Author’s copy

provided for non-commercial and educational use only

Beneficial
Microbes

ISSN 1876-2883

No material published in Beneficial Microbes may be reproduced without first
obtaining written permission from the publisher.

The author may send or transmit individual copies of this PDF of the article, to
colleagues upon their specific request provided no fee is charged, and further-
provided that there is no systematic distribution of the manuscript, e.g. posting on
a listserve, website or automated delivery. However posting the article on a secure
network, not accessible to the public, is permitted.

For other purposes, e.g. publication on his/her own website, the author must use an
author-created version of his/her article, provided acknowledgement is given to the
original source of publication and a link is inserted to the published article on the
Beneficial Microbes website by referring to the DOI of the article.

For additional information
please visit
www.BeneficialMicrobes.org.


www.BeneficialMicrobes.org

Editor-in-chief
Koen Venema, Beneficial Microbes Consultancy, Wageningen, the Netherlands

Section editors

e animal nutrition Isaac Cann, University of Illinois at Urbana-Champaign, USA

e medical and health applications  Ger Rijkers, Roosevelt Academy, the Netherlands

e regulatory and safety aspects Mary Ellen Sanders, Dairy and Food Culture Technologies, USA
¢ food, nutrition and health Baltasar Mayo, CSIC, Spain

Mariya Petrova, Microbiome insights and Probiotics Consultancy, Bulgaria
Devin Rose, University of Nebraska—Lincoln, USA
Koen Venema, Beneficial Microbes Consultancy, Wageningen, the Netherlands

Editorial board

M. Carina Audisio, INIQUI-CONICET, Argentina; Alojz Bomba, Pavol Jozef Safirik University, Slovakia; Carole
Ayoub Moubareck, Zayed University, United Arab Emirates; Yuliya Borre, Utrecht University, the Netherlands;
Robert-Jan Brummer, Orebro University, Sweden; Michael Chikindas, Rutgers University, USA; James Dekker,
Fonterra Co-operative Group, New Zealand; Leon Dicks, University of Stellenbosch, South Africa; Ana Paula do
Carmo, Universidade Federal de Vicosa, Brazil; Margareth Dohnalek, PepsiCo, USA; George C. Fahey, Jr., University
of Illinois, USA; Benedicte Flambard, Chr. Hansen, Denmark; Melanie Gareau, University of California San Diego,
USA; H. Rex Gaskins, University of Illinois at Urbana-Champaign, USA; Audrey Gueniche, L'Oreal, France; Dirk
Haller, Technical University Miinchen, Germany; Arland Hotchkiss, USDA-ARS, ERRC, USA; Sin-Hyeog Im, Pohang
University of Science and Technology, Republic of Korea; David Keller, Keller Consulting Group, USA; Dietrich Knorr,
Technical University Berlin, Germany; Lee Yuan Kun, National University of Singapore, Singapore; Irene Lenoir-
Wijnkoop, Danone research, France; Ratna Sudha Madempudi, Unique Biotech Ltd., India; Takahiro Matsuki,
Yakult Central Institute, Japan; Eveliina Myllyluoma, Valio Ltd., Finland; Jiro Nakayama, Kyushu University, Japan;
Peter Olesen, ActiFoods ApS, Denmark; Dimitrios Papandreou, Zayed University, Abu Dhabi, United Arab Emirates;
Maria Rescigno, European Institute of Oncology, Italy; Jessica ter Haar, Terhaar Consulting Inc., Canada; David
Topping, CSIRO, Australia; Roel Vonk, University of Groningen, the Netherlands; Barbara Williams, University
of Queensland, Australia; Jin-zhong Xiao, Morinaga Milk Industry Co., Ltd., Japan; Zhongtang Yu, The Ohio State
University, USA

Founding editors:
Daniel Barug, Bastiaanse Communication, the Netherlands; Helena Bastiaanse, Bastiaanse Communication, the Netherlands

Publication information
Beneficial Microbes: ISSN 1876-2883 (paper edition); ISSN 1876-2891 (online edition)

Subscription to ‘Beneficial Microbes’ (4 issues, calendar year) is either on an institutional (campus) basis or a personal
basis. Subscriptions can be online only, printed copy, or both. Prices are available upon request from the Publisher or
from the journal’s website (www.BeneficialMicrobes.org). Subscriptions are accepted on a prepaid basis only and are
entered on a calendar year basis. Subscriptions will be renewed automatically unless a notification of cancelation has
been received before the 1% of December. Issues are send by standard mail. Claims for missing issues should be made
within six months of the date of dispatch.

Further information about the journal is available through the website www.BeneficialMicrobes.org.

Paper submission
http://mc.manuscriptcentral.com/bm

Editorial office
Wageningen Academic Publishers

P.O. Box 220 ) )
6700 AE Wageningen Wageningen Academic
The Netherlands ‘Iﬂ Publisher:s
Tel: +31317 476516 [V 2

Fax: +31 317 453417

For questions related to paper submission: editorial@WorldMycotoxinJournal.org
For questions related to orders, claims and back volumes: subscription@WorldMycotoxinJournal.org


www.BeneficialMicrobes.org
http://mc.manuscriptcentral.com/bm

Beneficial Microbes, 2020; 11(7): 631-639

Wageningen Academic
Publishers

Probiotics diminish the post-operatory pain following mandibular third molar

extraction: a randomised double-blind controlled trial (pilot study)

E. Ferrés-Amatl2, J. Espadaler-Mazo3, J.L. Calvo-Guirado%, E. Ferrés-Amat1, J. Mareque-Bueno! >, A. Salavert?,
M. Aguil6-Garcia3, J. Moreno-Centeno! and E. Ferrés-Padré!”

IService of Oral and Maxillofacial Surgery, HM Nens, HM Hospitales, 08009 Barcelona, Spain; Department of Oral
and Maxillofacial Surgery, Faculty of Dentistry, Universitat Internacional de Catalunya, 08195 Sant Cugat del Valles,
Barcelona, Spain; 3AB-BIOTICS SA, 08172 Sant Cugat del Vallés, Barcelona, Spain; *Department of Oral Surgery and
Implant Dentistry, Faculty of Health Sciences, Universidad Catdlica de Murcia, 30107 Murcia, Spain; *Department of
Oral and Maxillofacial Medicine and Oral Public Health, Faculty of Dentistry, Universitat Internacional de Catalunya,
08172 Sant Cugat del Vallés, Barcelona, Spain; eferres@hospitaldenens.com

Received: 6 May 2020 / Accepted: 9 June 2020
© 2020 Wageningen Academic Publishers

RESEARCH ARTICLE
Abstract

The aim of this study was to investigate the effect of a probiotic in preventing infections after third molar surgery.
Thirty-eight patients were consecutively enrolled to a double-blind randomised placebo-controlled trial. Patients
were asked to take one tablet two times a day containing a mixture of Levilactobacillus brevis CECT7480 (KABP-
052) and Lactoplantibacillus plantarum CECT7481 (KABP-051) or placebo for the first post-intervention week. The
primary outcome was the postoperative infection rate. Secondary outcomes included swelling, eating difficulties
and postoperative pain recorded by the patient using a visual analogue scale (VAS) during the first postoperative
week. No statistically significant difference in the infection rate between the groups was found; with only three cases
of infections reported (one in the probiotic group and two in the placebo group) on the first week. Compared to
placebo, treatment with the probiotic showed a significantly higher reduction in pain and eating difficulties scores
at 5, 6 and 7 days post-surgery. Swelling values were not significantly different between the groups at any time
point. The findings of this pilot study justify a larger study to clarify the possible role of these bacterial strains on
the post-operative pain management following third molar surgery.

Keywords: lactobacilli, alveolar osteitis, oral surgery, GABA

1. Introduction and local antimicrobial mouthwashes (chlorhexidine) for
the prevention of postoperative infections is a widespread
practice (Sancho-Puchades et al., 2009). Furthermore,

such bactericide agents frequently generate oral and

Removal of the third molars is one of the most commonly
performed procedures in oral surgery and its post-

operative recovery requires special care. Pain, swelling,
trismus and eating difficulties are usual complications
after this procedure. Postoperative infections including
surgical site infection and alveolar osteitis are also
associated with third molar extractions (Chuang et al.,
2008; Sukegawa et al., 2019; Susarla et al., 2003). Keeping
the dental plaque under control is crucial to prevent these
complications. Various therapies are aimed at minimising
the postoperative complications of third molar extraction
surgery; of these, the use of systemic antibiotic prophylaxis

gut microbiota’s disturbances and their efficacy remains
questionable (Sugano, 2012). Therefore, investigations
for providing new strategies to patients undergoing this
procedure are becoming increasingly important.

Oral microbiota is known to be the key component of
oral health. Numerous studies related the pathogenesis
and development of many oral diseases, such as dental
caries, gingivitis and periodontitis with changes in the oral
microbiota (Bosch et al.,, 2012; Gruner et al., 2016). Bacteria
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account for the main portion of oral microorganisms, with
over 600 different species of bacteria commonly found in
the mouth (Elavarasu et al., 2012). An imbalance between
beneficial and pathogenic bacteria causes the most common
humans’ oral infections (Anusha et al., 2015; Bizzini et al.,
2012; Gupta, 2011).

The use of oral probiotics as a preventive non-invasive
approach relays on the concept of beneficial bacteria
administration (Gungor et al., 2015). Probiotic organisms
compete against pathogenic bacteria and are eventually
able to prevail over them (Anusha et al., 2015; Bizzini et al.,
2012; Gupta, 2011; Pradeep al. 2014). Probiotic supplements
can decrease the number of cariogenic bacteria, thus
preventing dental caries (Gungor et al., 2013; Twetman and
Keller, 2012). Other studies support the probiotic therapy
to prevent and treat periodontal diseases and halitosis
(Allaker and Stephen, 2017; Invernicci et al., 2018). To our
knowledge, the recently published study by Walivaara et
al. (2019) is the only one examining the potential benefit
of probiotics following third molar surgery, highlighting
the limited evidence available to date.

The aim of this study was to evaluate the effect of a
probiotic combination of Levilactobacillus brevis (formerly
Lactobacillus brevis) CECT7481 and Lactoplantibacillus
plantarum (formerly Lactobacillus plantarum) CECT7480
in preventing infections in healthy patients after removal
of the third molar.

2. Materials and methods
Study design and subjects

This was a single-centre, prospective, double-blind,
randomised, placebo-controlled, parallel-group study to
evaluate whether probiotic supplementation during 1 week
after surgery reduced infectious complications compared
to placebo. The study was conducted in accordance with
the Helsinki statements, and the protocol was approved
by the Ethics Research Committee of Fundacié Sant
Sant Joan de Déu (Barcelona, Spain) and registered at
ClinicalTrials.gov as NCT04203771. Written informed
consent was obtained from all adult patients and parents/
guardians of patients aged <18 years, before enrolment.
All patients were recruited from the Department of Oral
and Maxillofacial Surgery at the Hospital HM Nens. HM
Hospitales, (Barcelona, Spain), between June 2016 and
May 2017.

Healthy subjects of both genders aged between 14 and 25
years who required the surgical removal, with osteotomy,
of the two mandibular third molar teeth were considered
eligible for inclusion. Exclusion criteria included having
gingivitis (gingival index >2) or dental plaque (plaque index
>2), use of probiotics or antibiotics in the previous 30 days

and during the study, use of antiseptic mouthwash during
study treatment, tobacco use, pregnancy or breastfeeding
and allergies to any of the ingredients contained in the
active or placebo tablets.

Treatment allocation and concealment

Patients were randomly assigned to receive bucodispersible
probiotic tablets (reported mean oral dissaggregation time
of 10 min) containing a mixture of L. brevis CECT7480
(KABP-052) and L. plantarum CECT7481(KABP-051) at a
dosage of 5x108 cfu for each probiotic strain or to receive
placebo, twice a day for 7 days. All tablets had identical
aspect, were delivered in identical white containers
and were coded according to the computer-generated
randomisation list, which was only revealed at the end
of the study. Both patients and clinicians were blinded to
group assignment.

Surgical procedure and interventions

All patients received a professional oral cleaning prior to
the third molar extraction. All surgical procedures were
performed by the oral surgery team, with all surgeons
having >10 years of experience. Each enrolled subject
underwent the same surgical extraction procedure,
performed under intravenous sedation and loco-regional
anaesthesia (articaine hydrochloride 4% with epinephrine
1:100,000) in the surgical area of our hospital. Standard
post-operative instructions were given and all patients
were prescribed 20-30 mg/kg/day of oral ibuprofen for the
postoperative period of 7 days. In cases of postoperative
complications (fever or alveolar osteitis), patients were
instructed to take orally amoxicillin 500 mg every 8 h and
were withdrawn from the study.

Patients were asked to take 1 tablet of study medication
two times a day for the first post-intervention week.
Additionally, patients received a postoperative diary
after the surgical intervention to record their subjective
perception of pain intensity, swelling and eating difficulties
on a 10 cm Visual Analogue Scale (VAS) once daily for the
first postoperative week.

Two evaluation visits were performed at weeks 1 and 4 of
the study for an oral clinical examination and to register
the presence and type of postoperative infection. Plaque
and gingival status were assessed at baseline and again on
week 4 by using Silness and Loe plaque index (PII) and
and Loe and Silness gingival index (GI) respectively, on an
scale of 0 = no plaque/normal gingiva to 3 = abundance of
soft matter/severe inflammation. (Loe and Silness, 1963;
Silness and Loe, 1964).
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Outcome measures

The primary outcome was the postoperative rate of
infectious complications on weeks 1 and 4, as determined
by the clinician. Infectious complications were defined as
the presence of fever and/or alveolar osteitis. Secondary
outcomes included swelling, eating difficulties and pain
intensity recorded by the patient in the patient diary during
the first postoperative week, as well as plaque and gingival
indices determined by the clinical at baseline and week 4.
Patients were considered for analysis of swelling, eating
difficulties and pain intensity when they returned the
patient’s diary with information filed for at least 5 out of
the 7 days. Safety was evaluated by the incidence of adverse
events (AE) and serious adverse events (SAEs) that could
be detected by the investigator or communicated by the
patient throughout the study.

Analysis neurotransmitter production by bacterial strains

Strains L. plantarum CECT7481, L. brevis CECT7480,
as well as the control probiotic strains Lacticaseibacillus
rhamnosus GG (ATCC53103) (formerly Lactobacillus
rhamnosus), Limosilactobacillus reuteri DSM19738
(formerly Lactobacillus reuteri) and L. plantarum 299v
(DSM9843) were grown overnight in MRS broth (Difco),
at 37 °C under microaerophilic conditions (5%CO,).
Supernatant samples were sterilised through 0.22 pm filters
and analysed by HPLC-MS/MS. HPLC was performed in
an Agilent 1290 Infinity (Agilent, Santa Clara, CA, USA)
with an HS-F5 3 um column (Supelco Discovery; Supelco,
Bellefonte, PA, USA), a mobile phase of H,O with 0.1%
formic acid (A) and MeOH with 0.1% formic acid (B), an
injection volume of 2 pl, and a flux of 500 pl/min. Detection
of serotonin (5-HT) and y-aminobutyric acid (GABA)
was performed with a 6500 QTRAP mass spectrometer
(AB Sciex, Framingham, MA, USA) with IonDriver ESI
ionisation in positive mode. Experiments were performed
in duplicate.

Statistical analysis

Incidence of infectious complications as alveolar osteitis
has been reported to reach up to 30% but is highly variable.
Prior data on the effects of study probiotic on post-operative
infection rate were not available at the time of protocol
design to undertake a sample size calculation. Therefore,
we designed this study with an arbitrary sample size of 40
patients to obtain information about the sample size needed
to detect a difference in the rate of infectious complications.

Data were checked for normality using the Shapiro-Wilk
test. Between-group differences were analysed using Mann-
Whitney non-parametric test for discrete and continuous
data, while Chi-square test with Pearson’s correction for
small samples was used for categorical data. Discrete and

Probiotics and postoperative pain in oral surgery

continuous variables are represented as mean and standard
deviation or median and interquartile range (IQR, i.e. the
25% and 75% percentiles). depending on data normality.
Categorical variables are described as the number and
percentage for each category. Significance was considered at
two-sided P<0.05. Statistical analysis was performed using
IBM SPSS Statistics v20 (Armonk, NY, USA).

Study endpoints were analysed in the per-protocol (PP)
population, which comprises all included patients that have
at least one efficacy evaluation in at least one follow-up
visit. Calculations of statistical power for Mann-Whitney
tests were performed with the G*Power software (version
3.1.9, Universitédt Diisseldorf, Diisseldorf, Germany) (Faul
et al., 2007), using the Lehmann method with normal
approximation of sum of ranks and a two-sided P=0.05
cut-off. Calculation of sample size for a Fisher exact test to
achieve 80% power based on the observed rate of infectious
complications was performed with the same software, also
using a two-sided P=0.05 cut-off.

3. Results
Disposition of subjects

Of the 40 patients initially planned, a total of 38 were finally
included and randomised to either the probiotic group
(n=21) or the placebo group (n=17). A total of 8 patients
were excluded from the primary analysis, 4 in each group.
The disposition of subjects and the reasons for patient
discontinuation by patient group are presented in Figure 1.
One of the 38 randomised patient was out of the inclusion
criteria age range (13 years old) but was finally included
because of slow recruitment rate and the patient actually
being close to 14 years old.

Baseline characteristics

Demographics and key baseline characteristics for the
subjects recruited in the study are presented in Table 1.
Subjects age ranged 13 to 25 years old and 55.2% were
female. Overall, baseline clinical data were similar between
the two groups, but patients in the probiotic group reported
higher eating difficulties total scores than those in the
control group.

Primary endpoint

Primary endpoint data were available at week 1 for 18
subjects in the probiotic group and 14 subjects in the
placebo group (Figure 1). Only one patient in the probiotic
group and two patients in the placebo group developed
a post-operatory infection during the first postoperative
week, resulting in a 10.0% infection rate in the overall
population (5.6% in probiotic and 14.3% in placebo).
An additional infection occurred in the probiotic group

Beneficial Microbes 11(7)
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Assessed for eligibility (n=42)

Enrollment
Excluded

r

+ Not meeting inclusion criteria (n=4)

A

y

| Randomised (n=38) |

Probiotic group (n=21)
* Received allocated intervention (n=21)

v

Primary efficacy analysis on week 1 (n=18)

* Lost to follow-up (n=3)

+ Postoperative infectious complications (n=1)'
+ Provided diary for at least 5 days (n=13)

v

Primary efficacy analysis on week 4 (n=11)

* Lost to follow-up (n=6)

+ Use of chlorhexidine (n=0)

+ Postoperative infectious complications (n=1)
* Follow-up data on Gl and PIlI (n=10)

Allocation
v v

|

Placebo group (n=17)
* Received allocated intervention (n=17)

Primary efficacy analysis on week 1 (n=14)

* Lost to follow-up (n=3)

+ Postoperative infectious complications (n=2)'
+ Provided diary for at least 5 days (n=9)

}

Primary efficacy analysis on week 4 (n=6)

* Lost to follow-up (n=5)

+ Use of chlorhexidine (n=1)

+ Postoperative infectious complications (n=0)
* Follow-up data on Gl and PIl (n=6)

Figure 1. Patient disposition flow-chart. (*) Subjects with infectious complications during week 1 were counted for the primary
analysis on week 1 and subsequently removed from the study due to receiving antibiotics, thus not being available for analysis
on week 4. Patients available for efficacy analysis at week 1 were those who completed week 1 and attended the corresponding
follow-up visit; the same applies to week 4. Gl = gingival index; Pll = plaque index.

Table 1. Demographic and baseline clinical data.’

Probiotic (n=21) Placebo (n=17)

Age (years)

Mean (SD) 16.8 (2.1) 17.4 (3.6)
Gender (female, %) 13 (61.9) 8 (47.1)
Plaque index

Median (P25, P75) 0.0 (0.0; 0.2) 0.0 (0.0; 0.4)
Gingival index

Median (P25, P75)  0(0.0; 0.3) 0(0.0;0.5)
Swelling (D1)

Median (P25, P75) 3 (2;7.5) 4(2;5)

Min, max 0,10 2,6
Eating difficulties

Median (P25, P75) 8 (5;9) 4 (4;6)*
Pain (D1)

Median (P25, P75) 6 (3;8) 4(3;5)

1 D1 indicates first day (considered baseline point); P25 = 25 percentile;
P75 = 751 percentile; SD = standard deviation. * P=0.049 (vs placebo).
Variables are expressed as mean (SD) in the case of normal distribution
and median (interquartile range) in case of nonparametric distribution.

between postoperative week 1 and 4. None of the patients
presented infection after 4 weeks of surgery. There were
no statistically significant differences in the cumulative
incidence of infectious complications between patients who
received the probiotic treatment and those who received
placebo, neither at 1 nor at 4 weeks (P>0.10). Using results
from week 1, statistical calculations indicate 160 patients
per group would be required to reach 80% power to detect
the observed difference with statistical significance.

Secondary endpoints

Significant differences were observed in mean changes in
pain VAS scores from baseline (Day 1) to consecutive days
5,6 and 7 post-surgery between the probiotic and placebo
groups. On all these post-operative days, subjects in the
probiotic group had a higher reduction in pain intensity
compared to subjects receiving placebo (P=0.016, P=0.017
and P=0.031, respectively) (Figure 2A). Moreover, the rate of
patients achieving a reduction of at least 2 points compared
to baseline was significantly higher in the probiotic group
than in the placebo on days 5 (9/13 vs 1/9 respectively;
P=0.009) and 6 (9/11 vs 3/9; P=0.032) post-surgery, but not
on day 7. Similarly, on comparing the reduction of eating
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Pain score change

Eating difficulties score change

Swelling score change
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Figure 2. Changes from baseline to day 7 in the visual analogue scale (VAS) score for (A) pain, (B) eating difficulties, and (C)
swelling. A reduction in score indicates an improvement. In each box-plot, data is shown as median (line), inter-quartile range
(box limits), and min/max (whiskers). * P<0.05 (vs placebo).
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difficulties on the fifth, sixth and seventh postoperative
day, it was found a significantly higher improvement in the
probiotic group compared to the placebo group (Figure 2B).
Conversely, there were no significant differences between
groups in terms of mean swelling changes from baseline
at any time point (P>0.10) (Figure 2C).

It should be noted that there were missing data for the
three self-reported variables in 5 of 14 patients assigned
to placebo and 5 of 18 patients assigned to probiotic
treatment, including those patients that received antibiotic
treatment due to infectious complications (1 in probiotic
and 2 in placebo groups). However, calculation of post-
hoc statistical power indicates a 63, 69 and 63% power to
detect a difference in pain score change such as observed
for days 5, 6 and 7, respectively. Gingival health at week
4 did not show significant differences between treatment
groups. The median (25™-75 percentile) PII values was 0.1
(0.0-0.9) for the probiotic and 0.0 (0.0-0.3) for the placebo
group. Similarly, the median GI value was 0.1 (0.0-1.0)
for the probiotic group and 0.0 (0.0-0.3) for the placebo
group. Regarding safety, only one patient in the probiotic
group reported one mild skin eruption which rapidly
resolved without medication and was considered not to
be treatment-related.

The observed effect on pain improvement against
placebo prompted us to analyse the release of GABA and
serotonin by probiotic strains L. plantarum CECT 7481 and
L. brevis CECT7480, as well as that of some other widely
used probiotic strains. GABA levels were higher in the
L. brevis CECT7480 strain (2.74 + 0.05 mM), markedly
lower in the L. plantarum 299v strain (0.21 + 0.01 mM)
and undetectable in supernatants of other analysed strains.
Conversely, serotonin was not detected in any of the strains
tested.

4. Discussion

The present study was designed to assess the effect of a
probiotic supplement composed of L. plantarum CECT
7481 (KABP-051) and L. brevis CECT 7480 (KABP-052)
in the prevention of infectious complications after the
surgical removal of third molar. We found no statistically
significant difference in the infection rate between the
probiotic and placebo groups, with only three cases of
infections were reported during the first week after surgery.
However, it was interesting to find that patients in the
probiotic group significantly improved the perception
of pain and eating difficulties during the second, third
and fourth post-operative days. Also, we found the strain
L. brevis CECT 7480 to be a high producer of GABA. This
finding could provide a mechanistic basis for the observed
effect and, in our view, deserves further exploration.

The probiotic potential of L. plantarum CECT 7481 and
L. brevis CECT 7480 for improving oral health was
previously evaluated in an in vitro screening assay. The
isolated strains exhibited remarkable antimicrobial activity
against oral pathogenic bacteria. Additionally, both strains
were resistant to oral conditions, highly adhered to oral
tissues and did not present any antibiotic resistance (Bosch
et al., 2012). The present study is the first investigating
the potential clinical benefit of these two bacterial strains
in patients undergoing surgical third molar extraction,
a subgroup of patients with common post-operative
complications. For example, alveolar osteitis following
the extraction of impacted third molars is 10 times more
frequent than for other dental extractions, with a reported
incidence as high as 30% (Blum, 2002; Rubio-Palau et al.,
2015). However, the incidence of postoperative infections
varies widely depending on the definition used, the patients
characteristics, use of chlorhexidine mouthwash and the
surgeon’s experience (Almeida et al., 2016; Aravena et al.,
2018; Chaparro-Avendano et al., 2005; Garcia et al., 2003;
Lopez-Cedrun et al., 2011; Milani et al., 2015; Sukegawa
et al., 2019). A lower post-operative complications rate
in our study population may also be partly explained
by the beneficial healing environment in adolescent
patients and their greater capacity in the process of tissue
regeneration compared with adults. Given the small
number of postoperative infections reported in our study,
it is estimated that a much larger sample size (160 per
group) would be required for the primary endpoint (rate of
infectious complications) in future studies. However, post-
hoc sample size calculations reveal a moderate statistical
power in pour study to detect differences in pain. In this
regard, the validity and generalisability of our results could
have been compromised by the small sample size, which
limited the number of post-operative infectious outcomes.
In a recent study, Wilivaara et al. (2019) assessed the
effect of L. reuteri-containing lozenges on wound healing,
swelling, pain and discomfort in 64 patients (18 to 34 years
old) undergoing extraction of mandibular third molar.
Although the authors found no infectious complications in
none of the groups, they argued that, besides the relatively
small sample size, the permitted use of chlorhexidine and
the different surgical experience of participating clinicians
could have also influenced the rate of postoperative oral
infections (Reebye et al., 2017; Susarla et al., 2003).

Mandibular third molar surgery is associated with a wide
range of symptoms such as pain, swelling and trismus which
negatively affect patients’ quality of life in the first few days
after surgical extraction (Lim and Ngeow, 2017; McGrath
et al., 2003). Importantly, patients treated with probiotics
in our study showed significantly greater reductions from
baseline in pain than those given placebo, suggesting a
better analgesic effect of probiotics compared to placebo.
The ability of probiotics to reduce pain intensity is probably
also responsible for the greater improvements in eating
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difficulties in these patients. No significant differences
were found regarding swelling scores. In contrast to our
findings, Wailivaara et al. (2019) observed that patients
treated with the probiotic perceived less post-operative
swelling compared to placebo, although differences between
groups in pain did not reach statistical significance. These
disparities may be related to the use of different bacterial
strains, which could have differential effects on patient-
reported symptoms, as current expert consensus on
probiotics point to strain-specificity of many probiotic
effects (Hill et al., 2014). Relief of postoperative pain
is an essential criterion to assess the overall success of
tooth extraction, as pain is one of the most common post-
operative complications (Lee et al., 2015). The decrease
in pain intensity observed in the test group, although
statistically significant for three consecutive postoperative
days, should be considered with caution because pain is
one of the most subjective symptoms and can vary greatly
depending on the mood and physical state of the patient
at the time of assessment. Despite that, most of the
maxillofacial surgery research studies used the VAS for
post-operative pain assessment (Sirintawat et al., 2017),
since is a highly reliable tool and more informative and
sensitive to measure the change in pain compared to other
ordinal scales (Montero et al., 2017).

The assessment of other clinician-reported parameters,
such as the gingival and plaque index showed no significant
differences between the groups. Therefore, the beneficial
effect of this combination of probiotic strains on gingival
status or dental plaque could not be demonstrated. Montero
et al. (2017), recently assessed the same probiotic strains
L. plantarum CECT7481 and L. brevis CECT7480,
combined to a third strain (Pediococcus acidilactici
CECT8633) in the treatment of gingivitis (Sirintawat et
al., 2017). In agreement with the present study, they found
no significant differences in mean GI between groups;
although a significant reduction occurred in the test group
regarding the number of sites with severe inflammation.
Authors stated that the dilution effect of predominant
event (mild gingivitis) may mask the positive effect of the
agent on sites with clear signs of inflammation (Montero
etal.,, 2017).

Finally, we should note that the metagenomic study with
oral samples to correlate the incidence of postoperative
infections with the composition of the oral microbiota was
not performed due to the small number of post-operative
complications observed and their similar distribution
between study groups. Therefore, no conclusions can be
drawn about the oral microbiome and their relationship
with infectious risk or oral pain after third molar extraction.

As previously discussed, the main limitation of our study
lies on the small sample size and low rate of infectious
complications, which limited the power to detect some
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effects. Also, reporting of patient diaries was unexpectedly
low. However, despite these limitations, calculations
indicate statistical power in the 60-70% range for each of
days 5, 6 and 7 to detect an effect of the observed size for
pain reduction. However, the distribution of ages was almost
identical in the probiotic and placebo groups. Therefore,
any bias in pain perception would equally affect both the
probiotic and placebo group, and thus does not invalidate
our conclusions.

In conclusion, this is the first study evaluating the potential
benefits of the probiotic strains L. brevis CECT7480 and
L. plantarum CECT7481 on the post-operative
complications following third molar surgery. Interestingly,
results showed a significant effect of this supplementation
in post-operative pain management compared to placebo
which persisted during three consecutive days. However,
there were no differences between treatments for the
reduction of oral infectious rate. We consider these findings
deserve further clinical validation in larger studies to clarify
the potential role of these bacterial strains as oral probiotics.

Acknowledgements

This research was funded by AB-BIOTICS S.A (Sant Cugat
del Valles, Barcelona, Spain).

Conflicts of interest

Jordi Espadaler-Mazo, Ariana Salavert and Meritxell Aguil6-
Garcia, are full-time employees of AB-BIOTICS S.A (Sant
Cugat del Valles, Barcelona). All other authors declare no
conflict of interest.

References

Almeida, L.E., Pierce, S., Klar, K. and Sherman, K., 2016. Effects of
oral contraceptives on the prevalence of alveolar osteitis after
mandibular third molar surgery: a retrospective study. International
Journal of Oral and Maxillofacial Surgery 45: 1299-1302. https://
doi.org/10.1016/j.ijom.2016.05.022

Allaker, R.P. and Stephen, A.S., 2017. Use of probiotics and oral health.
Current Oral Health Reports 4: 309-318. https://doi.org/10.1007/
540496-017-0159-6

Anusha, R.L., Umar, D., Basheer, B. and Baroudi, K., 2015. The magic
of magic bugs in oral cavity: probiotics. Journal of Advanced
Pharmaceutical Technology and Research 6: 43-47. https://doi.
org/10.4103/2231-4040.154526

Aravena, P.C., Astudillo, P,, Miranda, H. and Manterola, C., 2018.
Reliability and validity of measuring scale for postoperative
complications in third molar surgery. BMC Oral Health 18: 25.
https://doi.org/10.1186/s12903-018-0486-6

Bizzini, B., Pizzo, G., Scapagnini, G., Nuzzo, D. and Vasto, S., 2012.
Probiotics and oral health. Current Pharmaceutical Design 18:
5522-5531. https://doi.org/10.2174/138161212803307473

Beneficial Microbes 11(7)

637


https://doi.org/10.1016/j.ijom.2016.05.022
https://doi.org/10.1016/j.ijom.2016.05.022
https://doi.org/10.1007/s40496-017-0159-6
https://doi.org/10.1007/s40496-017-0159-6
https://doi.org/10.4103/2231-4040.154526
https://doi.org/10.4103/2231-4040.154526
https://doi.org/10.1186/s12903-018-0486-6
https://doi.org/10.2174/138161212803307473

E. Ferrés-Amat et al.

Blum, I.R., 2002. Contemporary views on dry socket (alveolar
osteitis): a clinical appraisal of standardization, aetiopathogenesis
and management: a critical review. International Journal of Oral
and Maxillofacial Surgery 31: 309-317. https://doi.org/10.1054/
ijom.2002.0263

Bosch, M., Nart, J., Audivert, S., Bonachera, M.A., Alemany, A.S.,
Fuentes, M.C. and Cune. J., 2012. Isolation and characterization of
probiotic strains for improving oral health. Archives of Oral Biology
57: 539-549. https://doi.org/10.1016/j.archoralbio.2011.10.006

Chaparro-Avendano, A.V., Perez-Garcia, S., Valmaseda-Castellon, E.,
Berini-Aytes, L. and Gay-Escoda, C., 2005. Morbidity of third molar
extraction in patients between 12 and 18 years of age. Medicina
Oral Patologia Oral y Cirugia Bucal 10: 422-431.

Chuang, S.K., Perrott, D.H., Susarla, S.M. and Dodson, T.B., 2008.
Risk factors for inflammatory complications following third molar
surgery in adults. Journal of Oral and Maxillofacial Surgery 66:
2213-2218. https://doi.org/10.1016/j.joms.2008.06.067

Elavarasu, S., Jayapalan, P. and Murugan, T., 2012. Bugs that debugs:
probiotics. Journal of Pharmacy and Bioallied Sciences 4: $319-322.
https://doi.org/10.4103/0975-7406.100286

Faul, F, Erdfelder, E., Lang, A.G. and Buchner, A., 2007. G*Power 3: a
flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behavior Research Methods 39: 175-191.
https://doi.org/10.3758/bf03193146

Garcia, A.G., Grana, P.M., Sampedro, F.G., Diago, M.P. and Rey,
J.M., 2003. Does oral contraceptive use affect the incidence of
complications after extraction of a mandibular third molar? British
Dental Journal 194: 453-455. https://doi.org/10.1038/sj.bd}.4810032

Gruner, D., Paris, S. and Schwendicke, F., 2016. Probiotics for
managing caries and periodontitis: systematic review and meta-
analysis. Journal of Dentistry 48: 6-25. https://doi.org/10.1016/j.
jdent.2016.03.002

Gungor, O.E,, Kirzioglu, Z., Dinger, E. and Kivang, M., 2013. Who
will win the race in childrens’ oral cavities? Streptococcus mutans
or beneficial lactic acid bacteria? Beneficial Microbes 4: 237-245.
https://doi.org/10.3920/BM2012.0055

Gungor, O.E., Kirzioglu, Z. and Kivanc, M., 2015. Probiotics: can they
be used to improve oral health? Beneficial Microbes 6: 647-656.
https://doi.org/10.3920/BM2014.0167

Gupta, G., 2011. Probiotics and periodontal health. Journal of Medicine
and Life 4: 387-394.

Hill, C., Guarner, F, Reid, G., Gibson, G.R., Merenstein, D.J., Pot, B.,
Morelli, L., Canani, R.B., Flint, H.J., Salminen, S., Calder, P.C. and
Sanders, M.E., 2014. Expert consensus document. The International
Scientific Association for Probiotics and Prebiotics consensus
statement on the scope and appropriate use of the term probiotic.
Nature Reviews Gastroenterology and Hepatology 11: 506-514.
https://doi.org/10.1038/nrgastro.2014.66

Invernici, M.M., Salvador, S.L., Silva, PH.F,, Soares, M.S.M., Casarin,
R., Palioto, D.B., Souza, S.L.S., Taba Jr, M., Novaes Jr, A.B., Furlaneto,
E.A.C.and Messora, M.R., 2018. Effects of Bifidobacterium probiotic
on the treatment of chronic periodontitis: a randomized clinical
trial. Journal of Clinical Periodontology 45: 1198-1210. https://doi.
org/10.1111/jcpe.12995

Lee, C.T., Zhang, S., Leung, Y.Y,, Li, S.K., Tsang, C.C. and Chu, C.H.,
2015. Patients’ satisfaction and prevalence of complications on
surgical extraction of third molar. Patient Preference and Adherence
9: 257-263. https://doi.org/10.2147/ppa.S76236

Lim, D. and Ngeow, W.C., 2017. A comparative study on the efficacy of
submucosal injection of dexamethasone versus methylprednisolone
in reducing postoperative sequelae after third molar surgery.
Journal of Oral and Maxillofacial Surgery 75: 2278-2286. https://
doi.org/10.1016/j.joms.2017.05.033

Loe, H. and Silness, J., 1963. Periodontal disease in pregnancy. I.
Prevalence and severity. Acta Odontologica Scandinavica 21: 533-
551. https://doi.org/10.3109/00016356309011240

Lopez-Cedrun, J.L., Pijoan, ].I,, Fernandez, S., Santamaria, J. and
Hernandez, G., 2011. Efficacy of amoxicillin treatment in preventing
postoperative complications in patients undergoing third molar
surgery: a prospective, randomized, double-blind controlled study.
Journal of Oral and Maxillofacial Surgery 69: e5-14. https://doi.
0rg/10.1016/j.joms.2011.01.019

McGrath, C., Comfort, M.B., Lo, E.C. and Luo, Y., 2003. Changes in life
quality following third molar surgery — the immediate postoperative
period. British Dental Journal 194: 265-268. https://doi.org/10.1038/
5j.bd}.4809930

Milani, B.A., Bauer, H.C., Sampaio-Filho, H., Horliana, A.C., Perez,
EE., Tortamano, L.P. and Jorge, W.A., 2015. Antibiotic therapy in
fully impacted lower third molar surgery: randomized three-arm,
double-blind, controlled trial. Oral and Maxillofacial Surgery 19:
341-346. https://doi.org/10.1007/s10006-015-0521-6

Montero, E., Iniesta, M., Rodrigo, M., Marin, M.]., Figuero, E.,
Herrera, D. and Sanz, M., 2017. Clinical and microbiological
effects of the adjunctive use of probiotics in the treatment of
gingivitis: a randomized controlled clinical trial. Journal of Clinical
Periodontology 44: 708-716. https://doi.org/10.1111/jcpe.12752

Pradeep, K., Kuttappa, M.A. and Prasana, K.R., 2014. Probiotics and
oral health: an update. South African Dental Journal 69: 20-24.

Reebye, U,, Young, S., Boukas, E., Davidian, E. and Carnahan, J., 2017.
Comparing the efficiencies of third molar surgeries with and without
a dentist anesthesiologist. Anesthesia Progress 64: 8-16. https://doi.
org/10.2344/anpr-63-03-11

Sancho-Puchades, M., Herraez-Vilas, ].M., Berini-Aytes, L. and Gay-
Escoda, C., 2009. Antibiotic prophylaxis to prevent local infection in
oral surgery: use or abuse? Medicina Oral Patologia Oral y Cirugia
Bucal 14: E28-33.

Rubio-Palau, J., Garcia-Linares, J., Hueto-Madrid, J.A., Gonzalez-
Lagunas, J., Raspall-Martin, G. and Mareque-Bueno, J., 2015. Effect
of intra-alveolar placement of 0.2% chlorhexidine bioadhesive gel
on the incidence of alveolar osteitis following the extraction of
mandibular third molars. A double-blind randomized clinical trial.
Medicina Oral Patologia Oral y Cirugfa Bucal 20: e117-122. https://
doi.org/10.4317/medoral. 20009

Silness, J. and Loe, H., 1964. Periodontal disease in pregnancy. II.
Correlation between oral hygiene and periodontal condition.
Acta Odontologica Scandinavica 22: 121-135. https://doi.
org/10.3109/00016356408993968

638

Beneficial Microbes 11(7)


https://doi.org/10.1054/ijom.2002.0263
https://doi.org/10.1054/ijom.2002.0263
https://doi.org/10.1016/j.archoralbio.2011.10.006
https://doi.org/10.1016/j.joms.2008.06.067
https://doi.org/10.4103/0975-7406.100286
https://doi.org/10.3758/bf03193146
https://doi.org/10.1038/sj.bdj.4810032
https://doi.org/10.1016/j.jdent.2016.03.002
https://doi.org/10.1016/j.jdent.2016.03.002
https://doi.org/10.3920/BM2012.0055
https://doi.org/10.3920/BM2014.0167
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1111/jcpe.12995
https://doi.org/10.1111/jcpe.12995
https://doi.org/10.2147/ppa.S76236
https://doi.org/10.1016/j.joms.2017.05.033
https://doi.org/10.1016/j.joms.2017.05.033
https://doi.org/10.3109/00016356309011240
https://doi.org/10.1016/j.joms.2011.01.019
https://doi.org/10.1016/j.joms.2011.01.019
https://doi.org/10.1038/sj.bdj.4809930
https://doi.org/10.1038/sj.bdj.4809930
https://doi.org/10.1007/s10006-015-0521-6
https://doi.org/10.1111/jcpe.12752
https://doi.org/10.2344/anpr-63-03-11
https://doi.org/10.2344/anpr-63-03-11
https://doi.org/10.4317/medoral.20009
https://doi.org/10.4317/medoral.20009
https://doi.org/10.3109/00016356408993968
https://doi.org/10.3109/00016356408993968

Sirintawat, N., Sawang, K., Chaiyasamut, T. and Wongsirichat, N.,
2017. Pain measurement in oral and maxillofacial surgery. Journal
of Dental Anesthesia and Pain Medicine 17: 253-263. https://doi.
org/10.17245/jdapm.2017.17.4.253

Sugano, N, 2012. Biological plaque control: novel therapeutic approach
to periodontal disease. Journal of Oral Science 54: 1-5. https://doi.
org/10.2334/josnusd.54.1

Sukegawa, S., Yokota, K., Kanno, T., Manabe, Y., Sukegawa-Takahashi,
Y., Masui, M. and Furuki, Y., 2019. What are the risk factors for
postoperative infections of third molar extraction surgery: a
retrospective clinical study? Medicina Oral Patologia Oral y Cirugfa
Bucal 24: e123-€129. https://doi.org/10.4317/medoral.22556

Probiotics and postoperative pain in oral surgery

Susarla, S.M., Blaeser, B.F. and Magalnick, D., 2003. Third molar surgery
and associated complications. Oral and Maxillofacial Surgery Clinics
of North America 15: 177-186. https://doi.org/10.1016/s1042-
3699(02)00102-4:

Twetman, S. and Keller, M.K., 2012. Probiotics for caries prevention
and control. Advances in Dental Research 24: 98-102. https://doi.
org/10.1177/0022034512449465

Walivaara, D.A., Sjogren, 1., Gerasimcik, N., Yucel-Lindberg, T.,
Twetman, S. and Abrahamsson, P, 2019. Effects of Lactobacillus
reuteri-containing lozenges on healing after surgical removal of
mandibular third molars: a randomised controlled trial. Beneficial
Microbes 10: 653-659. https://doi.org/10.3920/bm2018.0168

Beneficial Microbes 11(7)

639


https://doi.org/10.17245/jdapm.2017.17.4.253
https://doi.org/10.17245/jdapm.2017.17.4.253
https://doi.org/10.2334/josnusd.54.1
https://doi.org/10.2334/josnusd.54.1
https://doi.org/10.4317/medoral.22556
https://doi.org/10.1016/s1042-3699(02)00102-4
https://doi.org/10.1016/s1042-3699(02)00102-4
https://doi.org/10.1177/0022034512449465
https://doi.org/10.1177/0022034512449465
https://doi.org/10.3920/bm2018.0168




	Probiotics diminish the post-operatory pain following mandibular third molar extraction: a randomised double-blind controlled trial (pilot study)
	Abstract
	1. Introduction
	2. Materials and methods
	3. Results
	4. Discussion
	Acknowledgements
	Conflicts of interest
	References


