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Abstract

This review collected the latest evidence from clinical trials on antimicrobials used as adjunctive medications for the
mechanical management of periodontitis, a common condition affecting teeth that leads to tooth loosening and tooth loss.
A search was conducted on PubMed in May 2024 to identify human clinical trial reports published in the last five years in
English with a follow-up time of at least six months. This review included 29 randomized clinical trials. Nine trials studied
the adjunctive use of systemic antibiotics, five investigated topical agents, and fifteen applied various antimicrobial
photodynamic therapy (aPDT) protocols. The results of the included studies are discussed in the context of the latest evidence-
based guidelines for the treatment of periodontitis. Adjunctive systemic antibiotics may benefit patients in selected severe
periodontitis cases, providing clinical and subgingival microbiological improvements lasting more than six months when used
with subgingival instrumentation. Localized treatment investigated in these studies demonstrated that aPDT and new locally
delivered antimicrobials like ozone, 1% melatonin and 5% tea tree oil gel may provide benefits. Further research is needed
to ensure more efficient uses for local delivery to provide a clinically significant improvement to the outcome of subgingival

instrumentation in the treatment of periodontitis.
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Abbreviations

PDL: Periodontal Ligament; CAL: Clinical Attachment Loss;
Ca: Calculus; BOP: Bleeding On Probing; SRP: Scaling and Root
Planing; aPDT: Antimicrobial Photodynamic Therapy; RCTs:
Randomized Controlled Trials; MET: Metronidazole; AMOX:
Amoxicillin; AZI: Azithromycin; SPT: Supportive Periodontal
Therapy; NSPT: Non-Surgical Periodontal Therapy; SRP:
Scaling and Root Planing; RPP: Residual Periodontal Pockets;
CP: Chronic Periodontitis; T2D: Patient with type 2 Diabetes;
HbAlc: Glycated Hemoglobin Percentage;. GCF: Gingival
Crevicular Fluid; ICG: Indocyanine Green; PTC: Phenothiazine
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Indications

Chloride; MB: Methylene Blue; PD: Pocket Depth; CAL:
Clinical Attachment Loss; BOP: Bleeding on Probing; Aa:
Aggregatibacter actinomycetemcomitans; Pg: Porphyromonas
gingivalis; Tf: Tannerella forsythia; Pi: Prevotella intermedia;
Sp: Salvadora persica

Introduction

The scientific literature suggests that periodontitis
affects a significant portion of the general population,
impacting general health, oral health and overall quality of
life [1]. The direct cost of periodontitis has been estimated
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to be 54 billion dollars worldwide. This oral disease is
characterized by the destruction of the tissue attachment
around teeth, leading to their potential loss. Establishment
of a dysbiotic subgingival biofilm leads to periodontitis.
[llustrations of alveolar bone (B), periodontal ligament
(PDL) and tooth in health and in periodontitis are shown in
Figure 1. The estimated percentage of the global population
afflicted by the disease varies depending on severity. For
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severe cases, a report previously estimated that 11.2% of the
global population was affected [2]. When all presentations of
periodontitis are included, a prevalence close to 50% could
be found [3]. Furthermore, the literature suggests that there
is an association between periodontitis and adverse health
outcomes like premature death, diabetes and cardiovascular
disease [1].

Figure 1: [llustrations of alveolar bone (B), periodontal ligament (PDL) and tooth in health and in disease. (a) The healthy
periodontal ligament and bone crest are localized 2-3 mm from tooth crown (Cr), with the gingival crevice depth (PD) varying
from 1 to 3 mm, as shown using the UNC15 standardized probe marked at every millimeter. (b) A site affected by periodontitis
presents an increased PD and subgingival biofilm on calculus (Ca) adherent to the root surface (R). Periodontal ligament
destruction and bone resorption adjacent to the contaminated root surface represent clinical attachment loss (CAL).

Periodontitis is classified using a staging and grading
process [4]. The most recent periodontitis classification
system based on the 2017 World Workshop is shown in
Table 1. Staging is based on the increasing severity of the
destruction of tissues supporting the normal function
of a tooth. Patients affected by Stage I or II periodontitis
present milder, more easily managed disease, while Stage
III or IV periodontitis cases are characterized by more
severe periodontitis, causing tooth loss, the likely need for
surgical intervention and a potential impaired ability to
chew. An A, B or C grade is assigned to a patient to describe
the progression of the destruction of supportive tissue
around teeth. Grade A presents the slowest progressing
disease, while Grade C presents the most aggressive disease.
Additionally, the grading of periodontitis in a patient is
adjusted using modifiable risk factors, which have been
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shown in prospective studies to increase the incidence and
rapidity of periodontal destruction. The two risk factors
used in this study are poorly controlled type 2 diabetes and
smoking. Other risk factors that may be targeted to improve
periodontitis control include physical activity and weight loss
[1]. The health or disease of the periodontium is assessed via
three principal measurements: the clinical attachment level
(CAL) in millimeters, the periodontal pocket depth (PD) in
millimeters and the presence of bleeding on probing (BOP)
[4,5]. The clinical attachment level is an indicator of the
severity of the destruction of supporting tissue around teeth
[5]. Pocket depth is an important clinical parameter when
evaluating periodontal patients, with PDs of 6 mm or more
being associated with a higher risk of progression and tooth
loss [6]. The absence of BOP is an important predictor of
periodontal stability [5].

Copyright© Boivin WG, et al.
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Periodontitis Severity and Complexity

Stage 11

Stage III Stage IV

Moderate | Severe Disease, risk of | Severe Disease, potential
Disease

tooth loss loss of all teeth

Stage 1
Initial
Disease
) Grade A Low risk
Progl_'esswn Grade B | Moderate risk
risk
Grade C High risk

Patient assigned Stage and Grade

Table 1: Most recent periodontitis staging and grading system based on the 2017 World Workshop [4].

Thetreatmentofperiodontitishasmostlybeenfocused on
the mechanical removal of its main etiology: dysbiotic dental
plaque and associated mineralized deposits on the tooth
root. The initial non-surgical step in periodontitis therapy
is defined as scaling and root planning (SRP) in most of the
periodontology literature, but other terms are increasingly
being used, such as subgingival instrumentation [1,7,8]. This
instrumentation is sometimes combined with antibiotics,
typically systemic or locally administered to improve
patient outcomes [9,10]. Amoxicillin and metronidazole in
combination is the most commonly investigated systemic
adjunctive agent, while minocycline microspheres are
often used when patients are selected for local delivery of
antibiotics [9,10]. Another emerging means of reducing the
bacterial load within periodontal pockets is using lasers to
potentiate the antimicrobial effect of a photosensitizer [11].
Known as antimicrobial photodynamic therapy (aPDT), this
field has been difficult to study due to great variability in the
method of delivery to patients, antimicrobial agents used
and paired laser’s parameters. aPDT is a minimally invasive
approach well tolerated by patients, with very little potential
to encourage the emergence of resistant microorganisms.

As antibiotic resistance continues to rise, preventive
strategies can increase the time available to develop new
agents and modalities. These include guideline-based and
culture-driven antibiotic prescriptions [12]. This review
will gather and present the most recent available evidence
from clinical trials regarding the clinical and microbiological
effects of adjunctive antimicrobial agents used in the non-
surgical treatment of periodontitis.

Materials and Methods

A search of randomized controlled trials (RCTs)
published in the last five years was conducted in May 2024
in PubMed using the following search query: ((“periodontal
disease”[All Fields]) OR (“periodontitis”[All Fields]) OR
(“periodontal pocket”[All Fields])) AND ((“antimicrobial”[All
Fields]) OR (“antibiotic”[All Fields])). The search was limited
to publications in English on human subjects. This customized
search on recent RCTs investigating periodontitis treatment
using antimicrobial agents yielded 77 articles. Articles with a
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subject other than periodontitis treatment, as well as articles
focused on the surgical management of periodontitis, the
management of periimplantitis and studies not including an
adjunctive agent were excluded. The literature search results,
reviewing process and reasons for the exclusions are shown
in Figure 2. A title and abstract review led to the exclusion of
15 articles. The remaining 62 articles were requested in full
text for continued review. Four articles were not available
and had to be excluded. After performing full-text reviews
of the 58 remaining articles, 29 articles did not satisfy this
review’s inclusion criteria, most importantly because of
follow-up periods lasting less than 6 months. The remaining
29 papers were included in this review.

~

Initial PubMed results

n =77 articles
11 articles excluded
(Endodontics)

l 1 article excluded

(Orthodontics)
2 articles excluded (Implant
Title and abstract »| therapy)
review 1 article excluded (animal
1 maodel)
Acquired full text 4 articles excluded due to no

n=62 full text available

l

26 articles excluded due to

Full text review short tollow-up (<6 months).

n=58 "] 1article excluded due to
treatment of necrotizing
pertodontal disease.
1 article excluded due to
other intervention

r (GTR/ Bone graft)
1 article excluded due to no

Eoladataiicas antimicrobial agent
n=29

Figure 2: The literature search results, reviewing process
and reasons for the exclusions.

o

Results

The current review included 29 publications. Nine
randomized controlled trials investigated systemic
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antibiotics as an adjunctive to subgingival instrumentation
for periodontitis management. Experimental designs
and results of randomized controlled trials on adjunctive
systemic antibiotics with subgingival instrumentation are
described in Table 2. Five out of nine studies used amoxicillin
in combination with metronidazole in their treatment arm
[13-17]. All studies on systemic antibiotics were performed
duringtheinitial phase of non-surgical treatment: subgingival
instrumentation. The trials selected included patients with
advanced periodontitis, i.e., at least Stage III. Three studies
formulated their inclusion criteria to recruit patients
presenting a rapid progression of the disease, and one of
these studies clearly selected patients under 30 years old
[14,16,18]. One study selected patients with type 2 diabetes
[15]. All others selected systemically healthy patients. The
follow-up period for systemic antibiotics ranged from six
months to five years. Six of the nine studies were double-
blind designs [13,15,17-20]. The remaining used a triple-
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blind protocol [14,16,21]. All the trials used individual
patients as a randomization unit. Seven investigations
used a placebo in their control group [13,15-17,19-21].
Two trials used adjunctive amoxicillin/metronidazole as
active controls [14,18]. Cosgarea R, et al. [14] compared
three days of the antibiotic combination in their test to the
most used seven days of amoxicillin/metronidazole dosing
in their control [14]. Araujo C, et al. [18] and colleagues
compared clarithromycin in their test to a control receiving
adjunctive amoxicillin/metronidazole, with both groups
receiving adjunctive systemic antibiotics for seven days
[18]. Three of the studies found favorable differences in
microbiological analysis lasting six months [16,17,19]. Two
of the three studies used amoxicillin/metronidazole [16,17].
The remaining study used azithromycin [19]. Statistically
significant improvements in clinical outcomes compared
to a control using a placebo were only found in two studies
[16,17].

Follow-
(Ref.) R.an(?om Blinding | Population Tr;;t;zg nt Treatment Control/ n Up Results
Study | ization Placebo
(Months)
Antibiotic groups had
reduced more than
placebo periodontal
pathogens numbers and
SRP + [AMOX detection at 6 months,
500 mg + MET and this difference was
Cosgarea Double Stage 111/ 500 mgtid x 3| SRP+ maintained at 1 year
R, etal. | Patients blind IV grade B NSPT [(days] or [AMOX|Placebo tid| 75 12 after NSPT for Pg. The
[13] periodontitis 500 mg + x 7 days results suggest that a
METRO 500 mg shorter prescription
tid x 7days] may not be inferior to
the commonly used
7-day AMOX+METRO for
the treatment of severe
periodontitis.
A 3-day course of
antibiotics was not
inferior to a 7-day
SRP+AMOX | cppy | course and had less
R,etal. | Patients| .- 4 periodontitis NSPT days followed | ™8* MET |50 6 potentially improving
[14] d - 1500mg tid benefits/harms ratio for
healthy by placebo pills « 7 days the AMOX/MET adjunct
tid x 4 days to SRP (3 adverse events
in a 3-day protocol
versus 15 in a 7-day
protocol).
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Cruz D, et
al. [15]

Patients

Double
blind

Severe
periodontitis,
T2D

NSPT

SRP + AMOX
500 mg + MET
400 mg tid x
7days SRP +
placebo tid x 7
days

SRP +
placebo tid
x 7 days

25

5 years

T2D Patients recalled 5
years after NSPT with
antibiotic treatment
presented with better
clinical parameters
than SRP-only patients
when comparing
their respective
pretreatment baselines.
Microbiological flora
effects were no longer
significantly different in
favor of the treatment
group, but red complex
bacteria occupied
10%, on average, of the
subgingival flora in the
control compared to
7%, on average, in the
treatment group.

Faveri M,
etal. [16]

Patients

Triple
blind

Stage I11/1V
periodontitis,
<30 years old

NSPT

SRP + AMOX
500 mg + MET
400 mg tid x
14 days SRP +
placebo tid x
14 days

SRP +
placebo tid
x 14 days

30

12

Lasting significant
effects at 12 months
were measured in the
adjunctive AMOX/MET
group compared to the
control for red complex
bacterial proportion and|
increasing beneficial
Actinomyces. The
antibiotic group was
the only one that saw
areduction in A.a.
Clinically, patients were
more likely to achieve
therapy goals at one
year in the antibiotics

group.

Hagenfeld
D, etal.
[17]

Patients

Double
blind

Stage III/IV
periodontitis

NSPT

SRP + AMOX
500 mg + MET
400 mg tid x 7

days

SRP +
placebo tid
x 7 days

163

26

BOP, percentage of sites
with PD of 5mm or
greater,; the ribosomal
sequence variant, and
subgingival microbial
dysbiosis indices were
significantly improved
by adjunctive AMOX/
MET compared to the
effect of SRP alone. A
reduction in putative
pathogens was
significantly greater in
the test group up to 26

months after treatment.
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AMOX 500
. Generalized CLA performed as well
Araujo G, Patients D01-1ble aggressive NSPT SRP + CLA 500| mg + ME.T 46 6 as AMOX + MET in
etal. [18] blind ; s mg bid x 7days|{400 mg tid . .
periodontitis improving PD and CAL.
x 7 days
No difference was found
in adjunctive use of AZI
in residual pockets at
a probing depth of 5
mm or more after NSPT
Cuk K, et . Double Sta.ge III/.I\./ SRP + AZI500| SRP+ compared to SRP alone.
al. [19] Patients |  plind periodontitis NSPT mg qd x 3days| placebo 40 6 \Aa, Pg and Cr were more
’ patients significantly reduced
in numbers in the test
group. More specifically,
Aa and Cr were more
often no longer present
in the AZI group.
No significant difference
PovsicK,| . Double | Stage III/IV SRP + AZI 500 | SRP* in the number of PDs
et al. [20] Patients blind eriodontitis NSPT me ad x 3davs placebo tid| 40 12 of 5 mm or more with
' P 84 YS1 3 days BOP compared to SRP +
placebo.
SRP + [L. SRP + No significant
rhamnosus SP1 .
Morales Triple Stage 111 robiotic ad x Placebo qd differences were
A etal. | Patients 'P periodontitis, | NSPT | P 991 5days+|47| 12  |measuredin PD, CAL or
blind 3 months] or ) ; .
[21] healthy Placebo qd BOP; no microbiological
[AZI 500 mg qd
x 3 months tests were performed.
x 5 days]

RCT: randomized controlled trial. MET: metronidazole. AMOX: amoxicillin. AZI: azithromycin. CLA: clarithromycin. NSPT: non-
surgical periodontal therapy. SRP: scaling and root planing. T2D: patient with type 2 diabetes. bid: twice daily. tid: three times
daily. qd: once daily. Aa: A. actinomycetemcomitans. Pg: P. gingivalis. Cr: C. rectus. PD: pocket depth. CAL: clinical attachment loss.

BOP: bleeding on probing.

Table 2: Experimental designs and results of randomized controlled trials on adjunctive systemic antibiotics with subgingival

instrumentation (n=9).

Five RCTs were selected using local delivery agents.
The experimental designs and results of randomized
controlled trials on adjunctive local delivery agents with
subgingival instrumentation are given in Table 3. Four of five
studies used randomized patients [22-25]. Four of the five
studies did not report using a placebo [23-26]. One study
used a split-mouth design to randomize pairs of intrabony
defects [26]. Most studies recruited patients at the initial
stage of periodontal treatment, and one study investigated
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the treatment of patients with residual pockets through
supportive periodontal therapy (SPT) [25]. Three studies
were double-blind designs [22,23,26]. One trial followed a
single-blind protocol [24]. One investigation stated that only
the laboratory analyst was blinded to the patient assignment
[25]. Single studies found significant clinical improvement
using treatment protocols based on adjunctive tea tree oil,
melatonin and ozonated water [23,24,26].
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(Ref.) | Random e . |Treatment Control/ Follow-
Study | ization Blinding | Population Phase Treatment Placebo | ™ Up(Months) Results
No significant difference
was found in PD, CAL,
llyes I, SRP + BOP or numbers of
etal. | Patients Dbollilr:)ée Sg;%zgrll{ 11‘2115 NSPT SRP E-D[S;]G Jor Placebo | 64 6 keystone periodontal
[22] P gel pathogens between local
delivery groups and SRP
with a placebo gel.
Clinical parameters for
SRP + 0Z PPD, CAL and BOP show
Moderate- e A .
Rapone Double to-severe irrigation a significant difference
B, et al.| Patients . . .. NSPT associated SRP 90 6 in favor of SRP with
blind |periodontitis, . . . .
[23] with ultrasonic the adjunctive ozone
healthy instrumentation
protocol compared to
SRP alone.
Significantly greater
improvement compared
to SRP alone was seen
Taalab Sinele Stace II with adjunctive TTO,
MR, et | Patients blirgl d eriodgontitis NSPT SRP + TTO SRP 30 6 measured as a greater
al. [24] p reduction in MMP-8, and
a statistically greater
improvement in CAL at
six months of follow-up.
No difference in PD, CAL
or BOP, minocycline
resistant bacteria
Stage III/1V .
Teles periodontitis were increased at 1
FRE, et | Patients Laboratory SPT active RPP SRPSRP + MM SRP 37 6 month and to a lesser
blind o at PD>4mm degree at 6 months
al. [25] NSPT within
1 vear post treatment. Aaq,
y Tf and Pg rarely
presented resistance to
minocycline.
PD, CAL improvements
Split Periodontitis ar'ld radlog.rap'h'lc bone
Gonde | mouth, Double |with bilateral fill were significantly
NP, et |intrabony . . NSPT SRP + MEL SRP 22 6 greater in the adjunctive
blind intrabony
al. [26]| defect MEL group compared to
. defects . . .
pair SRP in paired intrabony
defects.

RCT: randomized controlled trial. MM: minocycline microspheres. TTO: 5% tea tree oil gel. PTG: piperacillin and tazobactam gel.
DOX: 14% doxycycline gel. MEL: 1% melatonin gel. OZ: ozone treatment. NSPT: non-surgical periodontal therapy. SRP: scaling
and root planning. RPP: residual periodontal pocket after initial subgingival instrumentation. Aa: A. actinomycetemcomitans.
Tf: Tannerella forsythia. Pg: P. gingivalis. Cr: C. rectus. PD: pocket depth. CAL: clinical attachment loss. BOP: bleeding on probing.

MMP-8: matrix metalloproteinase-8.
Table 3: Experimental designs and results of randomized controlled trials on adjunctive local delivery agents with subgingival

instrumentation (n = 5).
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Fifteen publications in the last five years combined a
photosensitizer and a diode laser to treat periodontitis. The
experimental designs and results of randomized controlled
trials on adjunctive antimicrobial photodynamic therapy with
subgingival instrumentation are presented in Table 4. Seven
studies used a split mouth design [27-33]. Five investigations
randomized patients [34-38]. The final three experimental
designs randomized the sites treated by either treatment or
a control [39-41]. Three studies investigated photodynamic
therapy in patients with type 2 diabetes [31,35,36]. Four
studies designated periodontitis Stage III as the minimum
disease severity for recruited patients [27,34,35,39]. Nine
studies were conducted at the initial phase of periodontal
treatment [27,30,32-35,37,40,41]. The remaining six reports
investigated the effects of photodynamic therapy in residual
pockets found in patients enrolled in a maintenance program
[28,29,31,36,38,39]. In total, six photosensitizers were
investigated, using diode lasers of wavelengths ranging from
625 nm to 909 nm. Six studies used repeated applications
of photodynamic therapy, without repeating subgingival
instrumentation [28,29,34,35,39,40]. Four studies used a
type of irrigation in the control group as a placebo, either
using saline or the selected photosensitizer without laser
irradiation [28,31,40,41]. Two studies used simulated laser
irradiationaspartoftheircontrol[28,29].0Onestudy compared
repeated aPDT to subgingival instrumentation with systemic

Open Access Journal of Dental Sciences

antibiotics [34]. Eight of the included studies reported
clinical improvement in their treatment arm compared to the
control after six months of follow-up [27,29,33-35,37,38].
The two studies investigating phenothiazine chloride aPDT
found clinical changes lasting up to six months [34,38]. Of the
six protocols using indocyanine green (ICG), two found no
significant differences [30,40]. Of the remaining studies on
ICG, one found significant clinical improvement in patients
with type 2 diabetes, regardless of the level of glycemic
control [27]. Three other experiments using ICG found a
significant clinical advantage in favor of the test group at six
months follow-up [28,33,37]. Methylene blue-based aPDT
was used in four protocols [32,35,36,39]. In the non-surgical
periodontal therapy (NSPT) phase of periodontal treatment,
one study found a significant improvement in clinical
parameters in the aPDT group [35], while the other found
no difference between the groups [32]. In the treatment of
residual pockets, both studies using methylene blue found
no difference in periodontal parameters at six months
[36,39]. Methylene blue aPDT was compared to surgical
access for debridement, with surgical access presenting a
greater improvement in PD at initially deeper sites, and also
greater recession compared to the aPDT treatment [39].
Antimicrobial photodynamic therapy caused significantly
less dentin hypersensitivity.

= - -
g = ) S S = > o ' @ 0
o2 = 23 2 S 2 < =
3T | 22 | % g | E% E £E | Lot =
€8 | 5§ | 2| & |3E| ¢ tf | TB72 :
2 = = & £ = S & = & a
= = =
In patients without diabetes,
PD improvement and CAL
improvement were greater in
) the test group at 6 months. In
gila.bli(t):s the patient with well-controlled
patient G2: diabetes group, improvements
) i 0,
Al-Momani Double Stage III T2D G3: T2D Control allln ]:Saié]"i])é Erlrrll(?n(t:ﬁsLt‘fllv:rfein
MM, etal. | Split mouth . periodontitis,| NSPT | (HbA1c>10%) | subgroups: | 50 6 8 .
blind the control group. In patients
[27] T2D. Test subgroups:| SRP alone : .
SRP + diode with poorly controlled diabetes,
laser (810 nm) BOP% and CAL both presented
+1CG greater improvements at 6
months than the control. Across
groups, aPDT led to greater
reductions in Pg and Tfat 6
months compared to SRP alone.
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SRP + diode No difference in CAL, PD or
Costa FO. et Split mouth, laser (909 nm) | SRP + sham plaque index. The test group
al [28j contralateral| Unclear |SPT patients.] RPP |+ ICG.aPDT on |aPDT saline| 24 presented greater reductions
’ quadrants day 1 and day | irrigation in BOP, periodontal inflamed
15 surface area index, Pg and Aa.
SRP + diode A reduction in PD > 5mm in
Split mouth laser (625-635 the aPDT group compared to
Harmouche| random | Double | SPT, healthy, RPP nm) + toluidine| SRP+ sham 36 SRP alone. The authors noted
L,etal. [29]| block for blind | non-smoker. blue. aPDT at | irradiation greater responses in non-
quadrants day 1, day 7, smokers and patients compliant
and 3 months with their home oral care.
. Split mouth, | Blinded SRP + diode No significant change in BOP,
Hill G, et al. pattern labora CP, healthy, NSPT |laser (808 nm) SRP 20 CAL and PD after six months of
[30] . non-smoker.
assignment | tory +1CG follow-up.
SRP + [diode Three months of f(?llow-up
showed a greater increase
laser (465-485 . L2, .
nm)] or [laser in CAL gain in T2D patients
Ivanaga CA, | Split mouth, Slr.1g1e SPT, T2D. RPP | with curcumin SBP.+ se.lllne 23 asmgned to the diode laser.
etal. [31] | quadrants | blind irrigation and diode laser and curcumin
(aPDT)] or -
[curcumin (aPDT) groups, with no
alone] difference at six months when
compared to the control group.
Moderate- SRP + [diode No significant difference in
Katsikanis F| Split mouth, Slr.lgle t(.)severt.s | NsPT laser .(940 nm)] SRP 21 PD or BOP measured after six
etal. [32] | quadrants | blind [|periodontitis, or [diode laser months of follow-u
healthy. (670 nm) + MB] p-
All clinical parameters (plaque
index, gingival index, BOP,
PD, CAL) presented greater
Split rr-louth, . Stage II SRP + diode improvements in the aPDT
Sukumar K, | mandibular | Single group compared to the control.
. . or more NSPT |laser (810 nm) SRP 30 i b . .
etal. [33] | posterior blind eriodontitis +1CG Microbiological analysis
sextants p ' revealed that aPDT groups
presented a greater reduction
in periodontal pathogens at six
months.
aPDT presented a greater
improvement than the control
i Pl
Al-Khureif Stage 111/ laser (670 nm) |SRP +AMOX at 6%month follow-up. Onl
AA, et al. Patients | Unclear | IV GradeC | NSPT |+ PTC.aPDT on| 500 mg+ |17 the control group tl})e.atedy
[34] periodontitis. days 1,132 7, andMET 500 mg with adjunctive AMOX/MET
presented an improvement in
GCF cytokines (reduced IL-17,
increased IL-10).
Significantly greater reductions
Stage 111/ SRP + diode in mean PD and residual
Claudio MM, . Single | IV Grade C laser (660 nm) pockets at 6 months for the
etal. [35] Patients blind |periodontitis, NSPT + MB. aPDT on SRP 31 test group. No differences were
T2D. days 1, 2, and 4

found in the numbers of Pg and
Pi.
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SRP + [.oxygen No significant differences
releasing gel at 6-month follow-up in
Claudio MM, Double | T2D, SPT + diode laser P
Patients : . RPP SRP 45 6 the management of poorly
etal. [36] blind patients. (660 nm) + . . .
MB] or [oxygen controlled diabetes in patients
LOXYE (HbA1lc > or equal to 7%).
releasing gel]
The aPDT group presented
a significantly greater PD
Niazi FH. et SRP + [Sp gel] reduction at 6 months in
al [37j Patients | Unclear | CP, healthy. | NSPT |or [ICG + diode SRP 73 6 initially deep sites (6mm
’ laser (810 nm)] or more). The Sp gel group
presented a significantly greater
reduction in BOP at 6 months.
The test group presented
a statistically significant
Schir D. et Sinole SRP + diode difference in BOP improvement
al [38'] Patients blirg: d SPT. RPP |laser (670 nm) SRP 40 6 at 6 months; otherwise,

’ +PTC both treatment and control
performed the same in
improving CAL and PD.

Comparing OFD to repeated
aPDT, the aPDT group presented

a significantly greater 14-day

improvement in cytokine
SRP + diode profile. OFD with MPPF

Andere . . Stage I11/ laser (660 nm) . presented greater improvement

NMRB, etal| Residual | Single | IVGradeC | ppp |y ooppy o | OFDUSING | 45 750 by o nitially deep sites.

pockets blind |periodontitis MPPF
[39] . days 1,2, 7,and OFD also presented greater
in SPT. s . .
14 gingival recession and dentin
hypersensitivity compared to
the test. Also, OFD reduced
numbers of Aa, while the aPDT
treatment did not do so.
Annunziata| __ S\tS Single ii: eer?il/zﬁf lass}:f (;%O:;) SRP +1CG No significant difference in PD,
presenting 5 18 .. | NSPT L 24 6 CAL and BOP after six months
M, et al. [40] PD > 4 mm blind |periodontitis, +ICGaPDT on | irrigation of follow-u
healthy. days 7 and 28 P
SRP + Diode
laser (660 nm) o . .
Silva DNDA,| Residual | Double [Periodontitis, + chloro SRP + saline No significant d1ffere.nce in PD,
. NSPT . L 63 6 CAL and BOP after six months
etal. [41] pockets blind healthy. aluminum irrigation
of follow-up.
phthalo
cyanine

RCT: randomized controlled trial. aPDT: antimicrobial photodynamic therapy. Diode laser (wavelength of laser used). MET:
metronidazole. AMOX: amoxicillin. AZI: azithromycin. SPT: supportive periodontal therapy. NSPT: non-surgical periodontal
therapy. SRP: scaling and root planning. RPP: residual periodontal pockets following initial subgingival instrumentation. CP:
chronic periodontitis. T2D: patient with type 2 diabetes. HbA1lc: glycated hemoglobin percentage. GCF: gingival crevicular Bluid.
ICG: indocyanine green. PTC: phenothiazine chloride. MB: methylene blue. PD: pocket depth. CAL: clinical attachment loss.
BOP: bleeding on probing. Aa: A. actinomycetemcomitans. Pg: P. gingivalis. Tf: Tannerella forsythia. Pi: Prevotella intermedia. Sp:
Salvadora persica.

Table 4: Experimental designs and results of randomized controlled trials on adjunctive antimicrobial photodynamic therapy
with subgingival instrumentation (n = 15).
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Discussion

Systemic Antibiotics in the Treatment of
Periodontitis

The paradigm has shifted from attributing periodontitis
to specific putative microbiological pathogens to an
understanding that it is likely caused by a change from
commensal flora to opportunistic pathogenic bacteria
[42,43]. Using antibiotics can reduce the bacterial load
following NSPT and eliminate periodontal pathogens, which
can stay hidden within the periodontal tissues [10,44].
Teughels W, et al. [10] concluded after a systematic review
on antibiotics and periodontitis treatment that the evidence
supported a small but statistically significant improvements
in PD (a weighted mean difference of 0.485 mm), CAL (a
weighted mean difference of 0.285 mm), and BOP as well
as a decreased number of residual pockets [10]. The use of
amoxicillin and metronidazole was the most investigated
systemic antibiotic treatment and presented the most
adverse events. These results support the most recent clinical
periodontitis treatment guidelines, which recommends
considering systemic antibiotics only when treating severe
periodontitis in young adults and recommends against
their routine use [1]. This is important, especially since
unnecessary antibiotics and their excessive use in both
humans and animals are involved in the rise of antimicrobial
resistance worldwide [12].

Cosgarea R, et al. [13] found that periodontal
pathogens were still reduced in number at six months,
and Porphyromonas gingivalis was still reduced a year
after the administration of a 7-day regimen of amoxicillin
and metronidazole [13]. Cosgarea R, et al. [14] also tested
a 3-day course of an antibiotic combination for treating
patients with at least Stage III Grade C periodontitis, a fast
progressing and advanced disease [14]. The authors found
that the 3-day course and the standard 7-day prescription
were nearly identical in reducing residual pockets (6 mm
or greater) after six months of follow-up. Both treatments
led to improvements in clinical parameters, microbiological
analysis and inflammatory markers measured in the gingival
crevicular fluid (GCF). Five times as many adverse events
were observed in the full 7-day course compared to the
3-day course of amoxicillin/metronidazole. Cruz D, et al.
[15] recalled patients who had been treated five years prior
with subgingival instrumentation and a combination of
metronidazole and amoxicillin [15]. They found that without
supportive therapy, clinical gains were mostly lost after
five years for both the treatment and the control groups.
Hagenfeld D, [17] used 16s rRNA sequencing to explore
subgingival microbiota diversity and used the subgingival
microbial dysbiosis index (SMDI) to evaluate the effects
of adjunctive amoxicillin and metronidazole in severe
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periodontitis patients (periodontitis stage III-IV) [17].
Significant reductions in periodontal pathogens were seen
up to 26 months after treatment. Faveri M, et al. [16] treated
young patients with severe periodontitis and reported both
clinical and microbiological data over one year of follow-
up [16]. After 14 days of amoxicillin and metronidazole
treatment, patients who had taken the antibiotics presented
significantly greater decreases in red complex bacterial
proportions, greater proportions of health-associated
Actinomyces, and a greater chance of reaching endpoints
of therapy. Red complex bacteria consist of Treponema
denticola, Tannerella forsythia and P. gingivalis, which were
increased in the subgingival samples of the patients affected
by periodontitis [45-48]. In addition, Aggregatibacter
actinomycetemcomitans is a bacterial species specifically
associated with juvenile periodontitis [49]. A specific
serotype was identified as the exogenous pathogen causing
periodontal breakdown. The authors then concluded that
using antibiotics was justifiable in cases presenting a A.
actinomycetemcomitans serotype b infection.

Araujo C, et al. [18] tested 500 mg of clarithromycin bid
for seven days against the more widely used amoxicillin/
metronidazole combination [18]. Patients affected by rapidly
progressing severe disease responded similarly to both
antibiotic regimens. Azithromycin regimens were used for
3-5 days, with minimal-to-no clinical differences reported
by the two publications included in this review [20,21].
Morales et al. also included a probiotic treatment based on
Lactobacillus rhamnosus SP1 consumption once daily for
three months as an adjunct to subgingival debridement,
which showed no difference compared to the control or
adjunctive azithromycin group [21]. Although Cuk K, et
al. [19] and colleagues found no difference in periodontal
clinical parameters after using systemic azithromycin for 3
days as an adjunctive to subgingival instrumentation, they
found that A. actinomycetemcomitans and Campylobacter
rectus were more commonly absent in the test group [19].
The same publication reported greater decreases in A.
actinomycetemcomitans, C. rectus and P. gingivalis in the
adjunctive azithromycin group.

Local Delivery and Other Agents

Systemic antibiotic courses have been linked to more
adverse events for patients, and their use is contributing
to a community-wide rise in antibiotic resistance [1,12].
Local delivery has the advantage of reducing adverse
events, improving compliance and decreasing chances of
bacteria developing resistance [50]. As an example of the
low potential for increasing resistance, an investigation into
locally delivered doxycycline showed a temporary increase
in the proportion of resistant bacteria in the subgingival
microflora, which was not present after three months or six
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months of follow-up [51]. Most importantly, the resistant
bacteria had been identified at baseline. A recent systematic
review and meta-analysis showed that, overall, local
antimicrobial delivery resulted in a statistically significant
decrease in mean PD of 0.365 mm and a mean CAL gain of
0.263 mm, while no increase in adverse events was found
compared to the control [9]. The small difference seen,
which may not be clinically meaningful, paired with the high
heterogeneity between studies led to the recommendation
that providers may use locally delivered antiseptics and
antibiotics as adjuncts to subgingival instrumentation
[1]. Most locally delivered antimicrobials studied were
antibiotics, with the notable exception of chlorhexidine
[9]. More specifically, previously investigated agents made
commercially available included tetracycline, minocycline,
doxycycline, chlorhexidine, metronidazole and piperacillin/
sodium tazobactam in combination. The articles published
in the last five years included in this review investigated
different locally delivered agents; these agents included
antibiotics, ozonated water, tea tree oil and melatonin.

Teles FREF, et al. [25] treated residual pockets of
patients with subgingival instrumentation and minocycline
microspheres, finding that there was no clinical difference at
six months between the use of adjunctive locally delivered
antibiotics compared to subgingival instrumentation use
alone [25]. There was a measurable increase in bacterial
resistance to minocycline at one month after application,
which was diminished but still present at 6 months of follow-
up. This was the case for both plaque and saliva isolates.
They also found that periodontal pathogens isolated during
this study were rarely resistant to minocycline.

Four articles enrolled periodontitis patients who
required initial subgingival instrumentation [22-24,26].
Initial disease severity was variable. Taalab MR, et al. [24]
enrolled Stage Il periodontitis patients [24]. These patients
were expected to respond well to non-surgical therapy [4].
The treatment group received adjunctive 5% tea tree oil
gel, which was selected for its antimicrobial and immune-
modulating potential. They found that the treatment
resulted in significantly greater CAL at six months and
there was also a significant reduction in the GCF levels of
matrix metalloprotease 8 (MMP-8). MMP-8 is considered
a host enzyme contributing to the tissue destruction seen
in periodontitis. Gonde NP, et al. [26] used subgingival
instrumentation and a 1% melatonin gel compared to
subgingival instrumentation alone [26]. The enrolled patients
had bilateral paired intrabony defects that were randomized
to either the treatment or control according to a split-mouth
experimental design. They found that the treatment group
presented significantly better clinical and radiographic
parameters, including PD reduction and bone fill calculated
using cone beam computed topography. Melatonin was
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used for its potential as an immune modulator, improving
osteoblastic differentiation.

Rapone B, et al. [23] investigated adjunctive ozonated
water [23]. Through a powered unit, the treated water
was used in a step-by-step oral disinfection protocol
described, which included rinsing and irrigation paired with
ultrasonic instruments. They found statistically significant
improvements in PD, CAL and percentage BOP at six months.
Ilyes I, et al. [22] used a protocol including piperacillin and
tazobactam in a gel [22]. The trial also employed a treatment
arm using a 14% doxycycline gel, and for the control,
they used a placebo gel as the adjunctive to subgingival
instrumentation. They found no differences between any of
the treatment groups.

Photoactivated Antimicrobials

Photodynamic therapy is a treatment modality that has
various uses in medicine and uses a photosensitizer to absorb
the wavelength of alow-energy light source [11]. In turn, light
absorption by the sensitizer leads to reactive oxygen species
forming in the medium, effectively killing microorganisms. A
systematic review from 2018 by Chambrone, et al. concluded
that the evidence available at the time was insufficient to
support a clinically significant difference in periodontal
parameters following adjunctive photodynamic therapy for
periodontitis and peri-implantitis treatment. The authors
noted significant variation between studies. Wavelength of
the lasers and agents used as photosensitizer are important
in explaining the desired effect on bacteria and host tissues,
but other determining parameters vary significantly between
studies such as duration of exposure, power output and
diameter of a diode tip used. These specifications should be
reported by every trial protocol. The current review included
15 articles on this treatment modality.

Indocyanine green was used as a photosensitizer, and
it is reported to cause cellular damage through increased
intracellular temperature in free-floating bacteria and
periodontal pathogens [28]. Hill G, et al. [30] used an 808
nm diode laser with ICG and found no difference compared
to subgingival instrumentation alone in the residual pockets
of patients in SPT [30]. Niazi FH, et al. [37] used ICG-based
aPDT using an 810 nm laser as an adjunct to non-surgical
periodontal therapy [37]. Patients in the treatment group
presented significantly better PD reduction at six months
in pockets that were 6 mm or greater in depth at baseline.
In another treatment group, an adjunctive uncalibrated
Salvadora persica gel was locally applied in periodontal
pockets. The plant was selected for potential antimicrobial-
and inflammatory-modulating properties and presented
a greater reduction in BOP at six months compared to the
control and aPDT groups. Sukumar K, et al. [33] also used
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ICG with an 810 nm diode laser for NSPT and found a
significantly greater improvement in microbiological, but not
clinical, parameters [33]. They found a significant reduction
in periodontal pathogens at six months compared to
subgingival instrumentation alone. Al-Momani MM, etal. [27]
stratified patients in three groups prior to randomization:
patients without diabetes, patients with diabetes presenting
a glycated hemoglobin (HbA1C) percentage of less than
10% but greater than 6% and patients with more severely
uncontrolled diabetes for whom HbA1C was greater than
10% [27]. Stratified groups based on glycemic control
were then randomly assigned to the treatment and control
subgroups. The adjunctive use of aPDT using ICG with an
810 nm diode laser led to a greater reduction in periodontal
pathogens and improvement in clinical parameters in all
groups, regardless of glycemic status. Annunziata M, et al.
[40] used ICG aPDT with an 810 nm laser as an adjunct to
subgingival instrumentation, providing three applications
(day 1, 7, 28) and using ICG irrigation without laser activation
as a placebo in the control subgingival instrumentation [40].
No statistical significance was found between the test and
control groups at six months after treatment. Costa FO, et al.
[28] investigated residual pockets in SPT patients. Patients
with residual periodontal pockets were assigned to SRP
with ICG aPDT (application at day 1 and day 15) or SRP with
sham aPDT using saline irrigation [28]. The research group
then found limited differences, with only BOP, periodontally
inflamed surface area index and periodontal pathogen
reductions being greater in the treatment group, while CAL
and PD improvements were the same as those in the control.

Methylene blue was part of protocols developed by
four authors. Katsikanis F, et al. [32] compared a higher-
energy 940 nm diode laser to aPDT using a 670 nm diode
laser and methylene blue [32]. They reported no significant
difference six months after a single application, as both the
940 nm diode laser and the aPDT combination performed
as well as subgingival instrumentation alone. Cldudio MM,
et al. [35] compared adjunctive aPDT using a 660 nm diode
laser with methylene blue to subgingival instrumentation
alone [35]. They applied the aPDT protocol three times:
once on the day of instrumentation, and they then retreated
without performing further instrumentation on day 2 and
day 4. The researchers found that, clinically, the mean PD
and the number of residual pockets were significantly less
in the test group. Andere NMRB, et al. [39] applied a similar
methodology to treat residual pockets in periodontitis
patients on maintenance [39]. They tested the same
wavelength (660 nm) diode laser with methylene blue but
applied the aPDT protocol once on the day of instrumentation,
before repeating it on days 2, 7 and 14 for four exposures.
Because initial subgingival instrumentation had been already
performed six months prior to patients’ enrollment in the
study, aPDT was compared to surgical debridement using a
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modified papilla preservation flap [39,52]. This is the only
study that made a comparison with open flap debridement
(OFD) in the control group [39]. Andere NMRB, et al. [39]
found that OFD performed better with significantly greater
pocket depth reduction at initially deeper sites. In turn, OFD
resulted in greater gingival recession and root sensitivity
compared to the aPDT treatment of residual pockets.
Inflammatory analysis of GCF found differences after two
weeks in favor of aPDT in the cytokines measured, but these
differences were not maintained after one year of follow-
up. Only the surgical access in the control group led to a
decrease in A. actinomycemtemcomitans. Claudio MM, et al.
[36] incorporated an oxygen-releasing gel into aPDT using
a 660 nm diode laser and methylene blue [36]. There was
also a control group using SRP alone and a group treated only
with the adjunctive oxygen-releasing gel. Patients enrolled
in the study had poorly controlled type 2 diabetes (HbA1C
7% or greater) and were already enrolled in SPT, presenting
residual pockets requiring treatment. The results showed no
difference between subgingival instrumentation alone and
the repeated use of adjunctive aPDT in residual pockets.

Harmouche L, et al. [29] used another photosensitizer,
toluidine blue, with a diode laser of 630 nm [29]. Patients
enrolled in the study were systemically healthy patients
receiving periodontal supportive therapy, presenting
residual pockets requiring treatment. The aPDT test arm led
to a greater reduction in the number of pockets with depths
greater than 5 mm compared to subgingival instrumentation
alone.

Al-Khureif AA, et al. [34] used a 670 nm diode laser
with phenothiazine chloride as a photosensitizer in patients
enrolled for initial subgingival instrumentation [34]. The
application in the aPDT group was quadruple, starting on day
1 and continuing on days 3, 7 and 14. This is the only article
using adjunctive systemic amoxicillin and metronidazole
in the control group compared to aPDT. They also enrolled
patients with Stage III Grade C or worse periodontitis, i.e.,
cases presenting with faster progression of CAL and a high
level of pre-existing destruction. They found that the aPDT
group improved significantly more for PD and CAL measured
after six months of follow-up in sites with initially severe
pocketing (7 mm or greater PD). The GCF analysis revealed
that only the control group experienced improved cytokine
profiles related to reduced IL-17 and increased IL-10 at
six months Schar D, et al. [38]. used a 670 nm diode laser
with phenothiazine chloride and compared it to subgingival
instrumentation alone for the treatment of residual pockets
in SPT patients [38]. The only statistical difference at six
months was a greater reduction in BOP in the aPDT group;
otherwise, both treatments presented similar improvements.

Ivanaga CA, etal. [31] treated residual pockets in patients
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with type 2 diabetes, using curcumin as a photosensitizer
with a 475 nm diode laser [31]. There was another treatment
group who only received pocket irrigation with curcumin,
as well as a group who received pocket irradiation with the
diode laser, and the control received saline pocket irrigation;
all groups received subgingival instrumentation. Curcumin,
an extract of Curcuma longa roots, was investigated to study
its antimicrobial properties, as well as its anti-inflammatory
potential. After three months, they found a statistically
significant improvement in CAL gain using both the laser
alone and the aPDT combination. These differences were
not maintained at six months in these patients with type 2
diabetes (HbA1C percentage mean * SD, 8.73% * 1.82). Silva
DNDA, et al. [41] investigated adjunctive chloro-aluminum
phthalocyanine aPDT using a 660 nm laser for the initial
subgingival instrumentation of periodontitis patients [41].
The control received subgingival instrumentation with saline
irrigation, and both groups presented similar improvements
after six months of follow-up.

Study Limitations

When comparing the results from the articles included
in this review, care must be taken to understand the great
variability in experimental protocols. Systemic agents
were studied using randomized patients, while locally
administered therapies like aPDT and medicated gels
often were tested using split-mouth approaches. A split-
mouth design allows the patient to act as their own control.
When comparing results for the same patient, the authors
could eliminate variability between subjects and identify
a statistically significant difference with a smaller sample
[9]. This was most significant in aPDT, where split-mouth
randomization and the randomization of sites (periodontal
pockets) were the most used experimental designs. One
major consequence of split-mouth designs is the potential
for a carry-across effect, where the treatment may affect
more than just the target site.

Another limitation shared by many included studies
in this review is the lack of a placebo/vehicle control. In
particular, this was the case for most studies on local delivery
[23-26]. A similar trend was visible in the included studies
on aPDT [27,30,32-37,39]. Specifically for aPDT, even for
studies that included placebo in their control groups, there
was heterogeneity in selection. Some protocols compared
aPDT to active controls using systemic antibiotics and even
surgical management of residual pockets [34,39]. All the
studies included in this review presented a small sample
size, with only one study performing follow-up on more than
100 patients [17].

It is vital to present long-term data that justify the cost,
risk of adverse events and additional treatment time incurred
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by using an adjunctive antimicrobial. Studies showing that
statistically significant differences are maintained one year
after treatment are rare, with only one aPDT trial and six out
of nine adjunctive systemic antibiotic trials being identified.
None of the locally administered agents were followed-up
for 12 months or more. In total, 26 randomized controlled
trials were also excluded from the initial 58 articles in the
full-text review because of follow-up periods being less
than 6 months long. Targeting patients with type 2 diabetes
at a higher risk for disease progression was included in
five trials. Various definitions were used to define patients
with controlled and poorly controlled type 2 diabetes and
guide inclusion in the studies. A threshold of seven percent
HbA1C was used for uncontrolled diabetes used in the latest
periodontitis staging and grading [4]. Al-Momani MM, et
al. [27] considered diabetes controlled with a range from 6
to 10% [27]. Cruz D, et al. [15] and Claudio MM, et al. [35]
investigated patients with uncontrolled diabetes using a 7%
glycated hemoglobin threshold [15,35,36]. Ivanaga CA, et
al. [31] recruited diabetic patients reporting at least a 6.5%
glycated hemoglobin [31]. Since poor glycemic control is
associated with an increase in periodontal destruction and
a decreased response to traditional treatment, the inclusion
of patients with better controlled blood sugar levels in RCTs
may not result in a response representative of the population
most at risk of periodontitis progression, as would be found
in patients with HbA1C levels greater than 7% [4,53]. Future
studies should include longer follow-up periods to help
distinguish short-term benefit from lasting differences with
any of the discussed agents on clinical, radiographical and
microbiological outcomes. They should also use patients
as a randomization unit, consider including all relevant
treatment groups and controls, to identify the contribution
of individual components of a combination treatment. This is
especially important in the case of trials on aPDT. Complete
disclosure of the selected diode laser parameters should
be included. Finally, studies should also include patient-
centered outcomes such as measures of discomfort during
and after procedures.

Overall, the conclusions drawn from this review are
limited because it did not follow the methodology of a
systematic review. However, using the PubMed database,
the review had a wide reach in capturing relevant published
scientific articles in the past five years. The scope of the
search was also limited to trials that included antimicrobials.
This likely led to trials investigating agents for their
immunological-modulating or bone-modulating properties
such as statins being excluded in the search results [54].

Conclusions

The results of the current review support the continuing
efforts being made to investigate the most efficient use of
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adjunctive antimicrobials for the non-surgical management
of periodontitis, either initially when the patient presents
or when residual pockets are seen during SPT. Systemic
antibiotics have a long history of statistically significant
improvement of most clinical parameters, but the small
difference does not justify their use in most periodontitis
patients due to high incidence of adverse events and the
need for the careful use of antibiotics in the face of rising
resistance [1]. RCTs investigating the use of a shorter course
of amoxicillin/metronidazole for periodontitis Stage 111/
IV Grade B/C treatment are needed before a shorter course
can be recommended to reduce the incidence of adverse
events in clinical practice. While specific indications were
noted for the adjunctive use of systemic antibiotics, further
better designed trials are needed to define indications
surrounding adjunctive local delivery and aPDT in the non-
surgical treatment of periodontitis. Research is needed to
identify new locally delivered medications, with long-term
trials confirming a lasting clinical improvement. Future
studies should go beyond improving pocket depth, with new
agents and non-invasive methods of delivery being needed
to optimize healing and promote periodontal ligament
regeneration in patients affected by severe periodontitis.
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