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Euxaplotiec

Oa ndeAa va euyapiotiow tov AvamAnpwtn Kadnyntn k. lwong Zneakakn ylo thv
Bonvewa tou otn Staudppwaon tou FEuatoc TNC SUTAWUATIKAC UOoU gpyaaiac kal TNV
kaGobnynon tou kad OAn T OSldpKkEld TNC POITNONG LOU OTO UETANTUXLOKO
nipoypaua. Ernionc suyaptotw oAa ta uéAn AEM tou tunuatoc tne OpBodovTikrc, TouC
ETOTNUOVIKOUC OUVEPYATEC, TOUC CUUPOLTNTEC UOU KAUWC KOl TO TTPOOWITIKO TNC

KAWVIKAC Ylal TIC YVWOELC KOl EUTEIPIEC TTOU QTTOKOULOO QUTA T TECOEPA XPOVIA TNC

politnonc uou.

H ekmovnon autnc tnc epyaociac ardda kot n oAokAnpwaon twv oroudwyv pou dev Sa Ntav
duvartec ywpl(c tnv umootriptén, UALKN Kot YUXOAOYIK TNC OLKOYEVELAC UOU, STPATOU,
AvSoUAac kat Mapiac¢ otouc omtolouc opeidw oAn t Stabpoun twv omoudwv UoU W

onuepa.

Tedoc, UAw va suyaptotriow tov cUlUyo Kat OTHPLYUT LUoU, [Wpyo, Yl TNV CUVEXN
ovunapaotaon, Bondeia kal katavonon nou EO6€lfs TOOO OTNV MPOONATELA UOU VO
sloaydw 000 Kol v 0oAoKANpwow Qiolwe TO UETAMTUXLAKO TPOYPAUUAX TNC

Opdodovtikrc.
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NepiAndin

H kakoopia Tou otopatog (xaAltwon) amoteAei cuxvo dpavopevo Kat dtaxwpiletal o
duololoyikn A maboAoyikr). H mpwtn elvatl oXeTW{OUEVN UE TOV UTIVO, TO KATIVIOUA, TNV
KotavaAwon oAKoOA 1 €xeL oppovIKO umoBabpo. H maboloylkr) Kakoopio Ttou
OTOHOTOC TIPOEPXETOL KOTA KUPLO AOYO OO TN OTOHOTLKA KOWOTNnTa Kot odeiletal
OTOV UETABOALOUO TwV HIKPOPIlwV OTIC EMIPAVELEC TNG OTOMOTIKAG KOotntag. Ot
000eveig pe akivnTtoug 0pBOSOVTIKOUG UNXOVIOUOUG ELVOL TIEPLOCOTEPO ETIPPETELC
OTNV KOKOOWUIO TOU OTOHOTOC AOYW TNC SUCKOALOC OTNV AMOTEAECUATIKY OTOUATLKN
UYLELVN. H HETPNON TNC KOKOOUIAG UIMOPEL val YIVEL JE TN XPHON TPLWV OVTIKELUEVIKWY
neOodwv: opyavoAnmrikn HEB0SOC, XOAUETPlO Kal aeplo-xpwpotoypadia. H
teleutaia anotelel TNy o npoodatn HEB0do afloAoyel TN CUYKEVTPWON TWV TPLWV
TILO OUVNBLOPEVWY TITNTIKWV EVWoewV Belou (MEO) mou oxetilovtal Pe TNV KAKOOHULA.
Auta esivat: To ULbpoBelo (HzS), n HeBuA-pepkamrtavn (CHsSH) kat To
SipueBuloouAdidio [(CH3),S]. Zkomog tng mapoloag HEAETNG ATav va SlepeuvnBetl n
eMiSpaon TOU OTOMATIKOU SLHAUMATOG HE HaoTiXo Xiou OTNV KOKOOHIO TOU OTOMATOC
Kol otouc Seikteg mAakag Kat pAsypovrc os a.oBeveic unto opBodovrikr Bepameia pe
oKivntoug 0pBodovTikoUG UNXaVIoUoUC. H LEAETN NTAV pLa TTPOOTITIKY, SUTAG TUDAN,
eENEYXOLEVN HE ELKOVIKO (PApPUAKO, TUXOLOTOlNMEVn KAk Sokluy pe &vo
TMapAAAnAeg opadec. Tplavta aoBeveic pe akivntoug opBodovTIKoUE HUNXAVIOHOUC
Katavepundnkav tuxaila os avaloyia 1:1, eite otnv opdda paotiyxog eite otnv opada
ELKOVLIKOU oTtopatikol SltoAUpatog. OAoL Ol CUMMETEXOVTEG £AafaV OTOHATLKA
StoAUpata yia 2 eBdopades. Ta kputiplo emmAe€lpotntag nepthapBavav nAkieg

petall 13 kat 18 twv, evepyr opBodovtikn Bepameia pe akivntoug opBodovtikolg



HUNXOVIOHOUG, KOAN YEVLKA UYEL KoL CUVOALKA apxka emimeda MEO mavw amod To
emninedo twv 150ppb: Ot petafAntég mou aflohoynOnkav ATav: (o) N KAKOOULO HECW
Twv erunédwv MEO pe tn ouokeur Oral Chroma™, (B) n umokeuevik avtiAndn tng
KoKoopiag HEow epwtnuotoloyiwv Kot (y) n OTOMOTIKA UYLEWVH HECW TOU
Tpormornolnpuévou Seiktn mAdkag (PI-M) kat tou deiktn pAeypovnc (Gl) téoo kata tnv
évapén (TO) 6oo kat peta anod 2 efdouadeg (T1). Ztnv opdda paotiyog, Ta enineda
V6pOBeLlov pelwOnkav amod 221,00ppb (TO) oe 125,00ppb (T1) kot n Stadopd petall
TWV OepAmMEeLWV NTAV OTATIOTIKA GNMOVTLKA KoL UTEP TNG opadag paotiyac. Qotooo,
ol Stadpopec ota eminmeda twv aAMwv dUo agpiwv, TNG LEOUA-PEPKATTAVNG KAl TOU
SipueBuloouAddiou, Sev NTAV OTATIOTIKA ONUOVTIKEG. Ol SEIKTEC OTOUATLKAC UYLELVIC
napouciacav HUKPEC SLadopEC Kal 0TI SUO OUASEC, EVW OL UTIOKELUEVIKEG LETPAOELG
NG KOKoopiag tou otopatog Sev mapouciacav S10pOpEC. JUUMEPACUATIKA, TO
oTopaTKA StaAlupoata pootiyag Ba pmopoloav va omOTEAECOUV EVOAAOKTIKO TPOTO
eAéyxou miBavrnc Kakooplog tou otopatoc oe €édnPoucg aoBevelg Kata tn SLAPKELA

¢ opBodovtikn Beparmeiag Pe aKivnTOUg LNXOVIOHOUG.

/\éEELC KAELOLAL: Xaitwon, Stopotikd StéAupa, Maotixa Xiou



Abstract

The aim of this study was to investigate the effect of Mastic mouthwash on halitosis
(Volatile Sulfur Compounds’ levels, VSCs) as well as plaque and gingival indexes in
patients undergoing orthodontic treatment with fixed appliances. The study was a
double-blinded, placebo-controlled, parallel group, randomized clinical trial. Thirty
patients with fixed orthodontic appliances were randomly allocated at a 1:1 ratio, to
either the mastic-mouthwash or the placebo-mouthwash group. Eligibility criteria
included ages between 13 and 18, active orthodontic treatment with fixed appliances,
good general health and total initial VSCs levels above the baseline level of
150ppb.The primary outcomes were: (a) their subjective perception of their own
malodor via questionnaires, (b) their objective VSCs levels (hydrogen sulfide (H.S),
methyl-mercaptan (CH3SH) and dimethyl sulfide [(CH3)2S] through the Oral Chroma™
device and (c) oral hygiene assessed with the use of the Modified Silness and Loe
Plague Index (PI-M) and the Silness and Lée Gingival Index (Gl) at both baseline (TO)
and after 2 weeks (T1). Stratification by gender randomization was implemented with
two random sequences, one for each mouthwash, concealed in opaque numbered
sealed envelopes. H2S level dropped from 221.00ppb (TO) to 125.00ppb (T1) and the
difference between treatments was statistically significant and in favor of the mastic
group (coef: 72.34, 95% Cl: 8.48, 136.27, p=0.03). The reduction in the levels of the
other VSCs did not differ between treatment arms. The oral hygiene indexes showed
little differences in both groups whereas the subjective measurements of oral

malodor did not show any differences. Mastic mouthwashes could be an alternative
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treatment for adolescent patient suffering from halitosis during the orthodontic

treatment with fixed appliances.

Keywords: Halitosis, Mouthwash, Chios’ mastic
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Introduction

Halitosis is the third most common oral condition perceived by the patients as
pathologic, after caries and periodontal diseases [1]. The available epidemiologic
studies estimate that 30-50% of the population experience oral malodor [2,3].
Halitosis can be categorized as physiologic and pathologic. Physiologic halitosis is quite
common in the morning (also known as morning breath) and probably related to
normal nocturnal hyposalivation and increased microbial metabolic activity during
sleep [4]. It can also be the consequence of smoking or consumption of either alcohol
or odiferous food and drinks and can also be aggravated by menstruation in women
[5,6]. Pathologic halitosis most commonly (=85%) originates from the oral cavity and
is a result of bacterial deposits that cover the tongue or are found in the inflamed oral
mucosa, under poor-quality restorations, orthodontic mechanisms, carious lesions or
mucosal ulcers [7,8]. Odor usually results from the microbial degradation of organic
substrates present in saliva [9-11]. This interaction generates malodorous volatile
sulfur compounds (VSCs), of which the three most common are: hydrogen sulfide
(H2S), methyl-mercaptan (CH3SH) and dimethyl sulfide [(CH3)2S] [12].

Orthodontic patients with fixed appliances are more prone to halitosis, due to the
impaired oral hygiene and therefore increased plaque accumulation and increased
amounts of available nutrients for the supragingival and subgingival microbes [13,14].
For the assessment of halitosis there are 3 objective measurements available: 1)
organoleptic measurement, 2) halimetry (sulfide monitoring) and 3) gas
chromatography. The organoleptic measurement is considered as the gold standard

and could be performed directly by the investigator at a fixed distance by smell.
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Alternatively, the patient may slowly breathe in a plastic tube and a calibrated
examiner evaluates the smell coming out of the tube in a scale from 0 to 5. Halimetry
is the assessment of halitosis through a sulfide monitor (HalimeterTM) where the
patient exhales to a tube connected to the monitor. This monitor can measure the
level of total VSCs. Gas chromatography (Oral ChromaTM) is a more recent method
by which concentrations of the 3 VSCs can be quantified and also evaluated
separately. Today, the second version of the OralChromaTM device (CHM-2) is the
most widely used halitosis assessment device and offers more accurate VSCs
measurements compared to the previous devices [15-17].

The patient exhale is imported to the device through a syringe and the compounds
are compared and identified using a computer-based database [7,18]. According to
the literature, the baseline level of total VSCs levels that determine halitosis is 150ppb
(parts per billion; ppb) [18,19].

Interventions to control halitosis include either mechanical (tongue scrapers) or
chemical methods (mouthwashes, chewing gums, toothpastes etc.) [20]. Recently
different chemical agents have been used in the treatment of halitosis, including
herbal oils, green tea, probiotics and plant extracts [21-23]. Chios’ mastic (Pistacia
Lentiscusvar. Chia) is the resinous secretion of the mastic tree (Pistacia Lentiscusvar.
Chia). Several studies on the action of mastic and chewing gum of Chios’ mastic have
shown that it may reduce the formation of dental plaque, as well as inhibit bacterial
growth in the oral cavity [24-26]. The effect of mastic mouthwash on orthodontic
patients has not been previously studied. A randomized clinical trial was therefore
planned to evaluate whether a common mastic mouthwash benefits halitosis and the

impaired oral hygiene of orthodontic patients.
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Specific objectives or hypotheses

The aim of this prospective, randomized, placebo-controlled, double-blind clinical
study was to investigate the effect of Mastic mouthwash (Mastiha Mouthwash
Gingivaction, Mastihashop®) on halitosis and plague and gingival indexes in patients
undergoing orthodontic treatment with fixed appliances. The research hypothesis was
that the use of Mastic mouthwash during the orthodontic treatment did not affect the
subjective perception of the oral malodor, the objective VSCs levels and the oral

hygiene levels of the patients.
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Materials and methods

Trial design

This trial was designed as a randomized, placebo-controlled, double blinded,
superiority trial, with two parallel groups and a 1:1 allocation ratio. No changes to the

methods occurred after trial commencement.

Participants, eligibility criteria, and setting

The study was conducted on patients undergoing orthodontic treatment with fixed
appliances, treated by residents at the Department of Orthodontics. The duration of
the study was two weeks and the following selection criteria were applied: aged 13 to
18 years old, with fixed conventional labial appliances on the maxillary and mandibular
arch, brackets or bands at least on 24 teeth for more than 4 months before enrollment
and estimated duration of the treatment more than 1 month, bands on the first
molars, in extraction cases patients could be enrolled at least two months after the
last extraction, good general health and total initial VSCs levels above the baseline
level of 150ppb [18,19]. Patients with active caries, periodontitis, dental fluorosis /
dysplasia of the teeth, syndromes or other abnormalities of the craniofacial complex,
mental problems, subjects smoking or using other tobacco products [8], taking
antibiotics during the last two months, use of chlorhexidine or another mouthwash in
the last 3 weeks, allergy to mastic and participating in other trials were excluded [19].
30 consecutive patients who visited the orthodontic treatment for their scheduled

appointment and met the inclusion criteria were recruited at the Department of
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Orthodontics, Dental School of Athens, NKUA. The principal investigator was
calibrated for the measurement of the periodontal indices at the Postgraduate Clinic
of the Department of Periodontology, NKUA. All measurements were conducted by
the same investigator at the Postgraduate Clinic of the Department of Orthodontics,

NKUA.

Interventions

All 30 patients were randomly assigned to either the mastic mouthwash group A (Art
of Nature Mastiha Mouthwash, Mastihashop, Greece) (n = 15) or the placebo
mouthwash group B (from the same manufacturer) (n = 15) (Table 1). All patients were
asked to use the mouthwash twice a day (10 ml of mouthwash / 2 times a day for 30
sec for 14 days, every morning and every night after brushing) and to maintain their
usual oral hygiene routine. The measurements were done in the morning and at least
three hours after brushing and without the use of the mouthwash by the participant
on the day of the assessments. Participants were also asked to abstain from eating
odiferous foods 24 hours prior to the measurements. Modified plaque (PI-M) [27] and
gingival index (Gl) [27], VSCs levels and subjective odor using the questionnaires were

assessed at baseline (TO) and after use of mouthwash for two weeks (T1).

Outcomes

The main variables measured were VSCs levels {hydrogen sulfide (HS), methyl-
mercaptan (CHsSH) and dimethyl sulfide [(CH3)2S]} with the OralChroma™ device

(NOVATRONIC Deutschland GmbH, Kolner Strafle 102, D-51429 Bergisch Gladbach)
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(Figure 1), subjective malodor levels and oral hygiene through the modified plaque
index (PI-M) and the gingival index (Gl) [27].

The organoleptic evaluation was not performed due to the pandemic of the SARS-
Covid 19 virus. The odor assessment was subjectively performed by the patient and
scoring was based on a scale similar to the one used in organoleptic method (printed
guestionnaires) (Table II).

The objective assessment of the TO-T1 VSCs levels was done with the OralChroma™.
This chromatograph measured the concentrations of the oral gases H,S, CH3SH and
(CHs)2S. The sample was collected using disposable syringes (1ml plastic syringes),
whose tip was inserted into the patient’s oral cavity. The patients were asked to
breathe with their mouth closed for 30 seconds. The samples were collected by pulling
the plunger. Then the syringe’s hub was inserted into the measuring device and 0.5ml

of air was injected into the device.

Banded molars were excluded from the PI-M measurements since plague detection
was difficult at corresponding gingival margins. Silness & Loe plague index (1964) [28]
does not consider how the plaque is accumulated in orthodontic patients. To
overcome this problem, a modification of the indexes was used in which the teeth
were divided into mesial, distal, and incisal areas relative to the bracket, and plague
was graded in each area using values from 0 to 3 [29]. The values were summed to
obtain an overall score, which ranged from 0 to 9 for each tooth. The sum of all teeth
was divided by the surfaces measured and a mean score for each patient was obtained
(Table 11). This modified index has been suggested for patients with fixed orthodontic
appliances because it evaluates the effect of these appliances on the plaque

distribution and has a much higher categorical distinctive ability.
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The measurements or the Gl were done on the three areas of the buccal surface of
each tooth (mesial, cervical and distal), as described above. The banded molars were

also evaluated, and a mean score was calculated, as in the PI-M (Table 1V).

There were no outcome changes after trial commencement.

Sample size calculation

The sample size was calculated based on a recent study which used as a mean
expected difference of VSCs levels the value 50ppb, standard deviation 40, a-level at
5% and power 90%. According to the assumptions the required sample size was14

patients per treatment arm, rounded up to a total of 30 patients (15 per group) [30].

Randomization (sequence generation, type, allocation concealment,
implementation)

All patients were allocated at a 1:1 ratio between group A (mastic group) and group B
(placebo group), for each sex separately using stratified randomization. Two random
sequences of 15 letters (A or B) were obtained from www.random.org (List
Randomizer service), one for males and one for females. Those letters were written
on paper and then sealed in opaque envelopes, sequentially numbered from M1 to
M15 for males and from F1 to F15 for females respectively. All envelopes were sealed,
numbered and stored in a drawer by a person not involved in the study. Every patient
enrolled in the study received an envelope in a numerical order and their name was
written on the envelope. Informed consent was obtained from parents / legal
guardians and written consent upon information and prior to the randomization or

application of any procedure was obtained from the patients.
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Blinding

All participants received mouthwashes whose packaging was identical and both
participants and investigators were blinded to the distribution. A person not involved
in the study was in charge of opening each envelope and providing the appropriate

mouthwash to each participant.

Statistical analysis

Inter and intra observer error was evaluated for the VSCs measurements performing
double measurements of some enrollees by another investigator and the principal
investigator respectively. All data were statistically analyzed, using median regression
analysis for all the variables except from the subjective odor where ordinal logistic
regression analysis was used. Predictors were the treatment and the baseline value of

the outcome. All analyses were conducted using Stata 17 (StataCorp, TX, USA).
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Results

Participant flow

58 patients were assessed for eligibility until 30 patients who fulfilled all eligibility
criteria were recruited. Patient recruitment commenced in May 2022 and ended in

January 2023 (Figure 2).

Baseline data

Baseline data are depicted on Tables V and VI.

Number analyzed for each outcome

All 30 patients were analyzed for all outcomes.

Outcomes and estimation

The descriptive characteristics revealed a not-normally distributed sample. Intraclass
correlation coefficients for inter- and intra-observer reliability indicated good (0.88)
to excellent (0.97) results respectively. The differences between the groups were the
following (median values): for the mastic group (group A) the total VSCs levels
dropped from 245.00ppb to 152.00ppb, and more specifically H,S dropped from
221.00ppb to 125.00ppb, CH3SH dropped from 31.00ppb to 17.00ppb and (CH3),S
raised from 3.00 to 7.00ppb. For the placebo group (Group B) the total VSCs levels

dropped from 264.00ppb to 249.00, and more specifically H,S dropped from
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230.00ppb to 220.00ppb, CH3SH remained the same 17.00ppb and (CH3),S dropped
from 13.00 to 0.00ppb. The effect of treatment was statistically significant only for H,S
(Table VII). No differences were found between the subjective scores. The PI-M score
(median) for group A dropped from 1.27 to 1.04 whereas for group B it dropped from
1.03 to 0.96. The Gl score (median) for group A dropped from 1.28 to 1.15 whereas
for group B it increased from 1.07 to 1.11. None of the changes differ statistically

between treatment arms (Table VI).

Ancillary analyses

No ancillary analyses were performed.

Harms

No harms were observed from the use of the mouthwashes.
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Discussion

Main findings in the context of the existing evidence and interpretation

The present study demonstrated a reduction of the oral H.S levels of orthodontic
patients after 2 weeks of mastic mouthwash use. According to the literature, the main
VSC contributing to oral malodor is believed to be hydrogen sulfide (H2S) and a recent
study with OralChroma™, assessed only the level of this component [31].
Nevertheless, methyl mercaptan (CHsSH) and dimethyl sulfide (CH3)2S may also play a
secondary role [32-33]. The levels of these two VSCs changed in the present trial in
both groups, however these differences did not reach statistical significance. A recent
randomized controlled trial also evaluated the VSCs levels and halitosis after
application of a tablet containing herbal formulation, including mastic. VSCs levels
were significantly reduced in that study, however its configuration (halimetry) did not
allow distinction between each VCS level [34].

Halitosis has been mainly attributed to bacterial activity [10-11]. Mastic extract's
inhibition of both periodontal and cariogenic pathogens has been demonstrated in
the literature [24-26]. In a randomized controlled study, which investigated the effect
of a mastic mouthwash on dental plague bacteria and subgingival microorganisms,
the mean aerobic plaque bacteria count was significantly reduced for the mastic

mouthwash group compared to the placebo group (p=0.001) [25].

Thus, mastic has been proposed as a promising alternative to the most widely used
chlorhexidine (CHX) or hydrogen peroxide (H202) as an oral antibacterial agent [26].

Mastic extract has been reported to induce significantly increased inhibition of oral
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pathogens when compared to H,0,, and comparable although lower inhibition when
compared to CHX [26]. On the other hand, according to the same study, mastic
showed beneficial effects on cell viability, as viability values of tested cells were
significantly lower for the cells treated with CHX and H,0, compared with mastic
extract treated cells, and therefore mastic may constitute a useful antibacterial agent

with minimal side effects [26].

The interventions in the present study did not change the periodontal parameters of
the groups in a statistically significant way. Other studies comparing mouthwashes
based on herbal extracts have also failed to report any significant alterations in
periodontal indices [34-36]. Moreover, a recent systematic review and meta-analysis
on the efficacy of propolis-based mouthwashes on dental plague and inflammation
failed to show any concrete results on the superiority of these mouthwashes on
reducing periodontal indices [36]. High quality recent evidence indicated that the use
of chlorhexidine mouthwashes may decrease the Gl in individuals with mild gingival
inflammation, however that reduction was not considered to be clinically significant
[37]. According to the same study, a larger reduction in dental plaque is expected with
chlorhexidine mouthwashes when used as an adjunct to mechanical oral hygiene [37].
In our study the patients were given no specific instructions on brushing. A systematic
review and meta-analysis on the efficacy of curcumin versus chlorhexidine
mouthwashes reported comparable reduction of dental plaque and gingival

inflammation [35].
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Limitations

The objective organoleptic assessment by a calibrated examiner is rather important,
since most individuals are poor judges of their own breath [38], but unfortunately this
assessment was not performed due to the Covid-19 pandemic. The subjective
evaluation by the patient did not reveal any statistically significant differences
between the groups, however, the age group may have influenced this measurement.
Adolescents of the present sample may have underestimated their own oral malodor,

since the need for social acceptance in this age group constitutes a priority [39].

Generalizability

The presented results were obtained from measurements taken by a single
investigator in a single center and a certain age group, hence, affecting
generalizability. The study population were adolescents and results may differ on

adult population due to cooperation issues.
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Conclusions

1. The evaluated mastic mouthwash may control halitosis in adolescents undergoing
orthodontic treatment with fixed appliances after 2 weeks of usage. However only the
H,S {and not CHsSH and (CHs),S} levels dropped during this time period.

2. The mastic mouthwash did not improve oral hygiene indices.

3. Subjective questionnaires on oral malodor may not be a useful tool for measuring

halitosis levels in adolescent patients.
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Tables

Table I. Main ingredients of the evaluated mouthwashes (w/w %).

Mastic Mastic Mastic Deionized  Sodium Alcohol  Mentho

water oil flavor water fluoride 1
A. Mastic 20 0,05 0,15 44,5 0,055 5 0,05
Mouthwash
B. Placebo - - - 64,7 0,055 5 0,05

Table II. Subjective scale of halitosis.

0 Absence of halitosis

1 Almost noticeable halitosis

2 Slight, but clearly noticeable halitosis
3 Moderate halitosis

4 Severe halitosis

5 Extremely strong halitosis

Table III. Plaque index?’.

0 No plaque.

1

Thin plaque attached to the gingival margin and adjacent areas of the tooth. Plaque is only visible after

applying a revealing solution or using a probe on the tooth surface.

Moderate accumulation of soft plaque deposits in the gingival sulcus or plaque on the gingival margin and

adjacent areas of the tooth visible to the naked eye.

Abundant soft plaque deposits in the gingival sulcus or plaque on the gingival margin and adjacent arcas

of the tooth.
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Table IV. Gingival index?’.

0

Normal gums.

1

Mild inflammation, slight change in color and distinct change in texture, no bleeding upon probing.

2

Moderate inflammation, moderate redness and swelling, bleeding upon probing.

Severe inflammation, visible swelling, ulceration, bleeding upon probing and/or spontaneously.

Table V. VSCs levels for hydrogen sulfide (H>S), methyl-mercaptan (CH3SH) and
dimethyl sulfide [(CH3)>S] at TO and T1 for the mastic group (group A) and the

placebo group (group B) in ppb (median values, interquartile range-IQR).

A: Mastic B: Placebo

median iqr median iqr
H2S TO 221.00 71.00 230.00 155.00
H2S TI 125.00 80.00 220.00 109.00
CH3SH TO 31.00 18.00 17.00 21.00
CH3SH T1 17.00 16.00 17.00 17.00
(CH3)2S TO  3.00 32.00 13.00 26.00
(CH3)2S T1  7.00 29.00 0.00 20.00
SUM_TO 245.00 62.00 264.00 191.00
SUM Tl 152.00 78.00 249.00 112.00
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Table VI. Subjective and periodontal indices scores at TO and T1 for the mastic group

(group A) and the placebo group (group B) (median values, interquartile range-IQR).

A: Mastic B: Placebo

median iqr median iqr
Sub TO 1 2 1 1
Sub T1 1.00 1.00 1.00 0.00
PImean TO 1.27 0.61 1.03 0.42
Plmean T1 1.04 0.38 0.96 0.38
Glmean TO 1.28 0.61 1.07 0.31
Glmean T1 1.15 0.26 1.11 0.30

Table VII. Statistical analysis results.

Coef 95% confidence p-value
interval
TRX A
reference
H2S TRXB 72.38 8.48, 136.28 0.03
Baseline 0.61 0.26, 0.96 0.001
(CHs);S TRXB -0.52 -7.10, 6.06 0.87
Baseline 0.83 0.70, 0.95 <0.001
CHsSH TRXB 1.94 -19.15, 15.26 0.819
Baseline 0.059 -0.33, 0.45 0.762
Sum TRXB 60.17 -13.77,134.12 0.11
Baseline 0.71 0.37, 1.06 <0.001
Odds Ratio 95% confidence p-value
interval
Subjective TRX B 0.49 0.09, 2.66 0.41
evaluation Baseline 11.11 2.97, 41.56 <0.001
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Figures

1. The OralChroma™ device at the Orthodontic Department, Dental School of

Athens, NKUA

2. Participant flow diagram

Assessed for eligibility (n=58)

Excluded (n= 28)
+ Not meeting inclusion criteria (n= 26 )
+ Declined to participate (n=2 )

Randomized (n=30)

[ ——

8
Allocated to mastic group (n=15) Allocated to intervention (n=15)
+ Received allocated intervention (n=15) + Received allocated intervention (n=15)
+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)

([ rollowwp | l

Lost to follow-up (n=0) Lost to follow-up (n=0)

Discontinued intervention (n=0) Discontinued intervention (n=0)

| W |

Analysed (n=15) Analysed (n=15)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)
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Appendix

Randomization via Random.org

males There were 20 items in your list. Here they are in random order:
A

oo v~ i v B v R v B ve B ve B v R v B S

A

IP: 195.134.98.196
Timestamp: 2021-11-24 08:55:56 UTC
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females There were 20 items in your list. Here they are in random order:
A

oo ve A ve A I A R A v~ s i ve R ve R vv B v B

A

IP: 195.134.98.196
Timestamp: 2021-11-24 09:22:55 UTC
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Printed questionnaire and indexes assessment form

1. Kokoopio/ Enineda ntntikwv evwoswv Ogiov (VSCs)

H2S CH3SH CH3)2S cVoLo
TO
T1
2. ApOuntikr, Avaloyikr Ko AELTOUpYLKE a§LloAdynon tng KAKOouiog
0 1 2 3 4 5
0moVsia KuKoopiog ZLyed6v oncOnTiy Eragpig arha Métpra koxoopio "Evtov) Kaxoopia Elapetikd évrovn
KoKoopio caphg modnT KoKoopio
Kakoopia
TO
T1

3. Tpomnonowpévog deiktng Adkag Silness &L6e (PI-M)

0 Xopig mhaka.

1 Aemtd LUEVIO TAGKOG TPOGKOAANUEVT) GTNV OLAIKT| TOPVET KL GTIG OHOPES TEPLOYES TOL dovTioD. H mAdka eivat ep@avig Hovo Petd Ty poproyn
QMOKOAVTTIKOD SLOAVLATOG 1) TN XPNOT) GVIXVEVLTIPOL GTNV EMLPAVELD TOV SOVTIOD.

0poTn HE YOUVO pdTL

2 METpio GLGGMPEVOT| LUAOKOV EVOTOOEGEDV TAGKAG GTV OLAOSOVTIKY OGN 1) TAGKE GTIV OLAIKY TEPLOT KOl GTIS OPLOPEG TEPLOYES TOV JOVTION

3 Agboveg patakég evamoBécelg TAGKOG EVTOS TG OLAOSOVTIKNG GYIGHNAG 1] GTNV OVAKN TOPLET| Kot GTIG OHOPES TEPLOYES TOV SOVTLON.

H ouvoAikn BaBuoAoyia kaBe Sovtiov Ba mpokumteL amd To dbpoloua SAWV TwV EMbOVELWVY SLOLPOUUEVO LIE TOV

OUVOALKO 0plBuo TwV emidavelwy mou PetpnBnkav. Napelakd. EMTYZ-KOMTIKA-ANQ

25 24 23 22 21 11 12 13 14 15 2YNOAO
TO
T1
35 34 33 32 31 41 42 43 a4 45 2YNOAO
TO
T1
4. Asiktng OAeypovig twv oUAwv (Gl)
0 DUG10R0YIKE OAC
1"Hrto @AeyHovi, ehagpé petaBori] 670 xpGhpa. Kot dlakpte HETaPokt] oty v, Kaptio apopperyia kotd v e&étaon.
2 MéTpia gheypovn, pépia epuBpOTITa KOl 0{dNHa, GHoppoyic KaTh Ty ££6Tao.
3 ToPapn GAeyHOVT, ERQUVIS EpUBPGTNTX KAt OlONUW/SIGYKOOT, EEEAK®OT, KUHOPPaYic KaTh TV £EETa0T ke GvBOppITa.
ITAPEIAKA. EITYZ-AYXENIKA-ATIQ
26 25 24 | 23 22 21 11 12 13 14 15 16 2YNOAO
TO
T1
36 35 34 | 33 32 21 41 42 43 44 45 46 2YNOAO
TO
T1
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Ages

Subject Age, Months Age
F1 16,0 16
F2 13,10 13,83
F3 17,3 17,25
F4 14, 4 14,33
F5 14, 6 14,5
F6 15, 4 15,33
F7 13,6 13,5
F8 13, 1 13,08
F9 15,2 15,16
F10 15,0 15,0
F11 14, 8 14,66
F12 17, 4 17,33
F13 13,6 13,5
F14 16, 10 16,83
F15 15, 4 15,33
Ml 12,5 12,42
M2 16, 3 16,25
M3 15,9 15,75
M4 15,11 15,92
M5 17,10 17,83
M6 17,10 17,23
M7 14, 10 14,83
M8 14, 6 14,5
M9 12, 8 12,66
M10 13,5 13,42
Ml11 13,3 13,25
M12 13,7 13,58
M13 13,7 13,58
M14 16, 8 16,66
MI15 16, 1 16,08
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id

Type:
Unique values:

Examples:

String (str3)
30

"F14"
"Eg"
"M11"
"M3"

Numeric (int)

[85,442]
30

232.533
93.2571

10%
125

25%
169

Numeric

[3,115]
21

27.2333
22.2008

25%
15

h2s_teo
H2S_to
Type:
Range:
Unique values:
Mean:
Std. dev.:
Percentiles:
ch3sh_te
CH3SH_to
Type:
Range:
Unique values:
Mean:
Std. dev.:
Percentiles:
ch32s_teo
CH32S_to

Type:

Range:
Unique values:

Mean:
Std. dev.:

Percentiles:

Numeric

[0,120]
15

17.6
26.768

Missing "": ©/30
Units:
Missing .: ©/30
50% 75% 90%
224.5 258 385
Units:
Missing .: ©/30
50% 75% 90%
21.5 33 49.5
Units:
Missing .: ©/30
50% 75% 90%
4.5 28 48.5
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sinolo_t@
SINOLO_te

Type:

Range:
Unique values:

Mean:
Std. dev.:

Percentiles:

Numeric (int)

[154,589]

29

277.367

109.328
10% 25%
164 204

50%
248

Units: 1
Missing .:

subjective_to
(unlabeled)

Type:

Range:
Unique values:

Tabulation:

Numeric (byte)

[0,3]
4

Freq. Value
2

()

(o)}
w NP

Missing .:

Units: 1

pi_m_sum_te
PI_M_SUM_te

Type:

Range:
Unique values:

Mean:
Std. dev.:

Percentiles:

Numeric (int)

[38,113]
24
66.2333
20.5555
10% 25%
43.5 48

50%
63

Units: 1
Missing .:

0/30
75% 90%
299 451.5

0/30

0/30
75% 90%
78 99

mean_pi_to
MEAN_PI_te

Type:

Range:
Unique values:

Mean:
Std. dev.:

Percentiles:

Numeric (float)

[.7,2]

28

1.15517

.358189
10% 25%
.725 .816

50%
1.0895

Units: .e01
Missing .:

0/30

75% 90%
1.396 1.6875
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Type:

Range:
Unique values:

Mean:
Std. dev.:

Percentiles:

mean_gi_to
MEAN_GI_te

Type:

Range:
Unique values:

Mean:
Std. dev.:

Percentiles:

Type:

Range:
Unique values:

Mean:
Std. dev.:

Percentiles:

Numeric (int)

[46,142]
23
81.9
24.1637
10% 25%
51.5 62

Numeric (float)

[.66,2.367]
29

1.2272
.380661

10%
.7705

25%
.972

Numeric (int)

[59,384]
26

181.933
88.0015

10% 25%

70 115 180.5 223 332

Type:

Range:
Unique values:

Mean:
Std. dev.:

Numeric

[0,102]
21

24.2667
23.159

Percentiles:



Type:

Range:
Unique values:

Mean:
Std. dev.:

Percentiles:

Numeric (int)

[0,106]
16

16.5333
26.478

Units: 1
Missing .:

sinolo_t1
SINOLO_t1

Type:

Range:
Unique values:

Mean:
Std. dev.:

Percentiles:

Numeric (int)

[86,471]
27

222.733
103.62

10%
134.5

25%
146

50%
201

Units: 1
Missing .:

subjective_t1
(unlabeled)

Type:

Range:
Unique values:

Tabulation:

Numeric (byte)

[0,3]
4
Freq. Value
3 0
17 1
8 2
2 3

Units: 1
Missing .:

pi_m_sum_t1
PI_M_SUM_t1

Type:

Range:
Unique values:

Mean:
Std. dev.:

Percentiles:

Numeric (int)

[37,104]
24

59.2333
14.8293

10%
42.5

25%
a7

50%
56.5

Units: 1
Missing .:

0/30
75% 90%
20 55
0/30
75% 90%
272 405.5
0/30
0/30
75% 90%
66 77.5

mean_pi_t1
MEAN_PI_t1

Type: Numeric (float)
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Range:

[.65,1.733] Units: .001

Unique values: 29 Missing .: ©/30
Mean: 1.03317
Std. dev.: .255819
Percentiles: 10% 25% 50% 75% 90%
.7085 .852 .998 1.246 1.3415
gi_sum_t1
GI_SUM_t1
Type: Numeric (int)
Range: [51,139] Units: 1
Unique values: 24 Missing .: ©/30
Mean: 79.7667
Std. dev.: 19.4558
Percentiles: 10% 25% 50% 75% 90%
68 80 86 105
mean_gi_t1
MEAN_GI_t1
Type: Numeric (float)
Range: [.708,1.95] Units: .e01
Unique values: 25 Missing .: ©/30
Mean: 1.154
Std. dev.: .296502
Percentiles: 10% 25% 50% 75% 90%
.84 .972 1.116 1.194 1.5915

trx

Type:
Label:

Range:
Unique values:

Tabulation:

Numeric (long)

treat

[1,2]
2

Freq.
15
15

Units: 1
Missing .: ©/30

Numeric Label

1 A
2 B
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Tabulated data per variable and treatment group

tabstat h2s_t* ch3sh_t* ch32s_t* sinolo_t* subjective_t* pi_m_sum_t* mean_pi_t*
gi_sum_t* mean_gi_t*,by(trx) stat(mean sd p50 iqr) nototal format( %4.2f)

tr h2s_t | h2s_t | ch3sh_t | ch3sh_t | ch32s_t | ch32s_t | sinolo~ | sinolo~
X 0 1 0 1 0 1 0 1

A mean 219.0 | 146.8 | 25.67 22.13 21.20 20.33 265.87 189.33

4 7
sd 79.72 | 76.77 | 15.22 16.69 34.35 30.56 92.56 94.80
media | 221.0 | 125.0 | 31.00 17.00 3.00 7.00 245.00 152.00
n 4 4

igr 71.00 | 80.00 | 18.00 16.00 32.00 29.00 62.00 78.00

B 246.0 | 217.0 | 28.80 26.40 14.00 12.73 288.87 256.13
7 0
106.1 | 86.68 | 28.00 28.68 16.62 22.08 126.13 104.23
5
230.0 | 220.0 | 17.00 17.00 13.00 0.00 264.00 249.00
0 0
155.0 | 109.0 | 21.00 17.00 26.00 20.00 191.00 112.00
0 0
tr | subjec | pi_m.s | pim.s |mean_p | mean_p | gi_sum | gi_sum | mean_g | mean_g
X ~1 ~0 ~1 ~0 ~1 ~0 ~1 ~0 ~1
A 1.47 74.27 61.67 1.30 1.08 90.47 84.20 1.38 1.22
0.74 23.37 16.80 0.40 0.28 28.05 23.47 0.42 0.35
1.00 76.00 57.00 1.27 1.04 88.00 80.00 1.28 1.15
1.00 44.00 29.00 0.61 0.38 27.00 19.00 0.61 0.26
B 1.13 58.20 56.80 1.01 0.99 73.33 75.33 1.08 1.09
0.74 13.82 12.68 0.24 0.22 16.29 13.82 0.28 0.23
1.00 62.00 55.00 1.03 0.96 77 .00 80.00 1.07 1.11
0.00 22.00 20.00 0.42 0.38 22.00 23.00 0.31 0.30
tab subjective_t@ trx,col chi2
subjective | trx
_te | A B | Total
___________ +______________________+__________
o | 1 1| 2
| 6.67 6.67 | 6.67
___________ +______________________+__________
1| 7 8 | 15
| 46.67 53.33 | 50.00
___________ +______________________+__________
2 | 2 4 | 6
| 13.33 26.67 | 20.00
___________ +______________________+__________
3| 5 2 | 7
| 33.33 13.33 | 23.33
___________ +______________________+__________
Total | 15 15 | 30
| 100.00 100.00 | 100.00
Pearson chi2(3) = 2.01990 Pr = 0.568
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median regression using as predictor the treatment and adjusting for the baseline
value of the variable.

greg h2s_t1 i.trx h2s_te@,base

h2s_tl1 | Coefficient Std. err. t P>|t] [95% conf. interval]
_____________ +________________________________________________________________

trx |

A | 0 (base)

B | 72.37895 31.14186 2.32 0.028 8.481133 136.2768

|
h2s_to | .6105263 .1698222 3.60 0.001 .2620799 .9589727
_cons | -.1789474 43.09894 -0.00 0.997 -88.61067 88.25278

. qreg ch32s_t1 i.trx ch32s_t@ ,base

Median regression Number of obs = 30
Raw sum of deviations 232 (about 7)

Min sum of deviations 96.56522 Pseudo R2 = 0.5838
ch32s_t1 | Coefficient Std. err. t P>|t] [95% conf. interval]
_____________ +________________________________________________________________

trx |

A | 0 (base)

B | -.5217391 3.209474 -0.16 0.872 -7.107036 6.063558

I
ch32s_to | .826087 .0609748 13.55 0.000 .7009771 .9511968
_cons | .5217391 2.593256 0.20 0.842 -4.799182 5.84266

ch3sh_t1 | Coefficient Std. err. t P>|t] [95% conf. interval]
_____________ +________________________________________________________________

trx |

A | 0 (base)

B | -1.941176 8.387588 -0.23 0.819 -19.15109 15.26873

|
ch3sh_te | .0588235 .1921323 0.31 0.762 -.3353994 .4530465
cons | 16.11765 7.701511 2.09 0.046 .3154513 31.91984

sinolo_t1 | Coefficient Std. err. t P>|t] [95% conf. interval]
_____________ +________________________________________________________________
trx |
A | 0 (base)
B | 60.17391 36.03738 1.67 0.107 -13.76868 134.1165
|
sinolo_to | .7149758 .1676313 4,27 0.000 .3710248 1.058927
|

_cons -20.29469 51.2658 -0.40 0.695 -125.4834 84.89406



Ordinal logistic regression

. ologit subjective_t1 i.trx subjective_t@,base

.9770238
3.72714
1.981587

7.233166
11.9324

subjective_t1 | Coefficient Std. err z P>|z|
______________ +________________________________________________________________
trx |
A | 0 (base)
B | -.7085721 .8600137 -0.82 0.410 -2.394168
I
subjective_to | 2.407784 .6731534 3.58 0.000 1.088427
______________ +________________________________________________________________
/cutl | -.0613279 1.042323 -2.104242
/cut2 | 4.551288 1.36833 1.869411
/cut3 | 7.996936 2.007927 4.061472
Intraclass correlations
Intraclass correlations
One-way random-effects model
Absolute agreement
Random effects: id Number of targets = 5
Number of raters = 2

h2s | ICC
_______________________ +_______________

Individual | .8839996

Average |  .9384286

F test that
ICC=0.00: F(4.0, 5.90) = 16.24

.3746817
.5451178

.9869359
.993425

Prob > F = 0.005

Note: ICCs estimate correlations between individual measurements
and between average measurements made on the same target.

Intraclass correlations
One-way random-effects model
Absolute agreement

Random effects: id Number of targets = 5
Number of raters = 2

ch3sh | ICC [95% conf. interval]
_______________________ +______________________________________
Individual | .9475305 .6679992 .9942625

Average | .9730584 .8009587 .997123

F test that
ICC=0.00: F(4.0, 5.90) = 37.12

Prob > F = 0.001

Note: ICCs estimate correlations between individual measurements
and between average measurements made on the same target.



Intraclass correlations
One-way random-effects model
Absolute agreement

Random effects: id Number of targets = 5
Number of raters = 2
ch32s | ICC [95% conf. interval]
_______________________ +______________________________________
Individual | .8783111 .3525996 .9862584
Average | .9352136 .5213658 .9930817

F test that
ICC=0.00: F(4.0, 5.0) = 15.44 Prob > F = 0.005

Note: ICCs estimate correlations between individual measurements
and between average measurements made on the same target.

Intraclass correlations
One-way random-effects model
Absolute agreement

Random effects: id Number of targets = 5
Number of raters = 2
sinolo | ICC [95% conf. interval]
_______________________ +______________________________________
Individual | .9872699 .9096257 .9986328
Average | .9935942 .9526743 .9993159

F test that
ICC=0.00: F(4.0, 5.9) = 156.11 Prob > F = 0.000

Note: ICCs estimate correlations between individual measurements
and between average measurements made on the same target.

foreach myvar of varlist h2s ch3sh ch32s sinolo {
2. icc “myvar' id if var7=="intra"

3.}

Intraclass correlations
One-way random-effects model
Absolute agreement

Random effects: id Number of targets = 5
Number of raters = 2
h2s | ICC [95% conf. interval]
_______________________ +______________________________________
Individual | .9762723 .8370517 .9974391
Average | .9879937 .911299 .9987179

F test that
ICC=0.00: F(4.0, 5.9) = 83.29 Prob > F = 0.000

Note: ICCs estimate correlations between individual measurements
and between average measurements made on the same target.



Intraclass correlations
One-way random-effects model
Absolute agreement

Random effects: id Number of targets = 5
Number of raters = 2
ch3sh | ICC [95% conf. interval]
_______________________ +______________________________________
Individual | .8931922 .4116312 .988023
Average | .9435832 .5831993 .9939754

F test that
ICC=0.00: F(4.0, 5.0) = 17.73 Prob > F = 0.004

Note: ICCs estimate correlations between individual measurements
and between average measurements made on the same target.

Intraclass correlations
One-way random-effects model
Absolute agreement

Random effects: id Number of targets = 5
Number of raters = 2
ch32s | ICC [95% conf. interval]
_______________________ +______________________________________
Individual | .9666619 .777404 .9963861
Average | .9830484 .8747634 .9981898

F test that
ICC=0.00: F(4.0, 5.9) = 58.99 Prob > F = 0.000

Note: ICCs estimate correlations between individual measurements
and between average measurements made on the same target.

Intraclass correlations
One-way random-effects model
Absolute agreement

Random effects: id Number of targets = 5
Number of raters = 2
sinolo | ICC [95% conf. interval]
_______________________ +______________________________________
Individual | .9977884 .9837754 .9997636
Average | .998893 .9918213 .9998818

F test that
ICC=0.00: F(4.0, 5.9) = 903.31 Prob > F = 0.000

Note: ICCs estimate correlations between individual measurements
and between average measurements made on the same target.



