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Abstract

Background: The aim of this triple-blind placebo-controlled parallel-arm randomized clinical trial was to evaluate
the clinical effects of Lactobacillus rhamnosus SP1 or azithromycin as an adjunct to scaling and root planing (SRP) in
patients with stage Ill periodontitis.

Methods: Forty-seven systemically healthy participants with stage Il periodontitis were recruited. Following SRP, the
participants were randomly assigned to one of three treatment modalities; (1) placebo (n=15), (2) probiotics (n=16)
and (3) antibiotics-azithromycin (n=16). The participants were monitored at baseline, 3, 6, 9 and 12 months after
therapy. Probing pocket depth (PPD), bleeding on probing (BOP), clinical attachment loss (CAL) and plaque accumula-
tion (PI) were evaluated.

Results: All 47 participants completed the study. At 12 months, all groups showed significant improvements of PPD
and Pl (p <0.012) irrespective of the treatment modality and without significant differences between the groups. Pro-
biotics and azithromycin showed no added benefit in terms of CAL. While the placebo (p=0.002) and the antibiotic-
azithromycin (p=0.002) group showed a significant reduction of BOP, only the placebo group revealed a significant
reduction of CAL at 12 months follow-up (p=0.003). The number of sites and teeth with PPD>5,>6 and >7 mm
were significantly reduced in all groups at 12 months follow-up (p < 0.025) irrespective of the treatment regime and
without significant differences between the groups.

Conclusion: The use of probiotics or azithromycin as an adjunct to SRP failed to provide additional benefits in the
treatment of stage Il periodontitis. The benefits of these two treatment regimes as an adjunct to SRP remain unclear.

Trial registration: NCT02839408, 10/28/2017, Clinicaltrial.gov.
Keywords: Periodontitis, Scaling and root planing, Lactobacillus rhamnosus, Azithromycin

Background

Periodontitis is characterized by a microbially-associated

and host-mediated inflammation resulting in the loss of
*Correspondence: jgamonal@odontologia.uchile.cl periodontal attachment [1]. This is caused by a dysbiotic
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host. The gold standard treatment to manage periodonti-
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allows the removal of supra- and subgingival deposits,
cementum or surface dentin that is rough, impregnated
with calculus or contaminated with toxins or micro-
organisms [4]. However, SRP may also fail. This failure
could be due to the presence of deep pockets and the
ensuing difficulties during the instrumentation, includ-
ing the inaccessibility of certain areas such as furcations
[5]. Therefore, patients with deep pockets, progressive
or ‘active’ disease, or specific microbiological profile, can
benefit from an antibiotic adjunctive therapy [6].

Systemic antibiotics have the advantage of reaching all
oral surfaces and fluids, in addition to having the poten-
tial to reach periodontal pathogens that eventually invade
the host’s tissue [7]. Azithromycin is a broad-spectrum
bacteriostatic antibiotic [8] with immunomodulatory
properties [9]. Due to its pharmacological properties
azithromycin allows a once a day administration over
3 or 5 days, thus increasing patient compliance [8] and
limiting the side effects. Azithromycin as an adjunct to
SRP significantly improves the efficacy of non-surgical
periodontal therapy in terms of probing pocket depth
(PPD) and bleeding on probing (BOP) reduction along
with clinical attachment level (CAL) gain [5, 7]. SRP in
conjunction with antibiotics is nevertheless not always
associated with superior clinical results. The frequent
recolonization of treated sites by periodontopathogens,
as well as microbial resistance emergency calls for new
therapeutic approaches for managing periodontitis. One
such approach is the use of probiotics [9].

Probiotics are “living microorganisms, mainly bacte-
ria, that are safe for human consumption and when taken
in proper quantities may provide beneficial effects for
the human health” [10]. The modes of action of probi-
otics are related to their ability to enhance mucosal bar-
rier, produce antimicrobial agents, compete and exclude
pathogenic agents, and modulate immune response.
Lactobacillus and Bifidobacterium are the most com-
mon genera of bacteria in probiotics [11, 12]. Lactobacil-
lus rhamnosus SP1 also known as L. rhamnosus GG, has
been proposed as an adjunct to SRP, thanks to its ability
to inhibit the growth of periodontopathogens through
bacteriocins [13, 14], its resistance to environmental
stress [15], its immunomodulatory effect [16-18] and
its inability to influence the acidogenicity of the suprag-
ingival plaque [19]. However, the available evidence
regarding the clinical effects of probiotics as an adjunct
to scaling and root planing (SRP) is controversial. While
some systematic reviews and narrative reviews [20] claim
improved clinical outcomes, a recent systematic review
concluded that probiotics do not provide clear clinical
benefits [21]. Thus, it remains unclear whether probiot-
ics have an added benefit to SRP, thereby preventing their
wide use in clinical practice.
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The aim of the present study was, therefore, to evaluate
the clinical effect of L. rhamnosus SP1 or azithromycin in
the treatment of patients with stage III periodontitis. The
null hypothesis states that either probiotics or azithro-
mycin as an adjunct to SRP in stage III periodontitis, do
not lead to superior clinical outcomes compared to those
obtained with SRP alone.

Methods

Ethical guidelines

This trial started in June 2014 and finished in August
2016. This triple-blind placebo-controlled parallel-
arm randomized clinical trial was performed following
guidelines recognized by the Declaration of Helsinki, as
revised in 2013 for experimentation involving human
participants. The study was approved by the Local Ethical
Committee of the Faculty of Dentistry at the University
of Chile (Decision number: 2012/08). The present report
adheres to Consolidated Standards of Reporting Tri-
als (CONSORT) guidelines and was registered in clini-
caltrial.gov (identifier no. NCT02839408). The protocol
of the study was explained to all patients, and informed
consent was obtained after explanation of the purpose,
nature, risks and benefits of participating in this study.
The study details have been reported elsewhere [22].

Patient selection criteria

Ninety-six volunteers were initially examined in the Fac-
ulty of Dentistry, University of Chile, of which 47 were
included in the present study. Eligibility criteria for par-
ticipants were as follows: (a) adult patients—aged 35 or
older; (b) self-reported ‘good health, with an absence of a
medical history of a chronic disease or taking medication
known to affect periodontal disease; (c) non-institution-
alized male or female; (d) presence of a minimum of 14
teeth (excluding third molars); (d) presence of at least 10
posterior teeth (e) Presence of at least 5 teeth with peri-
odontal sites with PPD >5 mm and clinical attachment
loss (CAL)>3 mm, BOP>20% and extensive radio-
graphically determined bone loss.

The exclusion criteria were as follows: (a) pregnancy
or lactation; (b) having received any periodontal treat-
ment in the 6-month period before the study; (c) having
received non-steroidal anti-inflammatory medication,
antibiotics or probiotics therapy in the past 6 months
(prior to study).

Randomization of the study participants

Eligible individuals were randomly (simple randomi-
zation) allocated to groups according to gender, age,
and smoking status after the basal examination using a
computer-generated list. All participants were enrolled
to one of the three treatment groups: (1) placebo
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(SRP + azithromycin placebo + probiotic placebo), (2)
probiotic (SRP + probiotic + azithromycin placebo) or
antibiotic  (SRP + azithromycin + probiotic placebo)
group (Fig. 1). Concealed allocation was performed
using opaque, sealed envelopes containing probiotics or
antibiotics arranged by an appointed research assistant.
For the purpose of maintaining full blinding throughout
the study period, the randomization code and details of
the study groups were held by a research assistant only
from the day of recruitment and were not revealed until
all data had been collected and analyzed.

Clinical assessment

Periodontal clinical parameters including probing
pocket depth (PPD), bleeding on probing (BOP), clini-
cal attachment loss (CAL) and plaque index (PI) were
evaluated at six sites in all teeth, excluding third molars
using a manual probe (UNC probe; Hu-Friedy Mfg.
Co. Inc., Chicago IL, USA). All measurements were
conducted by one calibrated examiner (AM). Clinical
examinations were performed at baseline, 3, 6, 9 and
12 months after treatment.
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Periodontal therapy

After baseline examinations, all patients received non-
surgical periodontal therapy. Scaling and root planing
(SRP) per quadrant (4—6 sessions, by PC, RC and NS) were
performed using an ultrasonic scaler (Cavitron, Dentsply,
York, PA, USA) and Gracey curettes (Hu Friedy Mfg. Co.
Inc., Chicago, IL, USA). Treatment included oral hygiene
instructions, using a manual toothbrush. The patients
started taking the placebo, probiotic or antibiotics after the
last session of SRP. The Placebo group received probiotic
placebo sachets and antibiotic placebo capsules. Probiotic
group received probiotic sachets and antibiotic placebo
capsules. Antibiotic group received antibiotic capsules
and probiotic placebo sachets. Identical sachets were pre-
sented to patients. Individuals were instructed to dissolve 1
sachet (Lactobacillus rhamnosus SP1 (2 x 107 colony form-
ing units/day) (Macrofood S.A., Santiago, Chile) or probi-
otic placebo sachets in 150 ml of water and ingest it once
a day after brushing their teeth, for 3 months. Azithromy-
cin 500 mg (capsules) or antibiotic placebo capsules were
ingested once a day for 5 days. Placebo sachets (probiotic
placebo) and placebo capsules (antibiotic placebo) were
identical in taste, texture, and appearance to the probiotic

Assessed for elegibility (n=96)

[:> I 49 not meeting inclusion criteria |
y

U 1 | Randomized (n=47) | [

U

| Allocation |
PROBIOTIC GROUP PLACEBO GROUP ANTIBIOTIC GROUP

=SRP + L. rhamnosus SP1 + =SRP + probiotic placebo + =SRP + Azythromicin + probiotic

antibiotic placebo (n=16) antibiotic placebo (n=15) placebo (n=16)
Lost in follow-up (n=0) 1 [Lostin follow-up (n=0) 1 [Lostin follow-up (n=0) 6 week
Control Control Control
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Fig. 1 Flow chart of the study design
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sachets and antibiotic capsules. Periodontal supportive
therapy was performed every 3 months (by PC). The ther-
apy provided at the maintenance appointment included
removal of plaque and calculus, utilizing curets, ultrasonic
devices, and rubber cup low-speed polish as suggested
by the American Academy of Periodontology position
paper [23]. Behavior modification (tobacco cessation, oral
hygiene instruction, and systemic factor counseling) was
performed based on patient findings.

Compliance and adverse reactions

All patients returned capsules with antibiotics or placebo
at 6-week visits and probiotics or placebo sachets at 1, 2
and 3-month visits. At every visit, patients received new
sachets. In order to check the patient’s compliance, they
were called by phone every week. In each control visit
or phone call, the clinical examiner (AM) inquired after
general health changes, use of mouth rinses, use of probi-
otic products and any adverse events.

Outcome variables

The primary outcome was the change in CAL. Sec-
ondary outcome variables were changes in PPD, PI
and BOP, percentages of patients, teeth and sites with
PPD>5 mm,>6 mm,>7 mm. Sub-analyses were per-
formed on CAL and PPD, taking into account the initial
PPD. A pocket was considered moderate if its initial PPD
was between 4 and 6 mm and deep if>7 mm. Changes or
delta (A) in clinical parameters (at subject level) from base-
line to 3, 6, 9 and 12 months were determined. “Pocket”
closure was defined as mean and SD of percentage of
sites going from PPD >4 mm to PPD <3 mm at 3- and
12-months follow up [7]. “Risk for disease progression” was
defined at the patient level according to Lang and Tonetti
[24]. Low risk was defined as <4 sites with PPD>5 mm,
moderate risk was defined as 5-8 sites with PD>5 mm,
and high risk was defined as>9 sites with PD>5 mm
[24]. The “need for additional periodontal treatment” was
defined as persisting pockets >5 mm with BOP [25].

Statistical analysis

Sample size calculation was performed using CAL as the
primary outcome variable. A significance level of a=5%
a and a power level of 80% was defined. Considering a
difference>1 mm between groups in CAL changes and
a standard deviation of 0.8 mm [26], 14 participants
per group were necessary to detect potential differ-
ences. For all statistical evaluations, the patient was the
unit of measurement. The Shapiro—Wilk test was used
to test the normality of the data sets. Quantitative data
were recorded as the mean valuezstandard deviation
(SD) or percentage (%). The inter-group differences were
determined using Fisher’s exact test, Kruskall Wallis test
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and ANOVA depending on the distribution of the data.
Intra-group differences in clinical parameters over time
were determined by the Related Samples Friedman’s
test (p<0.05) and. The Bonferroni-corrected Wilcoxon
signed-rank test and Bonferroni-corrected Mc Nemar
test were used to evaluate the intragroup multiple com-
parisons (p<0.0125 or p<0.025). Effect Sizes (‘mean
change’ divided by ‘standard deviation of the baseline val-
ues’) were calculated based on changes in clinical param-
eters from baseline to 3, 6, 9 and 12 months or from
baseline to 3 and 12 months follow-up. The statistical
analysis was performed using a statistical package (Stata-
Corp, College Station, TX, USA).

Results

Forty-seven patients were analyzed; 16 in the probiotic
group, 16 in the antibiotic group and 15 in the placebo
group. All participants completed the study period and
complied with the study requirements (Fig. 1). Adverse
events were observed in one participant from the anti-
biotic group (nausea). The periodontal diagnosis of all
participants was Stage III Periodontitis generalized grade
B. Demographic, medical and clinical characteristics
are described in Table 1. No significant differences were
found between groups at baseline (p >0.05).

The mean CAL, PPD, BOP and PI values at baseline
and at 3, 6, 9, and 12 months follow-up of all groups are
presented in Table 1. All treatment groups showed a sig-
nificant reduction of PPD and PI at all timepoints, inter-
group comparison however revealed that there were no
significant differences between the treatment modalities
(p>0.05) (Table 1). In terms of CAL, the probiotic group
showed a significant reduction at 3- and 9-month follow-
ups whereas the antibiotic group showed a significant
reduction at 3- and 6-month follow-ups. The placebo
group on the other hand, showed a significant reduc-
tion of CAL at all time points (p<0.0125). With respect
to BOP, the antibiotic and placebo groups showed a sig-
nificant reduction at 3-, 6- and 12-month follow-ups
(p<0.0125) whereas the probiotic group did not exhibit
any improvement at any time point (p >0.05).

The magnitude of statistical changes (effect size) in
all clinical parameters from baseline to 3-, 6-, 9- and
12-month follow-up was similar in all treatment modalities
(Table 1). Furthermore, inter-group comparison revealed
no significant differences in the changes (A) of any clinical
parameter between the treatment groups (p >0.05).

Moderate pockets (PPD=4-6 mm) in the antibiotic
group revealed an increase in CAL at 3 months and a
significant reduction of PPD at 12 months. Moderate
pockets also showed a significant reduction in PPD in the
placebo group at 3- and 12-month follow up in placebo
group (Table 2. All, p<0.025).



Page 5 of 15

12

(2021) 21

Morales et al. BMC Oral Health

€0F 10—

Y0FE0—

rOFE0—

YOFr0o—

(0zse0=d)
o<k

(z£00'0=d)
p<e

(15100=d)
o<e

(€100°0=d)

€0F 10— €0F€C0— Y0FE0— €0FV0— q<e

L0000 90F Lt LO0FSE 90FG¢E 90Fve L0F8¢C

0vre0

oor

838l

5234

05180

L9/ €€s

SLE/SE9

00s /005

LZLLO

SLF8ES

6LF 067

€6F 59

©@1=u)
dnoib
onoiqoid

(ww) 17D
(dnoib
-191ul) anjea d
(SL=u)
dnoib ogedeld
©O1=u)
dnoib
snoIgRuY
©O1=u)
dnoib
onoiqod
(96) siyowss
(dnoib
-191u1) anjen d
(SL=u)
dnoib ogadeld
©@L=u)
dnoib
onoignuy
©O1=u)
dnoib
Jholqoid
(%)
(4/W) 12puaS
(dnoib
-191u1) anjen d
(SL=u)
dnoib ogadeld
©@1=u)
dnoib
ohoiqauy
©O1=u)
dnoib
Jpolqoid

(sipaf) aby

1g-sYIuoW Z LV 1g-SYyIuoW 6V 1g-syruow 9y g-syauow £V

\(18-syauow Z1v)

(uswsnfpe
1uoiapuog)
J0y-1504

418 s(19
-syuow 6y)  -sypuow 9y) (19-sysuow €y)

9ZIs 1343 9ZIs 1233 9ZIs 13343 9ZIs 13343

(dnoib
-equl) ()
anjead(3) syuow |  Syuow 6 (2) syuow 9 (q) syauow ¢ (e) auljaseg

dn

MOJ|0} SYluoW-Z | pue -6 ‘-9 ‘-¢ ‘auljaseq je sia)dwesed [ediul)d jo suostaedwod dnoab-1aul pue -esul ‘sdnoab Juswieay ayy ui syuaned jo ejep suljaseg | djqeL



Page 6 of 15

12

(2021) 21

Morales et al. BMC Oral Health

S0F/L0— 90FL0— 90F80— S0F80— C0FE0—

¥0F90— €0F90— €0F90— SO0FL0— L'0FCo—

SOF¥0— ¥0FS0— SO0FS0— Y0FS0— COF 10—

JAR4N0) 89790 90670 87970

YOFvr0o— SOF¥0o— ¥0F90— S0F90— €0F¥0—

SOFE0— YO0FE0— 0F¥0— Y0FS0— YOFE0—

C0FC0—

L'0FCo—

L'0FCo—

YOF¥0o—

YOFE0—

C0FE0— C0FE0—

L'0FCo—

C0FC0—

CO0FC0— L'0FCo—

¥0FS0— ¥0F90—

YOF¥0— €0F¥0—

(0€000=d)
e
(£0000=d)
q<e
(80000=d)
a<e
(¥0000=d)
p<e
(¥0000=d)
a<e

(9000°0=d)
q<e

(L9000=d)
o<e
(80000=d)
p<e

(z€00'0=d)
e

(£000'0=d)
q<e

(Lg00'0=d)
a<e
(z6000=d)
p<e
(6100°0=d)
e
(€100°0=d)
q<e
(¢9z00=4d)
o<k
(¢9c00=4d)
p<e
(€100'0=d)
<e

(€100'0=d)
q<e

(S1=u)

L0000 SSOFVC  90FST SO0F¥C SO0FvC 60F e dnoib ogadeld

©@1=u)
dnoib

L0000 €0FeC  €0F¢eT €0F¢¢ €0F ¢ Y0F6¢C snoiqauy

©O1=u)
dnoib

L0000 €0F€eC  €0FCC Y0FEC YO0FCC 90FL¢C ohoiqold

(ww) ddd

(dnoib
a4 40l 68510 ¥SCE0 1Z8z0 €280°0 -3 anead

(SL=u)

L0000 SLFVy  SLFEY ViFy V9IFLY S'LF /¥ dnoib ogadeld

@L=u)
dnoib

L0000 ULFLly  OLFLY OLFO0Y 80F8¢t 60F VY onolghuy

,(18-syauow Z1v)

78-syauoW Z LV 1g-SyIuoW 6V Tg-sysuow 9y g-syauow £V 9215 Ay

418
-sy3uowW 6Y)
9z1s 1293

s(19
-SyuOW 9¥),(19-SY3uoW £7)
9215 129y3 9215 19y

(3uswisnfpe
uoudju0g)
J0y-150d

(dnoib
-enun) (P
anjead (d) syuow Z|  syow 6 () syruow 9(q) syuow € (e) audseq

(panunuod) | ajqey



Page 7 of 15

12

(2021) 21

€0FS0—

€0F 10—

€0FC0—

€0F 10—

(¥0000=d)
e

(¥000°0=d)
q<e

(9z00'0=d)
o<e
(1861'0=d)
p<e
(LoL0'0=d)
<e
(9z00'0=d)
q<e

(€200'0=d)
o<e
(Lev00=d)
p<e

(zs00'0=d)
e

(zzo00=d)
q<e
(r6r00=d)
o<k
(€0,00=4d)
p<e
(19610=d)
o<e

(98€00=4d)
g<e

(8000°0=d)
a<e
(€200'0=d)
p<e

@QL=u)

dnoib

SCLFLISC 9vLFI8C LelFCSe €LLFL¥C 88LFIVS ol101q0id
(%) 1d

(dnoib
€0/80 0150 €060 09580 ¥7/70 1Rl anjead

(SL=u)
SLLFGOr LELFTSy €SLFETW €ELFGOr 9TLFGTS dnob ogade

©O1=u)
dnoib
CELFEW LYIFL8y SELFIYy 60LF6Ly CTOLFVLS Snoiqhuy

@L=u)

dnoib

CULFOEY IVLFVey 9ELFLTY 6vIFI6E L8LFE6Y sholqoid
(%) dOg

(dnoib
66/80 L6£5°0 [a740] 91650 9evT0 1Rl enjead

78-SYIUOW 7LV 19-SYIUOW 6V g-Syauoul 9y Tg-sypuow £y

418

-syiuow 6v)

9z1s 1>9y3

-syjuow 9v),(1g-syauow €y)

(usunsnfpe
1uouI3juog)
J0y-1s0d

(P)

anjead (3) syjuow 1  SYuow 6 (2) syuow 9 (q) syyuow ¢ (e) auljaseg

Morales et al. BMC Oral Health

(panunuod) | 3|qey



Page 8 of 15

12

(2021) 21

(S0°0 > d) 3591 SI||eM [B)SNJIY PUB YAONY ‘3591 39BX3 S43ysi4 Aq uospiedwod dnoib-19yu|
plog ul juedyiubis |ed13s13eIS *(SZ 10°0 > d) 1591 yues paubls UOXOD|IA P1I2110d-1UOLIdUOg pUe (S0'0 > d) 1593 uewpal{ Aq uostiedwod dnoib-eiyu)

dUI[3seq JO UOIIRIADP PIBPUR)S JAO dUI[SSE] 0} 7| YIUOW woiy dbueyd ueaw eyjap Aq pajejndjed
Sem (1g-SYUOW ZLV) JO 32IS 199443, "3Ul|SSBQ JO UOHBIASP PIRPUER)S JIAO UII3SR] 03 6 YIuow Woly 36ueyd uesw e}ap Aq pa3e[nd|ed sem (1g-SYIUOW 6V) JO 32IS 3933, "SUl|9SB JO UOHBIASP PIRPUR)S JSAO Ul[35eq 0}
9 Yuow wiosy 3bueyd ueaw eyap Aq pa3e|ndled sem (1g-SYIUOW 9y) JO 32Is 19343 "SUII3S] JO UOIIRIASP PJBPUE)S JIAO BUI[3SE] O} € Y3UOW Wiy 36ueyd ueaw eyjap Aq paie|ndjed sem (1g-syauow £V) Jo azis 1ay3

xapul anbe|d |4 ‘buiqoid uo buipas|q 4Og ‘Yidap 19x20d Buiqoud gdd ‘sso| Juswydeie [esiulp i) (%) Joquinu 1o s F uesaw se pajuasaid ereq

(dnoib
£18€0 15680 11€8°0 161€0 68/1°0 7Ci90 190 72070 v//00 -1l enjead
(8L00'0=d)
a<e
(01L00'0=d)
p<e
(S100'0=d)
e
(z100'0=d) (SL=u)
99LFEOC— E€SLFL6C— 6ELFO68C— LSLFLEC— €OFY0— E0FS0— COFS0— €OFYO0— q<e €000  €8LFESE E€ELFEI STLFILC 6EELFYIE  ¥6F 195 dnoib ogadeld
(8000°0=d)
a<e
(£0000=d)
p<e
(50000=d)
e
©L=u)
(£000'0=d) dnoib
€9LF09C— ¥YLFE9C— OSLFO9C— SILFITE— €0FS0— EOFS0— €OFS0— €0F90— q<e 10000 OVLF/LTE SYLFSLE LSLFICE OVLFCSC 88LFI8S snoignuy
(L100°0=d)
o<e
(9000'0=d)
p<e

418 s(19 (uawysnfpe  (dnoib
,(18-sypuowi zLy)  -syuow 6y)  -syauow 9y),(18-syauow £y) luossjuog) -equl) P)
79-syiuow Z Ly 1g-syiuow 6V 1g-syiuow 9y Jg-syuow €y 9zIs 1J9y3 9z1s 1093 9zIs 19y3 9zIs 19y3 J0y-1s0d  @njead (d) syuow ZL  SYuow 6 (2) sYyuow 9 (q) syyuow ¢ (e) auljeseg

Morales et al. BMC Oral Health

(panunuod) | s|qey



Morales et al. BMC Oral Health (2021) 21:12 Page 9 of 15

Table 2 Clinical attachment loss (CAL) and probing pocket depth (PPD) in moderate (4-6 mm) and deep sites (>7 mm)
at baseline, 3-months and 12-months follow up

Baseline (a) 3 months 12 months p value Post-hoc Effect size Effect size A3 months-BL A12 months-BL
(b) (c) (intra- (Bonferroni (A3 months- (A12 months-
group) adjustment) BL)? BL)®
Moderate
sites (CAL)
Probiotic 56+06 60£1.0 6.1+12 0.0238 a>b 04409 0.5+09 04409 05+09
group (p=0.1208)
(n=16)
a>c
(p=0.0747)
Antibiotic 59+10 64+13 64+14 0.0018 a<b —0.04+0.7 05+1.0 0.7+£09 05+10
group (p=0.0171)
(n=16)
a>c
(p=0.0340)
Placebo 61+£13 60+1.7 65+16 0.0006 a>b 0.7£1.0 04+£10 —0.04+0.7 04+£1.0
group (p=0.7333)
(n=15)
a>c
(p=0.1398)
p value 04031 0.6160 0.7649 0.0857 0.9483
(inter-
group)
Deep sites
(CAL)
Probiotic 84+18 93+£20 108+36 0.0498 a>b 0.05+09 08+1.1 01417 16422
group (p=0.7127)
(n=16)
a>c
(p=0.1756)
Antibiotic 95421 104+24 11.2+17 0.0498 a>b 009406 02+06 02+1.1 04+1.1
group (p=0.6858)
(n=16)
a>c
(p=0.5930)
Placebo 95421 11.1+£20 106+2.1 0.3386 a>b 04+£15 04+£08 09+29 08+16
group (p=0.2489)
(n=15)
a>c
(p=0.1763)
p value 0.4837 0.3254 0.9420 0.8257 0.6535
(inter-
group)
Moderate
sites (PPD)
Probiotic 45403 44405 43403 0.0006 a>b —02+£19 —08+14 —0.06+05 —02+04
group (p=0.1788)
(n=16)
a>c
(p=0.0464)
Antibiotic 45402 44403 43402 0.0040 a>b —06+08 —08+£07 —02+£02 —02+£02
group (p=0.0287)
(n=16)
a>c
(p=0.0010)
Placebo 46+03 42+02 42403 0.0280 a>b —14+09 —13£12 —04+£02 —04+£03
group (p=0.0007)
(n=15)
a>c

(p=0.0012)
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Table 2 (continued)
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Baseline (a) 3 months 12 months p value Post-hoc Effect size Effect size A3 months-BL A12 months-BL
(b) (c) (intra- (Bonferroni (A3 months- (A12 months-
group) adjustment) BL)? BL)®
p value 0.6098 0.3097 0.7395 04489 03449
(inter-
group)
Deep sites
(PPD)
Probiotic 75+£10 74+09 79+12 0.1054 a>b —04+03 —01+£03 —04+03 —0.1+£03
group (p=0.0947)
(n=16)
a>c
(p=0.5716)
Antibiotic 75£07 7.7£0.7 7.1£02 0.1054 a>b 0114 —02£0.1 0.08+1.1 —0240.08
group (p=0.6845)
(n=16)
a>c
(p=0.1088)
Placebo 78+0.7 76+£09 72+£02 0.6747 a>b —06£18 —10£1.0 —04£14 —08+08
group (p=03991)
(n=15)
a>c 0.7364 0.2588
(p=0.0510)
p value 0.3767 0.2995 0.1862
(inter-
group)

Data presented as mean = SD; BL: Baseline. CAL: Clinical attachment loss. PPD: Probing pocket depth

2 Effect size of (A3 months-BL) was calculated by delta mean change from month 3 to baseline over standard deviation of baseline. PEffect size of (A12 months-BL)
was calculated by delta mean change from month 12 to baseline over standard deviation of baseline

Intra-group comparison by Friedman test (p < 0.05) and Bonferroni-corrected Wilcoxon signed rank test (p < 0.025). Statistical significant in bold

Inter-group comparison by ANOVA and Kruskal Wallis test (p <0.05)

At 12 months follow-up, 80.3%, 77.8% and 77.2% of the
baseline moderate pockets (PPD=4-6 mm) presented
a PPD<3 mm in the probiotic, antibiotic and placebo
group respectively, without significant differences between
the groups (p>0.05) (Table 3). With respect to the base-
line deep pockets (PPD>7 mm), 42.4%, 41.7% and 38.8%
of these pockets presented a PPD <3 mm, and 47%, 50%
and 45.9% presented PPD=4-6 mm, without significant
between the treatment groups (p>0.05) (Table 3). Pocket
closure was 78.1%, 76.7% and 74.4% in the probiotic, anti-
biotic and placebo group, without significant differences
between the treatment modalities (p >0.05) (Table 3).

The number of teeth and sites with PPD>5,>6
and > 7 mm were significantly reduced in all groups and
without significant difference between the treatment
modalities at 12 months follow-up (p>0.05) (Table 4).
While probiotics reduced the percentage of patients with
PPD>5 mm and PPD > 6 mm at 12 months, antibiotics
reduced the percentage of patients with PPD > 6 mm and
PPD >7 mm (p<0.025) (Additional file 1: Table S1).

The use of antibiotics significantly increased the num-
ber of patients with low risk for disease progression at
12 months, and also significantly reduced the number of
patients at higher risk for disease progression (Additional

file 1: Table S1). In addition, the antibiotic and placebo
group showed at 12 months a reduced necessity for
additional therapy in>3 sites but without significant
differences between the both groups (Additional file 1:
Table S1).

Discussion
This triple-blind placebo-controlled parallel-arm ran-
domized clinical trial evaluated the clinical effects of L.
rhamnosus SP1 administered once a day for 3 months or
azithromycin plus SRP in stage III periodontitis general-
ized grade B. The present study predominantly revealed:
(1) a significant improvement of PPD and PI irrespec-
tive of the treatment modality and without significant
differences between the groups; (2) no added benefit of
probiotics or azithromycin in terms of CAL; (3) a sig-
nificant reduction in the number of sites and teeth with
PPD>5,>6 and>7 mm in all groups at 12 month
follow-up without differences between the treatment
regimes. Therefore, the null hypothesis of the present
study could not be rejected.

This is the first study evaluating and comparing the use
of probiotics and antibiotics, in this case azithromycin,
in the treatment of stage III periodontitis generalized
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Table 3 Follow-up of moderate (4-6 mm) and deep
pockets (>7 mm) detected at baseline and pocket closure
at 3- and 12- months follow up

3 months 12 months
Follow-up of moderate pockets detected at
baseline (%)
PPD<3mm
Probiotic group (n=16) 685+164 8031183
Antibiotic group (n=16) 740£137 7784189
Placebo group (n=15) 770+147 772£145
p value (inter-group) 0.2877 0.6950
PPD 4-6 mm
Probiotic group (n=16) 3034159 1884176
Antibiotic group (n=16) 2564130 209+17.1
Placebo group (n=15) 21.5+131 215+134
p value (inter-group) 0.2391 0.7886
PPD>7 mm
Probiotic group (n=16) 12420 09+23
Antibiotic group (n=16) 04+14 13+26
Placebo group (n=15) 1.5+38 13+£38
p value (inter-group) 0.2861 0.8539
Follow-up of deep pockets detected at baseline
(%)
PPD<3mm
Probiotic group (n=16) 1654285 4244413
Antibiotic group (n=16) 33.0+399 41.74+439
Placebo group (n=15) 433+£387 388+315
p value (inter-group) 0.2087 0.9798
PPD 4-6 mm
Probiotic group (n=16) 7344309 4704436
Antibiotic group (n=16) 5024373 50.0+41.6
Placebo group (n=15) 381£281 459+£286
p value (inter-group) 0.1019 0.9715
PPD>7 mm
Probiotic group (n=16) 1014177 1064182
Antibiotic group (n=16) 16.8+21.1 834180
Placebo group (n=15) 186+266 153+163
p value (inter-group) 0.6924 0.3030
Pocket closure (%)
Probiotic group (n=16) 6534+179 7814200
Antibiotic group (n=16) 719+144 76.7+19.7
Placebo group (n=15) 733+£181 744+£1638
p value (inter-group) 0.3790 0.6660

Data presented as mean = SD. PPD probing pocket depth
Inter-group comparison by ANOVA and Kruskal Wallis test (p <0.05)

grade B with 1-year follow-up. In general, all treatment
groups revealed a significant improvement in PPD,
BOP, CAL and PI, however, without significant differ-
ences between the treatment modalities. Hence, these
results failed to exhibit an added benefit of probiotics
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and azithromycin. With respect to probiotics, the pre-
sent results are in line with previous reports using pro-
biotics as an adjunct therapy to SRP for the management
periodontitis. The administration of Lactobacillus reuteri
DSM-17938 + ATCCPTA 5289 [27], Streptococcus ora-
lis KJ3+ Streptococcu uberis KJ2+ Streptococcu rattus
JH145 [28] or L. rhamnosus SP1 [29] in conjunction with
SRP did not enhance the clinical outcomes. Our observa-
tions are further supported by a very recent RCT which
failed to demonstrate an additional clinical efficacy by the
use of probiotics [30]. In that RCT, patients received L.
reuteri ATCC PTA5289 twice a day in addition to SRP for
28 days and the patients were recalled at 3 and 6 months.
The use of probiotics failed to provide a clinical benefit
compared to SRP alone. Our study revealed a reduc-
tion in the percentage of patients, teeth and sites with
PPD >5 mm,>6 mm and >7 mm in all groups, however
without inter-group differences. These observations are
supported by previous reports indicating a lack of effect
of probiotics [29, 30]. Overall, these findings, in addition
to the results of the present study, suggest that probiotics
may not provide an added benefit to SRP at least in this
type of patient.

Our findings, on the other hand are in contrast to pre-
vious reports showing an added benefit of probiotics.
Patients that received L. reuteri DSM-17938 + ATCCPTA
5289 in conjunction to SRP showed a significantly higher
PPD reduction along with a higher CAL gain at 12 month
follow-up. Moreover, the probiotic group revealed a
higher reduction of sites and patients with>6 mm [31]
which could not be found in the present study. Outcomes
from another report showed that patients who received
L. reuteri ATCC 55,730+ ATCCPTA 5289 exhibited a
higher reduction of CAL, PPD and BOP [32]. Similarly,
the intake for 8 weeks of Lactobacillus salivarius WB21
by patients with periodontitis significantly enhanced
the reduction of PPD at two month follow-up [33]. Fur-
thermore, outcomes from a more recent RCT revealed a
higher reduction of PPD and BOP by the use of L. reu-
teri lozenges [34]. These positive results were corrobo-
rated by another group using Bifidobacterium animalis
subsp. lactis HN019-showing improved PPD and CAL
at 3 month follow-up [35]. This notable discrepancy
with our findings might be attributed to the probiotic
itself [36]. One might speculate that not all probiotics
produce the same effect, particularly in addition to SRP.
Moreover, other factors such as strain, concentration,
vehicle and administration time of the probiotic might
account for these divergent results. Indeed, the selection
of the “best” probiotic for oral health is still a matter of
debate. The selection of L. rhamnosus SP1 for the present
study was based on the beneficial effects in the immune
response of children and adults [37-39]. Presumably, this
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Table 4 Teeth and sites with PPD > 5, > 6 and > 7 mm at baseline, 3- and 6-12 months follow up
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Baseline (a) 3 months 12 months pvalue  Post-hoc Effect size Effect size A3 months-BL A12 months-BL
(b) (c) (intra- (Bonferroni (A3 months- (A12 months-
group)  adjustment) BL)? BL)®
Teeth with
PPD>5mm
(%)
Probiotic group 3334253 1394125 9.7+£105 0.0040 a>b —0.74+0.7 —094+08 —194+18.1 —235+216
(n=16) (p=0.0009)
a>c
(p=0.0008)
Antibiotic group  42.3+24.1 127+£117 116116 0.0008 a>b —1.1+£06 —1.1+£07 —285+£160 —30.7+£189
(n=16) (p=0.0007)
a>c
(p=0.0005)
Placebo group 4644326 150+21.1 1524191 0.0034 a>b —124+09 —124+09 —314+253 —312+238
(n=15) (p=0.0007)
a>c
(p=0.0008)
p value (inter- 04163 0.8307 0.8075 0.1978 04069
group)
Teeth with
PPD>6mm
(%)
Probiotic group  159+154 64+73 49162 0.0184 a>b —05+07 —06+07 —96+126 —11.1+£138
(n=16) (p=0.0165)
a>c
(p=0.0089)
Antibiotic group  16.7+12.6 64+82 55481 0.0014 a>b —05+05 —06+05 —102+88 —11.2+£90
(n=16) (p=0.0009)
a>c
(p=10.0007)
Placebo group 266+£258 844137 85+122 0.0054 a>b —1.0+09 —10+10 —182+76 —182+184
(n=15) (p=0.0025)
a>c
(p=0.0043)
p value (inter- 0.6056 0.9650 06213 03702 0.2921
group)
Teeth with
PPD>7mm
(%)
Probiotic group  83+11.0 23£29 1.8+26 0.0490 a>b —04+07 —05+07 —60+97 —65+92
(n=16) (p=0.0738)
a>c
(p=0.0145)
Antibiotic group  7.6+7.6 3052 2447 0.0049 a>b —04+04 —04£05 —51£55 —5247.1
(n=16) (p=0.0015)
a>c
(p=0.0077)
Placebo group 16.14£19.7 57+89 51+£69 0.0469 a>b —0.7+09 —08+1.1 —104+131 —11.0+£147
(n=15) (p=0.0122)
a>c
(p=0.0143)
p value (inter- 0.6573 0.8204 0.3481 0.6055 0.8091
group)
Sites with
PPD>5mm
(%)
Probiotic group ~ 10.9410.2 34436 24429 0.0043 a>b —06+06 —07+07 —76+79 —85+9.1
(n=16) (p=0.0013)
a>c

(p=0.0011)
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Table 4 (continued)
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Baseline (a) 3 months 12 months pvalue  Post-hoc Effect size Effect size A3 months-BL A12 months-BL
(b) (c) (intra- (Bonferroni (A3 months- (A12 months-
group)  adjustment) BL)? BL)®
Antibiotic group  14.1+89 36+43 33+40 0.0005 a>b —08+04 —08+05 —102+57 —108+66
(n=16) (p=0.0007)
a>c
(p=0.0005)
Placebo group 200+£186 48472 43+6.1 0.0019 a>b —114+11 —124+11 —152+146 —157+£149
(n=15) (p=10.0007)
a>c
(p=10.0007)
p value (inter- 0.3755 0.8940 0.8700 0.2328 03160
group)
Sites with
PPD>6mm
(%)
Probiotic group  4.3+4.7 14+17 12420 0.0180 a>b —04+05 —04+05 —29+37 —31+41
(n=16) (p=0.0215)
a>c
(p=0.0076)
Antibiotic group  49+44 16+£27 13+£2.1 0.0049 a>b —04+03 04+04 —35+26 —36+36
(n=16) (p=0.0009)
a>c
(p=0.0017)
Placebo group 1024113 22435 21+31 0.0013 a>b —1.0£11 —1.0+1.2 —804£9.1 —81493
(n=15) (p=0.0030)
a>c
(p=0.0011)
p value (inter- 04818 0.9371 06105 03637 04272
group)
Sites with
PPD>7mm
(%)
Probioticgroup  1.8+26 06+1.0 06+14 0.0407 a>b —03£05 —03£05 —12£19 —12+19
(n=16) (p=0.0738)
a>c
(p=0.0195)
Antibiotic group 19421 06+13 06+12 0.0042 a>b —04+04 —03+04 —14+16 —14+17
(n=16) (p=0.0016)
a>c
(p=0.0043)
Placebo group 47+68 14+£24 1.1+£18 0.0423 a>b —08+14 —09415 —33455 —36+60
(n=15) (p=0.0198)
a>c
(p=0.0169)
p value (inter- 0.5671 0.8492 04180 0.5396 0.7226
group)

Note: Data presented as mean = SD of percentages. BL baseline, PPD probing pocket depth

2 Effect size of (A3 months-BL) was calculated by delta mean change from month 3 to baseline over standard deviation of baseline. PEffect size of (A12 months-BL)
was calculated by delta mean change from month 12 to baseline over standard deviation of baseline

Intra-group comparison by Friedman test (p < 0.05) and Bonferroni-corrected Wilcoxon signed rank test (p < 0.025). Statistical significant in bold

Inter-group comparison by ANOVA and Kruskal Wallis test (p <0.05)

immune modulation elicited by the Lactobacillus strain
might limit the detrimental immune response observed
in periodontitis.

As for the use of azithromycin, the present results in
general failed to show a clear clinical advantage over
SRP and placebo. These findings are in accordance

with previously published data where a clinical benefit
of azithromycin in conjunction with SRP could not be
determined [22, 40, 41]. This lack of additional benefit
of azithromycin is in direct contrast with the conclu-
sions of a recent systematic review with meta-analysis
[42]. These differences might be attributed to the higher
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potential of meta-analysis to estimate an overall mean
effect. Indeed, we found a significant reduction in the
number of patients with PPD>7 mm in the azithro-
mycin group, however this difference was not robust
enough to show a significant benefit compared to the
other groups. It has been suggested that azithromycin
produces some minor benefits. In this regard, it should
be noted that the inclusion of 3 treatment groups along
with the corresponding correction for multiple compar-
ison may have influenced the power to find minor dif-
ferences between the groups. Thus, azithromycin may
produce some benefits but they could not be detected
by our clinical trial. A recent systematic review under-
lined that the reported clinical advantage of azithromy-
cin should be interpreted with caution since the major
effect was derived from a single study [42] with a high
risk of bias.

We recognize that this study has a number of limita-
tions. First, the small sample size. Although a sample size
calculation was performed, a larger sample size would
allow for the detection of smaller differences between
the adjunctive therapeutic agents. However, it should be
noted that there is no consensus from which point a sta-
tistical difference is clinically relevant. Second, microbio-
logical and samples were not taken, therefore it is unclear
whether the probiotics triggered a microbial shift. In this
sense, whether the probiotic bacteria actually colonized
the oral cavity remains to be elucidated. Third, since the
present study only included patients with stage III peri-
odontitis grade B, the effect of probiotics or azithromycin
on other stages and grades of periodontitis has yet to be
determined.Future studies should include larger popula-
tions in different stages and grades of periodontitis.

Conclusion

In conclusion and within the limitations of the present
study, the administration of L. rhamnosus SP1 or azithro-
mycin in the treatment of stage III periodontitis general-
ized grade B failed to produce additional beneficial effects
when compared to SRP on its own. Given the lack of ben-
efits and the conflicting data in the literature, the benefits
of probiotics and azithromycin as an adjunct to SRP in
the treatment of periodontitis remains unclear.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/512903-020-01276-3.

Additional file 1: Patients with PPD >5, >6 and >7mm, in risk of progres-
sion and in need for additional therapy at baseline, 3- and 12-months
follow up.
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