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Objective: The dental treatment such as local anesthetic injections are a common source of

anxiety and fear during dental procedures. One of the causes of these anxiety and fear are

regarded as taste and tactile sensory input. The purpose of this study was to investigate the

effects of inhalation sedation with nitrous oxide (ISeN2O) on intraoral taste and tactile

sensory input in human.

Materials and methods: We performed taste testing using electrogustometry and the filter

paper disc test in the proglossis region, and precise tactile function testing using the

Semmes-Weinstein monofilaments (SWM) test was performed on the mandibular incisor

interdental gingival papilla of healthy male and female volunteers.

Results: On electrogustometry, the 50% IS-N2O threshold was significantly higher than

those of other conditions (vs. room air [RA], 100% O2, Recovery, vs. 30% IS-N2O). In the filter

paper disc test, the 30%/50% IS-N2O thresholds were significantly higher than those of

other conditions (vs. RA, 100% O2, Recovery) for all tastes. However, no significant differ-

ence in the recognition threshold was noted between 30% IS-N2O and 50% IS-N2O. In the

SWM test, the 30%/50% IS-N2O thresholds were significantly higher than those of other

conditions (vs. RA, 100% O2, Recovery), but the 50% IS-N2O threshold was higher than the

30% IS-N2O threshold.

Conclusion: IS-N2O inhibit the input of taste and tactile sensations and may be an effective

tool for patients undergoing dental procedures.

© 2021 Japanese Society of Pediatric Dentistry. Published by Elsevier Ltd. All rights reserved.
medical facilities. As IS-N2O has an analgesic effect, it is used

1. Introduction

Inhalation sedation using nitrous oxide (ISeN2O) reduces a

patient's psychological stress and fear and is utilized at many
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cess in pediatric medicine [1]. In Japan, IS-N2O is widely used

at concentrations of 30% or below in clinical dentistry [2].
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burden, including anxiety, fear, and nervousness regarding

dental treatment, while also inducing amnesia [3], IS-N2O use

is considered a psychosedation technique that can be effec-

tive for preventing the onset of dental fear. IS-N2O is partic-

ularly useful in the fields of pediatric dentistry [4,5] and special

care dentistry and is used in a wide range of settings,

including for pain relief during restorative treatments per-

formed on children [6], in combination with behavioral ther-

apy for intellectually impaired patients [7], and to relieve

stress in patients with cerebral palsy [8]. For children, IS-N2O

is a safe technique with no differences in adverse events by

concentration [9].

IS-N2O is also considered an effective behavioral adjust-

mentmethod for patients with autistic spectrumdisorder [10].

In fact, when individuals with abnormal sensory processing,

such as autistic spectrum disorder patients, undergo dental

treatment, theymay reject the treatment as a result of various

sensory inputs, such as visual, auditory, tactile, olfactory, or

taste sensations [11]. Such sensory input is experienced as

unpleasant sensations that enhance patients’ anxiety and

fear, thereby impeding their acceptance of dental treatment

[12]. Our previous study demonstrated that such abnormal

sensory processing correlates with strong dental fear [13].

Dental fear is a psychological response inducing aversion

following a dental ill-defined stimulus such as intraoral tactile

and taste sensations [14,15]. If IS-N2O is used to modify such

sensory input, this adjustment technique may be useful to

reduce dental fear and increase the acceptance of dental care.

Very few reports are available regarding IS-N2O effects on

intraoral tactile and taste sensations, which are considered

risk factors for the development of dental fear. Therefore, this

study investigated the influence of IS-N2O on intraoral tactile

and taste sensory input thresholds in healthy volunteers

using electrogustometry and filter paper disc tests for taste

testing and using the Semmes-Weinstein monofilaments

(SWM) test for tactile testing.
2. Materials and methods

2.1. Subjects

Subjects were informed of the study's outline, purpose, and

methods both orally and in writing. Of the healthy male and

female volunteers who provided consent, this study analyzed

51 subjects after excluding patients with contraindications to

N2O, including a closed cavity within the body (stenosis of the

eustachian tube, pneumothorax, pneumocephalus, intestinal

obstruction, recent pacemaker insertion, recent vitreoretinal

surgery), patients in the first trimester of pregnancy, and pa-

tients with nasal obstruction. Smokers and individuals who

regularly took medications that cause taste impairment as a

side effect were also excluded [16e18].

2.2. Study environment

The study was conducted in an examination room with con-

stant temperature (25 �C) and humidity (55%). The subjects

fasted for 2 h before the experiments, assumed a horizontal

dorsal position on a dental unit in the examination room, and
were fitted with an arm cuff sphygmomanometer/pulse ox-

imeter (Bedside Monitor, DS7000 System: Fukuda Denshi,

Tokyo, Japan). N2O inhalation was performed using an N2O

inhaler (Psychorich T-70®: SEKIMURA, Tokyo, Japan). N2O

inhalation concentrations were measured by a gas sampling

tube fit to a nasal mask. Sealing of the nasal mask was

confirmed based on capnogram waveforms to ensure a stable

supply of N2O. The total flow during measurement was set at

10 L/min, and the experiment was started after ensuring that

the reservoir bag had sufficiently filled up.

2.3. Study protocol

During the experiment, noninvasive blood pressure (NBP),

percutaneous arterial blood oxygen saturation (SpO2), and the

pulse rate (PR) were periodicallymeasured in addition to using

gas sampling to measure the respiratory rate (RR), inspired O2

concentration, inspired N2O concentration, and end-tidal CO2

concentration. Taste testing was also performed by means of

electrogustometry and the filter paper disc technique together

with precise tactile function, and the thresholds for each were

examined (Fig. 1). Measurements were repeated at following

five time points: at 5 min of inhalation of room air (RA) and

100% O2 inhalation (100% O2) and at 10 min of 30%/50% N2O

inhalation (30/50% IS-N2O) and 100% O2 inhalation after IS-

N2O (Recovery). This protocol were referred to the preceding

study that comfortable clinical onset of IS-N2O needed 10 min

at 30% nitrous oxide [19]. This study did not blind the partic-

ipants. One examiner performed the assessments.

2.3.1. Electrogustometry
Electrogustometry was performed using a device (TR-06:

RION, Tokyo, Japan) [20] and a reaction in the proglossis re-

gion. We chose this region because sensitivity is higher in this

site than in the posterior lingual region and soft palate region.

Using direct current, a probe (anode) with a 5-mm diameter

was inserted into the site, and electric current was applied.

The reference electrode was attached to the neck of the sub-

ject. After exposing the subject to an electric taste with elec-

trical conduction of approximately 25e80 mA, stimulation was

started at 0 mA and gradually increased to 80 mA. The stimu-

lation time was 0.5e1.0 s, and the interval between stimula-

tions was at least 3 s. If the subject felt some sort of taste or

stimulation at the stimulated site, he or she pressed the

response button in his or her hand, and the electrical current

(mA) was recorded to evaluate changes in recognition thresh-

olds. This test was repeated five times at intervals of several

seconds, and the results were averaged after excluding the

maximum and minimum values.

2.3.2. Filter paper disc taste testing
Taste testing with filter paper discs used to diagnose taste

disorders was performed using quantitative taste-testing re-

agents (Taste Disc®: Sanwa Kagaku Kenkyusho, Aichi, Japan)

[20]. Round filter paper discs with a diameter of 5 mm were

soaked in liquids with five concentrations (sucrose (sweet-

ness), table salt (saltiness), tartaric acid (sourness), and qui-

nine (bitterness)). Subjects were instructed to poke their

tongues out with their mouths closed, and a disc was placed

on the tip of the tongue with tweezers. Testing was performed

https://doi.org/10.1016/j.pdj.2021.08.002
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Fig. 1 e Experimental protocol. RA: room air; 100% O2: 100% O2 inhalation; 30% IS-N2O: 30% N2O inhalation; 50% IS-N2O: 50%

N2O inhalation; Recovery: 100% O2 inhalation after IS-N2O; S-NBP: systolic noninvasive blood pressure; D-NBP: diastolic

noninvasive blood pressure; PR: pulse rate; SpO2: percutaneous arterial blood oxygen saturation; RR: respiratory rate.

Table 1 e Descriptive data for the study.

Variables n ¼ 51
(Males: 28, Females: 23)

Age (year) 25.7 ± 3.5

Height (cm) 165.5 ± 8.6

Weight (kg) 59.5 ± 11.6

All values are the means ± SD.
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starting at the lowest concentration and then gradually

increasing concentrations. Subjects were instructed to report

the lowest concentration at which they could correctly

distinguish sweetness, saltiness, sourness, and bitterness

(recognition threshold) using a taste instruction chart to

maintain a fixed sedation degree. We removed the disc if the

correct answer was not obtainedwithin 10 s and switched to a

higher concentration. This process was repeated in the order

of sweetness, saltiness, sourness, and bitterness equally to

determine the recognition thresholds.

2.3.3. Tactile testing
Precise tactile function testing was performed using the SWM

test (SOT-DM20A: SAKAI Medical, Tokyo, Japan). The mea-

surement site selectedwas themandibular incisor interdental

gingival papilla. The test was conducted according to the

Enforcement guideline for the examination of exact sense of

touch function [21]. The highest stimulation level of this study

was set at 2.0 g. This test was repeated five times at intervals

of several seconds, and the results were averaged after

excluding the maximum and minimum values.

2.4. Statistical analysis

TheNBP, PR, SpO2, RR, inspired O2 concentration, inspiredN2O

concentration, and end-tidal CO2 concentration are expressed

as the means ± standard deviations (SDs). Recognition

threshold data from electrogustometry and the filter paper

disc method and the SWM test are expressed as the

mean ± SDs. One-way analysis of variance was used to assess

biological data and recognition threshold data from electro-

gustometry and the SWM test under each condition. Multiple

comparisons using the Tukey test were performed only when

the one-way analysis of variance results were meaningful.

Bidirectional analysis with Friedman ranked variables using

paired samples was used to assess the recognition threshold

data from the filter paper disc method under each condition.

Bonferroni correction was performed as the post hoc test. A P
value of less than 0.05 was considered to indicate a statisti-

cally significant difference.
3. Results

3.1. Subjects

Fifty-one volunteers (28 males, 23 females) consented to

participate in this study (Table 1). No adverse events related to

IS-N2O such as nausea and vomiting, headache, and dizzi-

ness were noted (data not shown). Moreover, no significant

changes were observed in NBP, PR, SpO2, and RR values.

During the experiment period, the concentration of N2O was

maintained at an appropriate level (Table 2). The gender dif-

ferences were not recognized in this study (data not shown).

3.2. Taste testing

3.2.1. Electrogustometry
Significant increases in recognition thresholds were observed

with 50% IS-N2O compared to RA, 100% O2, and Recovery (P＜
0.01). A significant increase in the recognition threshold was

also noted with 50% IS-N2O compared to 30% IS-N2O (P＜0.05).

Values returned to those observed for RA, 100% O2, or Recov-

ery following 10 min of 100% O2 inhalation after IS-N2O

termination (Fig. 2). The gender differences were not recog-

nized in this study (data not shown).

https://doi.org/10.1016/j.pdj.2021.08.002
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Table 2 e The averages of the biological information and
measured values under each condition.

RA 100%
O2

30%IS-
N2O

50%IS-
N2O

Recovery

S-NBP

(mmHg)

123 ± 13 124 ± 14 120 ± 19 121 ± 13 122 ± 23

D-NBP

(mmHg)

71 ± 9 72 ± 9 70 ± 8 71 ± 8 73 ± 9

PR (beats/

min)

70 ± 12 67 ± 11 65 ± 10 65 ± 10 64 ± 8

SpO2 (%) 99 ± 1 100 ± 0 100 ± 0 100 ± 0 100 ± 0

RR (rate/min) 13 ± 2 13 ± 3 12 ± 3 12 ± 3 13 ± 2

Et CO2

(mmHg)

41 ± 4 35 ± 4 34 ± 4 34 ± 4 33 ± 4

In O2 (%) 21 ± 1 97 ± 2 68 ± 6 48 ± 4 98 ± 2

In N2O (%) 0 0 30 ± 1 50 ± 2 0

All values are the means ± SD.

RA: room air.

100% O2: 100% O2 inhalation.

30% IS-N2O: 30% N2O inhalation.

50% IS-N2O: 50% N2O inhalation.

Recovery: 100% O2 inhalation after IS-N2O.

S-NBP: systolic noninvasive blood pressure.

D-NBP: diastolic noninvasive blood pressure.

PR: pulse rate.

SpO2: percutaneous arterial blood oxygen saturation.

RR: respiratory rate.

Et CO2: end-tidal CO2.

In O2: inspired O2 concentration.

In N2O: inspired N2O concentration.
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3.2.2. Taste testing with the filter paper disc test
For sweetness, saltiness, sourness, and bitterness, significant

increases in recognition thresholds were noted with 30%/50%

IS-N2O compared to RA, 100% O2, and Recovery (P＜0.05/

P < 0.01). However, no significant difference in the recognition
Fig. 2 e Electrogustometry thresholds with nitrous oxide. All va

100% O2 inhalation; 30% IS-N2O: 30% N2O inhalation; 50% IS-N2O

N2O; ＊vs. RA, 100% O2, Recovery (** <0.01); # vs. 30% IS-N2O (#

Recovery periods.
threshold was noted between 30% IS-N2O and 50% IS-N2O.

Values returned to those observed with RA, 100% O2, or Re-

covery following 10 min of 100% O2 after IS-N2O termination

(Fig. 3). The gender differences were not recognized in this

study (data not shown).

3.3. Tactile testing

Significant increases in recognition thresholds were observed

with 30%/50% IS-N2O compared to RA, 100% O2, and Recovery

(P < 0.01). A significant increase in the recognition threshold

was also noted with 50% IS-N2O compared to 30% IS-N2O

(P < 0.01). Values returned to those observed with RA, 100%O2,

or Recovery after IS-N2O discontinuation (Fig. 4). The gender

differences were not recognized in this study (data not

shown).
4. Discussion

In this study, to evaluate the effects of IS-N2O on intraoral

sensations of taste and tactile perception, we performed taste

testing using electrogustometry and the filter paper disc test

in the proglossis region and precise tactile function testing

using the SWM test was performed on the mandibular incisor

interdental gingival papilla. The results revealed that recog-

nition thresholds on electrogustometry, the filter paper disc

test, and the SWM test significantly increased with inhalation

of N2O. Based upon these findings, IS-N2O increases the

threshold of intraoral sensations that may participate in the

development of dental fear.

The sense of taste is managed by information from sub-

systems through unified taste buds, which is controlled by an

intricate nerve network. Accordingly, as the influence of

taste sensations in the central nervous system is speculated
lues are the means ± SD. (n ¼ 51); RA: room air; 100% O2:

: 50% N2O inhalation; Recovery: 100% O2 inhalation after IS-

<0.05); No significant difference between RA and 100% O2,

https://doi.org/10.1016/j.pdj.2021.08.002
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Fig. 3 e Thresholds of the filter paper disc method with nitrous oxide. All values are the means ± SD. (n ¼ 51); RA: room

air; 100% O2: 100% O2 inhalation; 30% IS-N2O: 30% N2O inhalation; 50% IS-N2O: 50% N2O inhalation; Recovery: 100% O2

inhalation after IS-N2O; * vs. RA, 100% O2, Recovery (* <0.05, ** <0.01); No significant difference between RA and 100% O2,

Recovery periods.
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to be large, taste sensations may also significantly impact a

patient's psychological state. In fact, as dental drugs,

intraoral bleeding, and taste during tooth extraction can

contribute to dental fear [14,15], inhibiting such unpleasant
Fig. 4 e Tactile thresholds of the Semmes-Weinsteinmonofilame

(n ¼ 51); RA: room air; 100% O2: 100% O2 inhalation; 30% IS-N2O

Recovery: 100% O2 inhalation after IS-N2O; * vs. RA, 100% O2, Re

difference between RA and 100% O2, Recovery periods.
tastes is effective in the field of dental care. In this study,

electrogustometry revealed a significant increase in recog-

nition thresholds with 50% IS-N2O compared to 30% IS-N2O.

Electrogustometry can be used to quantitatively test regions
nts tests with nitrous oxide. All values are themeans ± SD.

: 30% N2O inhalation; 50% IS-N2O: 50% N2O inhalation;

covery (** <0.01); # vs. 30% IS-N2O (## <0.01); No significant

https://doi.org/10.1016/j.pdj.2021.08.002
https://doi.org/10.1016/j.pdj.2021.08.002


p e d i a t r i c d e n t a l j o u r n a l 3 1 ( 2 0 2 1 ) 2 4 8e2 5 5 253
controlled by the intensity of stimulation and enables more

accurate evaluations. However, some unclear points remain

regarding electrogustometry mechanism. For example, a

hypothesis involving ions produced due to the electrodialysis

of saliva has been proposed [20]. On the other hand, the filter

paper disc test revealed significant increases in the recog-

nition thresholds of all tastes with both 30% IS-N2O and 50%

IS-N2O. However, no meaningful difference was found be-

tween 30% IS-N2O and 50% IS-N2O. The filter paper disc test

uses four of the five basic tastes (sweetness, saltiness,

sourness, and bitterness) for additional testing of intraoral

sensations of taste. This method can be used to identify

which of the five basic tastes is impaired, rendering it a su-

perior means of testing each region [22]. However, as only

five concentrations were used for each taste liquid and the

intervals between each concentration cannot be consistently

set, this test lacks quantitative accuracy. Because compre-

hensively evaluating the degree of taste sensation based on

thresholds for each taste is difficult, the sensitivity of this

method is inferior to that of electrogustometry. However, we

could not provide evidence for dose-dependent effects of IS-

N2O on taste input in this study, but we found that the

threshold of 50% IS-N2O was significantly higher than the

threshold of 30% IS-N2O on both electrogustometry and the

SWM test. To our knowledge, IS-N2O allowed the insertion of

dental instruments into the oral cavity in a dose-dependent

manner with the presence of an abnormal pharyngeal re-

flex [23]. Therefore, high concentrations of IS-N2O may be

better able to control unpleasant tastes during dental

treatment.

The trigeminal nerve is the most important cranial nerve

controlling the orofacial region and provides a large amount of

information input tomotor nerves, sensory nerves, andmixed

nerves. Conditions such as trigeminal neuropathy, where a

sensory abnormality arises when the function of this nerve is

impaired for some reason, are well known. Such conditions

are diagnosed with precise tactile function testing using the

SWM test. We adopted this method of testing in the present

study due to its good quantitative characteristics. As a result,

the SWM test revealed significant increases in recognition

thresholds with 50% IS-N2O compared to 30% IS-N2O. Thus,

our results suggest that high concentrations of IS-N2O may

inhibit unpleasant tactile sensations such as instrument

insertion and local anesthesia sensations, which can induce

dental fear [14,15]. Sensory input is overseen by Ab fibers,

while pain input is overseen by Ad and C fibers. Abnormal

sensory input can cause abnormal pain, where tactile stimu-

lation of a site that would not normally elicit pain is perceived

as painful [24]. Thus, tactile and pain sensations appear to be

closely related. Controlling tactile sensation might also be an

analgesic approach to pain in dental patients. Many previous

reports on the analgesic effects of IS-N2O are available. IS-N2O

blocks N-methyl-D-aspartate (NMDA) receptors, causing

the release of endogenous opioids and acting on nicotinic

acetylcholine receptors to activate a downregulated system in

the posterior horn of the spinal cord [25]. Analgesic effects

might also be induced by activation of K-opioid receptors and

a downregulated system in the spinal cord [26,27]. In an ani-

mal experiment, N2O has also been demonstrated to be
effective for long-term neuropathic pain caused by sciatic

nerve injury in rats [28,29]. In clinical practice, one report

indicated that IS-N2O increased the pain threshold in the

buccal area in humans [30], and another showed that the

pressure pain thresholdwas increased in the jawmuscles [31].

Although there is the analgesic effect of dose-dependency in

IS-N2O, the local anesthesia is absolutely necessary for dental

treatment [2]. The senses of tactile and pain are stimulated in

the local anesthesia, and thesemayworsen dental fear [14,15].

Therefore, it may be effective to control the senses tactile and

pain at dental treatment. As we did not investigate pain sen-

sations in this study, further investigation will be necessary

about the tactile sensation and the mutual relations of the

pain in the future.

We were unable to eliminate the possibility of effects of

sedation and amnesia induced by IS-N2O on recognition

thresholds of tactile and taste sensations in our study. IS-N2O

produces a sedative effect by inducing acetylcholine, gamma-

aminobutyric acid, and NMDA receptors [25]. In a recent

study, IS-N2O caused a change in the brain network [32], and

was reported to reduce the efficiency of information pro-

cessing in an important frequency band for cognitive pro-

cesses and to cause a sedative effect [33]. However, many

points about these actions remain unclear. The possibility of

sedative and amnestic effects of IS-N2O on intraoral sensa-

tions must be considered.

In this study, no adverse events related to 50% IS-N2O such

as nausea and vomiting, headache, and dizziness were noted.

Although the use of IS-N2O may be limited by patient condi-

tions and comorbidities, IS-N2O is an established and safe tool

for use in many departments such as obstetrics, emergency

medicine, and psychiatry, which are using 50% IS-N2O world-

wide [34e36]. IS-N2O can be administered as a 30e70% N2O-

oxygen mixture by a facial mask or nasal mask, and high

concentrations of IS-N2O (50e70%) have been shown to be safe

with no significant difference in the rate of adverse events [37].

Because higher concentrations of IS-N2O control the thresholds

of intraoral sensations, 50% IS-N2O should be selected.

This study was conducted based on healthy volunteers’

self-reported sensations and the influence of taste and tactile

sensations on dental fear was not investigated. The gender

differences were not recognized in this study, but dental fear

have been reported; women tend to be more fearful than men

[38]. Thus, it will be very interesting to evaluate consideration

that gender differences and presence of dental fear. The

reason that performed a study only for healthy adult was to

investigate the influence on pure intraoral sensations of IS-

N2O. As our previous study demonstrated that IS-N2O is the

most used for dental fear of children [39], clinical research to

investigate the effects of IS-N2O on taste and tactile sensations

in childrenwith orwithout dental fear is required in the future.

In conclusion, we found that IS-N2O increases the recog-

nition thresholds for intraoral taste and tactile sensations.

Thus, IS-N2O might be a useful method to counter dental fear

during dental treatments due to increased thresholds for taste

and tactile sensations, which are considered risk factors for

the development of dental fear. These findings suggest that IS-

N2O can provide effective results in pediatric dentistry and

special needs dentistry.

https://doi.org/10.1016/j.pdj.2021.08.002
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5. Conclusion

We concluded that IS-N2O increases the recognition threshold

for intraoral taste and tactile sensations. IS-N2O appears to

inhibit the input of taste and tactile sensations that can cause

dental fear and may therefore be an effective tool for patients

undergoing dental treatments.
Statement of ethics

This study was approved by the Institutional Review Board

(IRB) of Kyushu Dental University (approval no. 18e67) and

was conducted in accordance with the rules of the IRB.
Funding source

This study was supported by JSPS KAKENHI, Japan Grant

Number 19K10341.
Declaration of competing interest

The authors have no conflicts of interest directly relevant to

the content of this article.
r e f e r e n c e s

[1] Furuya A, Ito M, Suwa M, Nishi M, Horimoto Y, Sato H, et al.
The effective time and concentration of nitrous oxide to
reduce venipuncture pain in children. J Clin Anesth
2009;21(3):190e3.

[2] Ogasawara T. The inhalation sedation method as one
application of systemic management and behavior
management. J Jpn Dent Soc Anesthesiol 2019;47(4):130e7.

[3] Holroyd I. Conscious sedation in pediatric dentistry. A short
review of the current UK guidelines and the technique of
inhalational sedation with nitrous oxide. Paediatr Anaesth
2008;18:13e7.

[4] American Academy of Pediatric Dentistry. Use of nitrous
oxide for pediatric dental patients. Pediatr Dent
2018;40(6):281e6.

[5] Prud’homme T, Allio A, Dajean-Trutaud S, Bulteau S,
Rousselet M, Lopez-Cazaux S, et al. Assessment of an
equimolar mixture of oxygen and nitrous oxide: effects in
pediatric dentistry. Int J Clin Pediatr Dent
2019;12(5):429e36.

[6] Arcari S, Moscati M. Nitrous oxide analgesic effect on
children receiving restorative treatment on primary molars.
Eur J Paediatr Dent 2018;19(3):205e12.

[7] Faulks D, Hennequin M, Albecker-Grappe S, Maniere M,
Tardieu C, Berthet A, et al. Sedation with 50% nitrous oxide/
oxygen for outpatient dental treatment in individuals with
intellectual disability. Dev Med Child Neurol
2007;49(8):621e5.

[8] Baeder FM, Silva DF, De Albuquerque AC, Santos MT.
Conscious sedation with nitrous oxide to control stress
during dental treatment in patients with cerebral palsy: an
experimental clinical trial. Int J Clin Pediatr Dent
2017;10(4):384e90.

[9] Zier JL, Tarrago R, Liu M. Level of sedation with nitrous oxide
for pediatric medical procedures. Anesth Analg
2010;110(5):1399e405.

[10] Mangione F, Bdeoui F, Monnier-Da Costa A, Dursun E.
Autistic patients: a retrospective study on their dental
needs and the behavioural approach. Clin Oral Invest
2020;24(5):1677e85.

[11] Takahashi H, Kamio Y. Sensory features in autism spectrum
disorder. Psychiatr Neurol Jpn 2018;120(5):369e83.

[12] Stein LI, Polido JC, Mailloux Z, Coleman GG, Cermak SA. Oral
care and sensory sensitivities in children with autism
spectrum disorders. Spec Care Dent 2011;31(3):102e10.

[13] Ogawa M, Harano N, Ono K, Shigeyama-Tada Y, Hamasaki T,
Watanbe S. Association between sensory processing and
dental fear among female undergraduates in Japan. Acta
Odontol Scand 2019;77(7):525e33.

[14] Vanhee T, Mourali S, Bottenberg P, Jacquet W, Abbeele AV.
Stimuli involved in dental anxiety: what are patients afraid
of ?: a descriptive study. Int J Paediatr Dent
2020;30(3):276e85.

[15] Boddu Sai HS, Tukaramrao DB, Al-Tabakha MM, Ashames A,
Neupane R, Babu RJ, et al. Evaluation of cytotoxicity and
taste-masking effect of selected flavors on dental lidocaine
HCl injection. Pharmaceuticals 2020;29(11):353. 13.

[16] Sato K, Endo S, Tomita H. Sensitivity of three loci on the
tongue and soft palate to four basic tastes in smokers and
non-smokers. Acta Otolaryngol Suppl 2002;546:74e82.

[17] Ackerman BH, Kasbekar N. Disturbances of taste and smell
induced by drugs. Pharmacotherapy 1997;17(3):482e96.

[18] Mortazavi H, Shafiei S, Sadr S, Safiaghdam H. Drug-related
dysgeusia: a systematic review. Oral Health Prev Dent
2018;16(6):499e507.

[19] Mitsui M, Ogasawara T, Isono K, Suzuki T, Izawa M, Suzuki T,
et al. The onset time of clinical symptoms in nitrous oxide
inhalation sedation. How long do patients with special needs
have to inhale nitrous oxide gas before dental treatment ? J
Jpn Soc Disability Oral Health 2016;37(2):127e33.

[20] Inokuchi A. Over the medical treatment guidelines on taste
disorder. Examination of taste function. Stomato-
Pharyngology 2004;16(2):187e91.

[21] Japanese Society of Orofacilal Pain. Enforcement guideline of
the examination of exact sense of touch function. 2018.

[22] Tsuji T, Tanaka S, Nishide Y, Kogo M, Yamamoto T. Clinical
implications of taste thresholds in patients with odontogenic
maxillary sinusitis. Int J Oral Maxillofac Surg
2018;47(3):379e85.

[23] De Veaux CK, Montagnese TA, Heima M, Aminoshariae A,
Mickel A. The effect of various concentrations of nitrous
oxide and oxygen on the hypersensitive gag reflex. Anesth
Prog 2016;63(4):181e4.

[24] Jensen TS, Finnerup NB. Allodynia and hyperalgesia in
neuropathic pain: clinical manifestations and mechanisms.
Lancet Neurol 2014;13(9):924e35.

[25] Georgiev SK, Baba H, Kohno T. Nitrous oxide and the
inhibitory synaptic transmission in rat dorsal horn neurons.
Eur J Pain 2010;14(1):17e22.

[26] Koyama T, Mayahara T, Wakamatsu T, Sora I, Fukuda K.
Deletion of mu-opioid receptor in mice does not affect the
minimum alveolar concentration of volatile anaesthetics
and nitrous oxide-induced analgesia. Br J Anaesth
2009;103(5):744e9.

[27] Fukagawa H, Koyama T, Fukuda K. k-Opioid receptor
mediates the antinociceptive effect of nitrous oxide in mice.
Br J Anaesth 2014;113(6):1032e8.

http://refhub.elsevier.com/S0917-2394(21)00045-8/sref1
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref1
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref1
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref1
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref1
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref2
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref2
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref2
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref2
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref3
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref3
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref3
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref3
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref3
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref4
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref4
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref4
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref4
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref5
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref5
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref5
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref5
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref5
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref5
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref6
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref6
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref6
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref6
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref7
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref7
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref7
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref7
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref7
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref7
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref8
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref8
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref8
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref8
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref8
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref8
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref9
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref9
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref9
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref9
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref10
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref10
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref10
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref10
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref10
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref11
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref11
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref11
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref12
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref12
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref12
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref12
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref13
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref13
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref13
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref13
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref13
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref14
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref14
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref14
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref14
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref14
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref15
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref15
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref15
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref15
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref16
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref16
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref16
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref16
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref17
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref17
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref17
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref18
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref18
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref18
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref18
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref19
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref19
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref19
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref19
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref19
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref19
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref20
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref20
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref20
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref20
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref21
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref21
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref22
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref22
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref22
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref22
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref22
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref23
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref23
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref23
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref23
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref23
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref24
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref24
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref24
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref24
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref25
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref25
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref25
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref25
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref26
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref26
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref26
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref26
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref26
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref26
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref27
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref27
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref27
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref27
https://doi.org/10.1016/j.pdj.2021.08.002
https://doi.org/10.1016/j.pdj.2021.08.002


p e d i a t r i c d e n t a l j o u r n a l 3 1 ( 2 0 2 1 ) 2 4 8e2 5 5 255
[28] Bessi�ere B, Laboureyras E, Chateauraynaud J, Laulin JP,
Simonnet G. A single nitrous oxide (N2O) exposure leads to
persistent alleviation of neuropathic pain in rats. J Pain
2010;11(1):13e23.

[29] Ben Boujema M, Laboureyras E, Pype J, Bessiere B,
Simonnet G. Nitrous oxide persistently alleviates pain
hypersensitivity in neuropathic rats: a dose-dependent
effect. Pain Res Manag 2015;20(6):309e15.

[30] Arita H. Effect of nitrous oxide inhalation on tactile and pain
sensibities of facial skin in human. J Kyushu Dent Soc
1994;48(3):426e33.

[31] Grønbæk AB, Svensson P, Væth M, Hansen I, Poulsen S. A
placebo-controlled, double-blind, crossover trial on analgesic
effect of nitrous oxide-oxygen inhalation. Int J Paediatr Dent
2014;24(1):69e75.

[32] Foster BL, Liley DT. Nitrous oxide paradoxically modulates
slow electroencephalogram oscillations: implications for
anesthesia monitoring. Anesth Analg 2011;113(4):758e65.

[33] Lee JM, Kim PJ, Kim HG, Hyun HK, Kim YJ, Kim JW, et al.
Analysis of brain connectivity during nitrous oxide sedation
using graph theory. Sci Rep 2020;10(1):2354.
[34] Van Der Kooy J, De Graaf JP, Kolder ZM, Witters KD,
Fitzpatrick EF, Duvekot JJ, et al. A newly developed
scavenging system for administration of nitrous oxide
during labour: safe occupational use. Acta Anaesthesiol
Scand 2012;56(7):920e5.

[35] Ducass�e JL, Siksik G, Durand-B�echu M, Couarraze S, Valle B,
Lecoules N, et al. Nitrous oxide for early analgesia in the
emergency setting: a randomized, double-blind multicenter
prehospital trial. Acad Emerg Med 2013;20(2):178e84.

[36] Nagele P, Duma A, Kopec M, Gebara MA, Parsoei A, Waller M,
et al. Nitrous oxide for treatment-resistant major depression:
a proof-of-concept trial. Biol Psychiatr 2015;78(1):10e8.

[37] Huang C, Johnson N. Nitrous oxide, from the operating room
to the emergency department. Curr Emerg Hosp Med Rep
2016;4:11e8.

[38] Heft MW, Meng X, Bradley MM, Lang PJ. Gender differences in
reported dental fear and fear of dental pain. Community
Dent Oral Epidemiol 2007;35:421e8.

[39] Harano N, Watanabe K, Saeki K, Maki K. A study of nitrous
oxide inhalation sedation in patients having difficulty coping
with dental procedures. Jpn J Ped Dent 2020;58(3):82e9.

http://refhub.elsevier.com/S0917-2394(21)00045-8/sref28
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref28
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref28
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref28
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref28
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref28
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref28
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref29
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref29
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref29
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref29
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref29
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref30
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref30
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref30
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref30
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref31
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref31
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref31
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref31
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref31
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref32
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref32
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref32
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref32
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref33
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref33
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref33
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref34
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref34
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref34
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref34
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref34
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref34
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref35
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref35
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref35
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref35
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref35
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref35
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref35
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref36
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref36
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref36
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref36
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref37
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref37
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref37
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref37
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref38
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref38
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref38
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref38
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref39
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref39
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref39
http://refhub.elsevier.com/S0917-2394(21)00045-8/sref39
https://doi.org/10.1016/j.pdj.2021.08.002
https://doi.org/10.1016/j.pdj.2021.08.002

	Effects of inhalation sedation with nitrous oxide on intraoral senses
	1. Introduction
	2. Materials and methods
	2.1. Subjects
	2.2. Study environment
	2.3. Study protocol
	2.3.1. Electrogustometry
	2.3.2. Filter paper disc taste testing
	2.3.3. Tactile testing

	2.4. Statistical analysis

	3. Results
	3.1. Subjects
	3.2. Taste testing
	3.2.1. Electrogustometry
	3.2.2. Taste testing with the filter paper disc test

	3.3. Tactile testing

	4. Discussion
	5. Conclusion
	Statement of ethics
	Funding source
	Declaration of competing interest
	References




