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ABSTRACT

BACKGROUND: The rapid spread of vaping, which directly impacts the oral mucosa, highlights the importance of evaluating its
effect on tactile sensitivity in electronic cigarette users.

AIM: To clarify the characteristics of tactile sensitivity of the oral mucosa in electronic cigarette users.

MATERIALS AND METHODS: The study included 80 participants (mean age 23.5+0.2 years), divided into two groups: the
observation group (40 regular electronic cigarette users) and the comparison group (40 never-smokers). Each participant
underwent an objective dental examination and an assessment of tactile discrimination sensitivity at four alveolar zone points
(upper and lower jaws, left and right) using Weber's compass. Statistical analysis included the calculation of mean values,
standard errors, and significance testing using Student's t-test.

RESULTS: Physical oral examination revealed that the prevalence of gingivitis among electronic cigarette users was six
times higher, whereas dental calculus was 7.5 times more frequently relative to the comparison group. The DMF index was
57.1% higher in the vaping group, whereas the Green-Vermillion hygiene index was 109.1% higher. Assessment of tactile
discrimination sensitivity revealed that its threshold was significantly higher in electronic cigarette users than in non-smokers.
On the upper jaw, sensitivity thresholds in vapers were 1.5 times higher (left: 7.71+0.30 mm, right: 7.63+0.27 mm) compared
to non-smokers (left: 5.15+0.06 mm, right: 5.10+0.08 mm). On the lower jaw, the difference was even more pronounced:
2.3 times higher on the left side (13.33+0.49 mm in vapers and 5.69+0.05 mm in non-smokers) and 2.5 times higher on the right
side (12.85+0.55 mm in vapers and 5.18+0.05 mm in non-smokers).

CONCLUSION: The use of electronic cigarettes is accompanied by a significant deterioration in the hygienic condition of the oral
mucosa and a reduction in its tactile sensitivity, which may lead to the latent progression of inflammatory and degenerative
processes in the oral and dentoalveolar system.
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BnusHue BenuHra Ha TaKTUNbHYIO YYBCTBUTENIbHOCTD
CNU3MUCTON 060104KM NONOCTU pTa

A.E. WLknse., U.I. Manaxosa, B.A. Xamuaynnuxa

W>keBcKasn rocyfapcTBeHHasn MeaMLMHCKan akapemus, Vxesck, Poccus

AHHOTALIUA

O6ocHoBaHue. CTpeMuTENbHOE PacrpoCTPaHeHWe BEMMMHIA, OKa3blBAIOLLEr0 HEMoCPeACcTBEHHOE [LEeMCTBUE HA CAU3UCTYHO
0605104Ky NONOCTU pTa, NPUAAET AKTYabHOCTb OLEHKE € TaKTUbHOM YYBCTBUTENBHOCTM Y MOSIb30BATeNeN 3NEKTPOHHBIX
curaper.

Llenb. YT04HUTL 0COBEHHOCTH TAKTUIBHOW YyBCTBUTENIBHOCTM CIM3MCTON 060JI04YKM NOIOCTU PTa Y NOJb30BaTeNel 3NEKTPOH-
HbIX CUraper.

Marepuanbi u Metoabl. B nccnenosaHum npunsnm yuactue 80 yenosek (cpeaHuii Bospact 23,5+0,2 rofa), U3 KoTopbix bbino
chopmupoBaHo ABe rpynnbl: HabnwogeHus (40 yenoBeK, perynspHO MCMONb3YIOLWMX 3NIEKTPOHHbIE CUrapeThbl) U CPpaBHEHUS
(40 HuKorpa He KypwBlMX). Y Kaxporo obcrefyeMoro oLeHVBanKM 0ObeKTUBHbIE CTOMATONIOMMYeCKMe MOKasaTesm W TaK-
TUNBHYI0 AMCKPUMUHALMOHHYIO YyBCTBUTENIBHOCTb B YETHIPEX TOUKAX anbBeONAPHOiA 30HbI (HA BEPXHEN W HUKHENW YeNntocTsX,
CneBa M crpasa) ¢ nomolublo Uupkynst Bebepa. Cratuctuueckas 06paboTka BKIHOYana BbIYMCIIEHWE CPELHWX BENMYMH, UX
OLLMOOK, CTaTUCTMYECKOM 3HAYUMOCTH pasnnyni no t-kputeputo CTblofeHTa.

Pesynbratbl. 06bEKTUBHOE WCCIE0BaHKWe NONOCTV PTa BbLIABWIO, YTO 4acTOTa FMHMMBMTA Y MOTPebUTENENn 3NEKTPOHHBIX
curapet B 6 pas Bbile, 3ybHOro KaMHa — B 7,5 pa3sa Bbiwwe, YeM B rpynne cpaBHenus. MHaekc KNY y kypawwmx Ha 57,1%
BblLLE, YEM Y HEKYPALLMX, @ MHAEKC rurveHsl no puny—Bepmunnnony — Ha 109,1%. MNpu oueHKe TaKTUABHON BUCKPUMM-
HaLMOHHO YyBCTBUTENTBHOCTM YCTAHOBIEHO, YTO €€ MOPOr Y KyPALLMX 3NEKTPOHHbIE CUrapeThbl Ha BepXHel YenocTi ¢ 0benx
CTOpoH Obin B 1,5 pa3a Boiwe (cnesa 7,71+0,30 MM, cnpaga 7,63+0,27 MM), yeM y Hekypsawwmx (cnesa 5,15+0,06 MM, cnpaBa
5,10£0,08 MM), Ha HuxKHelt YentocTn cneea — B 2,3 pasa (13,33+0,49 MM u 5,69+0,05 MM coOTBETCTBEHHO), cripaBa —
B 2,5 pasa (12,85+0,55 MM 1 5,18+0,05 MM COOTBETCTBEHHO).

3aknioueHue. Vcnonb3oBaHMe 3NEKTPOHHBIX CUrapeT COMPOBOXAAETCS CYLIECTBEHHBIM YXYALIEHWEM TUrMEHUYECKOro
COCTOSIHWS! CIM3UCTOM 0B0M0YKM NONIOCTU PTa U BbI3bIBAET CHUMKEHME €€ TAaKTUIbHOW YYBCTBUTENBHOCTM, YTO MPUBOAWT K Jla-
TEHTHOMY NPOrpeccMpoBaHmi0 BOCNANMTENbHBIX U AMCTPOMUYECKMX MPOLIECCOB CIM3UCTOM M 3yboueniocTHOro annapara.

KnioueBble cnoBa: BENNUHT; 3/IEKTPOHHbIE CUrapeTbl; CIN3NCTadA obonoyKa nonocTu PTa; TaKTUIbHadA 4yBCTBUTEJIbHOCTb.
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BACKGROUND

Vaping commonly refers to the use of electronic ciga-
rettes (e-cigarettes), vaporizers, and similar devices [1]. The
global fight against smoking has led to a decrease in tobacco
consumption. However, this has been replaced by increased
vaping. The most recent statistics show that the number of
e-cigarette users increased from approximately 7 million in
2011 to 35 million in 2016 and 55 million in 2021 [2]. In the
United States, 10.5% of middle school students and 27.5% of
high school students vaped in 2019 [3]. The rapid increase in
e-cigarette use, particularly by young adults and adolescents,
is due to the casual attitude toward electronic vaping devices
and the perception that these devices are fashionable. More-
over, electronic media promotes the idea that this type of
smoking is relatively safe [1].

Sales professionals and opinion leaders present e-cig-
arettes as a safe system with pleasant organoleptic prop-
erties [4]. However, e-cigarette liquids contain components
such as propylene glycol, glycerin, flavorings, colorings,
and additives, including nicotine. Furthermore, the aerosols
produced during vaping contain many toxic components, in-
cluding metal nanoparticles, formaldehyde, diacetyl, acrolein,
acetaldehyde, and acetone [5, 6].

Today, most studies evaluating the effects of e-ciga-
rettes on the body focus on respiratory diseases in vapers.
The most common combination of symptoms associated
with vape-related lung injury is EVALI (e-cigarette and
vaping-use associated lung injury) syndrome. Other lung
damage in e-cigarette users is possible, including acute re-
spiratory distress syndrome [1]. Previous studies have pro-
vided data on functional disorders of the upper and lower
gastrointestinal tract in vapers as determined by peripheral
electrogastroenterography and pH-impedancemetry [7, 8].
These disorders are manifested by lower quality of life as
measured by the specific Gastrointestinal Symptom Rat-
ing Scale and the non-specific Short Form-36 question-
naires [9].

Several studies have investigated the influence of e-ciga-
rettes on dental health [10]. In particular, characteristic mu-
cous membrane changes, such as bleeding and structural
changes of the gingiva, were observed in the oral cavities
of e-cigarette users. Additionally, lower interalveolar septal
height and a high incidence of xerostomia were found [4].
There is evidence that e-cigarettes promote periodonti-
tis [11]. A microbiological evaluation of the oral mucosa
of vapers has shown that e-cigarette aerosols lead to oral
dysbiosis manifested by the inhibition of commensal repro-
duction and the increased formation of opportunistic mi-
crobe biofilms (e.g., S. mutans). These conditions allow for
the rapid colonization of the mucosa by Candida albicans,
which may lead to acute candidiasis [12, 13]. Analysis of the
oral fluids of e-cigarette users showed a significant increase
in rhodanide levels associated with the regular inhalation of
hydrocyanic acid metabolites from the inhaled aerosol [14].
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This inhalation is accompanied by a decrease in the protective
and antibacterial functions of saliva [15].

A detailed understanding of the normal physiology of the
oral mucosa and its sensory function requires studying the
differences in pain sensitivity to various mechanical influenc-
es. This study could be used to solve dental disorders, es-
pecially in orthopedic treatment [16]. Previous studies of the
tactile sensitivity of the oral mucosa determined the quanti-
tative threshold at various points on both jaws of individuals
of different sexes. It was found that there are no sex differ-
ences in healthy populations. No significant differences in
sensitivity thresholds between the jaws were revealed. Thus,
the authors considered this type of sensitivity to be a single
type [17]. The evaluation of the pain sensitivity threshold of
the oral mucosa in patients with chronic somatic diseases
(chronic kidney disease, inflammatory bowel disease, and
type 2 diabetes mellitus) showed an increase that persists
even when the disease is under control [18]. The data on
changes in tactile sensitivity thresholds of the oral muco-
sa in internal and endocrinological diseases is important for
both dental disease treatment and management of underlying
chronic diseases. Given the rapid increase in vaping and its
direct influence on the oral mucosa, assessing oral tactile
sensitivity in e-cigarette users is relevant.

The study aimed to specify the of tactile sensitivity in the
oral mucosa of e-cigarette users.

MATERIALS AND METHODS

Study Design

A cross-sectional single-center observational study was
conducted.

Eligibility Criteria

The study included volunteers who complied with the
study design (e-cigarette users and non-smokers). None
of the participants had systemic or severe dental diseases.
The exclusion criteria of the study included acute infectious
diseases, significant dysfunction of internal organs due to
somatic diseases, diabetes mellitus, mental illness, and ges-
tation or lactation.

Study Setting

The study was conducted at the Izhevsk State Medical
Academy of the Ministry of Health of the Russian Federation.

Study Duration

All study participants underwent a single dental assess-
ment of status and tactile discrimination sensitivity (TDS)
assessment of the oral mucosa.

Intervention

Dental parameters, including the dental formula, the
decayed, missing, and filled teeth (DMFT) index, and the
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GreenVermillion hygiene index (OHI-S) were evaluated in
all participants and appropriate oral care recommendations
were provided. Oral mucosa sensitivity was assessed using
the TDS threshold at preset points on the alveolar zone of the
premolars on both sides.

Main Study Outcome

The TDS threshold was determined on the upper jaw on
the side of the hard palate and on the lower jaw on the an-
terior surface of the alveolar gingiva in the premolar area
as these zones have identical oral mucosa structures and
pliability [17].

Subgroup Analysis

A total of 80 people (40 males and 40 females) aged
18 to 30 years (mean age: 23.5 + 0.2 years) participated in
the study. The participants were divided into two groups.
The observation group included 40 participants (20 males
and 20 females) who were regular e-cigarette users. The
control group included 40 non-smokers who never smoked
(20 males and 20 females).

Outcomes registration

Weber's compass was used to determine the TDS
threshold. The compass’s legs were placed on the oral
mucosa. The minimum distance (mm) at which two touch-
es were distinguished was set when the legs were moved
further apart.

Ethics Approval

The study was approved by the local Ethics Committee of
the Izhevsk State Medical Academy of the Ministry of Health
of the Russian Federation (protocol No. 761 dated Septem-
ber 26, 2023).

Statistical Analysis

Univariate statistical methods were used for statistical
analysis in Statistica 6.0 and Microsoft Excel . Parametric
methods were used as the data distribution corresponded
to a normal distribution (normality was verified using the
asymmetry coefficient). The results were presented as the
mean + standard error of the mean (M + m). Student's t-test
was used to determine the reliability of quantitative variable
differences. Results were considered significant at p < 0.05.

Table 1. Objective examination of the oral cavity (M + m)
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RESULTS

Participants

Seventy-five percent of study participants in the ob-
servation group had two to four years of experience with
e-cigarettes; whereas the remaining 25% participants had
more than four years of experience. Eighty percent of va-
pers used smoking liquid with a nicotine content of 20 mg/
ml; whereas the rest used liquid with a nicotine content of
50 mg/ml or higher. Additionally, 70% of e-cigarette users
took 150-500 puffs per day; 20% took less than 150 puffs;
and 10% took more than 500 puffs.

An analysis showed that 40% of participants had con-
cerns about gingival bleeding, including 15% of non-smokers
and 25% of e-cigarette users. Seventy-five percent of study
participants indicated a desire to change the color of their
teeth for aesthetic reasons, including 35% of non-smokers
and 40% of e-cigarette users.

Primary Results

An objective examination of the oral cavity showed sig-
nificant differences between groups in terms of oral mucosal
condition, degree of caries, and hygiene (see Table 1).

E-cigarette users had a 6-fold higher frequency of gingi-
vitis and a 7.5-fold higher frequency of dental calculus com-
pared to the control group. Smokers had worse DMFT and
OHI-S values than non-smokers.

The study of the TDS threshold of the oral mucosa using
Weber's compass show demonstratively a significantly lower
sensitivity in the observation group (see Table 2).

The study found that the TDS threshold of the oral muco-
sa on the upper jaw (both right and left) was 1.5-fold higher
in e-cigarette users compared to the control group. In the
observation group, the value on the lower jaw was 2.3-fold
higher on the left and 2.5-fold higher on the right compared
to non-smokers.

DISCUSSION

The significant difference in objective assessments of
oral cavity condition between smokers and non-smokers is
clearly related to the less careful hygiene by e-cigarette us-
ers and the influence of inhaled aerosol components on the

Parameters Observation group (n=40) Control group (n=40) p
Frequency of gingivitis, % 30.00+7.25 5.00+3.45 0.003
Frequency of xerostomia, % 2.5¢2.4 0 0.301
Frequency of dental calculus, % 37.5471.7 5.043.4 <0.0001
DMF index 5.5+3.6 3.52.9 0.666
GreenVermillion oral hygiene index 2.3+2.3 1.1£1.6 0.667

DOl https://doiorg/10.17816/ humecob43342

971



OPUTMHATTBHBIE MCCIEIOBAHNA

T.31N2 8, 2024

JKoNorna HenoBeka

Table 2. Threshold of tactile discrimination sensitivity of the oral mucos (M+m). mm

Points Observation group (n=40) Comparison group (n=40) P
Left upper jaw 7.71+0.30 5.15:0.06 < 0.0001
Right upper jaw 7.63+0.27 5.10+0.08 <0.0001
Left lower jaw 13.33+0.49 5.69+0.05 <0.0001
Right lower jaw 12.85+0.55 5.18+0.05 <0.0001

oral mucosa and dentoalveolar apparatus. The combination of
nicotine and glycerol creates favorable conditions for the depo-
sition of nicotine plaque on teeth and oral mucosa. This plaque
is covered by a glycerol film that promotes the multiplication
of pathogenic microorganisms, causing rapid progression of
dental carious lesions and exacerbating existing inflammatory
periodontal diseases [4]. According to previous studies, xero-
stomia is the most common side effect of e-cigarette use,
affecting 2.5% of participants in the observation group [10].

A significant increase in the TDS threshold of the oral mu-
cosa, along with poor oral hygiene and a higher frequency of
inflammatory lesions and carious processes, creates a false
sense of well-being in e-cigarette users. This contributes
to the progression of inflammatory and dystrophic diseases
without obvious clinical manifestations, allowing users to
postpone dental visits for oral cavity sanitation.

A lower sensitivity of the oral mucosa in chronic kidney,
intestinal, and endocrine diseases found by other authors is
usually associated with dystrophic and degenerative pro-
cesses in the nerves that innervate the oral mucosa. These
include disorganized myelin and the complete demyelination
of some axons, as well as axoplasmic vacuolization. They
develop due to metabolic disorders in patients with severe
internal diseases [18]. However, no significant differences
were found in the degree of decrease in mucosal sensitivity
of the upper and lower jaws in cases of somatic diseases.
The significant difference in TDS thresholds of the mucosa
of the upper and lower jaws in the e-cigarette study group
(1.7-fold on both sides) indicates the profound local dam-
aging effect of the inhaled aerosol and systemic effects
caused by inhalation. The TDS threshold of the oral mucosa
in non-smokers was close to other studies with similar data
on the absence of significant differences in tactile sensitivity
in the alveolar zone of the upper and lower jaws in the pre-
molar area on both sides [17].

Study Limitations

The study was limited by the young age of the participants
and their short history of e-cigarette use. In addition, only the
TDS of the oral mucosa was assessed.

CONCLUSION

The study indicated a significant adverse effect of in-
haled aerosol on the oral mucosa when using e-cigarettes.

DOl https://doiorg/10.17816/ humecob43342

E-cigarette users showed a significant increase in TDS
threshold in all evaluated zones of the lower and upper jaws
compared to non-smokers. E-cigarette users showed a 1.7-
fold higher increase in lower jaw TDS compared to upper jaw
TDS. The deterioration of oral mucosa sensitivity is accom-
panied by oligosymptomatic progression of inflammatory and
dystrophic diseases of the oral mucosa and dentoalveolar
apparatus. This progression is more common in e-cigarette
users due to poor oral hygiene and the direct damaging effect
of inhaled aerosol components.

Further study of the TDS of the oral mucosa could lead
to a better understanding of its sensory function and the in-
fluence of various local and general damaging factors that
dentists encounter daily.
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¥ 0fobpunv GuHanbHyo Bepcuio nepeq nybavkaumei).




ORIGINAL STUDY ARTICLES

JdTnyeckas 3kcnepTusa. ViccnenoBaHve 040bpeHO NOKanbHBIM
3Tuyeckum kommutetoM OTBOY BO «MeBckas rocypapcTBeH-
Has MefMUMHCKas akafjemusi» MUHMCTepcTBa 3[paBoOXpaHeHus
Poccuiickoin ®epepaumm (mpotokon N2 761 ot 26.09.2023).

WndopmuposaHHoe cornacue Ha yyacTue B Mcc/ie0BaHUM.
Bce yuacTHWMKM [0 BKIIOYEHMS B UCClefoBaHWe [06p0BOSLHO
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