig. 5A), and it decreased
sharply in the O group after applying 75 g of orthodontic force during the first 3 days (Fig. 5B) before
gradually increasing after day 3. Rats treated with vanillin showed a similar trend; however, the O+sV and
O+cV groups showed faster recovery when resisting capture (Fig. 5B). These results demonstrate that
after orthodontics were applied, the rats' mobility weakened; however, the administration of vanillin in all
three vanillin treatment groups increased their mobility, improved exploration of the external environment,
and decreased grooming behaviour after orthodontics. 

Discussion
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Changes in the occlusal contact and compressed periodontal ligament can lead to discomfort and pain in
orthodontic patients. Aksoy et al. [38] demonstrated that orthodontic treatment affects patients' anxiety
and cortisol levels. Similarly, studies have reported that the application of orthodontic appliances reduced
oral health-related quality of life and mental health conditions during the first month of treatment, even
though oral health-related quality of life and psychological status recovered after the orthodontic
treatment [39, 40]. Reduced activity and interest in exploring one’s surroundings in an open field are
considered indicators of anxiety and fear in unknown areas [41]. In addition, consistent with our findings,
several studies in both humans [19, 42, 43] and experimental animals [34, 44, 45] agree that pain associated
with ETM peaks at 1–3 days (as we observed that ETM led to a remarkable increase in facial grooming
behaviour from day 1 to day 3 in the O group). Thus, this means that orthodontic treatment not only deals
with periodontal pain but also psychological changes, such as anxiety and depression. Therefore, we
hypothesized that there is an association between depression-and anxiety-like symptoms and ETM in
rats based on their behavioural performance. To reduce the discomfort associated with orthodontics, a
meta-analysis [46] revealed differences in pain between orthodontic patients treated with laser therapy
and those treated with a placebo at 24 and 72 h. Likewise, Kaya et al. [47] proved that ibuprofen is often
used to reduce pain because it reduces IL-1β and substance P levels in the gingival crevicular fluid.
However, because patients often worry about the side effects of taking drugs and electrical and vibration
stimulations are more complex to perform, researchers have tried to find a safe and acceptable method to
relieve orthodontic pain. Notably, in this study, two non-invasive methods, sniffing and coating, were used
to examine the inhibitory effect of vanillin on orthodontic pain, and our results showed a significant
reduction in grooming time in the O+sV and O+cV groups on days 5 and 7, indicating that pain was
alleviated by these methods.

Vanillin is a natural compound with anti-inflammatory properties. A prior study depicting a model of
mechanical injury [48] showed that vanillin reduced IL-6, IL-8, COX-2, iNOS expression, and NO
release, indicating a potential therapeutic effect of vanillin as an inflammatory modulator in tissue repair
and regeneration. Another study also reveals that vanillin decreases the levels of TNF-α, IL-6, IL-1β, and
IFN-α in gastric ulcers, promotes mucus production, and preserves gastric mucosa integrity [49]. However,
studies on the applications of vanillin in orthodontic treatment are lacking. In this study, rats treated with
vanillin showed higher mobility, more interest in exploring the external environment, and less grooming
behaviour than those in group O, suggesting that vanillin relieves orthodontic pain. In addition, we
explored the effect of vanillin’s fragrance on orthodontic pain by permeating the blood-brain barrier, and
the results show that rats in the O+sV group exhibited decreased grooming behaviour after sniffing
vanillin. Thus, these findings suggest that vanillin has a relieving effect on orthodontic pain and
promotes emotional calmness. However, there is no clear conclusion regarding the effectiveness of these
three administration methods. For example, in the first 2 days, the O+sV and O + cV groups boosted the
rats' mobility, which was then followed by a decrease, with no abnormal changes in body weight or health
status. In future studies, we will continue to explore the method of administration that is most effective in
relieving orthodontic pain and anxiety. Moreover, vanillin pharmacological actions and mechanisms of
action still require further study. Our study provides a novel approach for alleviating orthodontic pain.
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First, patients with orthodontic pain often refuse to take painkillers because they are worried about their
side effects. Therefore, considering that vanillin is commonly used as a food additive, its acceptance may
increase if used to alleviate orthodontic pain and anxiety. Second, our experiment used three methods of
administration: intragastric, sniffing, and coating, all of which have the effect of relieving orthodontic pain
and reducing emotional stress. We have innovatively explored the effect of smell on orthodontic pain via
sniffing of vanillin, which we believe has provided ideas for the development of clinical drug dosage
forms in the future, such as vanillin that can be made into edible tablets, sniffing spray, or locally coated
gel.

Conclusions
This study shows that vanillin administration restored depression-and anxiety-like behaviours induced by
ETM; however, further research is needed to investigate whether vanillin can serve as a therapeutic option
for depression-and anxiety-like symptoms in clinical orthodontic treatments.

Abbreviations
ETM: Experimental tooth movement

PEG2: Prostaglandin E2
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NSAIDs: nonsteroidal anti-inflammatory drugs
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Table 1. Tooth movement distances of rats in various groups on the 7th day. (n=8, x±SEM, l/mm)

Group Tooth movement distance

Control

Nonoperation group 0

Nonmedication group 0.27±0.06

Vanillin (1% w/v)

Intragastric group 0.24±0.08

Sniffing group 0.32±0.15

Coating group 0.26±0.09

Tooth movement distance. Distance between the maxillary first molar and maxillary second molar was
measured by 0.02 accuracy vernier calipers after 7 days orthodontics. Comparison with the O group. Error
bars indicate SEM. *p<0.05.

Table 2. Weight of rats during orthodontics

Rat
weight, g

d0 d1 d2 d3 d5 d7

N 227.8±0.7 232.3±1.0 237.1±1.2*** 243.9±1.1*** 248.4±1.8*** 252.0±2.0***

O 227.6±2.4 222.6±2.9 221.8±2.8* 224.4±2.2 232.6±2.9 238.8±3.7***

O+i V 227.8±1.7 226.4±1.4 222.5±1.4 228.3±1.7 239.8±1.9*** 245.9±1.7***

O+sV 228.3±0.9 223.9±2.6 226.3±1.7 230.6±2.1 237.6±1.8*** 246.8±2.4***

O+cV 228.1±1.0 226.4±1.4 222.5±1.4 228.3±1.7 239.8±1.9*** 245.9±1.7***

Weight. The mean value of body weights during the orthodontics of the 5 groups (mean ± SEM, n= 8).
Comparison with the d0 group (before orthodontics); *P< 0.05, **P< 0.01, ***P< 0.001. SEM standard error
of mean.

Figures
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Figure 1

Experimental procedures. (A) Rats were divided into five groups for behavioural tests. (B) Vanillin solution
was administered intragastrically to the rats. (C) Rats in a container filled with vanillin aroma to inhale
aromatic scents. (D) Vanillin solution was coated 5 mm around the gingivalmargin of the rat maxillary
incisors and first molar.
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Figure 2

Tooth movement distance. (A) Distance between the maxillary first molar and maxillary second molar
was measured by 0.02 accuracy vernier calipers. (B) Distances after 7 days orthodontics. Comparison
with the O group. Error bars indicate SEM. *p<0.05.
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Figure 3

Weight.Weight of rats during orthodontics. Comparison with the O group; *P< 0.05, **P< 0.01, ***P<
0.001. SEM standard error of mean.
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Figure 4

Open-Field Test results. Effects of administration of vanillin in rats behavioural tests. (A)Orthodontics
was performed on the day 0. Red lines represent the time points when vanillin was administered. Blue
lines represent time points when the Open-Field Tests (OFT) and Resistant-to-Capture tests were
performed. Vanillin was administrated 30 minutes prior to OFT. (B) Lines crossed in the first 30 seconds,
(C) lines crossed in the first 5 minutes, and (D)lines crossed to the center were evaluated in the open field
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test. (E)Rearing time. (F) Facial grooming time. Error bars indicate SEM. *p<0.05, **p<0.01 and
***p<0.001 vs. O group.

Figure 5

Resistance-to-Capture Test results. (A) The level of resistance was evaluated as follows: 0, easy to pick
up; 1, vocalises or shies away from hand; 2, shies away from hand and vocalises; 3, runs away from
hand; 4, runs away and vocalises; 5, bites or attempts to bite; and 6, launches a jump attack. (B)
Resistance-to-Capture Test scores. Error bars indicate SEM. *p<0.05, **p<0.01 and ***p<0.001 vs. O
group.


