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Abstract

Background Oral health represents a public health problem due to its remarkable social impact and medical costs.
Crenotherapy with sulfur water is shown to be a complementary, less toxic, and traumatizing therapy, but the num-
ber of studies that evaluate the effect of natural mineral waters effect on oral health are scarce. The aim of this pilot
study is to evaluate the impact of thermal water therapy on the oral health of the participants, assessing parameters
such as plaque index, gingival bleeding index and periodontal probing depth as well on the perception of symptoms
of oral mucosa diseases (OMD).

Methods An observational, longitudinal and comparative study was designed, and 90 thermalists were randomly
allocated to two treatment groups for 14 days: Thermal sulfuric natural mineral water of the Amarante Thermal baths
group (TW_TA group) (n=45) or saline solution (control group) (n=45), in May 2022. The study was based on clini-
cal observation and application of a self-response questionnaire involving sociodemographic data and quality of life
assessment. The evaluation was carried out in 2 different moments: before and at the end of treatment (14 days).

Results The study involved 90 thermal practitioners, evenly split between the TW_TA group and a control group.
Most participants were women (70%), with a similar average age in both groups. Oral examination showed a high
prevalence of filled and missing teeth, and around 25% of participants used removable prostheses, predominantly

in the control group. Thermal treatment had a positive impact on oral health. In the TW_TA group, gingival bleeding
significantly decreased from 68.9% to 40%, while it remained unchanged in the control group. Periodontal health
improved, with no participants in the TW_TA group having pockets deeper than 5 mm by the end of the study,
indicating reduced periodontal pathology. Also, plaque levels dropped in both groups after treatment, as assessed

by the O'Leary index. Additionally, quality of life related to OMD improved, particularly in the TW_TA group. The overall
reduction in symptoms was significant, although the differences between groups were not statistically significant.

Conclusions This study demonstrates the positive effects of thermal water treatment on oral health, includ-

ing reduced gingival bleeding and plaque levels, along with improved quality of life related to OMD. Further targeted
research is needed to explore the benefits of thermal water effects and optimize oral health practices in Portugal
using thermal waters.
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Background

Thermal waters (TW) are an underground mineral treas-
ure, known for containing a complex mixture of miner-
als such as sulfur, selenium, zinc, calcium, among others
[1]. It is currently accepted that their medicinal proper-
ties are related to the mineral composition and the high
temperature of these waters. In recent years, several
studies demonstrated the importance of these waters and
thermal products as treatment approaches in different
pathologies namely associated with respiratory [2] and
rheumatic/musculoskeletal diseases [3].

Medicinal benefits of TW have been known since
ancient times and are assigned to its specific charac-
teristics such as temperature, organic and inorganic
constituents, pH and treatment applications [4]. Sul-
furous thermal waters are used to treat dermatological
conditions due to their anti-inflammatory, antioxidant,
antiseptic, and anti-irritation properties. They are also
beneficial for reducing the frequency of upper respiratory
tract infections, as their immunomodulatory effects con-
tribute to the therapeutic outcomes [5]. Chlorinated TW
are considered anti-inflammatory, antipyretic, and dis-
infectant that can stimulate gastric and intestinal secre-
tions and motility, favourable to healing and bone-related
afflictions [6].

Despite its widespread use, limited studies validate the
effects of TW. Research on Avéne TW has shown anti-
oxidant [7], anti-allergic effect [8], and anti-inflammatory
effect, such as protecting keratinocytes from oxidative
stress and reducing inflammation [9]. Also, La Roche
Posay and Avéne TWs have been shown to inhibits
inflammatory cytokines and ROS formation in UV-irra-
diated cells [10]. In fact, France has the use of TW well
established in the community, with a range of therapeutic
indications such as rheumatic, respiratory, gynecologic,
cardio-vascular, dermatologic and oral mucosa disorders.
In the case of the last one, the application of TW for the
treatment of oral mucosa disease (OMD) is indicated for
aphthous, lichen planus, and gingivitis [11]. In this case,
therapeutic applications are delivered through local con-
tact methods such as gargles and sprays, often supported
by mechanical and thermal effects [12]. Castéra-Ver-
duzan thermal institution created a line of oral hygiene
products under the name Buccotherm® with therapeu-
tical indication for periodontal disease [13], xerostomia
[14], halitosis, mouth ulcers and inflammation of mouth
and diseases of the mucous membrane [15].

In Portugal, the popularity of thermal waters (T'W) and
the establishment of the National Health Service (SNS)
have led to the recognition of thermalism’s importance
[6]. Legislation ensures quality control of natural min-
eral waters and sets standards for their use. Amongst
the thermal centers of Portugal that have therapeutic
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indications, mainly for respiratory and rheumatic/mus-
culoskeletal afflictions, Termas de Amarante stands out
for its rich sulfur, sodium, and other mineral content,
making it effective for treating respiratory, musculoskel-
etal, and rheumatic conditions. This TW has been clas-
sified by Diregdo-Geral de Energia e Geologia (DGEG)
and exhibits the typical profile of a genuine sulfuric water
from the pH>9 subgroup, being a weakly mineralized
water, sodium carbonated, fluoridated and sulfthydrated,
with a temperature at emergence of 22.9°C and hypo-
thermal (less than 35°C) (https://www.dgeg.gov.ptn.d).
Furthermore, none of the Portuguese TW were tested for
OMD treatment or other oral pathologies.

OMD encompasses a range of common conditions,
such as lichen planus, aphthous stomatitis, herpes sim-
plex infections, and candidiasis, along with recurrent
ulcerations, chronic mouth pain, and xerostomia, often
linked to autoimmune diseases or medications [16—19].
Additionally, oncological treatments can lead to oral
sequelae like mucositis and salivation disorders [20].
In this cases, TW could be useful not only for its local
effects on the mouth and teeth, but also for its general
effects on nervous and psychological tension [21].

In addition to OMD, periodontal disease has a high
prevalence in population worldwide and is the main
cause of tooth loss [22]. It is characterized by is charac-
terized by the destruction of periodontal tissues due to
dysbiotic microbial communities and immune responses
[23]. Due to the inflammatory profile and high prevalence
of these conditions, TW application could be considered
as an adjuvant therapeutic approach for these disorders.

The present study aims to investigate the impact of TW
from TA (TW_TA) application via gargles and oral (gum)
showers on the oral health of participants, using indexes
and parameters recognized in the assessment of oral
health, such as plaque index, gingival bleeding index and
periodontal probing depth. Additionally, it is proposed to
explore the effects of natural mineral waters on the oral
mucosa, by evaluating the perception of the symptoms
of OMD, identifying potential adverse reactions or side
effects and developing strategies to prevent or manage
them. This is crucial for ensuring patient safety and well-
being, as well as enhancing the outcomes of dental treat-
ments that utilize thermal water.

Methods

This observational, longitudinal and comparative study
was approved by the Ethics Committee for Health of the
Universidade Catdlica Portuguesa in the scope of Pro-
ject n°205_CES-UCP and the consent from the Clinical
Director and the TA management board. All patients
eligible for this investigation completed and signed the
Explicit, Free and Informed Consent Form.


https://www.dgeg.gov.ptn.d

Lopes et al. BMC Oral Health (2024) 24:1502

Study design

An observational, cross-sectional and comparative study
was designed in which 90 thermalists were randomly
allocated to two treatment groups for 14 days:

« Thermal water of Termas de Amarante (TW_TA)
group (n=45): TW from TA was applied daily via
gargles and oral (gum) showers. Both techniques
are thermal methods where mineral water contacts
with oral mucosa, in which the TW used acquires
the temperature and density required for each type of
application

+ Control group (n=45): saline solution (0.9%) was
applied in the same conditions applied in the TW_
TA control.

For the TW and saline solution applications, the lig-
uid was placed in contact with the mucous membranes
to be treated, through devices that allow perfusion of
the mucous membranes, for adequate water absorption.
Gargling is carried out by the thermalist him/herself,
with warm water (36°C) and has the therapeutic effect of
humidifying the oral mucosa and consequently improv-
ing its trophism, according to the physical and chemical
composition of the water. Thermalists were instructed to
avoid ingesting the water after mouthwash, and the water
should be expelled under pressure, to force the washing
effect, at the same time as a forced exhalation exercise is
carried out. The amount of water per day was between
15 — 20 cc depending on the doctor’s prescription. In
gingival sprays, 1 to 2 L of water are applied, depending
on medical prescription, at 36°C, in droplets that reach
directly into the oral cavity.

This study took place in May 2022, with the thermal
practitioners that agreed to participate in the study. The
duration of crenotherapy was 2-3 weeks, the ideal time
for the development of the chronobiological effects that
varies between the 7th and 14th day of treatment. In
TA, the protocol indicates treatments carried out during
14 days, which is in accordance with the current recom-
mendations of the Portuguese Society of Hydrology.

The following criteria were considered for the inclusion
of thermalists in this study: thermal therapists from both
sexes and no age limit, carrying out a thermal treatment
lasting 14 days that agreed to collaborate in the study. The
exclusion criteria correspond to some clinical conditions
and precautions common to TW treatments according to
the rules of good practice manuals for thermal establish-
ments [24], such as: general contraindications to thermal
treatment: decompensation of organic systems (immu-
nosuppression and/or immunosuppression, arterial
hypertension, diabetes mellitus, insufficiency decompen-
sated liver and/or kidney); history of cancer in the last
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2 years; thermalist undergoing dialysis and kidney trans-
plant, recipients receiving cyclosporine or corticosteroids
in the last 2 months before the thermal treatment. Ther-
malists with psychoneurotic disorders, unable to join the
study, pregnant women and smokers were also excluded.

Data collection

Data relating to the participants were collected by direct
interview, which included demographic and behavioral
characteristics and the participants’ perception of oral
health. All participants were also subjected to a clinical
examination (intra and extraoral), at two moments, coin-
ciding with the assessment of TA doctors: on the first day
(before the thermal treatment), on the last day (after the
last treatment). The 3 and 6-month time points were cho-
sen based on multiple studies in the field of thermalism,
which indicate that most effects become significant after
6 months or longer.

Due to the lack of studies of the impact of TW in oral
health, the questionnaire used was based on the nasosi-
nus impairment test—Sino-Nasal Outcome Test-20
(SNOT-20), validated at national and international level
[25, 26]. However, due to the specific nature of the area
and the need to address various types of questions in this
investigation, it was essential to develop a questionnaire
tailored specifically for this purpose. The resulting ques-
tionnaire is divided into two main parts:

+ Sociodemographic data—including name, age, pro-
fession, residence and telephone number.

+ The Visual Analogue Scale (VAS) was applied as a
pain rating scale which is well-accepted and is a sen-
sitive assessment parameter for pain perception.

+ The “Clinical assessment” subsection comprises a
set of 10 clinical parameters, which reflect the main
symptoms associated with oral conditions (local-
ized facial pain, sensation of pressure inside the face,
pain on palpation or local percussion, localized facial
swelling, total or partial inability to eat, bad breath
(halitosis), dry mouth (xerostomia), headaches, ear
pain, multiple episodes of fever).

Clinical oral examination

The intra and extra oral clinical examination was carried
out focusing on clinical history on the oral cavity and
OMD. In this examination, all participants were evalu-
ated regarding the number of decayed, missing and filled
teeth, with registration of DMFT (permanent dentition)
[27], periodontal health status, with registration of the
gingival bleeding index, Community Periodontal Index
(IPC), and the O'Leary Oral Hygiene Index. Clinical
examinations were carried out in a room adapted for this



Lopes et al. BMC Oral Health (2024) 24:1502

purpose, installed in the establishment, and the follow-
ing were used to obtain data. Observation kit (intraoral
mirror, WHO probe and tweezers), sterilized gauze and
plaque revelator. The presence of complete or partial
dentures was also assessed.

The thermal practitioners who agreed to participate in
the study were also instructed and advised on the need
to carry out good oral hygiene (teeth and tongue), with
a neutral-flavored toothpaste, as well as being advised
to suspend the use of any antiseptic for the oral cavity
(elixir). Furthermore, careful eating was advised, avoiding
spicy, acidic and sugary foods at very extreme tempera-
tures (hot/cold), to avoid interference with the results.

Statistical data analysis

A descriptive analysis was carried out, using absolute and
relative frequencies for categorical variables, measures of
central tendency (means, median) and dispersion (stand-
ard deviation, minimum and maximum) for continuous
variables.

Subsequently, inferential analyzes was carried out with
the aim of validating the research hypotheses. Paramet-
ric tests were used whenever the conditions of normality
and homogeneity of variances are met. The Shapiro—Wilk
test was used to test normality. To evaluate the effect of

Table 1 Sample characterization - sociodemographic data
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treatment, at different times and on the different vari-
ables studied, the parametric t-Student test for paired
samples was used to compare the means of a variable
with normal distribution for two independent samples.
As a non-parametric alternative, the Wilcoxon test and
McNemar test for paired samples was used, with the pur-
pose of establishing statistical significance between the
mean values of the variables. To assess the intensity and
direction of the relationship between two variables, the
correlation coefficient were determined. Dependencies
between variables were analyzed using the r-Pearson or
1, -Kendall correlation tests. All data were entered and
processed using SPSS software (Statistical Package for
the Social Sciences Inc., Chicago, Illinois, USA) version
27.0.

Results
Sample characterization
The sociodemographic data of the 90 patients equally
distributed between the TW_TA experimental group
(n=45) and the control group (n=45) are presented in
Table 1.

The sample collected consists of 90 thermal practition-
ers distributed equally across the two groups: TW_TA
and control. It is observed that globally 70% (n=63)

Variables GROUPS Total
TW_TA Control
n % n % N %
Gender Male 13 289 14 311 27 300
Female 32 71.1 31 68.9 63 70.0
Total 45 100 45 100 90 100
Age Until 45y 11 244 9 20.0 20 222
From46to 55y 1 24.4 8 17.8 19 21.1
From 56 to 65y 4 8.9 12 26.7 16 17.8
Over 65y 19 42.2 16 356 35 389
Total 45 100 45 100 90 100
X—=+sX—=s 57.13+18.505 56.76+16.079 56.94+17.237
Employment status Self-employed 2 4.4 6 133 8 89
Employee 20 444 12 26.7 32 356
Retired 17 37.8 14 311 31 344
Unemployed 1 22 3 6.7 4 44
Student 1 2.2 2 44 3 33
Domestic 4 89 8 17.8 12 133
Total 45 100 45 100 90 100
Residence Rural 17 378 18 40.0 35 389
Urban 28 62.2 27 60.0 55 61.1
Total 45 100 45 100 90 100

TW_TA thermal water from Termas de Amarante. Control—saline solution
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Table 2 Average, standard deviation, minimum and maximum
values of the DMFT Index

Group Mean and standard Minimum
deviation and
maximum
TW_TA DMFT (n=45) 4.07+2.389 0-11
D(nh=2) 1.00+0.000 1-1
M (n=45) 1.13+£2237 0-10
F (n=45) 2.87+1.258 0-5
Control DMFT (n=45) 47112257 0-10
D(n=5) 0.80+0.748 0-2
M(n=32) 253+1.620 1-7
F(n=41) 3.10+1.511 1-9

TW_TA thermal water from Termas de Amarante. Control- saline solution DMFT-
Decayed(D),missing(M) and flled(F) permanent

are women and that they are also the majority in each
group. The two groups have a relatively close average age:
57.13+18.505 and 56.76 +16.079 for TW_TA and Con-
trol, respectively.

Oral examination

According to the results of the statistics (Table 2), the
average number of teeth that experienced dental caries,
mainly indicate that the “filled” component is the most

Table 3 Characterization of prosthesis use by group
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common among individuals, along with a high rate of
missing teeth. Considering the significant lost of teeth,
it is crucial to determine the number of participants that
have undergone rehabilitation for edentulous spaces
using the appropriate prosthesis.

Regarding the usage of removable prostheses, approxi-
mately % of the population studied used a dental prosthe-
sis (Table 3), with the higher percentage belonging to the
control group (84.4%).

The periodontal health of the participants was also
assessed by evaluating the presence of gingival bleed-
ing (Table 4), the probing depth (Table 5) and the plaque
index trough O’Leary index (Table 6), while simultane-
ously recording the differences at two time points, TO
and T14.

At the beginning of the study, 68.9% (n=31) of TW_TA
individuals and 46.7% (n=21) of control group had pre-
sented gingival bleeding. After thermal treatment, the
percentage of participants with gingival bleeding on the
TW_TA group decreased to 40.0% (n=18) while the con-
trol group remained unaltered. Therefore, the effect of
thermal treatment in reducing gingival bleeding is noto-
rious, which was proved by the statistics using the McNe-
mar test (p=0.001).

Probing depth is another parameter that needs to be
considered. The depth of the probing was measured

Prosthesis Grup Total
TW_TA Control
n % n % n %
Yes 29 644 38 844 67 744
No 16 356 7 15.6 23 256
Total 45 100 45 100 90 100
TW_TA thermal water from Termas de Amarante. Control—saline solution
Table 4 Characterization of gingival bleeding at assessment times TO and T14 by group
Gum bleeding Group Total X2 (p)
TW_TA Control
n % n % n %
T0 Absent 14 31.1 24 533 38 422 4555 (0.033)
Present 31 68.9 21 46.7 52 578
Total 45 100 45 100 90 100
T14 Absent 27 60.0 24 533 51 56.7 0407 (0.523)
Present 18 40.0 21 46.7 39 433
Total 45 100 45 100 90 100

TW_TA thermal water from Termas de Amarante. Control- saline solution X? (p) Chi-square independence test statistics (proof value)

X2 (p) - use of Fisher's exact test
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Table 5 Characterization of the presence of pockets at the initial moment (T0) and at the final moment (T14) in the evaluation by

group
Periodontal pocket Group Total X2 (p)
TW_TA Control
n % n % N %
T0 Absent 24 533 33 733 57 63.3 10.952 (0.002)
Pocket of 4-5 mm 21 46.7 8 17.8 29 322
Pocket>5 mm 0 0.0 4 8.9 4 44
Total 45 100 45 100 90 100
T4 Absent 34 756 33 733 67 744 4.202 (0.446)
Pocket of 4-5 mm 11 244 17.8 19 21.1
Pocket>5 mm 0 0.0 8.9 4 44
Total 45 100 45 100 90 100

TW_TA thermal water from Termas de Amarante. Control- saline solution X? (p) — Statistics of the chi-square independence test (proof value)

Table 6 Characterization of the O’Leary index at the initial moment (T0) and at the final moment (T14) of evaluation by group

O’Leary index Group Total X2 (p)
TW_TA Control
n % N % n %
TO Satisfactory < 25% 41 91.1 42 933 83 922 2.212 (0.667)
Irregular [26%-40%)] 2 44 3 6.7 5 56
Unsatisfactory >41% 2 44 0 0,0 2 2.2
Total 45 100 45 100 90 100
T14 Satisfactory < 25% 45 100 45 100 90 100 Not applicable
Total 45 100 45 100 90 100

TW_TA thermal water from Termas de Amarante. Control- saline solution X? (p) - Statistics of the chi-square independence test (proof value)

from the free gingival margin to the bottom of the
pocket. If the depth is greater than 3 mm its indicative
of pathology by the presence of periodontal pockets.
If the probing indicates a value below 3 mm, we can
indicate the presence of a healthy gengiva with absence
of periodontal disease. The results suggest that after
14 weeks, there is a reduction in the number of partici-
pants with periodontal pockets and none had pockets
greater than 5 mm, which shows a beneficial effect of
thermal water in reducing periodontal pockets. This
clearly shows that that there was a visible effect of ther-
mal treatment reducing periodontal pockets, which
is statistically significant using the McNemar test
(p=0.001).

On the other hand, chi-square test of independence
revealed a significant association between the presence of
periodontal pockets and the group at the beginning of the
study (X2=10.952, p=0.002). However, by the end of the
thermal period, this condition was no longer significant
(X2=4.202, p=0.446). This suggests a positive improve-
ment in periodontal health within the TW_TA group.

The plaque index was accessed through O’Leary index
and the results are presented in Table 6.

The results clearly show that all participants benefited
from plaque reduction after the thermal treatment, with
a visible reduction of the index for both groups.

Quality of life—clinical assessment

In addition to evaluating oral health, the study aimed to
evaluate quality of life using questions from the SNOT-
20 naso-sinus impairment test questionnaire, which
assessed symptoms related to OMD and the partici-
pant’s perception of their health. The questionnaire was
administered at both TO and T14. For symptoms associ-
ated with OMD, responses were measured on a 4-point
scale:“absent’, “few times’”, “often” and “always” Table 7
presents the response at TO and T14.

Overall, symptoms associated with OMD were
reported by most participants as to being "absent” in
both groups following thermal treatment. To compare
between groups and across time points, the global aver-
age of symptoms was calculated from nine items for each
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Table 7 Results of symptoms by group
Symptoms Time point Group Absent n (%) Few Times Often Ever
1.0rofacial pain T(0) TW_TA 13 (28.9) 19(42.2) 12(26.7) 122
Control 23(51.1) 14(31.s55551) 7 (15.6) 122
T(14) TW_TA 29 (64.4) 15(333) 12.2) 0(0.0)
Control 32(71.1) 12(26.7) 1(2.2) 0(0.0)
2. Feeling of pressure inside the face T(0) TW_TA 25 (55.6) 16(35.6) 4(8.9) 0(0.0)
Control 29 (64.6) 16(35.6) 0(0.0) 0(0.0)
T(14) TW_TA 38 (84.4) 7(15.6) 0(0.0) 0(0.0)
Control 43(95.6) 2(44) 0(0.0) 0(0.0)
3. Pain on palpation or local percussion T(0) TW_TA 22 (48.9) 16(35.6) 6(13.3) 1(2.2)
Control 22 (489) 16(35.6) 6(13.3) 1(2)
T(14) TW_TA 33(733) 12(26.7) 0(0.0) 0(0.0)
Control 38 (84.4) 7(15.6) 0(0.0) 0(0.0)
4 Localized facial edema T(0) TW_TA 29 (64.4) 14(31.1) 122 122
Control 32(71.1) 10(22.2) 3(6.7) 0(0.0)
T(14) TW_TA 42(933) 3(6.7) 0(0.0) 0(0.0)
Control 42 (93.3) 2(44) 1(2.2) 0(0.0)
5. Partial or total inability to feed T(0) TW_TA 38 (84.4) 7 (15.6) 0(0.0) 0(0.0)
Control 38 (84.4) 6(13.3) 1(2.2) 0(0.0)
T(14) TW_TA 41 (91.1) 4(8.9) 0(0.0) 0(0.0)
Control 45(100.0) 0(0.0) 0(0.0) 0(0.0)
6. Bad breath T(0) TW_TA 20 (44.4) 13(58.9) 12(26.7) 0(0.0)
Control 21 (46.7) 13(28.9) 10(22.2) 1(2.2)
T(14) TW_TA 33(73.3) 10(22.2) 2(44) 0(0.0)
Control 35(77.8) 9(20.0) 1(2.2) 0(0.0)
7.Headaches T(0) TW_TA 14 (31.1) 16(35.6) 12(26.7) 3(6.7)
Control 17 (37.8) 13(28.9) 15(33.3) 0(0.0)
T(14) TW_TA 28 (62.0) 16(35.6) 1(2.2) 0(0.0)
Control 31(68.9) 13(28.9) 1.2 0(0.0)
8. Earache T(0) TW_TA 35(77.8) 8(17.8) 2(44) 0(0.0)
Control 34 (75.5) 10 (22.2) 122) 0(0.0)
T(14) TW_TA 41 (91.1) 4(8.9) 0(0.0) 0(0.0)
Control 43 (95.6) 2(44) 0(0.0) 0(0.0)
9.Frequent fever episodes T(0) TW_TA 41 (91.1) 4(8.9) 0(0.0) 0(0.0)
Control 40 (88.9) 4(8.9) 1(2.2) 0(0.0)
T(14) TW_TA 45(100.0) 0(0.0) 0(0.0) 0(0.0)
Control 45(100.0) 0(0.0) 0(0.0) 0(0.0)

TW_TA thermal water from Termas de Amarante. Control- saline solution X" - median; Z (p) - Mann-Whitney statistical test (proof value)

individual at two assessment moments. This value ranges
from a minimum of 1 to a maximum of 4, with higher
values indicating more severe symptoms. The results are
shown in Table 8.

When comparing the two groups (TW_TA and Con-
trol), it is evident that the absence of symptoms increased
in the TW_TA group from TO to T14. This reduction in
symptoms, particularly those related to pain, is more pro-
nounced in the TW_TA group compared to the control

group.

The initial symptom averages were 1.57+0.332 for the
TW_TA group and 1.49+0.355 for the control group.
After the thermal treatment, these values decreased
to 1.18+0.200 and 1.12+0.165, respectively. The sig-
nificance of the treatment effect on the improvement
of symptoms and their evolution at the two sampled
moments was assessed with a mixed repeated measures
ANOVA.

Because the assumption of normality for symp-
tom distributions was not met, the homogeneity of
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Table 8 Results of global symptoms at the initial moment (T0) and at the final moment (T14) by group

Symptoms Group

Test homogeneity of Greenhouse-Geisser

Test between Test Levene® Teste between groups

variances? test® moments
TO TW_TA 15740332 F=1.143 F=0.087 F=200.728 F=0,993 F=1.646
Control  1.49+0.355 (p=0.330) (p=0.768) (pz: 0.000) (p=0.322) (p=0.203)
=0.695
T14 TW_TA 1.18+0,200 n F=3,424
Control  1.12+0.165 (p=0.068)

TW_TA thermal water from Termas de Amarante. Control- saline solution - Mean + standard deviation

aM Box test
b This test was used for the interaction because sphericity was not verified

¢ verification of variance homogeneity at each moment; n2 — measure of effect

the covariance matrix was confirmed by Box’s M test
(F=1.143, p=0.330). Since sphericity was not assured,
the Greenhouse—Geisser method was applied, revealing
that the interaction between treatment and group was
not statistically significant (F=0.087, p=0.768).

There was a significant overall reduction in symptoms
(F=200.728, p<0.001), indicating a strong impact from
the thermal treatment (n?=0.695). However, the differ-
ences between the two groups were not statistically sig-
nificant (F=1.646, p=0.203).

Discussion

Studies that confirm the benefits of thermal treatment in
oral heath are scarce or practically non-existent. Thus,
for most of the results there is still no evidence provided
by other authors to compare with the results obtained
in this study, which means that that there is a need for
future investigations.

However, and regarding the hypothesis that thermal
treatment with TW_TA has beneficial effects in the oral
health of the participants, our study show interesting
results with the reduction of several parameters associ-
ated with periodontal diseases and with the increased
of quality of life related to OMD.. Overall, treatment
with oral irrigations carried out in Termas de Amarante,
for 14 days, with themal water, resulted in a significant
improvement in the evaluated parameters, such as gingi-
val bleeding, periodontal pockets and plaque index. Liu
et al. highlighted the clinical benefits of oral irrigation
in periodontal diseases, suggesting that this therapeutic
effect is underlying a negative modulation of pro-inflam-
matory CF interleukins [22]. This can be attributed to
the minerals present, such as sulfur and sodium, which
have antibacterial,antiseptic anti-inflammatory [6], anti-
oxidant and desensitizing action. Sulfuric waters have a
positive effect on mucous membranes, relieving pain,
reducing the intensity and duration of exacerbations and
preventing the progression to chronicity [28, 29]. Like
other aqueous solutions, sulfuric waters, which activate

oxidation-reduction processes, will remove secretions,
eliminating potential irritants and allergens, including
bacteria and other microorganisms [28, 29]. They are
natural stimulants of cellular trophism and have a regu-
latory action on body secretions. In the future, further
investigations in this area may help to understand this
relationship in reducing the levels of pro-inflammatory
cytokines, gingival bleeding, periodontal pockets and
plaque indexes. The improvement in periodontal health
might have been also associated to a reduction in chronic
stress. In this context, environmental changes—like the
calming influence of the thermal setting—could con-
tribute to stress reduction, potentially relieving peri-
odontal inflammation [30]. However, due to the short
intervention period of 14 days, we consider it unlikely
that stress reduction significantly impacted the decrease
in bleeding on probing and the other periodontal param-
eters. Instead, we believe the observed benefits are more
directly related to the properties of the thermal water
itself.

Our results suggest that thermal treatment with Ter-
mas de Amarante has a beneficial effect on the percep-
tion of the severity of the main symptoms associated
with OMD, since overall, there was a positive evolution
of the parameters evaluated in both groups. However,
it was the TW_TA group that had the greatest reduc-
tion in the frequency of pain. In the TW_TA group,
pain occurs “rarely” in 35.5% (n=16) of the individuals
and in the control group in 28.9% (n=23). Xerostomia
and recurrent oral ulcerations (recurrent aphthae) were
considered, based on complaints and clinical evidence
of dry mouth, the most prevalent pathologies causing
pain. According to the literature, recurrent oral ulcera-
tion (recurrent aphtha) is one of the main pathologies
that affects the oral mucosa of Portuguese people, 10 to
25% [31] Skrinjar et al. [19] observed that the thermal
water-based spray (Buccotherm®) promoted a signifi-
cant reduction in symptoms associated with dry mouth,
2 weeks after thermal treatment. Although all the agents
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tested in this study (Xeros® and marshmallow root)
showed a beneficial effect in relieving this symptomatol-
ogy, the beneficial action of the thermal water spray (Buc-
cotherm®) was superior [14].

The results indicate that the thermal treatment at Ter-
mas de Amarante effectively reduces pain-related symp-
toms, supporting the hypothesis that crenotherapy and
oral irrigations, over a 14-day period, have a prompt
effect in clearing debris, irritants, allergens, and bacte-
ria from the mucous membranes [32]. Cuttler et al. have
reported the decrease in IL-1P levels in patients sub-
jected to oral irrigations and careful daily oral hygiene,
accompanied by a tendency for increased levels of the
anti-inflammatory cytokine IL-10, which may help to
explain the improvements in “Pain on palpation” or local
percussion” at the end of treatment [33].

However, it is important to highlight that pain is
defined as an unpleasant multidimensional experience,
which involves an emotional and sensorial component
of the person suffering from it, with great variability in
the perception and expression of pain, in the face of the
same painful stimulation [34]. Furthermore, even though
the Visual Analogue Scale (VAS) is a well-accepted and
sensitive assessment parameter for pain perception,
patients do not always understand how to use the VAS,
which increases the subjectivity of this test [34]. Chronic
pain (in the mouth and tongue), being one of the symp-
toms that frequently associated to OMD, is a challenge
for dentists, as it can predispose the person to great suf-
fering and disability. The literature presents convincing
evidence that good oral hygiene, combined with regu-
lar medical monitoring and/or the use of antimicrobial
agents, can combat, reduce or even eliminate OMD [21].

Significant improvement in OMD symptoms, com-
bined with decreased medication use and fewer visits to
the Family Doctor and/or Dentist, suggests that thermal
treatment contributes to better overall health and oral
well-being. Consequently, the numerous benefits and
existing scientific evidence support the recommenda-
tion of thermal therapy when appropriately prescribed
[35]. The literature provides strong t evidence that good
oral hygiene practices, regular medica check-ups and the
use of antimicrobial agents can combat, reduce or even
eliminate OMD. The challenge, however, lies in patient
motivation and the communication skills of oral health
professionals. Thermal facilities have proven to be effec-
tive environments for enhancing communication and
motivation in this regard [16]. To ensure the preservation
of natural teeth throughout life, it is essential to explore
all techniques available to combat OMD. In recent years,
several European countries have seen a growing trend
toward sharing the costs of thermal treatments [36] Italy,
with over 340 active spas, is one of the most advanced

Page 9 of 11

nations in this field, where thermal establishments form
a significant network from both a health and economic
perspective [36]. In Portugal, renowned for its rich ther-
mal heritage stretching from north to south, and home to
the world’s first thermal hospital, Rainha D. Leonor Hos-
pital in Caldas da Rainha, this issue has been addressed
in a limited manner. The situation became more pro-
nounced when, in August 2011, the Government sus-
pended reimbursement for thermal treatments for users
of the National Health Service (SNS). This decision high-
lighted the absence of a coordinated policy to integrate
thermal medicine into the SNS, despite its potential as a
key component in health care, the promotion of healthy
lifestyles, and disease prevention—two key objectives of
the National Health Plan (PNS). The anti-inflammatory
properties of Portuguese TW have already been demon-
strated, supporting their therapeutic use in the treatment
of inflammation-related diseases and promoting their
putative application in cosmetic products and medical
devices [6].

This research showed that 14 days of treatment with
thermal water from Termas de Amarante has a positive
effect on the periodontal status, and in lightening the
OMD symptoms. All beneficial effects occurred in the
short term (after the 14-day thermal treatment).

These promising results indicate that treatment with
thermal water from Termas de Amarante may be part
of the therapeutic arsenal available to Dentists in the
treatment of OMD. Nevertheless, further studies will be
needed to expand these conclusions, namely monitoring
the temporal evolution of the results, including assess-
ments at 3 and 6 months after completion of the thermal
treatment.

The medical and scientific communities, including
those in hydrology, face a significant challenge in pro-
moting longevity, which is often accompanied by an
increase in chronic organic diseases, such as rheumatic
and respiratory conditions. These two conditions are
among the primary reason for spa visits in Portugal [12].
The literature shows a strong correlation between these
conditions with oral health [37, 38]. As kife expectancy
increases, improving quality of life becomes crucial, and
strategies for heathy aging should be prioritized.. Given
the socioeconomic impact of this trend, it is important to
raise awareness among both healthcare professionals and
the general public about natural therapies like thermal
water, which have been used for thousands of years with
minimal side effects. Thermal establishments provide an
ideal setting for patient education and the adoption of
healthy habits, particularly concerning oral hygiene and
diet. Patients who use these services tend to be more
health-conscious and may be more open to incorporating
thermal water into their healthcare regimen.
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In the future, it would be interesting to evaluate oral
microbiome changes before and after thermal treatment
and asses the inflammatory profile using saliva or dental
plaque samples as well as salivary pH monitoring along
treatment. Additionally, future studies should include
groups of thermalist categorized by specific conditions,
such as those with periodontal disease, OMD and oral
pathologies related to dental prostheses, among others.
Another approach would be to compare these results
with similar studies conducted in other spa facilities,
focusing on different reasons for visiting the spa (such
as rheumatic and respiratory diseases) and associated
systemic conditions (e.g., hypertension, diabetes, regu-
lar medication, and lifestyle), using the same variables as
this study. A comparison between these findings would
provide valuable insights. Additionally, further research
is needed to examine the factors that influence the oral
health and their relationship with psychosocial and clini-
cal aspects, with the aim of improving patient treatment.
It is also important to evaluate the benefits and costs of
conventional treatments versus thermal treatments in
the short, medium, and long term. More comprehensive
methodologies should be employed, involving a broader
range of inclusion criteria and longer study periods, to
assess the socioeconomic impact of thermal therapies in
oral health.

Conclusions

This study provides valuable insights into the effects of
thermal water treatment on oral health and overall qual-
ity of life in a population of thermal practitioners. This
work showed that thermal water promoted significant
improvements in oral health parameters, namely a reduc-
tion in gingival bleeding and a reduction of the plaque
levels. Quality of life related to OMD also improved after
thermal treatment. While the interaction between treat-
ment and control groups was not statistically significant,
there was a clear overall reduction in symptoms, indi-
cating the beneficial effects of thermal treatment. Fur-
ther research with targeted groups is recommended to
explore these benefits in more detail that could enhance
oral health practices in Portugal by fully leveraging the
potential of thermal waters.

Data vailability

The data used to generate and support the findings of this
study are available from the corresponding author upon
request.
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DMFT  Index or decayed, missing, and filled teeth
WHO  World Health Organization

VAS Visual Analogue Scale

IPC Pro-inflammatory cytokines

OHI Oral hygiene instructions

Acknowledgements
The authors would like to acknowledge the participants in the study and
professionals that participated in the study.

Authors’ contributions

SL, SM, APG, MJC, NV and JFF were responsible for the conceptualization and
design of the project. SM, PC and PL were responsible for the data collec-
tion. SM, SL, APG, PC and NV were responsible for the statistical analysis and
contributions to the various analytical approaches and interpretations of data.
APG, MJC, PL and JFF drafted the main manuscript and made major contribu-
tions to the revising of the manuscript. All authors read and approved the final
manuscript submitted.

Funding

This work is financially supported by Fundacion laCaixa under the pro-
ject OralTherm — Satde Oral pela Agua Thermal (PD23-00018). Thanks,
are also due to FCT for the CEEC institutional financing of Ana Gomes
(CEEC-INST/00137/2018/CP1520/CT0022).

Declarations

Ethics approval and consent to participate

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. The research was approved
by the Health Ethics Committee of the Universidade Catolica Portuguesa
(Approval report number 205). Written informed consent was obtained from
all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Universidade Catélica Portuguesa, Faculty of Dental Medicine, Center

for Interdisciplinary Research in Health, Viseu 3504-505, Portugal. ?Universidad
de Salamanca, Facultad de Medicina, Departamento de Cirugia, Salamanca,
Spain. *Termas de Amarante, 4600-011 Amarante, Portugal.

Received: 23 October 2024 Accepted: 29 November 2024
Published online: 19 December 2024

References

1. Lebaron P Les eaux thermales : quand minéralité et signature biologique
se combinent pour expliquer leurs propriétés. Ann Dermatol Venereol.
2020;147:1520-4. https://doi.org/10.1016/S0151-9638(20)30032-6.

2. Cacciapuoti S, Luciano M, Megna M, Annunziata M, Napolitano M,
Patruno C, et al. The role of thermal water in chronic skin diseases man-
agement: a review of the literature. J Clin Med. 2020;9:3047. https://doi.
0rg/10.3390/jcm9093047.

3. Klemm P, Schulz N, Boettger P, Lange U. Heat therapy in rheumatic and
musculoskeletal diseases — an overview of clinical and molecular effects.
Int J Hyperthermia 2024;41. https://doi.org/10.1080/02656736.2024.
2322667.

4. AnJ, Leel,YiY.The thermal effects of water immersion on health
outcomes: an integrative review. Int J Environ Res Public Health.
2019;16:1280. https://doi.org/10.3390/ijerph16071280.


https://doi.org/10.1016/S0151-9638(20)30032-6
https://doi.org/10.3390/jcm9093047
https://doi.org/10.3390/jcm9093047
https://doi.org/10.1080/02656736.2024.2322667
https://doi.org/10.1080/02656736.2024.2322667
https://doi.org/10.3390/ijerph16071280

Lopes et al. BMC Oral Health

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2024) 24:1502

Carbajo JM, Maraver F. Sulphurous mineral waters: new applications for
health. Evid Based Complement Alternat Med. 2017;,2017:1-11. https://
doi.org/10.1155/2017/8034084.

Silva A, Oliveira AS, Vaz CV, Correia S, Ferreira R, Breitenfeld L, et al.
Anti-inflammatory potential of Portuguese thermal waters. Sci Rep.
2020;10:22313. https://doi.org/10.1038/541598-020-79394-9.
Merial-Kieny C, Castex-Rizzi N, Selas B, Mery S, Guerrero D. Avene thermal
spring water: an active component with specific properties. J Eur Acad
Dermatol Venereol. 2011;25:2-5. https://doi.org/10.1111/j.1468-3083.
2010.03892.x.

Joly F, Charveron M, Ariés MF, Bidault J, Kahhak L, Beauvais F, et al. Effect
of avéne spring water on the activation of rat mast cell by substance P or
antigen. Skin Pharmacol Physiol. 1998;11:111-6. https://doi.org/10.1159/
000029816.

Boisnic S, Branchet-Gumila MC, Segard C. Inhibitory effect of Avene
spring water on vasoactive intestinal peptide-induced inflammation in
surviving human skin. Int J Tissue React. 2001;23:89-95.

Zoller N, Valesky E, Hofmann M, Bereiter-Hahn J, Bernd A, Kaufmann

R, et al. Impact of different spa waters on inflammation parameters in
human keratinocyte HaCaT Cells. Ann Dermatol. 2015;27:709. https://doi.
0rg/10.5021/ad.2015.27.6.709.

. Affections des muqueuses bucco-linguales | Médecine thermale (mede-

cinethermale.fr) n.d.

Teixeira F. Hidrologia médica. 2022nd ed. n.d.

Bourgeois G. The hot springs village of Castéra-Verduzan (Ger) and

its indications for periodontology. Rev Odontostomatol Midi Fr.
1974;32:106-8.

Alp6z E, Cankaya H, Guneri P, Epstein JB, Boyacioglu H, Kabasakal Y, et al.
Impact of Buccotherm® on xerostomia: a single blind study. Spec Care
Dentist. 2015;35:1-7. https://doi.org/10.1111/5cd.12074.

Vergnes P. Attempt at balneotherapy of the mouth at the thermal station
of Castera-Verduzan, Gers. Rev Odontostomatol Midi Fr. 1968;26:110-8.
Stoopler ET, Sollecito TP. Oral Mucosal Diseases. Med Clin North Am.
2014;98:1323-52. https://doi.org/10.1016/j.mcna.2014.08.006.

Negrini S, Emmi G, Greco M, Borro M, Sardanelli F, Murdaca G, et al.
Sjégren’s syndrome: a systemic autoimmune disease. Clin Exp Med.
2022;22:9-25. https://doi.org/10.1007/510238-021-00728-6.

Gandhi P, Saxena A, Pai K, Ahmed J, Ongole R. Oral manifestations of
psychotropic drugs on the oral cavity: observational study. J Contemp
Dent Pract. 2022;23:443-6.

Skrinjar I, Vucicevic Boras V, Bakale |, Andabak Rogulj A, Brailo V, Vidovic
Juras D, et al. Comparison between three different saliva substitutes in
patients with hyposalivation. Clin Oral Investig. 2015;19:753-7. https.//
doi.org/10.1007/500784-015-1405-8.

Elad S, Yarom N, Zadik Y, Kuten-Shorrer M, Sonis ST. The broadening scope

of oral mucositis and oral ulcerative mucosal toxicities of anticancer
therapies. CA Cancer J Clin. 2022;72:57-77. https://doi.org/10.3322/caac.
21704,

Vergnes P. Odontostomatologie et thermalisme. EMC- Odontologie
2013:1-7.

LiuY,Guo L, Li X, Liu S, Du J, Xu J, et al. Challenges and tissue engineering
strategies of periodontal-guided tissue regeneration. Tissue Eng Part C
Methods. 2022;28:405-19. https://doi.org/10.1089/ten.tec.2022.0106.
Sedghi LM, Bacino M, Kapila YL. Periodontal Disease: The Good, The Bad,
and The Unknown. Front Cell Infect Microbiol 2021;11. https://doi.org/10.
3389/fcimb.2021.766944.

Associagdo das Termas de Portugal (ATP). Manual de Boas Praticas dos
Estabelecimentos Termais. 2009.

Pynnonen MA, Kim HM, Terrell JE. Validation of the Sino-Nasal Outcome
Test 20 (SNOT-20) domains in nonsurgical patients. Am J Rhinol Allergy.
2009;23:40-5. https://doi.org/10.2500/ajra.2009.23.3259.

Bezerra TFP, Piccirillo JF, Fornazieri MA, Pilan RR de M, Abdo TRT, Pinna F
de R, et al. Cross-cultural adaptation and validation of SNOT-20 in Portu-
guese. Int J Otolaryngol. 2011;2011:1-5. https://doi.org/10.1155/2011/
306529.

World Health Organization. Oral health surveys: Basic methods. 5th ed.
Geneva: 2013.

Carbajo JM, Maraver F. Sulphurous mineral waters: new applications

for health. Evid Based Complement Alternat Med. 2017;2017:8034084.
https://doi.org/10.1155/2017/8034084.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Page 11 of 11

Viegas J, Esteves AF, Cardoso EM, Arosa FA, Vitale M, Taborda-Barata

L. biological effects of thermal water-associated hydrogen sulfide on
human airways and associated immune cells: implications for respiratory
diseases. Front Public Health. 2019;7:128. https://doi.org/10.3389/fpubh.
2019.00128.

Corridore D, Saccucci M, Zumbo G, Fontana E, Lamazza L, Stamegna C,

et al. Impact of stress on periodontal health: literature revision. Healthcare
(Switzerland). 2023;11:1516. https://doi.org/10.3390/healthcare11101516.
Azul AM, Trancoso PF. Patologia mais frequente da mucosa oral. Rev Port
Clin Geral. 2006.

Rajendiran M, Trivedi HM, Chen D, Gajendrareddy P, Chen L. Recent
development of active ingredients in mouthwashes and toothpastes for
periodontal diseases. Molecules. 2021;26:2001. https://doi.org/10.3390/
molecules26072001.

Cutler CW, Stanford TW, Abraham C, Cederberg RA, Boardman TJ, Ross C.
Clinical benefits of oral irrigation for periodontitis are related to reduc-
tion of pro-inflammatory cytokine levels and plaque. J Clin Periodontol.
2000;27:134-43. https://doi.org/10.1034/j.1600-051x.2000.027002134.x.
Sung Y-T, Wu J-S. The Visual Analogue Scale for Rating, Ranking and
Paired-Comparison (VAS-RRP): A new technique for psychological meas-
urement. Behav Res Methods. 2018;50:1694-715. https://doi.org/10.3758/
$13428-018-1041-8.

Vaccarezza M, Vitale M. Crenotherapy: a neglected resource for human
health now re-emerging on sound scientific concepts. Int J Biometeorol.
2010;54:491-3. https://doi.org/10.1007/500484-010-0311-7.

Coccheri S, Gasbarrini G, Valenti M, Nappi G, Di Orio F. Has time come for
a re-assessment of spa therapy? The NAIADE survey in Italy. Int J Biomete-
orol. 2008;52:231-7. https://doi.org/10.1007/500484-007-0117-4.

Pinto EH, Longo PL, de Camargo CCB, Dal Corso S, Lanza FDC, Stelmach
R, et al. Assessment of the quantity of microorganisms associated with
bronchiectasis in saliva, sputum and nasal lavage after periodontal
treatment: a study protocol of a randomised controlled trial. BMJ Open.
2016;6:e010564. https://doi.org/10.1136/bmjopen-2015-010564.

Penoni DC, Torres SR, Farias MLF, Fernandes TM, Luiz RR, Ledo ATT.
Association of osteoporosis and bone medication with the periodontal
condition in elderly women. Osteoporos Int. 2016;27:1887-96. https://
doi.org/10.1007/500198-015-3437-y.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1155/2017/8034084
https://doi.org/10.1155/2017/8034084
https://doi.org/10.1038/s41598-020-79394-9
https://doi.org/10.1111/j.1468-3083.2010.03892.x
https://doi.org/10.1111/j.1468-3083.2010.03892.x
https://doi.org/10.1159/000029816
https://doi.org/10.1159/000029816
https://doi.org/10.5021/ad.2015.27.6.709
https://doi.org/10.5021/ad.2015.27.6.709
https://doi.org/10.1111/scd.12074
https://doi.org/10.1016/j.mcna.2014.08.006
https://doi.org/10.1007/s10238-021-00728-6
https://doi.org/10.1007/s00784-015-1405-8
https://doi.org/10.1007/s00784-015-1405-8
https://doi.org/10.3322/caac.21704
https://doi.org/10.3322/caac.21704
https://doi.org/10.1089/ten.tec.2022.0106
https://doi.org/10.3389/fcimb.2021.766944
https://doi.org/10.3389/fcimb.2021.766944
https://doi.org/10.2500/ajra.2009.23.3259
https://doi.org/10.1155/2011/306529
https://doi.org/10.1155/2011/306529
https://doi.org/10.1155/2017/8034084
https://doi.org/10.3389/fpubh.2019.00128
https://doi.org/10.3389/fpubh.2019.00128
https://doi.org/10.3390/healthcare11101516
https://doi.org/10.3390/molecules26072001
https://doi.org/10.3390/molecules26072001
https://doi.org/10.1034/j.1600-051x.2000.027002134.x
https://doi.org/10.3758/s13428-018-1041-8
https://doi.org/10.3758/s13428-018-1041-8
https://doi.org/10.1007/s00484-010-0311-7
https://doi.org/10.1007/s00484-007-0117-4
https://doi.org/10.1136/bmjopen-2015-010564
https://doi.org/10.1007/s00198-015-3437-y
https://doi.org/10.1007/s00198-015-3437-y

	Unravelling the benefits of thermal waters enhancing oral health: a pilot study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design
	Data collection
	Clinical oral examination
	Statistical data analysis

	Results
	Sample characterization
	Oral examination
	Quality of life—clinical assessment

	Discussion
	Conclusions
	Data vailability
	Acknowledgements
	References


