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ABSTRACT

Background

Periodontitis and peri-implant diseases are chronic inflammatory conditions occurring in the mouth. Left untreated, periodontitis
progressively destroys the tooth-supporting apparatus. Peri-implant diseases occur in tissues around dental implants and are
characterised by inflammation in the peri-implant mucosa and subsequent progressive loss of supporting bone.

Treatment aims to clean the pockets around teeth or dental implants and prevent damage to surrounding soft tissue and bone, including
improvement of oral hygiene, risk factor control (e.g. encouraging cessation of smoking) and surgical interventions. The key aspect of
standard non-surgical treatment is the removal of the subgingival biofilm using subgingival instrumentation (Sl) (also called scaling and
root planing). Antimicrobial photodynamic therapy (aPDT) can be used an adjunctive treatment to Sl. It uses light energy to kill micro-
organisms that have been treated with a light-absorbing photosensitising agent immediately prior to aPDT.

Objectives

To assess the effects of Sl with adjunctive aPDT versus Sl alone or with placebo aPDT for periodontitis and peri-implant diseases in adults.

Search methods

We searched the Cochrane Oral Health Trials Register, CENTRAL, MEDLINE, Embase, two other databases and two trials registers up to 14
February 2024.

Selection criteria

We included randomised controlled trials (RCTs) (both parallel-group and split-mouth design) in participants with a clinical diagnosis of
periodontitis, peri-implantitis or peri-implant disease. We compared the adjunctive use of antimicrobial photodynamic therapy (aPDT), in
which aPDT was given after subgingival or submucosal instrumentation (SI), versus Sl alone or a combination of Sl and a placebo aPDT
given during the active or supportive phase of therapy.
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Data collection and analysis

We used standard Cochrane methodological procedures, and we used GRADE to assess the certainty of the evidence. We prioritised six
outcomes and the measure of change from baseline to six months after treatment: probing pocket depth (PPD), bleeding on probing (BOP),
clinical attachment level (CAL), gingival recession (REC), pocket closure and adverse effects related to aPDT. We were also interested in
change in bone level (for participants with peri-implantitis), and participant satisfaction and quality of life.

Main results

We included 50 RCTs with 1407 participants. Most studies used a split-mouth study design; only 18 studies used a parallel-group design.
Studies were small, ranging from 10 participants to 88. Adjunctive aPDT was given in a single session in 39 studies, in multiple sessions
(between two and four sessions) in 11 studies, and one study included both single and multiple sessions. Sl was given using hand or power-
driven instrumentation (or both), and was carried out prior to adjunctive aPDT. Five studies used placebo aPDT in the control group and
we combined these in meta-analyses with studies in which Sl alone was used.

All studies included high or unclear risks of bias, such as selection bias or performance bias of personnel (when Sl was carried out by an
operator aware of group allocation). We downgraded the certainty of all the evidence owing to these risks of bias, as well as for unexplained
statistical inconsistency in the pooled effect estimates or for imprecision when evidence was derived from very few participants and
confidence intervals (Cl) indicated possible benefit to both intervention and control groups.

Adjunctive aPDT versus Sl alone during active treatment of periodontitis (44 studies)

We are very uncertain whether adjunctive aPDT during active treatment of periodontitis leads to improvement in any clinical outcomes
at six months when compared to Sl alone: PPD (mean difference (MD) 0.52 mm, 95% Cl 0.31 to 0.74; 15 studies, 452 participants), BOP
(MD 5.72%, 95% Cl 1.62 to 9.81; 5 studies, 171 studies), CAL (MD 0.44 mm, 95% CI 0.24 to 0.64; 13 studies, 414 participants) and REC (MD
0.00, 95% CI -0.16 to 0.16; 4 studies, 95 participants); very low-certainty evidence. Any apparent differences between adjunctive aPDT and
Sl alone were not judged to be clinically important. Twenty-four studies (639 participants) observed no adverse effects related to aPDT
(moderate-certainty evidence). No studies reported pocket closure at six months, participant satisfaction or quality of life.

Adjunctive aPDT versus Sl alone during supportive treatment of periodontitis (six studies)

We were very uncertain whether adjunctive aPDT during active treatment of periodontitis leads to improvement in any clinical outcomes
at six months when compared to Sl alone: PPD (MD -0.04 mm, 95% Cl -0.19 to 0.10; 3 studies, 125 participants), BOP (MD 4.98%, 95% CI
-2.51t0 12.46; 3 studies, 127 participants), CAL (MD 0.07 mm, 95% CI -0.26 to 0.40; 2 studies, 85 participants) and REC (MD -0.20 mm, 95% CI
-0.48 to 0.08; 1 study, 24 participants); very low-certainty evidence. These findings were all imprecise and included no clinically important
benefits for aPDT. Three studies (134 participants) reported adverse effects: a single participant developed an abscess, though it is not
evident whether this was related to aPDT, and two studies observed no adverse effects related to aPDT (moderate-certainty evidence). No
studies reported pocket closure at six months, participant satisfaction or quality of life.

Authors' conclusions

Because the certainty of the evidence is very low, we cannot be sure if adjunctive aPDT leads to improved clinical outcomes during the active
or supportive treatment of periodontitis; moreover, results suggest that any improvements may be too small to be clinically important. The
certainty of this evidence can only be increased by the inclusion of large, well-conducted RCTs that are appropriately analysed to account
for change in outcome over time or within-participant split-mouth study designs (or both). We found no studies including people with peri-
implantitis, and only one study including people with peri-implant mucositis, but this very small study reported no data at six months,
warranting more evidence for adjunctive aPDT in this population group.

PLAIN LANGUAGE SUMMARY

Antimicrobial photodynamic therapy as an addition to standard treatment for gum disease around natural teeth or dentalimplants
Key messages

We are very unsure whether adding antimicrobial photodynamic therapy (aPDT) to standard treatment has any important benefits for
adults with gum disease when compared to usual treatment alone.

What is gum disease around natural teeth and around dental implants?

Symptoms of gum (periodontal) disease include bleeding gums, swollen gums and bad breath. The infection can damage the soft tissues
around the teeth, and in some cases people may lose their teeth. Many people with a dental implant (a false tooth that is fixed in the gum)
will be affected by this kind of disease around the implant.

How is gum disease treated?

Adjunctive antimicrobial photodynamic therapy for treating periodontal and peri-implant diseases (Review) 2
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As well as advice to brush teeth twice a day and regularly floss between teeth, people may need treatment for gum disease from their
dentist. Standard periodontal treatment includes scraping any bacteria from the infected areas of the mouth using hand instruments
or power-driven instruments. People may also need to take antibiotics, but because of increasing resistance of bacteria to antibiotics,
alternative additional treatments may help.

Antimicrobial photodynamic therapy (aPDT) combines a light-absorbing dye (applied to the affected areas of the mouth after bacteria have
been removed) and a light source (typically a low-energy diode laser device).

What did we want to find out?

We wanted to find out if aPDT added to standard treatment is more effective than standard treatment alone for people with gum disease.
We were interested in the long-term effects of using additional aPDT so we looked at results six months after treatment. We looked at the
difference in the depth of pockets (spaces around the teeth caused by gum disease), bleeding (after gentle probing of the affected sites),
attachment of the tooth to the bone, the amount of gum that has pulled away from the tooth (gum recession) and how many pockets had
closed after treatment. We also wanted to find out if there were any harms associated with using aPDT.

What did we do?

We searched for studies in adults with gum disease or disease around dentalimplants. We included studies that compared aPDT given after
standard treatment versus standard treatment alone. We compared and summarised the results according to whether the treatment was
given to people who had never been treated for gum disease (active treatment) or people who were receiving long-lasting care (supportive
treatment). We rated our confidence in the evidence based on factors such as study methods and sizes.

What did we find?

We included 50 studies involving 1407 adults. In most studies, aPDT was carried out in a single session. In 11 studies, people had multiple
sessions of aPDT (two, three or four sessions). Most studies involved non-smokers. None of the people in the studies had taken antibiotics
in the six months before they enrolled in the study. One very small study involved people who had swelling around dental implants. All
other studies involved people with gum disease around natural teeth.

What were the main results?

During active treatment of gum disease, we are very unsure whether additional aPDT has any important benefits at six months compared
with standard treatment. This includes change in the depth of pockets, bleeding, attachment of the tooth to the bone and gum recession.

We are also very unsure about the findings for the same measurements at six months during the supportive phase of gum disease
treatment.

In one study, a participant developed an abscess (a swelling at one tooth), but it is not clear if this was related to aPDT. Other studies
observed no harms related to aPDT. No studies reported information about how many pockets had closed six months after treatment.

What are the limitations of the evidence?

We are not confident in the evidence because some studies may not have been well conducted and they included only very small numbers
of people. We also found that there were differences between the results of many of the studies and we could not explain what caused
this variation.

How up-to-date is this evidence?

This evidence is current to 14 February 2024.
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SUMMARY OF FINDINGS

Summary of findings 1. Adjunctive antimicrobial photodynamic therapy (aPDT) versus control during active treatment of periodontitis

Adjunctive antimicrobial photodynamic therapy (aPDT) versus control during active treatment of periodontitis

Outcomes Anticipated absolute effects* (95% Cl) Relative effect Numberof par- Certainty of Comments
ticipants the evidence
Risk with control Risk with aPDT (studies?) (GRADE)
Population: adults with untreated periodontitis
Setting: university dental departments or private dental practice
Intervention: aPDT carried out after subgingival instrumentation (either in a single session or in multiple sessions)
Comparison: subgingival instrumentation alone using hand or power-driven instrumentation, or a combination of both
Change in PPD from Mean reduction in PPD MD 0.52 mm more re- 452 lelelo) The reduction in PPD after
baseline to 6 months af-  from baseline to follow-up  duction in PPD (15 RCTs) Very lowb treatment with adjunctive
ter initial treatment ranged from 0.25 mm to (0.31 mm to 0.74 mm aPDT was not clinically impor-
2.56 mm more reduction) tant
Change in BOP from Mean reduction in BOP MD 5.72% more reduc- 171 lelelo) The reduction in BOP after
baseline to 6 months af-  from baseline to follow-up  tionin BOP (5RCTs) Very lowb treatment with adjunctive
ter initial treatment ranged from 7.75%t0 39%  (1.62% to 9.81% more aPDT was not clinically impor-
reduction) tant
Change in CAL from Mean gain in CAL from MD 0.44 mm higher 414 ®OOO The gain in CAL after treat-
baseline to 6 months af-  baseline to follow-up gain in CAL (13 RCTs) Very lowb ment with adjunctive aPDT
ter initial treatment ranged from -0.12 mm to (0.24 mm to 0.64 mm was not clinically important
2.63 mm higher gain)
Change in REC from Mean change in recession ~ MD 0.00 mm change in 95 S0 The result was imprecise and
baseline to 6 months af-  from baseline to follow-up ~ REC (4 RCTs) Very low¢ included no clinical benefit
ter initial treatment ranged from -0.77 mm to (0.16 mm less reces- after treatment with adjunc-
0.2mm sion to 0.16 mm more tive aPDT
recession)
Changein pocket depth - - - - No studies measured this out-
from baseline to 6 come at 6 months
months after initial
treatment
Any adverse effectrelat- 23 studies reported that no adverse effects of aPDT 639 aopod -

ed to aPDT

were observed

(24 studies)
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Moderate

“The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
aPDT: antimicrobial photodynamic therapy; BOP: bleeding on probing; CAL: clinical attachment level; Cl: confidence interval; MD: mean difference; mm: millimetres; PPD:
probing pocket depth; REC: gingival recession; RCT: randomised controlled trial

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

devidence in the review was derived from RCTs with a split-mouth and a parallel-group design.

bDowngraded by 1 level for risk of bias in the included studies and 2 levels for very substantial (and unexplained) statistical heterogeneity.

cDowngraded by 1 level for risk of bias in the included studies, and 2 levels for imprecision because the effect estimate was derived from very few participants and included the
possibility of no benefit for either treatment option.

dDowngraded by 1 level for risk of bias in the included studies.

Summary of findings 2. Adjunctive antimicrobial photodynamic therapy (aPDT) versus control during supportive treatment of periodontitis

Outcomes Anticipated absolute effects” (95% Cl) Relative effect  Number of par- Certainty of Comments
(95% Cl) ticipants the evidence
Risk with control Risk with aPDT (studies) (GRADE)

Adjunctive antimicrobial photodynamic therapy (aPDT) versus control during supportive treatment of periodontitis

Population: adults with recurrent periodontitis
Setting: university dental departments or private dental practice

Intervention: aPDT carried out after subgingival instrumentation (either in a single session or multiple sessions)
Comparison: subgingival instrumentation alone using hand or power-driven instrumentation, or a combination of both

Change in PPD from Mean reduction in PPD MD 0.04 mm less reduction - 125 @000 The result was imprecise

baseline to 6 months from baseline to fol- in PPD (3RCTs) Very lowd and included no clinical

after treatment low-up ranged from 0.26 ~ (0.19 mm less reduction to benefit after treatment with
mm to 0.9 mm 0.10 mm more reduction) adjunctive aPDT

Change in BOP from Mean reduction in BOP MD more reduction in BOP - 127 @000 The result was imprecise

baseline to 6 months from baseline to fol- 4.98% (2.51% less reduction (3RCTs) Very lowb and included no clinical

after treatment low-up ranged from 1% to 12.46% more reduction) benefit after treatment with
to 10% adjunctive aPDT
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Change in CAL from Mean gain in CAL from MD higher gain in CAL 0.07 - 85 @000 The result was imprecise
baseline to 6 months baseline to follow-up mm (0.26 mm lower gain to (2 RCTs) Very low? and included no clinical
after treatment ranged from 0.15mmto  0.40 mm higher gain) benefit after treatment with

0.5mm adjunctive aPDT
Change in REC from Mean change in RECwas  MD less recession 0.2 mm - 24 @000 The result was imprecise
baseline to 6 months 0.4 mm (0.48 mm less recession to (LRCT) Very lowd and included no clinical
after treatment 0.08 mm more recession) benefit after treatment with

adjunctive aPDT
Change in pocket - - - - - No studies measured this
depth from baseline to outcome at 6 months
6 months after treat-
ment
Any adverse effect re- In 1 study, 1 participant had an abscess (not specified if - 134 @BDO -
lated to aPDT this was related to aPDT)
(3RCTs) Moderate¢

In 2 other studies, no adverse effects of aPDT were ob-
served

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
aPDT: antimicrobial photodynamic therapy; BOP: bleeding on probing; CAL: clinical attachment level; CI: confidence interval; MD: mean difference; mm: millimetres; PPD:
probing pocket depth; REC: recessions; RCT: randomised controlled trial

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded by 1 level for risk of bias in the included studies and 2 levels for imprecision because the effect estimate was derived from very few participants and included the
possibility of no benefit for either treatment option.

bDowngraded by 1 level for risk of bias in the included studies and two levels for very substantial statistical heterogeneity, and we noted that the imprecise effect estimate was
derived from very few participants and included the possibility of no benefit for either treatment option.

cDowngraded by 1 level for risk of bias in the included studies.
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BACKGROUND

Description of the condition
Periodontal diseases

Periodontal health is defined by the absence of clinically detectable
inflammation of the tissues around the teeth (Chapple 2018).
Periodontal diseases are classified into gingivitis and periodontitis.
Gingival diseases include non-dental plaque biofilm-induced
gingival diseases and dental plaque-induced gingivitis (Chapple
2018). Periodontitis is a chronic multifactorial inflammatory
disease associated with dysbiotic dental plaque biofilm, affecting
the tissues surrounding the teeth. It is characterised by clinical
attachment loss (CAL) and radiographically assessed alveolar bone
loss, presence of periodontal pocketing and gingival bleeding
(Papapanou 2018; Sanz 2020). The chronic character of the
disease offers a wide time frame for potential interventions, yet
periodontitis remains one of the most common causes of tooth
loss (Slots 2013). Although it is generally accepted that bacteria
are the most important aetiological agents for the initiation and
progression of periodontal diseases, the immune response shows
remarkable inter-individual differences (Dahlén 1998; Seymour
2004). A correlation between the microbiological composition of
the oral cavity and sustained periodontal health has been observed
(Dahlén 1998).

In 2017, the World Workshop for Classification of Periodontal
Diseases and Conditions (co-sponsored by the American
Academy of Periodontology (AAP) and the European Federation
of Periodontology (EFP)) presented a new Classification for
Periodontal and Peri-implant Diseases and Conditions (Caton
2018). Key changes from the previous version were descriptions of
periodontal health, peri-implant health and peri-implant diseases,
aswell astheintroduction of 'staging' and 'grading' of periodontitis
(Caton 2018). A case definition of periodontitis is based on its 'stage'
and 'grade’, taking into account severity, complexity and extent,
as well as direct and indirect evidence of progression rate (Tonetti
2018).

In the previous International Workshop for a Classification of
Periodontal Diseases and Conditions in 1999, the terms 'chronic
periodontitis' and 'aggressive periodontitis' were introduced
(Armitage 1999). These terms are not used any more, but this review
still used the terminology to select studies for inclusion.

Peri-implant diseases

Peri-implant diseases affect oral implants and can be separated
into peri-implant mucositis, which corresponds to gingivitis, and
peri-implantitis, which corresponds to periodontitis (Berglundh
2011; Berglundh 2018; Lang 2011a). While the lesion of peri-implant
mucositis is characterised by the presence of inflammation in
the mucosa but no loss of supporting bone, peri-implantitis is
characterised by the loss of supporting bone in addition to the
mucosal inflammation (Berglundh 2018; Lindhe 2008; Zitzmann
2008).

Like periodontal diseases, peri-implant diseases are thought to be
caused by bacteria, hence the clinical features and therapeutic
strategies are similar (Berglundh 2011; Berglundh 2018; Mombelli
2011b). It is believed that both peri-implant mucositis and peri-
implantitis have an infectious aetiology associated with a biofilm of
pathogenic bacteria (Renvert 2018a).

In both periodontitis and peri-implantitis, there is bone
loss mediated through inflammatory reactions. However, in
periodontitis, there is a protective connective-tissue capsule
separating the lesion from the alveolar bone. This is not found
in peri-implantitis, which results in an extension of the lesion to
the bony crest (Lang 2011b). Additionally, findings from human
biopsy materials from people with peri-implantitis indicate a
more pronounced extension of inflammatory cell infiltrate around
implants, often apical of the pocket epithelium (Berglundh 2011).

Description of the intervention

Standard initial treatment of periodontal diseases is known as
'cause-related non-surgical therapy' (Badersten 1984a; Badersten
1984b). According to current clinical practice guidelines, there
is good evidence for cause-related non-surgical therapy as the
standard of treatment for periodontitis (Suvan 2020), and also
as the first step in the treatment of peri-implantitis (Herrera
2023). Various antimicrobial strategies have been proposed as
adjuncts to subgingival/submucosal instrumentation, among them
antimicrobial photodynamic therapy (aPDT). Here, we investigate
the effects of adjunctive aPDT in the non-surgical treatment of
periodontitis and peri-implant diseases.

Cause-related non-surgical therapy
Mechanical treatment of periodontitis

Periodontal treatment aims to establish long-term infection
control. An important factor for a successful treatment outcome
is the individual's own efforts at supragingival plaque control
(Axelsson 2004). In addition to the self-care of the person with
disease, professional supra- and subgingival instrumentation
is regarded as one of the most effective procedures for the
treatment of infectious periodontal diseases (Cobb 2002). This
instrumentation leads to disruption of the biofilm and removes
hard deposits on the tooth surface supra- and subgingivally; in
this review, we describe this mechanical treatment as subgingival
instrumentation (SI). It can be performed by hand instruments
(e.g. scalers, curettes) or ultrasonic devices (Suvan 2020). In clinical
practice, hand instruments and ultrasonic devices are mostly
combined (Suvan 2020). This anti-infective periodontal therapy
results in resolution of inflammation, leading to a reduction of
pocket probing depths and bleeding on probing, as well as gain
in clinical attachment. A literature review of microbiological goals
of periodontal therapy reported that Sl substantially alters the
bacterial community and may lead to a change in the biofilm
composition, with a shift from pathogenic to beneficial species
(Teles 2006). The review also described the immediate effect of Sl as
adramatic reduction in the total mass of the subgingival biofilm, up
to 90% (Teles 2006). Anatomical structures such as deep pockets,
furcations, grooves or concavities on the root surface may prevent
complete removal of the subgingival biofilm, which again might
result in rapid bacterial regrowth and a recurrence of the disease
(Heitz-Mayfield 2002; Umeda 2004).

Mechanical treatment of peri-implant diseases

Non-surgical therapy appears effective in the management
of peri-implant mucositis (Herrera 2023); the adjunctive use
of antimicrobial mouth rinses may be considered (Gennai
2023). Mechanical sub-marginal instrumentation of implants is
recommended (Herrera 2023), however, if the goals of the non-
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surgical therapy have not been achieved, surgical therapy is
recommended (Herrera 2023).

Adjunctive therapy
Antimicrobial agents

To reduce the number of micro-organisms in areas of the mouth
that are difficult to access with hand or ultrasonic instruments (e.g.
deep pockets, grooves or root furcations), adjunctive antimicrobial
therapy may be considered (Jepsen 2016). The systemic or local
use of such agents may reduce periodontal surgical needs or
improve clinical periodontal conditions (Loesche 1992; Mombelli
2011a; Slots 2002; Walker 2002). For systemic use, the combination
of amoxicillin and metronidazole has been recommended, but
other systemic antibiotics were included in a recent systematic
review (Teughels 2020). Despite reports of significant benefits in
terms of clinical outcomes, frequent adverse events with systemic
antimicrobials are known to occur (Teughels 2020). Another
systematic review looked at antimicrobial compounds for local
use (Herrera 2020). Significant improvements in the reduction of
pocket depths were noted without relevant side effects. The use of
antimicrobials has limitations: on the one hand, bacteria grow as
complex biofilm on tooth and implant surfaces, which leads to a
higher tolerance against antiseptics or antimicrobials (Marsh 2005;
Socransky 2002). Another limitation is the increasing development
of resistance by the target organisms (Carlet 2015; Jepsen 2016).

Antimicrobial photodynamic therapy

This review evaluates antimicrobial photodynamic therapy as
an adjunctive treatment to Sl. Adjunctive aPDT combines three
components: a light source of specific wavelength (light emitting
diode (LED) or laser), a photosensitiser and oxygen (Takasaki
2009). It is based on the ability of bacteria to incorporate a light-
absorbing photosensitiser, which can be activated by light at a
particular wavelength. This activation generates singlet oxygen
and free radicals, which kill a micro-organism through damage to
its cytoplasmic membrane, cytoplasmic proteins, organelles and
DNA (Cobb 2017; Pazzanezi 2015). Some of the benefits of using
aPDT in the treatment of periodontitis may include avoidance
of microbial resistance, inactivation/neutralisation of virulence
factors, like lipopolysaccharides and proteases, associated with
gram-negative bacteria, and the ability to reach deeper parts of the
pocket (Cobb 2017; Soukos 2011).

Gram-negative and gram-positive bacteria can directly be
targeted by positively charged photosensitisers like porphyrins,
phthalocyanines and phenothiazines (e.g. toluidine blue O or
methylene blue) or tricarbocyanines (e.g. indocyanine green)
(Nagahara 2013; Parker 2013; Sarkar 1993; Soukos 2011).
Reactive oxygen species produced by the photonic absorption
in the photosensitiser are toxic to the target bacterial cells
(Mizutani 2016). The ability to induce cytokine synthesis by
lipopolysaccharides is reduced after exposure to toluidine blue
O and He-Ne laser (Komerik 2000). To obtain any effect, the
photosensitiser and the energy source (i.e. wavelength of the laser/
LED) must be compatible (Cobb 2017). Phenothiazine dyes have an
intense absorption at a wavelength of 620 nanometres (nm) to 660
nm, toluidine blue O shows good effects when exposed to 630 nm,
and methylene blue at 660 nm (Pazzanezi 2015). Tricarbocyanines,
such as indocyanine green, have their main peak absorption at 800
nm to 805 nm (Nagahara 2013).

Studies have found aPDT to be a safe adjunctive treatment to
conventional instrumentation of periodontitis because of the low
energy dose of the laser light, the low non-toxic concentration of
the photosensitiser and the ability of human cells to undergo repair
after irradiation (Komerik 2002; Luan 2009; Soukos 1996; Soukos
2011). Its use for peri-implant disease has shown beneficial clinical
and microbiological outcomes (Mizutani 2016; Soukos 2011).

Why it is important to do this review

Periodontitis affects a large proportion of the population.
Attachment loss of 4 mm or more is found in 18% to 60% of
young adults worldwide and 56% to 85% of European adults 60
years or older (Dye 2012). The prevalence of peri-implantitis is
estimated to be at least 56% in people with dental implants (Derks
2015; Zitzmann 2008). Periodontitis causes tooth loss and impairs
the possibility of restoring a functional dentition; both diseases
affect quality of life and are costly to treat. Whilst non-surgical
periodontal therapy, in general, is highly effective, its effectiveness
could be improved in some conditions, such as for the deep pockets
found in advanced disease. The use of aPDT as an adjunctive
treatment to mechanical therapy aims to enhance the elimination
of pathogenic bacteria, without the problem of inducing bacterial
resistance to antimicrobial drugs, which is not expected when using
aPDT. Until now, there has been no Cochrane systematic review
to summarise and assess the available evidence about whether
standard periodontal treatment can be improved by the adjunctive
use of aPDT.

OBJECTIVES

To assess the effects of subgingival instrumentation with adjunctive
antimicrobial photodynamic therapy (aPDT) versus subgingival
instrumentation alone or with placebo aPDT for periodontitis and
peri-implant diseases in adults.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs) with at least one
month of follow-up. We included split-mouth study designs (where
the mouth is divided into two or more experimental segments that
are randomly assigned to different treatments) and parallel-group
study designs. The inclusion of the split-mouth study design was
legitimate as neither the photosensitiser nor light alone can induce
an efficient cytotoxic effect on the cells. The necessary irradiation
with laser or light will have a local effect in the test sites only,
and no effects in the control-treated sites (Takasaki 2009). We
excluded cross-over studies because we assumed that the order of
the interventions would influence the outcomes.

Types of participants

We included studies treating adults (> 18 years of age) with
a clinical diagnosis of periodontitis, peri-implant mucositis or
peri-implantitis. For diagnosis, we included studies using either
the older definitions of aggressive and chronic periodontitis
according to the 1999 International Workshop for a Classification
of Periodontal Diseases and Conditions (Armitage 1999), or
the newer typology of Stage Il and Stage Il periodontitis
developed by the 2017 World Workshop (Papapanou 2018; Tonetti
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2018). For peri-implant diseases, we accepted studies employing
the peri-implant disease definitions developed at the 2017
World Workshop (Berglundh 2018; Renvert 2018a). We included
participants regardless of smoking status.

We excluded studies of participants with systemic diseases or who
were taking any medication that may affect periodontal disease
or treatment (for example, diabetes mellitus, rheumatoid arthritis,
human immunodeficiency virus (HIV), obesity). We also excluded
participants who had taken, or were allowed to take, antibiotics
in the six months prior to the study's start; thus, for example, we
could include a study in which participants had taken antibiotics
seven months prior to their enrolment. We excluded studies that
combined the intervention with local or systemic antibiotics. We
excluded participants who had necrotising periodontitis.

Types of interventions

We included studies comparing adjunctive antimicrobial
photodynamic therapy (aPDT) (in which subgingival aPDT was
performed after subgingival or submucosal instrumentation (SI)
in all participants) with SI alone. We included interventions
given during the active stage of treatment (also defined as
non-surgical anti-infective therapy) in which participants had
not previously been treated for periodontitis, or interventions
given for supportive non-surgical treatment (also defined as the
maintenance period). We included aPDT performed in a single
session or in multiple sessions with any interval of time between
sessions. The intervention may be performed immediately after SI,
or within an appropriate time interval of less than one week.

For Sl delivered to the intervention and control groups, we included
hand or power-driven instrumentation, or a combination of both.

For the control group, we included studies in which S| alone
was used (also described in this review as a 'negative control')
or in which a sham aPDT procedure was carried out after SI (or
'placebo control'). In the case of a sham procedure, we included
a sham laser device (e.g. with the laser switched off) and a sham
photosensitising agent. However, we excluded studies in which
participants were given a genuine photosensitising agent (e.g.
methylene blue) with a sham laser device because we could not
be certain of the antimicrobial effect of the photosensitising agent
(Dortbudak 2001; Pazzanezi 2015; Usacheva 2001).

We included aPDT in which any photosensitising agent was used,
and the laser or light-emitting diode (LED) was used at any
wavelength; in the event that photosensitising agents and lasers
were likely to be incompatible, we noted this in the Results
section of the review. We excluded studies in which a laser
was used without a photosensitising agent or in which a laser
was used in addition to aPDT. In this review, we included aPDT
used subgingivally; we excluded studies investigating transgingival
irradiation.

We only included additional treatments (e.g. chlorhexidine
mouthrinse) if they were given in both arms of the study.

We included the following comparisons in the review:

« Adjunctive aPDT versus control during active treatment of
periodontitis.

« Adjunctive aPDT versus control during supportive treatment of
periodontitis.

« Adjunctive aPDT versus control during the active treatment of
peri-implant mucositis.

We also planned to include comparisons for supportive treatment
of peri-implant mucositis, and for the active and supportive
treatment of peri-implantitis.

Types of outcome measures
Critical outcomes

« Change in probing pocket depths (PPD) in teeth, or change in
probing depths (PD) in implants. Measured from baseline to
three months or six months, in mm.

« Change in bleeding on probing (BOP). Measured from baseline
to three months or six months, in percentages.

« Change in clinical attachment level (CAL/RAL). Measured from
baseline to three months or six months, in mm.

« Change in gingival recession (REC). Measured from baseline to
three months or six months, in mm.

« Pocket closure. Measured as the proportion of pockets changing
from=5mm to<4 mm.

« Any adverse effect related to aPDT.

Other important outcomes

+ Change in bone level for implants from baseline to the end of
the study. Measured only in studies of participants with peri-
implantitis.

« Patient satisfaction.

+ Quality of life.

We expected that measurements would be taken using appropriate
periodontal probes or stents (as described in Appendix 1).

Search methods for identification of studies
Electronic searches

We searched the following databases:

« Cochrane Oral Health Trials Register (26 July 2022; because of
changes to Cochrane Oral Health, this registry was not up-to-
date when we ran additional searches in February 2024).

« Cochrane Central Register of Controlled Trials (CENTRAL) (14
February 2024).

« MEDLINE Ovid and Epub Ahead of Print, In-Process, In-Data-
Review & Other Non-Indexed Citations, Daily and Versions (1946
to 14 February 2024).

+ Embase Ovid (1980 to 14 February 2024).

o CINAHL EBSCO (Cumulative Index to Nursing and Allied Health
Literature; 1937 to 14 February 2024).

« AMED Ovid (Allied and Complementary Medicine; from 1985 to
14 February 2024).

We modelled subject strategies on the search strategy designed for
MEDLINE Ovid. Where appropriate, we combined subject-specific
terms with the highly sensitive search strategies designed by
Cochrane for identifying RCTs and controlled clinical trials (as
described in the Cochrane Handbook for Systematic Reviews of
Interventions, Version 6.3 (Lefebvre 2022)). We did not apply any
language restrictions. The search strategies for all databases are
reported in Appendix 2.
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To identify ongoing trials, we searched the following trial registries.

« US National Institutes of Health ongoing trials register,
ClinicalTrials.gov (clinicaltrials.gov) (searched 29 April 2024)
(Appendix 2).

« World Health Organization (WHO) International Clinical
Trials Registry Platform (apps.who.int/trialsearch/default.aspx)
(searched 29 April 2024) (Appendix 2).

Searching other resources

We checked the reference lists of included studies and relevant
systematic reviews for further studies. In the early preparation
of this review, we also searched for unpublished evidence in
conference proceedings of the International Association for Dental
Research (IADR), American Academy of Periodontology (AAP) and
European Federation of Periodontology (EFP) up to June 2021. At
the same time, we sought relevant 'in press' manuscripts from
the Journal of Clinical Periodontology, Journal of Periodontology,
Journal of Dental Research and Journal of Periodontal Research
via contact with journal editors. We also attempted to contact
editors of the following journals to identify relevant manuscripts
accepted through a peer review process but not yet published:
Journal of Clinical Periodontology; Journal of Periodontology;
Journal of Periodontal Research; Journal of Dental Research; Lasers
in Medical Science; Lasers in Surgery and Medicine; Clinical Oral
Investigations; Clinical Oral Implants Research; Photomedicine and
Laser Surgery; Photodiagnosis and Photodynamic Therapy; Journal
of Photochemistry and Photobiology B. Due to limited resources,
we did not repeat attempts to source unpublished materials in
February 2024.

Data collection and analysis
Selection of studies

Two review authors (PS, and either RC, JB or SL) independently
and in duplicate screened the titles and abstracts of all records
identified from the searches. We obtained the full text for all
studies that appeared to meet the inclusion criteria, and two review
authors (PS, RC, JB or SL) independently assessed the full texts to
establish whether studies met the inclusion criteria. We contacted
study authors when necessary for clarification of eligibility. If
necessary, we resolved any disagreements through discussion with
another review author (SJ).

Data extraction and management

Two review authors (PS, and either JB or SL), independently and
in duplicate, extracted information from the included study reports
using a data extraction form designed for this review. We resolved
any disagreement by discussion with other review authors (RC,
SJ, HW or IN). Review authors did not extract data (or resolve
disagreements) from studies in which they were involved; these
studies were evaluated by other review authors. We collected the
following information from each study.

« Methods: study design, year of study, study duration,
population, country and city of origin, funding and declarations
of interest, study inclusion and exclusion criteria.

« Participants: total number, diagnostic criteria, sex, age, study
setting (university/private practice).

« Interventions:

o For SI: type of instrumentation (hand/powered), duration of
instrumentation, experience level of clinicians.

o For adjunctive aPDT: type of photosensitiser and exposure
time, type of irradiation device, power settings, irradiation
time); phase of treatment (active or supportive phase);
number of applications and sessions (single or multiple).

o For control: details of any placebo treatment.

o Additional information: oral hygiene interventions before
study start, level of oral hygiene by study start, oral
hygiene interventions during study (e.g. recall); concomitant
treatments given to both groups during study period.

« Outcomes (type of outcome, measurement tool, timing of data
collection).

We contacted study authors for clarification of data or missing data.

Assessment of risk of bias in included studies

We assessed the risk of bias in the included studies using the
Cochranerisk of bias tool (Higgins 2011). We assessed the following
domains.

« Sequence generation (selection bias)

« Allocation concealment (selection bias)

« Blinding of participants and personnel (performance bias)
« Blinding of outcome assessment (detection bias)

« Incomplete outcome data (attrition bias)

« Selective reporting (reporting bias)

« Other sources of bias

For each domain, two review authors (PS, JB or SL) judged
whether study authors made sufficient attempts to minimise bias
in their design. For each domain, we made judgements using three
measures - high, low or unclear risk of bias - and we recorded
these judgements in risk of bias tables. We made these judgements
independently and in duplicate. We reached consensus through
discussion and, if necessary, included a third review author for
resolution.

We made an overall assessment of the risk of bias in each study as
follows:

« If all domains were at low risk, we judged the study to be at low
risk of bias overall.

« If any domains had an unclear risk, we judged the study as
having an unclear risk of bias overall.

« If any had a high risk of bias, we judged the study to be at high
risk of bias overall.

Measures of treatment effect

For continuous outcomes, we used mean differences (MD) and 95%
confidence intervals (Cl) to summarise the data for each group and
between groups. Had studies measured the same outcomes using
different scales, we would have expressed the effect estimates as
standardised mean differences (with 95% Cls). For dichotomous
outcomes, we planned to express the effect estimates as risk ratios
(RR) and 95% Cls.

According to meta-analyses by Suvan 2020 and Hung 2002, it is
reasonable to judge treatment success after S| according to the
value of reductions in PPD, BOP and CAL, as well as an increase in
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pockets =4 mm (pocket closure). For a successful outcome in this
review, we expected the mean PPD reduction to be between 1 mm
(forinitially moderate pockets of 4 to 6 mm) and 2.6 mm (forinitially
deep pockets of 7 mm or more) (Hung 2002; Suvan 2020), and the
mean reduction in CAL to be between 0.5 mm (for initially moderate
pockets) and 1.2 mm (for initially deep pockets) (Hung 2002). For
BOP and pocket closure, expected values to judge success are
available for all sites together, regardless of initial pocket depth.
Therefore, we expected BOP to decrease by approximately 63% and
pocket closure to increase by approximately 74% for us to judge a
successful outcome (Suvan 2020).

Aclinically relevant difference between control and test treatments
canonly be seen as a higher or lower percentage of obtained values
in the test group relative to the results in the control group.

Such values are not specified for implants, since there are no
anatomically defined probing depths around an implant. In the
case of peri-implant mucositis, the endpoint is defined as no BOP
at more than one point at the implant, and no suppuration. For
peri-implantitis, these criteria are also atimplant level, and residual
probing depths of =5 mm should be achieved (Herrera 2023).

Unit of analysis issues

For parallel-group study designs, we used the participant as the unit
of analysis. For split-mouth studies, in which areas of the mouth
are allocated to treatment or control, the site of investigation is the
unit of analysis; in these studies, the participant acts as their own
control. For the analysis of split-mouth studies, we attempted to
address unit of analysis issues using estimations (as described in
Data synthesis).

Dealing with missing data

We attempted to contact study authors to obtain any missing data.
We calculated missing standard deviations (SDs) using the methods
described in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2020).

Assessment of heterogeneity

We assessed statistical heterogeneity in any pooled analyses
using the Chi2 test and the 12 statistic. We used the following
interpretation of 12 values: 0% to 40% might not be important;
30% to 60% may represent moderate heterogeneity; 50% to
90% may represent substantial heterogeneity; and 75% to 100%,
considerable heterogeneity.

Assessment of reporting biases

We had planned to evaluate the possibility of publication bias
through assessment of funnel plot asymmetry through Egger's
test. However, most of the studies in large meta-analyses were
from split-mouth study designs and included estimations for
the standard errors (SEs). Therefore, we expected that tests for
publication bias would provide results that were not meaningful.

Data synthesis

We followed the guidelines in the Cochrane Handbook for
Systematic Reviews of Interventions for statistical analysis of results
(Higgins 2020). For studies in the same comparison reporting the
same outcome measures, we performed a meta-analysis.

We used means and standard deviations reported in the included
studies for change measurements (from baseline to follow-up) in
each of the study groups. If these data were not available, we
calculated change measurements (from baseline to three months
or six months) in each group. For these change measurements, we
used an intraclass correlation coefficient (ICC) of 0.5 to calculate
the SDs associated with the MDs; this accounts for the dependency
within groups for the change measurements. For split-mouth
studies, we then calculated the MD and associated standard error
(SE) between the intervention and control groups; again, we used
an ICC of 0.5 to account for the dependent relationship of the
data in these split-mouth study designs. For parallel-group study
designs, we used the calculator in RevMan Web to calculate the
MD in change measurements between the intervention and control
group (Review Manager 2020). Calculations using imputed data are
available upon request (cochraneoralhealth@manchester.ac.uk).
When combining data from split-mouth study designs with data
from parallel study designs, we used the generic inverse variance
approach, and combined the MDs (and associated 95% Cls) from
each parallel-group study with the MD and SE from each split-
mouth study. We used a random-effects model for all the meta-
analysis.

Although we reported the pooled results of studies in each
comparison regardless of type of study design, or population
and intervention components, we stratified the presentation of
all pooled results according to whether adjunctive aPDT was
performed in a single session or multiple sessions.

We found that some studies reported outcome data separately
according to initial pocket depth. In these cases, we selected the
data for the pocket depth that was most commonly reported across
all studies.

Subgroup analysis and investigation of heterogeneity

We had intended to conduct a subgroup analysis according to the
stage of treatment, but we decided that studies conducted during
active treatment should be considered separately from studies
conducted during the supportive care stage.

For analyses in which there were at least 10 studies, we conducted
subgroup analyses to identify differences in results according to the
type of control group (placebo control versus negative control or Sl
alone).

We also conducted post hoc sensitivity analyses to explore whether
there were any differences in results according to whether aPDT
was delivered in a single session or in multiple sessions. We
considered this an important distinction between studies, and we
therefore stratified the presentation of results according to this
criterion, regardless of the results of formal tests of subgroup
interactions.

We only conducted subgroup analyses for comparisons and
outcomes included in the summary of findings tables.

Sensitivity analysis

We planned to conduct sensitivity analyses by excluding any
studies that did not have an overall low risk of bias. However,
we found that this was not feasible following our assessment of
the risk of bias in the included studies. Therefore, we adjusted
this sensitivity analysis to explore the impact of studies at high or
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unclear risk of selection bias or at high risk of performance bias.
We also explored the impact of decisions made during the review
process to manage split-mouth studies, reported funding sources
inincluded studies, and the impact of including studies in which all
participants were smokers. Therefore, we conducted the following
sensitivity analyses.

« Risk of bias:

o We excluded studies judged to have unclear or high
risk of selection bias (sequence generation or allocation
concealment).

o We excluded studies judged to have a high risk of
performance bias (for personnel).

« Approximations of SDs during analysis:

o We excluded all split-mouth studies.

o We excluded split-mouth studies with 2 approximations of
SDs.

o We excluded all split-mouth studies, and all parallel-group
designs with 1 approximation of SD.

« Sources of funding:

o We excluded studies with industry funding.

o We excluded studies with industry funding or with no
description of the funding source.

« We excluded studies in which all participants were smokers.

We compared the results of the sensitivity analyses with the results
of our primary analyses and reported the effect estimates in
Appendices.

Summary of findings and assessment of the certainty of the
evidence

Two review authors (PS and SL) used the GRADE system to assess
the certainty of the body of evidence associated with the six critical
outcomes at a six-month follow-up (Schiinemann 2020).

The GRADE approach assesses the certainty of a body of evidence
based on the extent to which we can be confident that an estimate
of effect or association reflects the item being assessed. Evaluation
of the certainty of a body of evidence considers within-study risks of
bias, directness of the evidence (indirectness), heterogeneity of the
data (inconsistency), precision of the effect estimates (imprecision)
and risk of publication bias. The certainty of the evidence could be
high, moderate, low or very low, downgraded by one or two levels
depending on the presence and extent of concerns in each of the
five GRADE domains. We used footnotes to describe the reasons for
downgrading the certainty of the evidence for each outcome and
used these judgements when drawing conclusions in the review.

We used GRADEpro GDT software to prepare the following summary
of findings tables (GRADEpro GDT).

« Adjunctive aPDT versus control during active treatment of
periodontitis.

« Adjunctive aPDT versus control during supportive treatment of
periodontitis.

RESULTS

Description of studies
Results of the search

We retrieved a total of 4961 records from searches of databases
and trials registers; we found no records from other sources. After
removal of duplicates, we screened 2900 records. We excluded
2776 records based on title and abstract and obtained the full
text of the remaining 124 records. We excluded 62 full-text records
(Characteristics of excluded studies). We categorised 10 studies
(with 10 records) as awaiting classification (Characteristics of
studies awaiting classification) and found two ongoing studies
(Characteristics of ongoing studies). We included 50 studies (59
records). For a detailed description of our screening process, see
Figure 1.
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Figure 1. Study selection process
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Figure 1. (Continued)

Included studies

See Characteristics of included studies. We contacted one study
author who provided additional data to allow us to include the
review in the analyses (Braun 2008).

Design

Of our50included studies, 18 used a parallel-group design (Al Rifaiy
2022; Betsy 2014; Borekci 2019; Chondros 2009; Christodoulides
2008; Cosgarea 2021; de Araujo Silva 2020; Derikvand 2020; El
Mobadder 2023; Elsadek 2022; Grzech-Le$niak 2019; Monzavi 2016;
Patyna 2021; Petelin 2015; Polansky 2009; Raut 2018; Riihling 2010;
Sethi 2019). The remaining studies used a split-mouth design in
which the unit of randomisation was the area of the mouth (sides,
quadrants or teeth) and each participant acted as their own control.

Location and setting

Nine of the 50 included studies were conducted in Brazil (Bechara
Andere 2018; Campos 2013; Coelho 2023; da Siva 2020; de Aradjo
Silva 2020; Moreira 2015; Queiroz 2015; Rodrigues 2023; Theodoro
2012); 10 in India (Annaji 2016; Arya 2023; Betsy 2014; Joshi
2020; Karmakar 2021; Malgikar 2016; Mallineni 2020; Raut 2018;
Sethi 2019; Srikanth 2015); seven in Germany (Berakdar 2012;
Braun 2008; Cosgarea 2021; Hill 2019; Patyna 2021; Romanos 2010;
Riihling 2010); seven in Iran (Amini 2014; Bassir 2013; Chitsazi 2014,
Derikvand 2020; Monzavi 2016; Pourabbas 2014; Talebi 2016); five
in Saudi Arabia (Al-Kheraif 2022a; Al-Kheraif 2022b; Al Rifaiy 2022;
Al-Zahrani 2011; Elsadek 2022); two in the Netherlands (Chondros
2009; Christodoulides 2008); two in Poland (El Mobadder 2023;
Grzech-Lesniak 2019); two in Romania (Cosgarea 2021; Munteanu
2022); and one each in Austria (Polansky 2009); France (Courval
2020); Jordan (Alwaeli 2015); Malaysia (Pulikkotil 2016); Slovenia
(Petelin 2015); Turkey (Borekci 2019); and the USA (Gandhi 2019).

Most studies were conducted in a university hospital setting. Only
three studies were conducted in a private practice setting (Al Rifaiy
2022; Cosgarea 2021; Romanos 2010). Most studies were conducted
from a single centre; one did not report how many centres were
involved (Grzech-Lesniak 2019), although most likely it was one
centre.

Duration

Most of the studies (56%) had a duration of three months. Nineteen
studies lasted six months (Al-Kheraif 2022a; Al-Kheraif 2022b;
Bechara Andere 2018; Berakdar 2012; Betsy 2014; Chondros 2009;
Christodoulides 2008; Cosgarea 2021; Courval 2020; de Aradjo Silva
2020; Derikvand 2020; Elsadek 2022; Grzech-Lesniak 2019; Hill 2019;
Malgikar 2016; Patyna 2021; Raut 2018; Srikanth 2015; Theodoro
2012). Three studies lasted longer than six months: nine months
(Gandhi 2019); 12 months (Alwaeli 2015; Petelin 2015). Only one
study lasted less than three months (Borekci 2019).

Sources of funding

Nine studies received industry funding (Braun 2008; Chondros
2009; Christodoulides 2008; Cosgarea 2021; Courval 2020; Hill

2019; Patyna 2021; Petelin 2015; Rihling 2010), and 10 studies
did not report details of financial support (Alwaeli 2015; Annaji
2016;Arya 2023; Berakdar 2012; Gandhi 2019; Joshi 2020; Karmakar
2021; Romanos 2010; Srikanth 2015; Talebi 2016). The remaining
studies were funded through the study authors' own institution
(university), had received non-commercial (e.g. government)
grants, or declared that they had received no funding.

Participants

In total, 1407 adult participants were included in the studies, aged
between 18 and 74 years of age. The size of studies ranged from 10
to 88 participants.

In one study, participants had peri-implant mucositis (Al Rifaiy
2022). In the remaining studies, all participants had periodontitis.
The inclusion criteria for 38 studies used the former classification
from 1999 (Armitage 1999): five trials included only participants
with aggressive periodontitis (Annaji 2016; Bechara Andere 2018;
Borekci 2019; Chitsazi 2014; Moreira 2015); one study included
participants with either chronic or aggressive periodontitis
(Pulikkotil 2016) and in the remaining studies, participants were
diagnosed with chronic periodontitis. Nine studies used the
new classification from 2018 (Caton 2018): two studies included
participants with stage Il periodontitis (Al-Kheraif 2022a; Arya
2023); four studies included participants with stage Ill periodontitis
(Al-Kheraif 2022b; Coelho 2023; Elsadek 2022; Rodrigues 2023);
one study included participants with stage Il and Ill (Patyna 2021);
one study included participants with stage Ill and IV (El Mobadder
2023); and one study included participants with stage | to IV
(Cosgarea 2021). Three studies did not give detailed information
about participants' diagnoses (da Siva 2020; de AraUjo Silva 2020;
Romanos 2010).

Two-thirds of studies excluded smokers from participation.
Eight studies involved a mix of smokers and non-smokers (Al-
Kheraif 2022a; Al-Kheraif 2022b; Bassir 2013; Chondros 2009;
Christodoulides 2008; Cosgarea 2021; Courval 2020; Polansky
2009), and three studies treated smokers only (Al-Zahrani 2011; Al
Rifaiy 2022; Queiroz 2015), but in Al Rifaiy 2022, this was limited
only to smokers of e-cigarettes. Five studies did not clearly report
smoking status (Alwaeli 2015; Amini 2014; El Mobadder 2023;
Grzech-Les$niak 2019; Munteanu 2022).

Forty-four studies evaluated adjunctive aPDT in the active phase of
treatment (step 2) of periodontitis. Three of these studies described
participants as untreated (Alwaeli 2015; Braun 2008; Courval 2020),
one study performed aPDT after six weeks (Romanos 2010), seven
studies set the limit for previous periodontal treatment at one year
(Arya 2023; Bassir 2013; Bechara Andere 2018; Pourabbas 2014;
Raut 2018; Sethi 2019; Theodoro 2012), three studies had a limit
of two years after previous periodontal treatment (Amini 2014;
Christodoulides 2008; Polansky 2009), and nine studies did not give
detailed information about previous periodontal treatment (Al-
Zahrani 2011; Berakdar 2012; Betsy 2014; da Siva 2020; Derikvand
2020; El Mobadder 2023; Karmakar 2021; Mallineni 2020; Petelin
2015). The remaining studies in active phase of treatment set the
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limit for previous periodontal treatment at six months (Al-Kheraif
2022a; Al-Kheraif 2022b; Annaji 2016; Borekci 2019; Chitsazi 2014;
Chondros 2009; Coelho 2023; Cosgarea 2021; de Araujo Silva 2020;
Elsadek 2022; Gandhi 2019; Hill 2019; Joshi 2020; Malgikar 2016;
Moreira2015; Munteanu 2022; Patyna 2021; Pulikkotil 2016; Queiroz
2015; Rodrigues 2023; Srikanth 2015; Talebi 2016). In addition, one
study evaluated adjunctive aPDT during the active treatment phase
of peri-implant mucositis (Al Rifaiy 2022).

Six studies examined the effect of adjunctive aPDT in the supportive
phase (step 4 of treatment) (Campos 2013; Chondros 2009;
Cosgarea 2021; Grzech-Les$niak 2019; Monzavi 2016; Riihling 2010).
Only two of these studies described the interval from participants'
last treatment (six months, Cosgarea 2021; 12 months, Riihling
2010).

Twenty-four of 49 studies predefined the sites of interest based on
an initial probing pocket depth (PPD) of at least 5 mm. One study
included an initial PPD of 3 mm (Amini 2014), eight studies set the
limit for inclusion at a PPD of =4 mm (Campos 2013; Chitsazi 2014;
Chondros 2009; Cosgarea 2021; Courval 2020; Munteanu 2022;
Petelin 2015; Pourabbas 2014), two studies limited the range to 5
mm (Al-Kheraif 2022a; Arya 2023), one study included only sites
within an initial range of 4 mm to 6 mm (Betsy 2014), one study
within a range of 5 mm to 7 mm (Joshi 2020), one within a range of
5 mm to 8 mm (Polansky 2009), and one with a range of 5 mm to 9
mm (Theodoro 2012).

Interventions

Subgingival instrumentation (SI) was carried out on all participants
prior to aPDT; studies used hand instruments, ultrasonic
instruments, or both. Additionally, studies provided oral hygiene
instruction to participants. One study performed re-treatment with
SI after three and six months follow-up (Courval 2020). For the
purpose of analysis, we only used the three-month data before
retreatment with Sl; this ensured comparability with other studies
in meta-analyses.

In most studies, adjunctive aPDT was carried out in a single
application. However, 11 studies included multiple applications
of aPDT, with a range of two to four sessions (Al-Kheraif 2022a;
Bassir 2013; Borekci 2019; Coelho 2023; Cosgarea 2021; Courval
2020; Grzech-Le$niak 2019; Monzavi 2016; Moreira 2015; Petelin
2015; Rodrigues 2023). One multi-arm study included a group with
multiple applications (three sessions) as well as another group
with a single application (Annaji 2016). In three studies in which
multiple applications of aPDT were used, Sl was carried out in each
session of aPDT (Bassir 2013; Monzavi 2016; Petelin 2015). However,
in all other studies, Sl was carried out only once, irrespective of the
number of aPDT sessions.

Twenty-two studies used methylene blue as a photosensitiser. Of
these, 21 used a diode laser (Al Rifaiy 2022; Alwaeli 2015; Al-Zahrani
2011; Bechara Andere 2018; Berakdar 2012; Betsy 2014; Braun 2008;
Campos 2013; Chondros 2009; Christodoulides 2008; Coelho 2023
; Cosgarea 2021; Derikvand 2020; Elsadek 2022; Malgikar 2016;
Moreira 2015; Petelin 2015; Queiroz 2015; Rodrigues 2023; Romanos
2010), with an energy source of 660 nm to 670 nm; one study used a
light-emitting diode (LED) source with 628 nm (Pulikkotil 2016); one
used a diode laser with 680 nm as energy source (Polansky 2009)
and one used a diode laser with 980 nm (Malgikar 2016). Fourteen
studies combined toluidine blue with eithera628 nm to 640 nm LED

ordiode laser (Amini 2014; Bassir 2013; Borekci 2019; Courval 2020;
El Mobadder 2023; Grzech-Lesniak 2019; Mallineni 2020; Munteanu
2022; Patyna 2021; Pourabbas 2014; Riihling 2010), two with a 660
nm to 680 nm diode laser (Chitsazi 2014; Theodoro 2012) and one
with a 810 nm diode laser (Annaji 2016). All these photosensitisers
were accepted as phenothiazine dyes (e.g. toluidine blue O and
methylene blue). They are described as having the best absorption
in the region of 620 nm to 670 nm (Cobb 2017; Pazzanezi 2015).
Four studies used chloro-aluminium phthalocyanine dye with a 685
nm (Al-Kheraif 2022a; Al-Kheraif 2022b) or 660 nm diode laser (da
Siva 2020; de Aradjo Silva 2020). Eight studies described the effect
of indocyanine green activated with an 810 nm diode laser (Arya
2023; Gandhi 2019; Hill 2019; Joshi 2020; Karmakar 2021; Monzavi
2016; Raut 2018; Srikanth 2015), one used indocyanine green as the
photosensitiser, but did not give information about the wavelength
used (Sethi 2019).

We noted that two studies used a combination of a photosensitiser
and a diode laser with a possible non-compatible wavelength. One
study combined toluidine blue with a wavelength of 810 nm (Annaji
2016), the other combined methylene blue with a wavelength of 980
nm (Malgikar 2016).

The majority of the studies used the energy source in a continuous
mode, with only two studies using the laser in a pulsed mode (Hill
2019; Malgikar 2016); two other studies reported no information
about the working mode (de Araujo Silva 2020; Talebi 2016).

One study used chlorhexidine 0.12% irrigation for 10 seconds in
both groupsimmediately after SI (ElMobadder 2023). Otherwise, all
interventions were carried out using a sufficiently similar approach,
and we expected that any variations were unlikely to be clinically
important.

Outcomes

We included three studies that met the review eligibility criteria but
reported outcome data in a way that we were unable to use in the
review (da Siva 2020; de Aradjo Silva 2020; Talebi 2016), and another
study that only reported microbiological parameters that we did
not report in this review (Romanos 2010). We reported only adverse
effects data from Betsy 2014 and Munteanu 2022. Clinical data
were available in all the remaining studies. However, no studies
reported change in bone level forimplants, or participant-reported
measures of satisfaction or quality of life.

We prioritised data reported at six months in this review, and
18 studies provided data for our primary outcomes at this time
point (Al-Kheraif 2022a; Al-Kheraif 2022b; Alwaeli 2015; Bechara
Andere 2018; Berakdar 2012; Chondros 2009; Christodoulides
2008; Cosgarea 2021; Derikvand 2020; Elsadek 2022; Gandhi 2019;
Grzech-Lesniak 2019; Hill 2019; Malgikar 2016; Patyna 2021; Raut
2018; Srikanth 2015; Theodoro 2012). For the remaining studies,
in which clinical data were available, these data were reported at
three months. Although three studies reported data at later time
points of nine months (Gandhi 2019), and 12 months (Alwaeli 2015;
Petelin 2015), we did not include these data in the review.

Excluded studies

We excluded 62 studies after inspection of the full-text reports
(Characteristics of excluded studies). Most of these studies
excluded participants that had used antibiotics in recent months
(most typically within three months). This meant that some
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participants may have used antibiotics within six months of the
start of the study (e.g. between three and six months), and therefore
were not eligible for this review.

We also excluded studies because the type of study design
was ineligible, or because the intervention or comparison was
ineligible, as follows.

« Five studies were not randomised (Al Deeb 2020; Ahmed 2023;
Losev 2023; Mangalekar 2022; Pinheiro 2010).

« Four studies included an inappropriately long interval between
Sl and aPDT (Bundidpun 2018; Carvalho 2015; da Cruz Andrade
2017; Sigusch 2010).

« Two studies carried out transgingival rather than subgingival
irradiation during aPDT (Katsikanis 2020; Yamashita 2022).

« One study assessed the effects of the photosensitising agent
rather than aPDT and therefore used S| and adjunctive aPDT
without a photosensitising agent in the control group (AlSarhan
2021).

« One study did not include a control group that only had SI
(Alvarenga 2019).

« Inthreestudies, the sham aPDT in the control group included an

active photosensitising agent but without use of an active laser
(Correa 2016; Luchesi 2013; Kassa 2023).

Studies awaiting classification

We were unable to fully assess eligibility for 10 studies; see
Characteristics of studies awaiting classification. We were unable
to source the full-text article for Lopez 2020, and we await
translation of another study in Persian (Farhad 2015). For the
other studies, we attempted to contact study authors to request
additional information to allow us to assess eligibility but, at
the time of publication, we received no reply from these studies;
for the majority of studies, we were interested in the time since
participants may have taken antibiotics.

Ongoing studies

We found two ongoing studies (CTRI/2023/02/050002;
CTRI/2023/04/051300). Both studies are recruiting participants
to adjunctive aPDT or Sl alone for the active treatment of
periodontitis. In total, these studies have an estimated sample size
of 46 participants. See Characteristics of ongoing studies.

Risk of bias in included studies

We summarise the risk of bias for each domain for each study in
Figure 2 and Figure 3. We did not complete risk of bias assessment
for four studies because we did not include any data from these
studies in the review (da Siva 2020; de Aratjo Silva 2020; Romanos
2010; Talebi 2016); hence, the figures include blank spaces because
of the missing risk of bias assessment.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies. We did not complete risk of bias assessment for 3 studies (6%), indicated by blank

(white) space at the right of the graph
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
Blank spaces indicate that risk of bias assessment was not completed; we did not use any outcome data for these
studies in the review.
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Figure 3. (Continued)
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We judged no studies to have a low risk of bias overall. Twenty =~ 2016; Moreira 2015; Patyna 2021; Petelin 2015; Pourabbas 2014;
studies had an unclear risk of bias overall (Al-Kheraif 2022a; Al-  Rodrigues 2023; Srikanth 2015). The remaining studies had a high
Kheraif 2022b; Bassir 2013; Bechara Andere 2018; Braun 2008;  risk of bias overall.

Chitsazi 2014; Christodoulides 2008; Coelho 2023; Cosgarea 2021,

Derikvand 2020; Hill 2019; Malgikar 2016; Mallineni 2020; Monzavi
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Allocation

In five studies, the method of random sequence generation was
not described and we were uncertain of the risk of selection
bias in these studies (Chitsazi 2014; Karmakar 2021; Munteanu
2022; Petelin 2015; Sethi 2019). The remaining studies all used an
appropriate method, such as computer-generated randomisation,
coin toss or a lottery method, and we judged the risk of selection
bias to be low in these studies.

Generally, methods of allocation concealment were poorly
reported, and two-thirds of studies either reported no information
or inadequate information; we judged the risk of selection bias
for allocation concealment in these studies to be unclear. In one
study, non-sealed envelopes were used to conceal allocation and
we judged the risk of bias to be high (Elsadek 2022). The remaining
13 studies used methods to describe allocation concealment that
we judged to be at low risk of bias (Al-Kheraif 2022a; Al-Kheraif
2022b; Al Rifaiy 2022; Bassir 2013; Bechara Andere 2018; Betsy 2014;
Cosgarea 2021; Courval 2020; Mallineni 2020; Monzavi 2016; Moreira
2015; Patyna 2021; Rodrigues 2023).

Performance bias

It was not possible to blind any personnel to those participants (or
areas of the mouth, in the case of split-mouth studies) in which
aPDT was used. We judged that the most important method to
reduce risk of performance bias for personnel was if Sl was carried
out by a separate operator who was unaware of allocation to aPDT,
orif Sl was carried out prior to randomisation. We believed that this
would increase the likelihood that Sl was carried out comparably in
both test and control groups. We judged that this study approach
was adequately conducted in 22 studies and we judged all of these
to be at low risk of personnel-related performance bias (Al-Kheraif
2022a; Al-Kheraif 2022b; Alwaeli 2015; Bassir 2013; Braun 2008;
Chitsazi 2014; Christodoulides 2008; Coelho 2023; Cosgarea 2021,
Courval 2020; Derikvand 2020; Elsadek 2022; Hill 2019; Malgikar
2016; Mallineni 2020; Monzavi 2016; Moreira 2015; Patyna 2021;
Petelin 2015; Pourabbas 2014; Rodrigues 2023; Srikanth 2015).
In the remaining studies, SI was carried out after randomisation
(sometimes using the same operator); we judged these studies to
be at high risk of personnel-related performance bias.

For participants, some studies attempted to mask participants to
treatment allocation by using a sham procedure for aPDT (Coelho
2023; Derikvand 2020; Monzavi 2016; Moreira 2015; Raut 2018).
However, even when a sham procedure was not used, we expected
that all participants recruited to an included study would follow
oral hygiene advice during the study period regardless of treatment
allocation; therefore, we judged all studies to be at low risk of
participant-related performance bias.

Detection bias

We judged two studies to be at high risk of detection bias (Borekci
2019; Sethi 2019). In Borekci 2019, an unblinded examiner was
used. In Sethi 2019, this was not stated explicitly, but we assumed
this to be the case because the study included insufficient study
authors to allow for this. In 13 studies, methods used to blind
examiners were not described and we were uncertain whether
these studies were at risk of detection bias (Al-Kheraif 2022a; Al-
Kheraif 2022b; Amini 2014; Coelho 2023; El Mobadder 2023; Elsadek
2022; Grzech-Lesniak 2019; Hill 2019; Karmakar 2021; Malgikar
2016; Munteanu 2022; Petelin 2015; Pulikkotil 2016). We judged

the remaining studies to be at low risk of detection bias because
they described adequate methods to blind examiners to group
allocation.

Incomplete outcome data

We judged four studies to be at high risk of attrition bias (Alwaeli
2015; Al-Zahrani 2011; Courval 2020; Pulikkotil 2016). In these
studies, at least 15% of participants dropped out during the study
period. We judged the remaining studies to be at low risk of attrition
bias because participant loss was less than 15%, and we noted no
concerns about the reasons for losses or any imbalance of losses
between study groups.

Selective reporting

Only Courval 2020 and Arya 2023 were prospectively registered with
a clinical trials register. We judged Courval 2020 to be at low risk of
reporting bias because the reported outcomes were consistent with
those in the trials register documents. However, outcomes were
unclearly specified in the trials register documents for Arya 2023
and, therefore, we were uncertain whether this study included any
risk of reporting bias.

Fifteen studies were also registered with a clinical trials register,
but registration in these studies was completed retrospectively
(Amini 2014; Bassir 2013; Bechara Andere 2018; Borekci 2019;
Chitsazi 2014; Cosgarea 2021; Joshi 2020; Mallineni 2020; Moreira
2015; Patyna 2021; Pourabbas 2014; Srikanth 2015), or we were
unable to access the clinical trials registration documents (Al-
Kheraif 2022a; Betsy 2014; Pulikkotil 2016); therefore, we judged the
risk of reporting bias to be unclear in these studies. We also judged
the risk of reporting bias to be unclear in the remaining studies in
which a protocol or clinical trials registration was not described.

Other potential sources of bias

We noted no other sources of bias in the included studies.

Effects of interventions

See: Summary of findings 1 Adjunctive antimicrobial
photodynamic therapy (aPDT) versus control during active
treatment of periodontitis; Summary of findings 2 Adjunctive
antimicrobial photodynamic therapy (aPDT) versus control during
supportive treatment of periodontitis

Adjunctive antimicrobial photodynamic therapy (aPDT) versus
control during active treatment of periodontitis

One study was a multi-arm study including a single application
and multiple applications of aPDT; in all the relevant analyses,
we included data for both study arms (Annaji 2016). Five studies
reported data according to the size of the initial pocket depth
(Borekci2019; Braun 2008; Hill 2019; Moreira 2015; Rodrigues 2023).
In the primary analyses, we included the following data for these
studies:

» Borekci 2019: we used data for pocket depths of = 5 mm rather
than all pocket depths.

« Braun 2008: we used data supplied by study authors for all
pocket sizes rather than incomplete data in the study report for
pocket depths of <3 mm, >3 mmto<5mm, and>5 mm.

« Hill 2019: we used data for pocket depths of > 6 mm rather than
pocket depths of 1 mm to 3 mm, or 4 mm to 6 mm.
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« Moreira2015: we used data for pocket depths of 5 mm and 6 mm
rather than pocket depths of =7 mm.

« Rodrigues 2023: we used data for pocket depths >4 mm (rather
than all pocket depths).

Additionally, data in Courval 2020 were presented for furcation
sites and non-furcation sites (called 'other sites'). In the primary
analyses, we used data from non-furcation sites.

For the number of participants in each effect estimate, we report
the number of participants in the study; this accounts for split-
mouth study designs in which the same participants are allocated
to both treatment and control groups.

For each result that appeared to favour aPDT, we considered the
minimal clinically important difference (MCID) for the outcome
and used these values to judge whether the difference between
treatments was likely to be clinically meaningful (Measures of
treatment effect). For critical outcomes reported at six months,
we also report the certainty of the evidence alongside the effect
estimate; see Summary of findings 1.

Change in probing pocket depths (PPD)

We found a very small difference in the reduction of PPD at three
months when adjunctive aPDT was used compared with S| alone
and the difference between treatments was not clinically important
(MD 0.44 mm, 95% Cl 0.29 to 0.59; 35 studies, 873 participants; |2
=97%; Analysis 1.1). This analysis included 26 studies with a split-
mouth design. We noted that this analysis included very substantial
levels of statistical heterogeneity, which we were unable to explain.

We were very uncertain of the effects of adjunctive aPDT on PPD
at six months. Although we found a very small difference in the
reduction in PPD at six months when adjunctive aPDT was used,
the difference was also not clinically important (MD 0.52 mm, 95%
Cl 0.31 to 0.74; 15 studies, 452 participants; 12 = 97%; very low-
certainty evidence; Analysis 1.2). This analysis included 10 studies
with a split-mouth design. We downgraded the certainty of the
evidence by one level for risk of bias in the included studies, and
two levels for very substantial statistical heterogeneity.

Change in bleeding on probing (BOP)

We found a very small difference in the reduction of BOP when
adjunctive aPDT was used compared with Sl alone and the
difference between treatments was not clinically important (MD
2.19%, 95% CI 1.00 to 3.38; 11 studies, 282 participants; 12 = 88%;
Analysis 1.3). This analysis included six studies with a split-mouth
design. We noted that this analysis included very substantial levels
of statistical heterogeneity, which we were unable to explain.

We were very uncertain of the effects of adjunctive aPDT on BOP
at six months. Although we found a very small difference in the
reduction in BOP at sixmonths when adjunctive aPDT was used, the
difference was not clinically important (MD 5.72%, 95% Cl 1.62 to
9.81; 5 studies, 171 studies; 12 = 98%; very low-certainty evidence;
Analysis 1.4). This analysis included two studies with a split-mouth
design. We downgraded the certainty of the evidence by one level
for risk of bias in the included studies, and two levels for very
substantial statistical heterogeneity.

Change in clinical attachment level (CAL)

We found a very small difference in the gain of CAL when adjunctive
aPDT was used compared with Sl alone and the difference between
treatments was not clinically important (MD 0.36 mm, 95% CI 0.24
to 0.48; 34 studies, 875 participants; 12 = 89%; Analysis 1.5). This
analysis included 26 studies with a split-mouth design. We noted
that this analysis included very substantial levels of statistical
heterogeneity, which we were unable to explain.

We were very uncertain of the effects of adjunctive aPDT on CAL at
six months. Although we found a very small difference in gain in
CAL at six months when adjunctive aPDT was used, the difference
was not clinically important (MD 0.44 mm, 95% Cl 0.24 to 0.64;
13 studies, 414 participants; I2 = 92%; very low-certainty evidence;
Analysis 1.6). This analysis included nine studies with a split-mouth
design. We downgraded the certainty of the evidence by one level
for risk of bias in the included studies, and two levels for very
substantial statistical heterogeneity.

Change in gingival recession (REC)

The difference in change of REC at three months between
participants treated with the adjunctive aPDT and those treated
with Sl alone was imprecise and included no benefits for either
treatment (MD -0.01 mm, 95% CI -0.06 to 0.05; 13 studies, 284
participants; 12 =8%; Analysis 1.7). This analysis included 10 studies
with a split-mouth design.

We were very uncertain of the effects of adjunctive aPDT on REC
at six months. The difference in change of REC between groups at
this time point was imprecise and included no clinically important
differences in the change in REC for either treatment (MD 0.00, 95%
Cl-0.16t00.16; 4 studies, 95 participants; 12 =0%; very low-certainty
evidence; Analysis 1.8). This analysis included three studies with a
split-mouth design. We downgraded the certainty of the evidence
by one level for risk of bias in the included studies, and two levels
for imprecision because the effect estimate was derived from very
few participants and included the possibility of no benefit for either
treatment option.

Pocket closure

Three studies evaluated the proportion of closed pockets three
months after treatment (Al-Zahrani 2011; Courval 2020; Rodrigues
2023); studies used different criteria to measure this outcome (e.g.
which pockets to evaluate depending on initial depth). All studies
reported an increase in the proportion of closed pockets within
treatment groups three months after treatment. We summarise the
data in Appendix 3.

No studies reported this outcome at six months.

Any adverse effect related to aPDT

Twenty-four studies reported adverse effects, with all studies
stating that no adverse effects were observed. We include
statements on adverse effects for each study in Appendix 4. We
judged the certainty of the evidence for adverse effects to be
moderate; we downgraded by one level for risk of bias in the
included studies.

Patient satisfaction

No studies reported data for this outcome.
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Quality of life

No studies reported data for this outcome.

Subgroup analyses

We conducted formal tests for subgroup interactions on outcomes
reported in the summary of findings tables, and in which data
were available from at least 10 studies; for this comparison, we
report data for PPD and CAL at six months. We found no important
differences in findings for these outcomes according to whether
a placebo control was used (rather than a negative control of SI
alone), or aPDT was given in a single session or multiple sessions.
See Appendix 5.

Sensitivity analyses

We conducted sensitivity analyses on all the pooled results in this
comparison group. We found variation in effect estimates when
comparing the results of the primary analyses described above with
the results of sensitivity analyses across all outcomes. For some
sensitivity analyses, we found that effect estimates were no longer
precise (with Cls indicating possible benefit to both treatments) or
point estimates that favoured the control group. See Appendix 6.

Adjunctive antimicrobial photodynamic therapy (aPDT) versus
control during supportive periodontal care

For the number of participants in each effect estimate, we report
the number of participants in the study; this accounts for split-
mouth study designs in which the same participants are allocated
to both treatment and control groups.

For each result that appeared to favour aPDT, we considered the
minimal clinically important difference (MCID) for the outcome
and used these values to judge whether the difference between
treatments was likely to be clinically meaningful (Measures of
treatment effect). For critical outcomes reported at six months,
we also report the certainty of the evidence alongside the effect
estimate; see Summary of findings 2.

Change in PPD

The difference in change of PPD at three months between
participants treated with the adjunctive aPDT and those treated
with Sl alone was imprecise and included no clinical benefit for
either treatment (MD 0.44 mm, 95% Cl -0.20 to 1.08; 6 studies,
244 participants; 12 = 95%; Analysis 2.1). This analysis included
one study with a split-mouth design. We noted that this analysis
included very substantial levels of statistical heterogeneity, which
we were unable to explain.

We were very uncertain of the effects of adjunctive aPDT on PPD at
six months. The difference in change of PPD at six months between
participants treated with the adjunctive aPDT and those treated
with Sl alone included no clinical benéefit for either treatment (MD
-0.04 mm, 95% CI -0.19 to 0.10; 3 studies, 125 participants; 12 =
0%; very low-certainty evidence; Analysis 2.2). We downgraded the
certainty of the evidence by one level for risk of bias in the included
studies, and two levels for imprecision because the effect estimate
was derived from very few participants and included the possibility
of no benefit for either treatment option.

Change in BOP

The difference in change of BOP at three months between
participants treated with the adjunctive aPDT and those treated
with SI alone was imprecise and included no clinical benefit for
either treatment (MD 2.38%, 95% Cl -1.34 to 6.10; 5 studies, 231
participants; 12 = 81%; Analysis 2.3). We noted that this analysis
included very substantial levels of statistical heterogeneity, which
we were unable to explain.

We were very uncertain of the effects of adjunctive aPDT on BOP at
six months. The difference in change of BOP at six months between
participants treated with the adjunctive aPDT and those treated
with Sl alone included no clinical benefit for either treatment (MD
4.98%, 95% Cl -2.51 to 12.46; 3 studies, 127 participants; I2 = 87%;
very low-certainty evidence; Analysis 2.4). We downgraded the
certainty of the evidence by one level for risk of bias in the included
studies, and two levels for very substantial statistical heterogeneity,
and we noted that the imprecise effect estimate was derived from
very few participants and included the possibility of no benefit for
either treatment option.

Change in CAL

The difference in change of CAL at three months between
participants treated with the adjunctive aPDT and those treated
with S| alone was imprecise and included no clinical benefit for
either treatment (MD 0.07 mm, 95% Cl -0.21 to 0.36; 5 studies, 204
participants; 12 = 40%; Analysis 2.5). This analysis included one
study with a split-mouth design.

We were very uncertain of the effects of adjunctive aPDT on CAL at
six months. The difference in change of CAL at six months between
participants treated with the adjunctive aPDT and those treated
with Sl alone included no clinical benefit for either treatment (MD
0.07 mm, 95% CI -0.26 to 0.40; 2 studies, 85 participants; 12 =
0%; very low-certainty evidence; Analysis 2.6). We downgraded the
certainty of the evidence by one level for risk of bias in the included
studies, and two levels for imprecision because the effect estimate
was derived from very few participants and included the possibility
of no benefit for either treatment option.

Change in REC

The difference in change of REC at three months between
participants treated with the adjunctive aPDT and those treated
with SI alone was imprecise and included no clinical benefit for
either treatment (MD -0.01 mm, 95% CI -0.27 to 0.25; 2 studies, 37
participants; I2 = 0%; Analysis 2.7).

Only one very small study reported data for REC at six months
(Chondros 2009), and we were very uncertain of the effects of
adjunctive aPDT on REC at this time point. The result included no
clinical benefit for either treatment (MD -0.20 mm, 95% CI -0.48 to
0.08; 1 study, 24 participants; very low-certainty evidence; Analysis
2.8). We downgraded the certainty of the evidence by one level for
risk of bias in the included study, and two levels for imprecision
because the effect estimate was derived from very few participants
and included the possibility of no benefit for either treatment
option.
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Pocket closure

Three studies evaluated the proportion of closed pockets three
months after treatment (Campos 2013; Grzech-Lesniak 2019;
Rihling 2010); studies used different criteria to measure this
outcome (e.g. which pockets to evaluate depending on initial
depth). All studies reported an increase in the proportion of closed
pockets within treatment groups three months after treatment. We
summarise the data in Appendix 3.

No studies reported these data at six months after treatment.

Any adverse effect related to aPDT

Only three of the seven included studies reported any information
about adverse effects (Chondros 2009; Monzavi 2016; Rihling
2010). In Rihling 2010, one participant in the aPDT group
developed an abscess, with no other adverse effects in the control
group; however, there were no additional details about this event
and we could not be certain whether it was directly related to the
intervention. The remaining two studies reported that healing was
uneventful. See Appendix 7. We judged the certainty of the evidence
for adverse effects to be moderate; we downgraded by one level for
risk of bias in the included studies.

Patient satisfaction

No studies reported data for this outcome.

Quality of life

No studies reported data for this outcome.

Subgroup analyses

Because all pooled analyses included fewer than 10 studies, all of
which had very few participants, we conducted no formal tests for
subgroup interactions in this comparison.

Sensitivity analyses

We conducted sensitivity analyses on all the pooled results in
this comparison group. For some sensitivity analyses, we found
variation in effect estimates when comparing the results of the
primary analyses described above with the results of sensitivity
analyses; these included effect estimates in which point estimates
favoured the alternative treatment option. See Appendix 8.

Adjunctive antimicrobial photodynamic therapy (aPDT) versus
control during active treatment of peri-implant disease

Only one study reported evidence for adjunctive aPDT in people
with peri-implant disease (Al Rifaiy 2022). Data were only available
for two outcomes, both reported only at three months. No studies
reported data for CAL, REC, pocket closure, any adverse effects,
participant satisfaction or quality of life. Because we found no
evidence at six months for this comparison, we did not prepare a
summary of findings table for this evidence.

Change in PPD

The difference in change of PPD at three months between
participants treated with adjunctive aPDT and those treated with
Sl alone was imprecise and included no clinical benefit for either
treatment (MD -0.10 mm, 95% CI -0.57 to 0.37; 1 study, 38
participants; Analysis 3.1).

Change in BOP

We found a very small difference in the reduction of BOP when
adjunctive aPDT was used compared with SI alone and the
difference between treatments was not clinically important (MD
1.60%, 95% CI 0.27 to 2.93; 1 study, 38 participants; Analysis 3.2).

DISCUSSION

Summary of main results

We included 50 RCTS with 1407 adults. Most of these used a split-
mouth study design in which an area of the mouth was randomly
assigned to the treatment or the control. Only 18 studies were
parallel design studies.

Only one study included people with peri-implant mucositis
and the other studies all evaluated the effects of the
intervention in people with periodontitis. All participants received
subgingival instrumentation (SI) as part of standard non-surgical
treatment. The intervention consisted of adjunctive antimicrobial
photodynamic therapy (aPDT) in which a light source, typically a
diode laser, was used with a photosensitising agent on the affected
sites of the mouth. A fifth of studies applied aPDT over more
than one session (two to four separate sessions) and the other
studies used aPDT in a single session; only one multi-arm study
included groups for a single session and for multiple sessions of
application. Most studies evaluated the effects of aPDT during the
active treatment phase, with only six studies using aPDT during the
supportive phase of treatment.

Adjunctive aPDT versus Sl alone during active treatment of
periodontitis

Because we found very low-certainty evidence for all the clinical
outcomes in this comparison, we could not be certain whether
adjunctive aPDT has any long-term benefits (at six months) in
reducing the clinical symptoms of periodontitis during active
treatment of periodontitis. These measures include probing pocket
depth (PPD), bleeding on probing (BOP), clinical attachment level
(CAL), gingival recession (REC) and pocket closure. We note that
any effect estimates that could infer an apparent benefit in favour
of aPDT were very small and were not clinically important. More
than half of the studies observed no adverse effects of aPDT use
(moderate-certainty evidence).

Adjunctive aPDT versus Sl alone during supportive treatment of
periodontitis

Because we found very low-certainty evidence for all the clinical
outcomes in this comparison, we could not be certain whether
adjunctive aPDT has any long-term benefits (at six months) in
reducing the clinical symptoms of periodontitis during active
treatment of periodontitis. These measures include the same
measures as above (PPD, BOP, CAL, REC and pocket closure).
The effect estimates were all imprecise and included no clinically
important benefits in favour of aPDT. Three of seven studies
reported adverse effects (moderate-certainty evidence). Although
one of these studies reported an abscess in a single participant, it
was not clear if this was an adverse effect of aPDT. The other two
studies observed no adverse effects.
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Overall completeness and applicability of evidence

The evidence in this review was largely limited to adults with
periodontitis, and therefore includes a clear lack of evidence for
the effectiveness of the intervention for people with peri-implant
disease. Most studies excluded smokers and, as we had specified
in our own criteria, no participants had systemic diseases that
may impact the prognosis of periodontitis. Because we excluded
studiesin which people had systemic diseases (and found that most
studies also excluded people with systemic diseases), we note that
the evidence in this review is only representative of an otherwise
healthy population with periodontitis. This included people with
periodontitis with pockets that are moderate or semi-moderate in
depth and are suitable for non-surgical treatment. In this review, we
did not fully explore the impact of aPDT in smokers, where there is
likely to be variation within and between studies regarding smoking
of tobacco products and e-cigarettes.

Whilst we found a large number of eligible studies, these were often
very small and overall sample sizes in our pooled estimates are
often also small. Thus, the evidence is less complete than could be
expected given the large number of studies. In addition, we found
that more evidence was available for outcomes at three months. We
prioritised data at six months in this review and this decision was
based on the European Federation of Periodontology S3 Guidelines
for the treatment of stage I-lll periodontitis (Sanz 2020), and the
general consensus that six months is a meaningful endpoint for
step 2 of periodontal therapy (Loos 2020; Suvan 2020). However,
we found that fewer studies reported data at the later time point
of six months. Few studies reported pocket closure and these
studies only reported data at three months. No studies reported the
participant satisfaction with the treatment or their quality of life
and data for these outcomes are therefore incomplete.

We only conducted one subgroup analysis as planned in the review
protocol, and an additional post hoc subgroup analysis related to
the number of sessions in which aPDT was applied. We did not
explore other differences in treatment approaches, such as the type
of photosensitiser or the wavelengths used in diode lasers.

We note that aPDT includes equipment that may not be readily
available in all dental care settings globally. In addition, adjunctive
treatment with aPDT may be more costly than standard treatment
alone, and this may limit the applicability of any evidence for this
treatment worldwide. We did not set out to assess the cost-benefit
of adjunctive aPDT in this review, and noted that this was not
formally addressed in any of our included studies.

Sustainability of the intervention

The delivery of good oral health care results in fewer
subsequent interventions and a reduced environmental impact.
This review evaluates interventions for the management of
periodontal and peri-implant diseases. Following Cochrane
Oral Health policy (https://oralhealth.cochrane.org/about-us/
sustainability), we conducted a brief search for health care
sustainability science research for aPDT using the search strategy
in Appendix 9 (MEDLINE Ovid; 1946 to 22 May 2024); one person
(SL) screened the results of this search. We found no sustainability
science research for this intervention. As noted above, there are
costimplications for the procurement of the technology. We cannot
comment on whether there are sustainability benefits for the
individual needing treatment, the oral healthcare setting, or the

wider environment that outweigh the likely costs; this is beyond
the scope of this Cochrane review. Similarly, we are unaware of the
sustainability implications related to the chemical components of
photosensitising agents used with the intervention. We encourage
users to explore other resources on this topic to understand, learn
and promote sustainable actions in their practice.

Certainty of the evidence

We assessed the evidence for all clinical outcomes at six months
to be of very low certainty. We found that many studies reported
insufficient methods and we judged some domains to be at unclear
or high risk of bias. For example, we could not always determine
whether adequate methods were used to conceal group allocation
after randomisation. We also believed that studies included a high
risk of performance bias if they did not make attempts to blind
the operator who carried out Sl to group allocation. We conducted
sensitivity analysis to explore these risk of bias decisions and found
that the evidence for some outcomes was not sufficiently robust
(i.e. excluding studies at high or unclear risk of bias reduced the size
of the effect estimate). Therefore, we downgraded all the evidence
by one level for risk of bias.

We also downgraded the certainty of the evidence for inconsistency
when we noted substantial statistical heterogeneity in the pooled
results. This affected the evidence for aPDT during active treatment
of periodontitis for change in PPD, change in BOP and change
in CAL with levels of statistical heterogeneity in pooled estimates
ranging from 92% to 98%. As this statistical heterogeneity was so
substantial, we downgraded this evidence by two levels. Subgroup
analysis when we had sufficient studies (change in PPD and change
in CAL) according to the type of control or whether the intervention
was delivered in a single session or multiple sessions did not
explain this heterogeneity. Similarly, variations in some results
when we conducted sensitivity analysis did not indicate a single
explanation for this.

Some of the effect estimates were imprecise, with confidence
intervals that indicated a possible (but not clinically important)
benefit for either treatment option. These results (change in RECin
the active treatment comparison, and all the evidence for aPDT in
the supportive phase of treatment) were all derived from very small
sample sizes and, in these cases, we downgraded by two levels for
imprecision. Change in BOP at six months in the supportive phase
of treatment included both an imprecise effect estimate, a sample
size of only 127 participants, and very substantial levels of statistical
heterogeneity (12 = 87%).

We had more confidence in the reports of adverse effects in the
studies. Although we downgraded this evidence owing to the risk
of bias in all studies, we judged that these results - of no observed
adverse effects related to aPDT - were consistent across studies and
were from moderate-certainty evidence.

We did not downgrade for indirectness as the populations were
appropriate for this review. We did not assess publication bias, and
therefore we could not rule out the possibility of this risk in these
review findings.

Potential biases in the review process

We conducted a thorough search, and two review authors
independently assessed study eligibility, extracted data and
assessed risk of bias in the included studies before reaching

Adjunctive antimicrobial photodynamic therapy for treating periodontal and peri-implant diseases (Review) 23
Copyright © 2024 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


https://oralhealth.cochrane.org/about-us/sustainability
https://oralhealth.cochrane.org/about-us/sustainability

Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

consensus. One review author (RC) was the study author of one of
the included studies; we ensured that assessments of this study
were undertaken independently by other members of the review
team.

During the review process, we made some changes to the methods
in the protocol. In particular, we re-organised the outcomes into
critical and other important outcomes, and these changes did not
impact the reporting of data in the review. However, we also chose
not to report data for microbiological parameters in the review.
This decision was based on changes to international guidelines that
no longer advise the use of microbiological sampling for diagnosis
or treatment (Sanz 2020). We included studies in this review
regardless of outcomes reported, and in order to direct interested
readers to these data, we cite here all identified studies otherwise
eligible for this review that report microbiological data (Al-Kheraif
2022a; Al-Kheraif 2022b; Borekci 2019; Chitsazi 2014; Chondros
2009; Cosgarea 2021; Gandhi 2019; Grzech-Les$niak 2019; Karmakar
2021; Mallineni 2020; Moreira 2015; Munteanu 2022; Patyna 2021,
Petelin 2015; Polansky 2009; Pulikkotil 2016; Queiroz 2015; Raut
2018; Romanos 2010; Rihling 2010; Sethi 2019; Srikanth 2015;
Talebi 2016; Theodoro 2012). We also made a post hoc decision
to report the data separately for active and supportive treatment
of periodontitis, rather than exploring differences between these
groups in subgroup analysis. Additionally, we presented data in
forest plots according to the number of applications of aPDT.
We conducted post hoc subgroup analyses according to the
number of applications, and although we found no meaningful
differences between single and multiple sessions, we believed
that it was informative to provide a visual presentation of all the
data according to these two different application approaches. In
reporting the overall review findings, we did not describe effect
estimates for each approach. It was not our intention to infer any
differences between application approaches.

We included studies that used diode lasers with any wavelength
and photosensitiser combinations. Because of this decision, we
included two studies that did not use combinations that were
known to be compatible (Annaji 2016; Malgikar 2016). We evaluated
this decision in sensitivity analysis but found that the results of
these studies did not impact the overall interpretation of the meta-
analyses.

The evidence in this review is limited only to adults who had
not taken antibiotics in the previous six months. We adopted
these criteria in order to reduce the risk of a sustained antibiotic
effect. Similarly, we excluded studies in which a photosensitising
agent was used in the control group as part of placebo aPDT (i.e.
photosensitiser but with diode laser) because it is possible that
some concentrations of these agents include antibacterial affects
that may have impacted our results (Dortbudak 2001; Pazzanezi
2015). However, we acknowledge the large number of studies that
we subsequently excluded from the review, particularly studies
in which participants were excluded if they had taken antibiotics
within a three-month period before the start of the review; in these
latter studies, it is possible that some participants will not have
had antibiotics within six months and would otherwise have been
eligible for the review.

This review included a large number of studies that had not
reported data sufficiently - orin the manner that we required for use
in our own analyses - such that we needed to carry out additional
calculations on the data reported in study reports. Therefore,

when studies did not report SDs for the change from baseline to
follow-up in each group, we estimated these in accordance with
the Cochrane Handbook for Systematic Reviews of Interventions
version 6.1 (Higgins 2020). Similarly, we used the same approach
to estimate SDs between test and control groups in split-mouth
studies. For both of these calculations, we used an intraclass
correlation coefficient (ICC) of 0.5. We used the data from one
split-mouth study that had published paired and unpaired data for
PPD, BOP and CAL at three months to calculate the ICC to be in
the range of 0.3 to 0.6 for these outcomes (Joshi 2020); therefore,
we believed that an ICC value of 0.5 was appropriate. However,
we acknowledge that these two sets of approximations may have
impacted the overall effect estimates. We attempted to address this
by using sensitivity analyses, excluding all split-mouth studies from
analysis, as well as exploring the impact of excluding any study with
two approximations and excluding any parallel study design with
one approximation. We could not rule out the possibility that using
a different ICC would reduce the effect sizes even further. However,
as we had judged the clinical evidence for this review to be very low
certainty, and all effect estimates were not clinically important, we
felt that a more cautious approach to analysis would notimpact our
overall interpretation of the evidence for aPDT.

Agreements and disagreements with other studies or
reviews

The recently published guideline by Sanz and colleagues
(Treatment of stage I-lll periodontitis—The EFP S3 level
clinical practice guideline; Sanz 2020) includes a systematic
review evaluating non-surgical approaches to manage untreated
periodontitis (Salvi 2020). The authors found limited advantage of
aPDT due to heterogeneity between eight included studies, and
could not draw any firm conclusions. Their findings are consistent
with this Cochrane review, despite our own review including
many more trials. We similarly found unexplained statistical
heterogeneity and studies with high and unclear risks of bias. Some
differences in the number of studies between these reviews are due
to different inclusion criteria. Salvi 2020 included only studies with
at least 20 participants per treatment arm, and with a minimum of
six months follow-up, whereas we have included less conservative
criteria.

Chambrone and colleagues have previously published an American
Academy of Periodontology best evidence review on aPDT
including 26 studies for analysis (Chambrone 2018). The inclusion
criteria were similar to ours, including adults = 18 years old with
the (former) diagnosis of aggressive or chronic periodontitis. Butin
contrast to our review, they also included aPDT in combination with
root debridement with or without surgical flap access. We included
only trials with non-surgical periodontal treatment. Chambrone
2018 concluded that aPDT provided similar clinical results to
conventional periodontal therapy. Similarly, although we were very
uncertain about the interpretation of the evidence in this review, we
noted that none of the effect estimates indicated a clinical benefit of
aPDT above standard non-surgical treatment of periodontitis (with
Sl alone).

A narrative review focusing on laser treatment including
aPDT concluded that aPDT in periodontal therapy provided
clinically insignificant reductions in PPD and CAL compared
with conventional periodontal treatment (Cobb 2017). This was
based on several systematic reviews. Cobb 2017 commented on
considerable heterogeneity between studies, both in design and
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outcome measures, which limited the number of studies that could
be entered into a meta-analysis. Mizutani 2016 reported a reduction
in BOP in favour of aPDT as an adjunct to SI.

A recently published review included 31 studies; 18 studies were
used for meta-analysis (Dalvi 2021). Inclusion and exclusion criteria
were relatively similar to ours, but light-emitting diodes (LEDs)
for the light source was one of their exclusion criteria, whereas
use of antibiotics was not an exclusion criterion. Additionally, they
included studies regardless of combinations of photosensitiser/
wavelength, comparisons between aPDT alone (monotherapy) and
S| or aPDT combined with SI compared with SI and antibiotics.
Dalvi and colleagues found inconsistencies and methodological
bias in the included studies, assessing 18 to be at high risk of
bias. Of the 31 studies included, only nine were included in this
Cochrane review. Whilst Dalvi and colleagues found that most
studies demonstrated the effectiveness of adjunctive aPDT, they
concluded that the overall efficacy of aPDT in the non-surgical
management of periodontitis remained debatable (Dalvi 2021).

Another recently published review included 22 articles, and
excluded treatment with antibiotics in the six months before
the start of the study and excluded possible incompatible
combinations of photosensitiser/wavelength (Moro 2021). Results
were reported as meta-analyses pooled with regard to
photosensitiser or risk of bias. Nine of their 22 studies are included
in this Cochrane review. Moro and colleagues found adjunctive
aPDT to have a positive impact on CAL gain and PPD reduction.
In addition, they noted favourable clinical effects for indocyanine
green-mediated aPDT as well as for high concentrations of
phenothiazine chloride (Moro 2021).

The treatment with aPDT is well investigated for its safety and
has widespread use in medicine and dentistry (Soukos 2011). We
found moderate-certainty evidence from the studies included in
this review that aPDT probably causes no adverse effects when
used as an adjunctive treatment for periodontitis.

Finally, a narrative review suggested that the use of aPDT showed
clinically advantageous results in people with mild to moderate
periodontitis (Sculean 2021). Use of aPDT in people with stage Ill
and IV grade C periodontitis would provide some improvements,
but not as a replacement for systemic antibiotics. In supportive
therapy, aPDT could be a valuable toolin moderate residual pockets
(Sculean 2021).

Very recently, a systematic review included in the guidelines for the
treatment of peri-implant diseases (Herrera 2023) focused on the
adjunctive use of aPDT in the treatment of peri-implant mucositis,
including five studies (Dommisch 2023); here, it was suggested
not to use photodynamic therapy adjunctively to submucosal
instrumentation.

The discussion of appropriate photosensitiser and wavelength
combinations was recently addressed in a multicentre study using
an aPDT-system based on a chromophore (photosensitiser) and
a non-corresponding wavelength (Preshaw 2021). The study was
not included in the present review, as our inclusion criteria
of no antibiotics within the last six months was not met. The
photosensitiser was activated at a wavelength of 430 nm; the
energy source was the standard light curing dental device mounted
with a special plastic probe-like tip for subgingival application of
energy. According to the study authors, this multi-LED light source

emits a broadband spectrum of 385 nm to 515 nm, with a main
peak at 465 nm and a secondary peak at 405 nm (Preshaw 2021).
One of the concerns of Preshaw and colleagues was that activation
of the chromophore was considered to require light at wavelength
430 nm; the wavelengths with energy transfer maxima of the
dental curing light (i.e. 405 nm and 465 nm) did not correspond to
those needed for chromophore activation. Furthermore, the study
authors found it questionable if the known power density of the
LED light (referred to a distance of 3 mm to 5 mm between the
light source and the target) could be transferred by the working
tip to the periodontal pocket. If this did not happen, it would
lead to significant lack of energy, which would prevent sufficient
power density in the periodontal pocket at the tip to activate the
chromophores (Preshaw 2021). In the study, we noted that no
significant differences were found between adjunctive aPDT and SI
alone.

AUTHORS' CONCLUSIONS

Implications for practice

We are very uncertain whether adjunctive antimicrobial
photodynamic therapy (aPDT), applied after subgingival
instrumentation (SI) as part of non-surgical treatment of
periodontitis, has any more important clinical benefits over that of
Sl alone, when measured at six months. This finding was similar
whether aPDT was used during active treatment or supportive
treatment. Other than one participant reporting an abscess (which
may or may not have been caused by aPDT), studies that reported
adverse effects observed no adverse effects associated with aPDT
use.

Implications for research

There is currently insufficient evidence for this treatment option
in people with peri-implant diseases and future research should
address this population.

In this review, we found that most studies had very small sample
sizes, and we found some indications that studies with high or
unclear risks of bias may have impacted the overall findings.
The reliability of the evidence for this review question would
be improved by future trials of aPDT that are prospectively
registered with clinical trials registers and sufficiently large and
well-conducted to reduce risks of bias. As we are interested in
the differences between adjunctive aPDT and Sl alone in terms of
the change in clinical outcomes, we encourage future studies to
report the results of paired analyses for change from baseline to
end of study follow-up. For split-mouth studies, we would similarly
encourage reporting of paired analyses between groups for these
change scores. This would mean that our own analyses would
include fewer approximations.

Studies should include consideration of participant-relevant
outcomes. In particular, pocket closure should be included within
the investigation plan, as well as quality of life and participant
satisfaction with treatment. A cost-benefit analysis would also
allow for exploration of whether any clinical benefits can be
weighed against the cost of using this technology.

There is currently no standard treatment protocol for studies
using aPDT. The questions about the optimal combination
of photosensitiser and energy source, parameters of the
energy source, irradiation time and application devices are still
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unanswered. Other open questions include how to apply the
energy, forexample, whether it should be subgingival, transgingival
or in combination, as well as the optimal time point for the use of
aPDT in the context of periodontal therapy.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

AlRifaiy 2022

Study characteristics

Methods Study design: parallel
Study period: May 2016 to October 2017
Setting: private dental clinic; Saudi Arabia
Number of centres: 1
Funding source: Deanship Of Scientific Research, King Saud University

Declarations of interest: "The authors declare that they have no conflict of interest"

Participants Diagnosis (periodontal or peri-implant): peri-implant mucositis

Inclusion criteria: people who reported vaping e-cigs for at least the past year, with = 1 dental implant
that has been in place for = 36 months, with peri-implant mucositis

Exclusion criteria: dual smokers (cigarettes and vaping e-cigs); waterpipe smokers; smokeless tobacco
users; suffering from debilitating systemic disease such as diabetes mellitus, AIDS/HIV, cardiovascular
disorders and renal diseases; edentulous; had used antibiotics, steroidal or non-steroidal anti-inflam-

matory drugs within past 6 months

Pocket depth at baseline, mean (SD): test group 4.3 (+ 0.8) mm; control group 4.5 (+ 0.9) mm (using
UNC-15)

Age, mean (SD): test group 33.6 (+ 2.8) years; control group 35.4 (+ 2.1) years
Sex, M/F: test group 20/0; control group 18/0
Smokers, n: 38 participants (e-cigs)

Number of randomised participants: 38 (with 65 implants); test group 20 participants; control group 18
participants

Number of evaluated participants: 38

Interventions Test group: Sl and aPDT (single session)
Control group: Sl
OHlI before study start: yes
Instruments used for SI: mechanical debridement; no additional details

Photodynamic irradiation source: diode laser (wavelength 670 nm; output power 150 mW; manufactur-
er not specified)

Photosensitiser: methylene blue (0.005%) applied into periodontal pocket and left in place for 10 s
Phase of treatment: active

Duration of study: 12 weeks

Outcomes Outcomes included in the review: PPD, BOP

Time point(s) used for review outcomes: 3 months

Adjunctive antimicrobial photodynamic therapy for treating periodontal and peri-implant diseases (Review) 38
Copyright © 2024 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Al Rifaiy 2022 (continued)

Other outcomes reported in the study but not used in the review: plaque index

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Randomisation was done by tossing a coin"

tion (selection bias)

Allocation concealment Low risk Quote: "Sealed non-transparent envelopes were used for allocation conceal-

(selection bias) ment and opened just before the interventions"

Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. Study authors do

formance bias) not report whether Sl was carried out on all participants before randomisa-
tion.

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias) pected that lack of blinding would not influence oral hygiene performance

during the study period.

Blinding of outcome as- Low risk Quote: "A trained and calibrated examiner, who was blinded to the study
sessment (detection bias) groups performed the clinical examinations at baseline and 12-week fol-
All outcomes low-up"

Incomplete outcome data  Low risk No apparent participant losses

(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-

porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.

Other bias Low risk We identified no other sources of bias.

Al-Kheraif 2022a

Study characteristics

Methods Study design: split-mouth (randomly divided by upper and lower quadrants, with 2 quadrants in each
group)

Study period: unclear

Setting: University Hospital, Riyadh, Saudi Arabia
Number of centres: 1

Funding source: King Saud University

Declaration of interests: "The authors declare no conflict of interest in the present study"

Participants Diagnosis (periodontal or peri-implant): untreated chronic periodontitis (Stage II)

Inclusion criteria: "stage-ll generalized chronic periodontitis" with PD <5 mm, clinical attachment loss
of 3 mm to 4 mm and horizontal alveolar bone loss in contralateral teeth; smoking habit with smoking
> 10 cigarettes per day for at least 5 years; and systemically healthy
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Al-Kheraif 2022a (continued)

Exclusion criteria: systemic diseases, medication including antiphlogistics, bleeding-stimulating phar-
maceuticals, or intake of systemic antibiotics within the last 6 months, pregnancy

Pocket depth at baseline: =5 mm; UNC-15 no stent

Age, mean (SD): non-smokers 43.5 (+ 3.6) years; smokers 45.2 (+ 4.8) years
Sex, M/F: 23/3

Smokers: 13

Number of randomised participants: 26

Number of evaluated participants: 26 (non-smokers (n = 13): test group 178 sites, control group 186
sites; smokers (n = 13): test group 169 sites, control group 180 sites)

Interventions

Test group: Sl (deep scaling) and aPDT (3 sessions at 4th and 7th day)
Control group: SI

OHI before study start: yes

Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 685 nm, energy fluence 2.5 J/cmZ2, output
power 35 mW, Thera Lase DMC)

Photosensitiser: chloro-aluminium phthalocyanine gel (30 mg/mL)
Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, BOP, CAL, adverse effects
Time point(s) used for review outcomes: 3 and 6 months
Other outcomes reported in the study but not used in the review: PI, GCF, ABL as analysed on intraoral
radiographs, microbiological parameters (Pg, Tf)
Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated random number table using permuted blocks through
tion (selection bias) computer-generated numbers
Allocation concealment Low risk The sequence was masked in closed and opaque envelopes for both assessors
(selection bias) and participants.
Blinding of personnel (per-  Low risk Split-mouth design, with Sl applied to all participants prior to randomisation
formance bias)
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
Blinding of outcome as- Unclear risk No information

sessment (detection bias)
All outcomes
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Al-Kheraif 2022a (continued)

Incomplete outcome data  Low risk All participants completed the study
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study is registered with a clinical trial registry of Saudi Arabia. However, the
porting bias) trial registration number is not reported and therefore we were unable to ef-
fectively assess the risk of selective reporting bias.

Other bias Low risk We identified no other sources of bias.

Al-Kheraif 2022b

Study characteristics

Methods Study design: split-mouth (randomly divided by upper and lower quadrants, with 2 quadrants in each
group)
Study period: unclear
Setting: University Hospital, Riyadh, Saudi Arabia
Number of centres: 1
Funding source: King Saud University; Grant number: RSP-2021/31
Declaration of interests: "The authors declare no conflicts of interest in the present study"

Participants Diagnosis (periodontal or peri-implant): untreated generalised periodontitis (Stage Il)
Inclusion criteria: "stage-Ill generalized chronic periodontitis" with PD =6 mm, CAL =5 mm and margin-
al bone loss in contralateral teeth, tooth loss < 4 teeth; smoking habit with smoking = 10 cigarettes per
day for at least 5 years; and systemically healthy
Exclusion criteria: systemic diseases, medication including antiphlogistics, bleeding-stimulating phar-
maceuticals or intake of systemic antibiotics within the last 6 months, pregnancy
Pocket depth at baseline: = 6 mm; UNC-15 no stent
Age, mean (SD): non-smokers 40.5 (+ 2.6) years; smokers 42.2 (+ 3.8) years
Sex, M/F: 23/6
Smokers: 15
Number of randomised participants: 30
Number of evaluated participants: 29 (non-smokers (n = 14): test group 178 sites, control group 186
sites; smokers (n = 15): test group 169 sites, control group 180 sites). We noted an inconsistency in the
study report, with the main text stating that 30 participants were involved in the study, but figures and
tables show that 29 finished the study, and we have used this number here.

Interventions Test group: Sl (root surface debridement) and aPDT (single session)
Control group: SI
OHI before study start: yes
Instruments used for SI: hand and US instruments
Photodynamic irradiation source: diode laser (wavelength 685 nm, energy fluence 3 J/cm?2, output
power 29 mW, Thera Lase DMC)
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Al-Kheraif 2022b (continued)

Photosensitiser: chloro-aluminium phthalocyanine gel (25 mg/mL)
Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, BOP, CAL, adverse effects
Time point(s) used for review outcomes: 3 months and 6 months
Other outcomes reported in the study but not used in the review: Pl, GCF, MBL as analysed on intraoral
radiographs, microbiological data for Pg and Tf
Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated random number table using permuted blocks through
tion (selection bias) computer-generated numbers
Allocation concealment Low risk The sequence was masked in closed and opaque envelopes.
(selection bias)
Blinding of personnel (per-  Low risk Split-mouth design, with Sl applied to all participants prior to randomisation
formance bias)
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
Blinding of outcome as- Unclear risk No information
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Unclear if all participants completed the study. The text in the study report
(attrition bias) states that 30 participants were involved in the study, but information in the
All outcomes figures and tables of the study report indicates that 29 participants finished
the trial. However, we judged overall participant loss to be low in this study.
Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.

Al-Zahrani 2011

Study characteristics
Methods Study design: split-mouth (randomly divided by tooth; a tooth, from a pair of teeth with PD =5 mm, was
allocated to each group)
Study period: May 2010 to March 2011
Setting: University Hospital, Jeddah, Saudi Arabia
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Al-Zahrani 2011 (continued)

Number of centres: 1

Funding source: grant from King Abdulaziz City for Science and Technology, Riyadh, Kingdom of Saudi
Arabia (Grant No. LGP-14-32)

Declaration of interests: unclear

Participants

Diagnosis (periodontal or peri-implant): generalised moderate to severe chronic periodontitis

Inclusion criteria: smokers (at least 10 cigarettes/day for at least 5 years), male, > 30 years, at least a
pair of teeth with PD =5 mm

Exclusion criteria: systemic diseases, systemic antibiotic treatment in the preceding 6 months, and
those who require antibiotics prophylaxis before periodontal examination

Pocket depth at baseline: =5 mm; UNC-15 no stent
Age, mean (SD), range: 41.6 (+ 9.6) years, 30 to 56 years
Sex: all male

Smokers: 20

Number of randomised participants: 20 (54 teeth)

Number of evaluated participants: 17 (48 teeth, 24 in each group)

Interventions

Test group: Sl and aPDT (single session)

Control group: SI

OHI before study start: yes

Instruments used for SI: hand instruments

Photodynamic irradiation source: diode laser (wavelength 670 nm; output power 150 mW*; Periowave)
Photosensitiser: 0.01% methylene blue

Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, BOP, CAL, adverse effects
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: Pl
Notes 3 participants (6 teeth) lost to follow-up and not included in data analysis
* From manufacturer
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Computer-generated random number table
tion (selection bias)
Allocation concealment Unclear risk Method of concealment not described

(selection bias)
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Al-Zahrani 2011 (continued)

Blinding of personnel (per-  High risk Split mouth design. Sl was carried out after randomisation.
formance bias)

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as- Low risk The same examiner, who was blinded to the therapies, carried out all clinical
sessment (detection bias) evaluation measurements.
All outcomes

Incomplete outcome data  High risk Dropouts 3/20 participants (15%), unclear time point of dropouts or the rea-
(attrition bias) sons for dropout
All outcomes

Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-

porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.

Other bias Low risk We identified no other sources of bias.

Alwaeli 2015

Study characteristics

Methods Study design: split-mouth (randomly divided by quadrant, with 2 quadrants in each group)
Study period: February 2011 to November 2012
Setting: University Hospital, Irbid, Jordan
Number of centres: 1
Funding source: unclear
Declaration of interests: unclear

Participants Diagnosis (periodontal or peri-implant): untreated chronic periodontitis
Inclusion criteria: previously untreated chronic periodontitis, at least 1 premolar and 1 molar in every
quadrant with a minimum of 4 teeth each, and at least 1 tooth with attachment loss of =4 mm in every
quadrant
Exclusion criteria: systemic diseases, including antiphlogistics, bleeding-stimulating pharmaceuticals
or intake of systemic antibiotics within the last 6 months
Pocket depth at baseline: > 6 mm; pressure-calibrated probe (manufacturer unknown) with stent
Age, mean (SD), for analysed participants only: 40.9 (+ 13.34) years
Sex, M/F, for analysed participants only: 5/11
Smokers: unclear
Number of randomised participants: 21
Number of evaluated participants: 16 (test group 73 teeth, control group 63 teeth)

Interventions Test group: Sl and aPDT (single session)
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Alwaeli 2015 (continued)

Control group: SI
OHI before study start: yes
Instruments used for SI: hand and US instruments

Photodynamic irradiation source: diode laser (wavelength 660 nm; output power 100 mW; Helbo Pho-
todynamic Systems)

Photosensitiser: phenothiazine chloride
Phase of treatment: active

Duration of study: 12 months

Outcomes Outcomes included in the review: PPD, CAL, BOP, adverse effects
Time point(s) used for review outcomes: 3 months and 6 months
Other outcomes reported in the study but not used in the review: postoperative complications
Notes 5 participants were lost to follow-up and not included in data analysis
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated random number table was used.
tion (selection bias)
Allocation concealment Unclear risk Quote:"The sequence was concealed until the interventions were assigned"

(selection bias)

Comment: no additional details

Blinding of personnel (per-  Low risk Split mouth design. Sl was carried out in all participants before randomisation
formance bias) to groups.
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias)

pected that lack of blinding would not influence oral hygiene performance
during the study period

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk The same examiner, who was blinded to the therapies, carried out all clinical
evaluation measurements.

Incomplete outcome data
(attrition bias)
All outcomes

High risk The study design is a split-mouth, but a high number (5 of 21; 23.8%) of ran-
domised participants with an unknown distribution (number) of teeth/group
dropped out. Reasons for or time points of the 5 dropouts are not described.
Number of smokers unclear.

Selective reporting (re-
porting bias)

Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
able to assess risk of selective outcome reporting without these documents.

Other bias

Low risk We identified no other sources of bias.

Amini 2014

Study characteristics
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Amini 2014 (continued)

Methods

Study design: split-mouth (quadrants in each participant were randomly allocated to test or control
groups)

Study period: unclear

Setting: University Hospital, Isfahan, Iran
Number of centres: 1

Funding source: study authors' own institution*

Declaration of interests: unclear

Participants

Diagnosis (periodontal or peri-implant): mild to moderate periodontitis

Inclusion criteria: untreated periodontitis in the last 2 years, at least 3 teeth with PPD 3 mm to 6 mm
and BOP/quadrant, no allergy to methylene blue and toluidine blue

Exclusion criteria: pregnant or lactating patients, systemic diseases, antibiotic treatment in the preced-
ing 12 months, PPD>6 mm

Age: 25 to 55 years

Sex: 8 male/12 female

Smokers: unclear

Number of randomised participants: 20

Number of evaluated participants: 20 (number of teeth/sites in each group not described)

Interventions

Test group: Sl and aPDT (single session)
Control group: SI

OHI before study start: yes

Instruments used for Sl: ultrasonic instruments

Photodynamic irradiation source: LED light source (wavelength 630 nm; output power 2000 mW*; Fo-
to-San**)

Photosensitiser: toluidine blue
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, CAL, REC, adverse effects
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: PBI

Notes No statement of number of teeth/sites in each group. Only statement: two quadrants were selected in
each participant.
*From manufacturer (CMS Dental, Denmark)
**From Iranian Registry of Clinical Trials (IRCT2013083112487N2)

Risk of bias

Bias Authors' judgement Support for judgement
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Random sequence genera-  Low risk Quote: "two quadrants were randomly (coin toss) selected in each patient"

tion (selection bias)

Allocation concealment Unclear risk Method of concealment not described

(selection bias)

Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. We assumed from

formance bias) the study report that Sl was likely to be carried out after randomisation.

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as- Unclear risk No information

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Clinical trials registration (IRCT2013083112487N2; first posted November

porting bias) 2013); described in the register as retrospective registration and therefore we
were unable to use these documents to assess the risk of selective reporting
bias.

Other bias Low risk We identified no other sources of bias.

Annaji 2016
Study characteristics
Methods Study design: split-mouth (quadrants of the mouth randomly allocated to test or control group)

Study period: not reported

Setting: Department of Periodontics, Coorg Institute of Dental Services, Virajpet, India
Number of centres: 1

Funding source: not reported

Declaration of interests: "Financial or other competing interests: None"

Participants

Diagnosis (periodontal or peri-implant): periodontitis

Inclusion criteria: diagnosed with either localised or generalised aggressive periodontitis, 18 to 35 years
of age, at least 1 tooth with PPD =5 mm in each quadrant

Exclusion criteria: people with periodontal treatment within the last 6 months, pregnancy, smoking, al-
lergy to the dyes, systemic disease, use of mouth rinses that could influence the outcome of therapy,
systemic antibiotics within the last 6 months

Pocket depth at baseline: not reported
Age, M/F, mean (SD): M 27.83 (+ 3.71) years; F 27.33 (£ 2.29) years

Sex, M/F: 6/9
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Smokers: none
Number of randomised participants: 15

Number of evaluated participants: 15

Interventions

Test groups: Sl and aPDT (single session) and multiple sessions (3 sessions; baseline, day 7, day 21)
Control group: SI

OHI before study start: yes

Instruments used for Sl: ultrasonic scaler

Photodynamic irradiation source: diode laser, continuous mode (wavelength 810 nm; power output 0.1
W; AMD Picasso, Dentsply India, India)

Photosensitiser: Toluidine blue-0O; 1 mg/ml
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, CAL
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: SBI, plaque index, bacterial cultiva-
tion

Notes This study included an additional study arm (Sl + laser irradiation). This group was not eligible for inclu-
sion in this review and we did not extract data for these participants.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "flipping a coin"

tion (selection bias)

Allocation concealment Unclear risk Method of concealment not described

(selection bias)

Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. We noted that SI

formance bias) and aPDT was carried out by the same operator after randomisation.

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias) pected that lack of blinding would not influence oral hygiene performance

during the study period.

Blinding of outcome as- Low risk Quote: "The analysis and recording of clinical parameters and microbiologic

sessment (detection bias) findings were performed by other author who was blinded to the treatment

All outcomes techniques and to the test and control sites in order to assure an unbiased de-

termination"

Incomplete outcome data  Low risk No apparent losses

(attrition bias)

All outcomes
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Annaji 2016 (Continued)

Selective reporting (re- Unclear risk Study authors do not cite a prospectively published protocol or clinical trials
porting bias) registration. We are unable to assess the risk of selective outcome reporting
without these reports.

Other bias Low risk We identified no other sources of bias.
Arya 2023
Study characteristics
Methods Study design: split mouth (randomly divided by site, with identical sites in each arch)

Study period: September 2022 to February 2023

Setting: Bangalore Institute of Dental Sciences and Post-graduate Research Centre, India
Number of centres: 1

Funding source: not reported

Declaration of interests: not reported

Participants Diagnosis (periodontal or peri-implant): periodontitis

Inclusion criteria: 35 to 55 years of age, with stage Il grade A periodontitis, radiographic evidence of
bone loss extending to the coronal third, interdental CAL of 3 mm to 4 mm, with no tooth loss due to
periodontitis, maximum PPD of 5 mm, with mostly horizontal bone loss; ASA status 1 - good general
health; the presence of 3 multi-rooted teeth in the posterior segment with identical PD <5 mm (1 in
each quadrant); > 20 permanent teeth excluding third molars

Exclusion criteria: known allergy to ICG dye; those who had received antibiotics, or surgical or non-sur-
gical periodontal treatment within the past 12 months; pregnancy; current smokers; history of treat-
ment for recent bacterial infections; thyroid disorders; evidence of other systemic diseases (ischaemic
heart disease, liver disease, renal disease, immunodeficiency and diabetic mellitus); HIV, hepatitis or
any other contagious diseases

Pocket depth at baseline, mean (SD): 4.62 (+ 0.58) mm (using UNC-15)

Age, mean (SD): 40.7 (+ 7.18) years

Sex, M/F: 14/7

Smokers: none

Number of randomised participants: 21 (42 sites); lost to follow-up 1 participant (2 sites)

Number of evaluated participants: 20 (20 sites/teeth)

Interventions Test group: Sl and aPDT (single session)
Control group: SI
OHI before study start: yes
Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 610 nm; power output 0.8 W in continuous
mode; ZOLAR with PACT Cumdente tip; for 60 s)

Photosensitiser: ICG 5mg/mL; rinsed off after 60 s
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Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, CAL, RAL (using UNC-15), adverse events
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: full-mouth Gl and PI, PCT
Notes Clinical trials registration: CTRI/2022/08/045099
This study included an additional study arm (Sl and laser). This group was not eligible for inclusion in
this review and we did not extract data for these participants.
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "ldentical sites, one in each arch, on the multi-rooted teeth were ran-
domly allocated to the intervention and control groups at an allocation ratio
of 1:1, using a computer-guided allotment software"

Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. We noted that SI

formance bias)

was carried out after randomisation.

Blinding of participants
(performance bias)

Low risk No details of whether participants were aware of allocation. However, we ex-
pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The clinical periodontal measurements were performed by one cali-
brated examiner who was blinded to the experimental site"

Incomplete outcome data  Low risk Loss of only one participant

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Prospectively registered with a clinical trials register (CTRI/2022/08/045099).

porting bias)

However, the details in the clinical trials register are vague and no measures of
clinical outcomes are indicated. We cannot be certain whether this is owing to
lack of detail or risk of selective outcome reporting.

Other bias Low risk We identified no other sources of bias.
Bassir 2013
Study characteristics
Methods Study design: split-mouth (each quadrant randomly assigned to a treatment group)
Study period: April 2010 to May 2011
Setting: University Hospital, Tehran, Iran
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Bassir 2013 (Continued)

Number of centres: 1

Funding source: Laser Research Center in Dentistry (LRCD) of Tehran University of Medical Sciences (No.

89-01-97-10245)

Declaration of interests: unclear

Participants

Diagnosis (periodontal or peri-implant): moderate to severe chronic periodontitis

Inclusion criteria: at least 2 teeth with PPD 4 mm to 6 mm/quadrant, no furcation involvement, at least
4 teeth/quadrant

Exclusion criteria: systemic disease, periodontal treatment within the past 12 months, systemic antibi-
otics within the last 6 months, smoking > 10 cigarettes/day; pregnant or lactating

Pocket depth at baseline: PPD 4 mm to <5 mm and PPD =5 mm, Williams probe no stent
Age, mean (SD), range: 50.3 (+ 8.7) years, 40 to 63 years

Sex, M/F: 8/8

Smokers: 3 (< 10 cigarettes/day)

Number of randomised participants: 16

Number of evaluated participants: 16 (total number of 210 sites, test group: 119 sites, control group: 91
sites)

Interventions

Test group: PAD (TBO + LED irradiation) and Sl (3 sessions aPDT)
Control group: SI

OHI before study start: yes

Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: LED (625 to 635 nm, maximum power density: 2000 mW/cm2, Fo-
to-San)

Photosensitiser: toluidine blue - O (0.1 mg/mL)
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, BOP, CAL, adverse effects
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: Pl
Notes "Postoperative healing was uneventful"
Note: study included 2 additional study groups (LED and SI; and TBO and SlI). These treatment groups
were not eligible for this review and we did not include any data for these groups.
Risk of bias
Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was performed with a "predefined computer-generated bal-
anced block randomisation table with a 1:1 allocation”.
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Bassir 2013 (Continued)

Allocation concealment
(selection bias)

Low risk Quote: "Allocation concealment was obtained by sealed non-transparent en-

velopes"

Blinding of personnel (per-  Low risk Quote: "An experienced investigator who was not informed about the treat-
formance bias) ment allocation performed SRP"
Comment: Sl was carried out prior to randomisation
Blinding of participants Low risk Quote: "Patients did not receive information about the type of adjunctive
(performance bias) treatment that was used in each quadrant”
Blinding of outcome as- Low risk Quote: "All clinical parameters were measured by a calibrated examiner who
sessment (detection bias) was not aware of the treatment allocation"
All outcomes
Incomplete outcome data  Low risk All participants completed the study.
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Clinical trials registration (NCT01330082) in April 2011, towards the end of the
porting bias) study period. We cannot effectively use these documents to judge risk of selec-
tive reporting bias because of retrospective publication.
Other bias Low risk We identified no other sources of bias.
Bechara Andere 2018
Study characteristics
Methods Study design: split-mouth (2 sites from each participant were randomised to receive test or control

treatment). See note below.

Study period: August 2014 to March 2015

Setting: University Hospital, Sdo José dos Campos, Brazil
Number of centres: 1

Funding source: Research Funding Agency from Sdo Paulo State (FAPESP), Brazil, grants # 15/12669-8;
15/04621-5;12/14595-3

Declaration of interests: unclear

Participants

Diagnosis (periodontal or peri-implant): generalised aggressive periodontitis
Inclusion criteria: = 20 teeth; < 35 years of age; PPD and CAL single-rooted teeth =5 mm and BOP

Exclusion criteria: pregnant or lactating, systemic disease, antimicrobial treatment in preceding 6
months, long-term anti-inflammatory drugs, periodontal treatment within the last 12 months, smoker

Age, mean (SD): 31.26 (+ 4.73) years
Sex, M/F: 1/17

Smokers: none - exclusion criterion
Number of randomised participants: 18

Number of evaluated participants: 18

Adjunctive antimicrobial photodynamic therapy for treating periodontal and peri-implant diseases (Review) 52
Copyright © 2024 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Cpchrane
Library

O

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Revie

WS

Bechara Andere 2018 (Continued)

Interventions

Test group: Sl/placebo pills/aPDT (single session)
Control group: Sl/placebo pills

OHI before study start: yes

Instruments used for Sl: ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 660 nm, output power 60 mW, Thera Lase
DMC)

Photosensitiser: methylene blue (10 mg/mL)
Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, CAL, REC, adverse effects
Time point(s) used for review outcomes: 3 months and 6 months
Other outcomes reported in the study but not used in the review: side effects of antibiotics

Notes Adverse reactions due to drug therapy were recorded (data not used).
Note: study included 2 additional treatment groups, which were not eligible for inclusion in the review
(Sl and clarithromycin; Sl and clarithromycin and aPDT); we did not collect data for these groups in the
review. However, we note that randomisation was initially conducted at a parallel level (participants
were allocated to treatment with either clarithromycin or placebo) before split-mouth randomisation
for aPDT or control. The test and control groups included in the review therefore also administered a
placebo pill (for clarithromycin).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Participants were randomly assigned to 1 of 4 therapies by a computer-gener-

tion (selection bias) ated list

Allocation concealment Low risk Quote: "Allocation was implemented by an investigator who was not directly

(selection bias) involved in the examination or treatment procedures"

Blinding of personnel (per-  Low risk Itis not feasible to blind personnel to treatment allocation. However, Sl was

formance bias) carried out in all participants prior to randomisation.

Blinding of participants Low risk Quote: "In addition to being blinded to the allocation, the patients were not

(performance bias) aware of which sites had been selected for the groups"

Blinding of outcome as- Low risk Quote: "All clinical parameters were assessed by a single examiner, who was a

sessment (detection bias) blinded, trained, and calibrated clinician"

All outcomes

Incomplete outcome data  Low risk All participants completed the study.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Retrospective clinical trials registration (NCT03142776; first posted in May

porting bias)

2017). We were unable to use these documents to effectively assess the risk of
selective reporting bias.
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Bechara Andere 2018 (Continued)

Other bias Low risk We identified no other sources of bias.
Berakdar 2012
Study characteristics
Methods Study design: split-mouth (teeth were randomly allocated). For each participant, 2 teeth were allocated

to test group and 2 teeth were allocated to control group.
Study period: unclear

Setting: University Hospital, Mainz, Germany

Number of centres: 1

Funding source: unclear

Declaration of interests: "The authors declare that they have no competing interests"

Participants Diagnosis (periodontal or peri-implant): chronic periodontitis
Inclusion criteria: at least 4 teeth with PPD =5 mm
Exclusion criteria: systemic disease, antibiotics within the last 6 months, pregnancy and smoking
Age, mean (SD), range: 59.3 (+ 11.7) years, 38 to 74 years
Sex, M/F:12/10
Smokers: none - exclusion criterion
Number of randomised participants: 22

Number of evaluated participants: 22 (a total of 88 teeth, 44 teeth in each group)

Interventions Test group: Sl and aPDT (1 session)
Control group: SI
OHI before study start: yes
Instruments used for SI: hand instruments

Photodynamic irradiation source: laser (670 nm, maximum power density: 150 mW for 60 seconds, Peri-
owave)

Photosensitiser: methylene blue (0.005%)
Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, adverse effects
Time point(s) used for review outcomes: 3 months and 6 months

Other outcomes reported in the study but not used in the review: PI, GI

Notes Only outcome PPD after 6 months was used; other data not available
Risk of bias
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Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomisation list
tion (selection bias)
Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. Sl carried out after
formance bias) randomisation.
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
Blinding of outcome as- Low risk Quote: "The examiner was not involved in the therapy, and therefore didn’t
sessment (detection bias) know which tooth had received which type of therapy (single blinded)"
All outcomes
Incomplete outcome data  Low risk All participants completed the study.
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.
Betsy 2014
Study characteristics
Methods Study design: parallel

Study period: June 2011 to June 2012

Setting: Department of Periodontics, Government Dental College, India

Number of centres: 1

Funding source: supported by a grant from Department of Science & Technology, Government of India

Declaration of interests: "The authors declare that they have no conflicts of interests"

Participants

Diagnosis (periodontal or peri-implant): periodontitis

Inclusion criteria: diagnosed with chronic periodontitis, PPD 4 to 6 mm at least in 2 different quadrants
of the mouth, minimum of 20 teeth, 18 to 65 years of age, both males and females, single rooted teeth,
good general health without any signs of systemic disease, no use of antibiotics for the past 6 months,
female participants were not pregnant or lactating, non-smoking, no allergies to methylene/toluidine
blue

Exclusion criteria: third molars, teeth presenting unsatisfactory restorations, extensive caries lesions,
fractures, teeth where the mento-enamel junction is difficult to determine, areas with great gingival
morphological alterations
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Betsy 2014 (Continued)

Pocket depth at baseline, median (range): test group 5.7 (5.0 to 6.0) mm; control group 5.5 (4.2 to 6) mm
(William's graduated periodontal probe)

Age, mean (SD): test group 40.8 (+ 8.3) years; control group 38.4 (+ 9.6) years
Sex, M/F: test group 22/22; control group 15/29
Smokers: none

Number of randomised participants: 88. Test group 44 participants (1 lost to follow-up at 1 month; 2
discontinued intervention - took antibiotics for other ailments); control group 44 participants (2 lost to
follow-up (1 after 1 month, 1 after 3 months); 0 discontinued intervention)

Number of evaluated participants: 88

Interventions

Test group: Sl and aPDT (single session)

Control group: SI

OHI before study start: yes

Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 655 nm; power output 1 W continuous
mode, for 60 s; CNI Opto-electronics, Tech, China)

Photosensitiser: methylene blue (10 mg/mL)
Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, CAL, REC, adverse events
Time point(s) used for review outcomes: 3 months and 6 months
Other outcomes reported in the study but not used in the review: Gl, GBI, PI
Note: we were unable to use any of the data for PPD, CAL and REC because they were reported as medi-
an values.
Notes Clinical trials registration: (CTRI) REFCTRI201000610
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "each participant was randomly assigned either to SRP or SRP + aPDT
tion (selection bias) groups according to block randomization"
Allocation concealment Low risk Quote: "The allocations were concealed in opaque sealed envelopes, which
(selection bias) were sequentially numbered"
Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. Using information
formance bias) from the flow-chart, we assumed that Sl was carried out after randomisation.
Blinding of participants Low risk Although participants were aware of group allocation, we did not expect this
(performance bias) to influence their oral hygiene behaviour during the study period.
Blinding of outcome as- Low risk Quote: "An experienced periodontist (PJ) who was blinded to the study proce-
sessment (detection bias) dure collected all clinical data at the baseline and during follow-up visits"
All outcomes
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Incomplete outcome data  Low risk We were only able to use data for adverse events as other data were reported
(attrition bias) only as median values. Only 3 participants were lost during study follow-up
All outcomes and reasons for these are described.

Selective reporting (re- Unclear risk Study is described as registered on the Clinical Trials Register of India (REFC-
porting bias) TRI201000610). We are unable to locate the registration using the ID cited in

the study report. Therefore, we are unable to assess selective outcome report-
ing for this study.

Other bias Low risk We identified no other sources of bias.

Borekci 2019

Study characteristics

Methods Study design: parallel
Study period: unclear
Setting: University Hospital, Istanbul, Turkey
Number of centres: 1
Funding source: Marmara University (taken from clinical trials registration NCT03412331)

Declaration of interests: "All authors have completed and submitted the ICMJE Form for Disclosure of
Potential Conflicts of Interest and none were reported"

Participants Diagnosis (periodontal or peri-implant): generalised aggressive periodontitis
Inclusion criteria: minimum 20 teeth, no periodontal treatment within the last 6 months
Exclusion criteria: systemic disease, smoking, use of antibiotics for the past 6 months
Age, mean (SD): test group 28.7 (+ 3.9) years; control group (28.1 (+ 3.7) years
Sex, M/F: 13/11 (not reported by group)
Smokers: none - exclusion criterion
Number of randomised participants: 24 (12 participants in each group)

Number of evaluated participants: 24

Interventions Test group: Sl and aPDT (2 sessions at 7th and 8th day)
Control group: Sl (carried out in 2 sessions, 1 at baseline and the other at day 7)
OHI before study start: yes
Instruments used for Sl: hand and ultrasonic instruments

Photodynamic irradiation source: LED source (wavelength 625 nm to 635 nm, maximum power density:
2000 mW/cm2, Foto-San)

Photosensitiser: toluidine blue (0.1 mg/mL)
Phase of treatment: active

Duration of study: 2 months
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Borekci 2019 (continued)

Outcomes Outcomes included in the review: PPD, CAL
Time point(s) used for review outcomes: 3 months

Other outcomes reported in the study but not used in the review: SBI, RAL, tooth mobility, microbiolog-
ical data for Aa, Pg, Pi, Tf, Td

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated table

tion (selection bias)

Allocation concealment Unclear risk Method of concealment not described
(selection bias)

Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. In addition, we
formance bias) noted that Sl was carried out after randomisation.

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance

during the study period.

Blinding of outcome as- High risk Quote: "All clinical examinations were carried out by a non-blinded single ex-
sessment (detection bias) aminer (TB)"
All outcomes

Incomplete outcome data  Low risk All participants completed the study.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Clinical trials registration (NCT03412331, first posted in January 2018). Be-
porting bias) cause the study period is not reported in the final report, we cannot determine

whether clinical trials registration is prospective; therefore, we cannot use
these documents to effectively assess the risk of selective reporting bias.

Other bias Low risk We identified no other sources of bias.
Braun 2008
Study characteristics
Methods Study design: split-mouth (2 quadrants each allocated to test group or control group, 40 quadrants in
total)

Study period: January to June 2007

Setting: University Hospital, Bonn, Germany

Number of centres: 1

Funding source: Helbo Photodynamic Systems provided the diode laser and photosensitiser

Declaration of interests: "The authors declare that they have no conflicts of interest"
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Braun 2008 (Continued)

Participants

Diagnosis (periodontal or peri-implant): untreated chronic periodontitis

Inclusion criteria: at least 1 premolar and 1 molar in every quadrant with a minimum of 4 teeth each; at
least 1 tooth with an AL >3 mm per quadrant

Exclusion criteria: systemic diseases, bleeding-stimulating pharmaceuticals or intake of systemic an-
tibiotics within the last 6 months

Age, mean (SD): 46.6 (+ 6.1) years

Sex, M/F: 9/11

Smokers: none

Number of randomised participants: 20

Number of evaluated participants: 20 (test group: 506 sites, control group: 475 sites)*

Interventions

Test group: Sl and aPDT (single session)

Control group: SI

OHI before study start: unclear

Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 660 nm, output power: 100 mW, Helbo)
Photosensitiser: phenothiazine chloride

Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, CAL, REC
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: SFFR, RAL*
Note: we used mean data supplied by study authors for PPD, CAL and REC at baseline and 3 months.
Notes *Data provided by author on request.
BOP, SFFR not presented as mean (SD) therefore not used, but both were demonstrated as box plots
No power analysis
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated random number table
tion (selection bias)
Allocation concealment Unclear risk Quote: "The sequence was concealed until interventions were assigned"

(selection bias)

Comment: no additional information

Blinding of personnel (per-
formance bias)

Low risk It is not feasible to blind personnel to treatment. However, Sl was carried out
before randomisation to the treatment.
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Braun 2008 (Continued)
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
Blinding of outcome as- Low risk Quote: "The periodontal status of each subject was assessed...by a blinded ex-

sessment (detection bias)
All outcomes

aminer who was not involved in the treatment of the patients"

Incomplete outcome data  Low risk All participants completed the study; information provided by corresponding
(attrition bias) author on request.
All outcomes
Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.
Campos 2013
Study characteristics
Methods Study design: split-mouth (teeth in different quadrants randomly assigned to test or control groups)

Study period: February 2010 to September 2010

Setting: University Hospital, Sdo Paulo, Brazil

Number of centres: 1

Funding source: FAPESP (Sdo Paulo Research Foundation)—Processes 2010/51218-8

Declaration of interests: "The authors report no conflicts of interest related to this study"

Participants

Diagnosis (periodontal or peri-implant): chronic periodontitis

Inclusion criteria: at least 2 contralateral single-rooted teeth with residual PPD = 5 mm and BOP, sup-
portive periodontal therapy

Exclusion criteria: pregnancy, lactation, smoking and past smoking (< 10 years), antibiotic therapies in
the previous 6 months, systemic disease, orthodontic appliances

Age, mean (SD): 48.15 (+ 7.53) years
Sex, M/F:7/6

Smokers: none - exclusion criterion
Number of randomised participants: 15

Number of evaluated participants: 13 (number of residual pockets in both groups unclear)

Interventions

Test group: Sl and aPDT (single session)
Control group: SI
OHI before study start: unclear

Instruments used for SI: hand and ultrasonic instruments
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Photodynamic irradiation source: diode laser (wavelength 660 nm, output power: 60 mW, Thera Lase-

DMC)

Photosensitiser: methylene blue (10 mg/mL)

Phase of treatment: supportive

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, CAL, REC, adverse effects
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: FMPS, FMBS, RAL
Notes BOP not used: no SD available
Risk of bias
Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Quote: "The teeth presenting residual pockets ... were randomly assigned, by a

tion (selection bias) computer-generated table"

Allocation concealment Unclear risk Method of concealment not described

(selection bias)

Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. Sl was carried out

formance bias) after randomisation.

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as- Low risk Quote: "The same examiner, who was blinded to the therapies, carried out all

sessment (detection bias) measurements of clinical evaluation"

All outcomes

Incomplete outcome data Low risk Dropouts 2/15 (13.3%), because of address changes

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-

porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.

Other bias Low risk We identified no other sources of bias.

Chitsazi 2014

Study characteristics

Methods

Study design: split-mouth (teeth of 1 quadrant of each arch with PD =4 mm were randomly selected for
test group; control group were selected teeth in the contralateral quadrant)

Study period: unclear

Setting: University Hospital, Tabriz, Iran
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Chitsazi 2014 (continued)

Number of centres: 1

Funding source: Tabriz University of Medical Science (taken from Iranian Registry of Clinical Trials (IRC-
T201211277128N3))

Declaration of interests: unclear

Participants

Diagnosis (periodontal or peri-implant): aggressive periodontitis

Inclusion criteria: minimum of 12 teeth with at least 3 teeth in each quadrant with = 4 mm of probing
depth

Exclusion criteria: periodontal treatment and antibiotic use within the last 6 months, systemic disease,
smoking and pregnancy

Age, mean: 29 years

Sex, M/F: 9/15

Smokers: none - exclusion criterion
Number of randomised participants: 24

Number of evaluated participants: 24

Interventions

Test group: Sl and aPDT (single session)
Control group: SI

OHlI before study start: unclear

Instruments used for Sl: ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 670 nm to 690 nm, output power: 75 mW,
Handy Laser)

Photosensitiser: toluidine blue
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, BOP: CAL, REC, adverse effects
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: PI, GI, microbiological data (Aa)
Notes Participants' complaints were sought: none
BOP no SD given; not used for analysis
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "The teeth of one quadrant of each arch with =4 mm of PD, selected
randomly...".

Comment: no additional information on method of randomisation. We noted
no significant differences between groups at baseline.
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Allocation concealment Unclear risk Method of concealment not described
(selection bias)

Blinding of personnel (per-  Low risk We assumed from information in the study report that Sl was performed sepa-
formance bias) rately by a different operator to the aPDT, who we assumed treated all partici-
pants equally.

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as- Low risk We assumed from information in the study report that the examiner was blind-

sessment (detection bias) ed to treatment allocation.

All outcomes

Incomplete outcome data  Low risk All participants completed the study.
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Retrospective registration with the Iranian Registry of Clinical Trials (IRC-
porting bias) T201211277128N3). Itis not feasible to use these documents to assess selec-
tive reporting bias.

Other bias Low risk We identified no other sources of bias.
Chondros 2009

Study characteristics

Methods Study design: parallel

Study period: unclear
Setting: University Hospital, Nijmegen, the Netherlands
Number of centres: 1

Funding source: partly supported by HELBO Photodynamic Systems GmbH & Co KG, Grieskirchen, Aus-
tria

Declaration of interests: not reported

Participants Diagnosis (periodontal or peri-implant): chronic periodontitis

Inclusion criteria: no active periodontal treatment during the past 6 months, at least 1 site per quad-
rant with PPD =4 mm with BOP

Exclusion criteria: systemic disease, antibiotics for the past 12 months, pregnancy
Age, mean (SD): test group 48.3 (+ 7.9) years; control group 50.6 (+ 9.2) years

Sex, M/F: test group 7/5; control group 7/5

Smokers, yes: test group 4; control group 3

Number of randomised participants: 24 (test group 12; control group 12)

Number of evaluated participants: 24
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Chondros 2009 (Continued)

Interventions

Test group: Sl and aPDT (single session)
Control group: SI
OHI before study start: unclear

Instruments used for Sl: sonic scaler

Photodynamic irradiation source: diode laser (wavelength 670 nm, output power density: 75 mW/cm?2,
HELBO minilaser 2075 F dent)

Photosensitiser: phenothiazine chloride
Phase of treatment: supportive

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, BOP, CAL, REC
Time point(s) used for review outcomes: 3 months and 6 months
Other outcomes reported in the study but not used in the review: FMPS, FMBS, microbiological para-
meters (Aa, Pg, Pi, Tf, Td, Pm, Fn, Cr, En, Ec, Cs)
Notes Microbiological analysis method: PCR followed by hybridisation
Participants' complaints were sought: none
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Coin toss
tion (selection bias)
Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  High risk Itis not feasible to blind personnel. We noted that Sl appeared to be carried

formance bias)

out after randomisation.

Blinding of participants
(performance bias)

Low risk No details of whether participants were aware of allocation. However, we ex-
pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Clinical data were collected before treatment (baseline) and at fol-
low-up examinations after 3 months and 6 months by an examiner (...) not
aware of the treatment allocation with respect to treatment assignment"

Incomplete outcome data  Low risk All participants completed the study.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-

porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.

Other bias Low risk We identified no other sources of bias.
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Christodoulides 2008

Study characteristics

Methods

Study design: parallel

Study period: February 2005 to November 2006
Setting: University Hospital, Nijmegen, the Netherlands
Number of centres: 1

Funding source: partially supported by a grant from HELBO Photodynamic Systems, Grieskirchen, Aus-
tria

Declaration of interests: "The authors report no conflicts of interest related to this study"

Participants

Diagnosis (periodontal or peri-implant): chronic periodontitis

Inclusion criteria: no periodontal treatment for the last 2 years, no use of antibiotics for the preceding
12 months

Exclusion criteria: systemic diseases, pregnancy

Age, mean (SD): test group 43.7 (+ 7.3) years; control group 47.3 (+ 8.8) years
Sex, M/F: test group 5/7; control group 6/6

Smokers, yes: test group 2; control group 1

Number of randomised participants: 24 (test group 12; control group 12)

Number of evaluated participants: 24

Interventions

Test group: Sl and aPDT (single session)

Control group: SI

OHI before study start: yes

Instruments used for SI: hand and sonic instruments

Photodynamic irradiation source: diode laser (wavelength 670 nm, output power density: 75 mW/cm?2,
HELBO Theralite laser)

Photosensitiser: Helbo blue, chemical formula unclear
Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, BOP, CAL, REC
Time point(s) used for review outcomes: 3 months and 6 months
Other outcomes reported in the study but not used in the review: FMPS, FMBS, microbiological para-
meters (Aa Pg)

Notes Participants' complaints were sought: none

Risk of bias

Bias Authors' judgement  Support for judgement
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Christodoulides 2008 (continued)

Random sequence genera-  Low risk Toss of a coin

tion (selection bias)

Allocation concealment Unclear risk Method of concealment not described

(selection bias)

Blinding of personnel (per-  Low risk Itis not feasible to blind personnel to treatment allocation. However, we noted

formance bias) that "randomisation was performed immediately following the completion of
instrumentation".

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as- Low risk The same examiner, who was blinded to the therapies, carried out all clinical

sessment (detection bias) evaluation measurements.

All outcomes

Incomplete outcome data ~ Low risk All participants completed the study

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-

porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.

Other bias Low risk We identified no other sources of bias.

Coelho 2023
Study characteristics
Methods Study design: split-mouth (molar teeth of each participant randomly allocated to test or control

groups)

Study period: 2017 (no range of dates reported)

Setting: Dental School of the Federal University of Bahia, Brazil
Number of centres: 1

Funding source: supported by the Coordination for the Improvement on Higher Education Personnel,
and the Brazilian National Council for Scientific and Technological Development

Declarations of interest: "The authors have no conflicts of interest related to this study"

Participants

Diagnosis (periodontal or peri-implant): generalised periodontitis Stage Ill, grade C

Inclusion criteria: stage I, grade C periodontitis; < 35 years of age; similar periodontal lesion in the con-
tralateral maxillary of mandibular molar teeth with a PD =5 mm, presence of BOP and CAL = 1; at least
20 remaining teeth

Exclusion criteria: periodontal treatment or antibiotic use within 6 months prior to the study; anti-in-
flammatory therapy within 3 months before the study; indication for antibiotic prophylaxis; smoking
habit; pregnancy; diabetes; orthodontic treatment within 2 years prior to the study

Pocket depth at baseline, mean (SD): test group 4.06 (+ 1.68) mm; control group 3.64 (+ 1.54) mm (using
UNC-15)
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Age, mean (SD): 31.4 (+ 6) years

Sex, M/F: 3/11

Smokers: none

Number of randomised participants: 11 (19 molars; 114 periodontal sites)

Number of evaluated participants: 11 (114 sites)

Interventions

Test group: Sl and aPDT (2 sessions, reported after 7 days)

Control group: Sl and sham aPDT (with simulated insertion of photosensitiser and diode laser machine
with just beep sound and no irradiation)

OHI before study start: yes
Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 660 nm, power output 100 mW, applied to 6
sites for 10 s to each site; Therapy XT, DMC)

Photosensitiser: 1% methylene blue, rinsed after 5 mins with saline solution
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, CAL, adverse events
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: horizontal dimension of the furcation
defect, distance between the cementoenamel junction and the free gingival margin
Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Using a shuffled deck of cards (even = test group, odd = control group)
tion (selection bias)
Allocation concealment Unclear risk Opaque envelopes assigned to each participant, opened during the procedure.
(selection bias) Does not state if envelopes were sealed or sequentially numbered.
Blinding of personnel (per-  Low risk Allocation was revealed only at the time of aPDT or control procedures. There-
formance bias) fore, personnel applied Sl before randomisation, and lack of blinding is unlike-
ly to impact performance.
Blinding of participants Low risk Quote: "The patients were blinded to the treatment allocation".
(performance bias)
Comment: study included use of sham aPDT
Blinding of outcome as- Unclear risk No details
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No participant losses
(attrition bias)
All outcomes
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Selective reporting (re- Unclear risk Prospectively published protocol or clinical trials registration not cited. With-

porting bias) out these reports, it is not possible to assess the risk of selective reporting
bias.

Other bias Low risk We identified no other sources of bias.

Cosgarea 2021

Study characteristics

Methods Study design: parallel
Study period: unclear
Setting: private practice, Cluj-Napoca, Romania
Number of centres: 1
Funding source: the company Bredent GmbH (Senden, Germany) supported the study by providing ma-
terial for PDT and financial support for the microbiological analysis
Declaration of interests: "The authors declare no conflicts of interest"

Participants Diagnosis (periodontal or peri-implant): periodontitis Stage I-1V, grade A/B/C (previously chronic peri-
odontitis)
Inclusion criteria: at least 6 months after active periodontal therapy, at least 4 sites at different teeth
with PD =4 mm and BOP or PD =5 mm, Pl < 30%, systemically healthy
Exclusion criteria: smokers > 10 cigarettes/day, systemic or local antibiotics within the preceding 6
months; medication that may have interacted with doxycycline or that may have influenced the peri-
odontium; pregnant participants
Age, mean (SD): test group 46 (+ 11) years; control group 44 (+ 9.15) years
Sex, M/F: test group 14/21; control group 15/20
Smokers, yes: test group 2; control group 12 (< 10 cigarettes/day); former smokers test group 3; control
group 0
Number of randomised participants: 70 (35 in test group; 35 in control group
Number of evaluated participants: 61 (31 in test group; 30 in control group)

Interventions Test group: Sl and aPDT (multiple sessions, at baseline and at 7th day)
Control group: Sl + NaCl rinsing
OHI before study start: yes
Instruments used for subgingival instrumentation: ultrasonic instruments
Photodynamic irradiation source: diode laser (wavelength 660 nm, output power density: 100 mW/cm?2,
HELBO Theralite laser)
Photosensitiser: phenothiazine chloride
Phase of treatment: supportive
Duration of study: 6 months
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Outcomes Outcomes included in the review: PPD, CAL, BOP, adverse effects
Time point(s) used for review outcomes: 3 months and 6 months
Other outcomes reported in the study but not used in the review: GBI, FMPS, microbiological parame-
ters (Aa, Pg, Pi, Td, Tf, Fn, Cr, Fa)
Notes Data for BOP not used, no SD provided
Note: study included an additional study group (Sl plus locally delivered doxycycline), which was not el-
igible for the review; we did not include any data for this group in the review
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Computer-generated randomisation list
tion (selection bias)
Allocation concealment Low risk The randomisation list was concealed from the participants, clinical examiner,
(selection bias) therapist and statistician.
Blinding of personnel (per-  Low risk Itis not feasible to blind personnel to treatment allocation. We assumed from
formance bias) information in the study report that Sl was carried out in all participants prior
to randomisation.
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
Blinding of outcome as- Low risk The same examiner, who was blinded to the therapies, carried out all clinical
sessment (detection bias) evaluation measurements.
All outcomes
Incomplete outcome data  Low risk Dropouts: 9/70 participants in the 2 groups included in the present review
(attrition bias) (12.9%); unclear time point of dropouts or the reasons for dropout. But all data
All outcomes from all participants at given time points were listed in the tables.
Selective reporting (re- Unclear risk Retrospective clinical trials registration (ISRCTN17209965; posted in February
porting bias) 2021). It is not feasible to use these documents to assess risk of selective re-
porting bias
Other bias Low risk We identified no other sources of bias.
Courval 2020
Study characteristics
Methods Study design: split-mouth (each of the 4 quadrants per participant was randomly allocated to the test

or control groups)

Study period: June 2014 to June 2017

Setting: University Hospital, Strasbourg, France

Number of centres: 1

Funding source: Thommen Medical France
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Declaration of interests: "The authors report no conflicts of interest related to this study"

Participants

Diagnosis (periodontal or peri-implant): severe generalised chronic periodontitis

Inclusion criteria: = 20 teeth (third molars not included), = 30% of sites with CAL >5 mm and = 5 sites
with PPD =5 mm/quadrant; = 1 molar/quadrant (third molars not included); bone loss; BOP = 30%

Exclusion criteria: aggressive periodontitis, smoking > 10 cigarettes/day, antibiotic and anti-inflamma-
tory treatments in the previous 6 months, previous periodontal therapy, systemic diseases and preg-
nancy or lactation

Age, mean (SD): 50.25 (+ 5.98) years
Sex, M/F: 14/22

Smokers: 11

Number of randomised participants: 36

Number of evaluated participants: 28; 8 participants excluded during follow-up (3 participants at 3-
month visit, 5 participants at 6-month visit)

Interventions

Test group: Sl and aPDT (2 sessions within 1 week*)
Control group: Sl and sham irradiation

OHI before study start: yes

Instruments used for SI: hand and ultrasonic instruments*

Photodynamic irradiation source: LED source (wavelength 625 nm to 635 nm, maximum power density:
2000 mW/cm2, Foto-San)

Photosensitiser: toluidine blue (0.1 mg/mL)
Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, CAL, adverse effects
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: PI
Notes Chlorhexidine mouthwash (0.12%) twice per day for 15 days during initial treatment, at 3- and 6-month
visits SRP and aPDT in residual sites PPD =4 mm (same quadrant allocation)
Data for BOP not used, no SD provided
* Data derived from Harmouche 2019
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomisation according to a randomisation table with 1:1 allocation
tion (selection bias)
Allocation concealment Low risk Blinding to the randomisation was ensured using sealed and opaque en-

(selection bias)

velopes numbered in sequence, opened only after SRP (additional information
from Harmouche 2019).
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Blinding of personnel (per-  Low risk Itis not feasible to blind personnel to treatment allocation. However, we note

formance bias) that "Investigators (...) were trained periodontists. They were not aware of
treatment allocation when they performed...SRP".

Blinding of participants Low risk Quote: "The patients were blinded to the quadrants receiving PDT treatment"

(performance bias)
Comment: sham irradiation was performed in the control group

Blinding of outcome as- Low risk Quote: "Investigators (...) were trained periodontists. They were not aware of

sessment (detection bias) treatment allocation when they performed examination..."

All outcomes

Incomplete outcome data  High risk Dropouts 8/36 (22.2%), mainly for medical reasons that required antibiotics

(attrition bias)

All outcomes

Selective reporting (re- Low risk Prospective clinical trials registration (NCT02030470; first posted January

porting bias) 2014). Outcomes in the study report are consistent with those in the prospec-
tive registration documents.

Other bias Low risk We identified no other sources of bias.

da Siva 2020
Study characteristics
Methods Study design: split-mouth (6 sites/participant: 3 on left side and 3 on right side; residual periodontal

pockets of each hemiarchate were randomly allocated to test and control group)

Study period: August to October 2017 (recruitment period)

Setting: Dentistry Department, Rio Grande do Norte Federal University Integrated Clinics, Brazil
Number of centres: 1

Funding source: "This research did not receive any specific grant from funding agencies in the public,
commercial, or non-for-profit sectors"

Declaration of interests: "The authors declare that they have no conflict of interest"

Participants

Diagnosis (periodontal or peri-implant): periodontitis

Inclusion criteria: localised or generalised periodontitis, > 30 years of age, presence of at least 1 site
presenting residual periodontal pockets (with clinical probing depth of 4 mm or more, bleeding on
probing) per hemiarchate and good general health

Exclusion criteria: pregnant or breastfeeding, smokers, diabetes, allergy to phthalocyanine, treated
with antibiotics and/or immunosuppressive medicinal products in the last 6 months, presenting sys-
temic conditions that alter periodontal tissue, such as periodontal abscesses and gingivitis and/or
acute necrotising periodontitis

Pocket depth at baseline: not reported
Age, median (range): 52 (34 to 66) years
Sex, M/F: 8/11

Smokers: none
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da Siva 2020 (continued)

Number of randomised participants: 20 (1 lost to follow-up). We noted that the flow-chart indicated
that 19 (rather than 20) participants had been allocated to the treatment group (114 sites).

Number of evaluated participants: n/a

Interventions

Test group: Sl and aPDT (single session)

Control group: Sl and sham aPDT (subgingival irrigation with 0.89% saline solution and device used
without being activated)

OHI before study start: yes
Instruments used for SI: hand instruments

Photodynamic irradiation source: diode laser (wavelength 660 nm, power output 100 mW, continuous
wave for 15 s; Therapy XT)

Photosensitiser: chloro-aluminium phthalocyanine (AICIPc); 1 mL of solution applied to pocket and in
contact for 300 s

Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: BOP, PPD, CAL
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: VPI, GI
Notes We did not complete risk of bias assessment for this study because we extracted no outcome data.

de Araujo Silva 2020

Study characteristics

Methods

Study design: parallel

Study period: not reported

Setting: Rio Grande do Norte Federal University, Brazil
Number of centres: 1

Funding source: "Dr. Ricardo Bentes de Azevedo -UnB / Brasilia for the nanoparticulate AlCIPc samples,
UFRN for allowing this study and CAPES for supporting this research." No funding from "agencies in the
public, commercial, or not-for-profit sectors".

Declaration of interests: "The authors declare that they have no conflict of interest"

Participants

Diagnosis (periodontal or peri-implant): periodontitis

Inclusion criteria: people with periodontitis, > 18 years of age, presence of at least 2 sites in distinct sex-
tants with PD =5 mm and BOP; good general health status

Exclusion criteria: pregnant or lactating women; smokers; diabetics; allergies to phthalocyanine; under
periodontal or antibiotic treatment, or both, in the last 6 months; systemic conditions that alter peri-
odontal tissue

Age: not reported

Sex: not reported
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de Araujo Silva 2020 (continued)
Smokers: none

Number of randomised participants: 22 (63 periodontal sites; test group 40 sites, control group 23 sites)

Number of evaluated participants: n/a

Interventions Test group: Sl and aPDT (single session)
Control group: Sl (subgingival irrigation with 0.895 saline solution as a placebo)
OHI before study start: yes
Instruments used for SI: hand instruments

Photodynamic irradiation source: diode laser (wavelength 660 nm, power output 100 mW for 15 s; Pho-
ton Lase Ill, DMC)

Photosensitiser: AlCIPc liquid photosensitising formulation (0.5 mL, 5 uM)
Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: BOP, PPD, CAL
Time point(s) used for review outcomes: 3 and 6 months

Other outcomes reported in the study but not used in the review: PI, GBI, glutathione, malondialde-
hyde

Note: we were unable to use outcome data that were reported as median (IQR) values

Notes We did not complete risk of bias assessment for this study because we extracted no outcome data.

Note: uneven number of sites per group and no methods to describe randomisation approach; al-
though described as a randomised controlled trial, it is possible that this study is not randomised.

Derikvand 2020

Study characteristics

Methods Study design: parallel
Study period: 2017 to 2018
Setting: University Hospital, Borujerd, Iran
Number of centres: 1
Funding source: unclear

Declaration of interests: unclear

Participants Diagnosis (periodontal or peri-implant): chronic periodontitis
Inclusion criteria: good oral hygiene (Pl <20% after SRP), at least 3 teeth with PPD = 6 mm with BOP

Exclusion criteria: systemic diseases, previous or current radiation, immunosuppressive therapies, lo-
cal or systemic antibiotic treatment in the previous 6 months, pregnancy or lactation, participants with
history of periodontal surgery, smokers

Age: 35 to 55 years (not reported by group)
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Derikvand 2020 (continued)

Sex, M/F: 28/22 (not reported by group)
Smokers: none - exclusion criterion
Number of randomised participants: 50 (test group 25; control group 25)

Number of evaluated participants: 50

Interventions

Test group: Sl and aPDT (single session, 3 days after SRP)

Control group: Sl and placebo aPDT (serum solution and turned off laser)
OHI before study start: yes

Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 660 nm, output power density 150 mW,
DX61, Konftec)

Photosensitiser: methylene blue (100 pug/mL)
Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD

Time point(s) used for review outcomes: 3 and 6 months

Other outcomes reported in the study but not used in the review: PI, Gl
Notes No sample size calculation, but all 50 participants completed the trial
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "Patients were randomly allocated into two groups using urn random-
tion (selection bias) ization method"
Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  Low risk It is not feasible to blind personnel to treatment allocation. However, Sl was
formance bias) carried out separately by an operator who was blind to treatment allocation.
Blinding of participants Low risk Quote: "The patients were not cognizant of the group they belonged to"
(performance bias)

Comment: use of sham aPDT in order to blind participants to treatment alloca-
tion

Blinding of outcome as- Low risk Quote: "The examiners were not aware of the treatment protocol"
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk All participants completed the study.

(attrition bias)
All outcomes
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Derikvand 2020 (continued)

Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.
El Mobadder 2023
Study characteristics
Methods Study design: parallel

Study period: not reported

Setting: Oral Surgery Department, Wroclaw Medical University, Wroclaw, Poland
Number of centres: 1

Funding source: "This research received no external funding."

Declaration of interests: "The authors declare no conflict of interest."

Participants Diagnosis (periodontal or peri-implant): periodontitis
Inclusion criteria: PPD > 5 mm (stage Ill or IV based on the EFP and AAP classification)

Exclusion criteria: mobility of the concerned tooth; presence of any systemic disease that contradicts
non-surgical periodontal treatment; uncontrolled diabetes; plaque index > 30%; taking antibiotics or
probiotics or other adjunctive medication within the last 6 months; taking immunosuppressants within
the last 6 months; heavy smokers (> 10 cigarettes/day); lactating or pregnant women

Pocket depth at baseline, mean (SD): test group 6.69 (+ 0.83) mm; control group 7.11 (+ 0.73) mm (using
UNC-15)

Age, average: test group 48 years; control group 43 years

Sex, M/F: test group 4/12; control group 6/10

Smokers: not reported

Number of randomised participants: 32 (test group 16; control group 16)

Number of evaluated participants: 32

Interventions Test group: Sl with additional application of 0.12% CHX solution in pockets and aPDT (single session,
but aPDT applied 3 times within the session)

Control group: Sl with additional application of 0.12% CHX solution in pockets
OHI before study start: yes
Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 635 nm, power output 200 mW continuous
mode; Smart M Poland)

Photosensitiser: tolonium chloride, no information of concentration, left on for30 s
Phase of treatment: active

Duration of study: 3 months
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El Mobadder 2023 (continued)

Outcomes Outcomes included in the review: BOP, REC, PPD, CAL
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: Pl
Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Use of Excel with random number generator
tion (selection bias)
Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. We noted that SI
formance bias) was carried out after randomisation.
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
Blinding of outcome as- Unclear risk No details
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No apparent losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Prospectively published protocol or clinical trials registration not reported. It
porting bias) is not possible to effectively assess the risk of selective reporting bias without
these reports.
Other bias Low risk We identified no other sources of bias.
Elsadek 2022
Study characteristics
Methods Study design: parallel

Study period: unclear

Setting: University Hospital, Saudi Arabia*

Number of centres: 1

Funding source: King Saud University, Riyadh, Saudi Arabia, Project # RSP-2021/349

Declaration of interests: "The authors declare that they have no conflicts of interest"

Participants

Diagnosis (periodontal or peri-implant): Stage I11/Grade C periodontitis

Inclusion criteria: PPD > 5 mm, BOP, CAL >5 mm, > 10 occluding pairs, = 65 years of age
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Elsadek 2022 (continued)

Exclusion criteria: periodontal therapy in the previous 6 months, antibiotic treatment in the previous 6
months, systemic diseases, use of any probiotics

Age: test group 68.4 (+ 2.8) years; control group 66.1 (+ 3.3) years

Sex M/F: test group 13/17; control group 15/15

Smokers: none - exclusion criterion

Number of randomised participants: 60 (test group 30; control group 30)

Number of evaluated participants: 60

Interventions

Test group: Sl and aPDT (single session)

Control group: SI

OHI before study start: yes. Advised to use chlorhexidine mouthwash once a day during study period.
Instruments used for SI: hand and ultrasonic piezoelectric scaler

Photodynamic irradiation source: diode laser (wavelength 670 nm, output power density: 100 mW/cm2,
HELBO Theralite laser)

Photosensitiser: methylene blue (100 pug/mL)
Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, BOP, CAL
Time point(s) used for review outcomes: 3 and 6 months
Other outcomes reported in the study but not used in the review: PI, c-reactive protein, interleukin-6,
interleukin-1-beta

Notes *Not clearly explained in the text; presumably participants were treated in the university due to grant
and authors' affiliation. All participants were in good health, so that treatment in the university would
not be an obstacle.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Participants were randomly allocated into 2 groups using the toss of a coin.

tion (selection bias)

Allocation concealment High risk Quote: "Allocation concealment was accomplished with the help of non-

(selection bias) sealed envelopes. These envelopes were opened before commencing the
treatment to the study participants"
Comment: we could not assume effective allocation concealment in this study
because envelopes were described as "non-sealed"

Blinding of personnel (per-  Low risk Itis not feasible to blind personnel to treatment allocation. However, we note

formance bias) that "SRP was conducted by one trained periodontist who was not informed
about the treatment allocation"

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
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Elsadek 2022 (continued)

Blinding of outcome as- Unclear risk No information
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk All participants completed the study, "no withdrawals".
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.
Gandhi 2019
Study characteristics
Methods Study design: split-mouth (1 quadrant was test group, and 2 quadrants were control group)

Study period: unclear

Setting: University Hospital, Newark, NJ, USA
Number of centres: 1

Funding source: unclear

Declaration of interests: "The authors declare no conflicts of interest"

Participants Diagnosis (periodontal or peri-implant): generalised moderate to severe chronic periodontitis
Inclusion criteria: at least 1 pocket/quadrant with PPD =5 mm

Exclusion criteria: antibiotics, anti-inflammatory or immunosuppressive therapies in the past 6
months, periodontal treatment in the past 6 months, systemic diseases, allergy to dye, pregnancy or
lactation, smokers and past-smokers, chronic alcoholics

Age: 30 to 60 years

Sex: unclear

Smokers: none - exclusion criterion
Number of randomised participants: 30

Number of evaluated participants: 26 (test group 194 sites; control group 442 sites)

Interventions Test group: Sl plus aPDT (single session)
Control group: SI
OHI before study start: yes
Instruments used for SI: hand and piezoelectric ultrasonic instruments

Photodynamic irradiation source: GaAlAs diode laser (wavelength 810 nm, output power density 100
mW, Picasso, AMD Lasers)

Photosensitiser: indocyanine green
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Gandhi 2019 (continued)

Phase of treatment: active

Duration of study: 9 months

Outcomes Outcomes included in the review: PPD, CAL
Time point(s) used for review outcomes: 3 and 6 months
Other outcomes reported in the study but not used in the review: PI, GI, microbiological data for Pg and
Aa
Notes Study included an additional study group (SI and LLLT), which was not eligible for the review; we did
not include any data for this study group in the review
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated random numbers were used.
tion (selection bias)
Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. The same opera-
formance bias) tor conducted Sl and aPDT procedures and it was not reported whether Sl was
conducted prior to randomisation.
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
Blinding of outcome as- Low risk Quote: "Blinding was accomplished by utilizing a treatment-blinded examiner
sessment (detection bias) (...) who took clinical measurements...at baseline and the follow-up visits"
All outcomes
Incomplete outcome data  Low risk Dropouts 4/30 participants (13.3%). Participants who did not appear at the ap-
(attrition bias) pointment were not excluded by the study team. Thus, judged as low risk.
All outcomes
Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.

Grzech-Lesniak 2019

Study characteristics
Methods Study design: parallel
Study period: unclear
Setting: University Hospital, Woclaw, Poland (lead author, who is based in Poland, carried out all proce-
dures)
Number of centres: 1
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Grzech-Lesniak 2019 (Continued)

Funding source: study authors' own institutions

Declaration of interests: "The authors declare to not have any conflict of interest regarding this study"

Participants

Diagnosis (periodontal or peri-implant): chronic periodontitis

Inclusion criteria: horizontal bone loss/intrabony component <2 mm as measured on x-rays, FMPS <
25, FMBS < 25, > 18 years of age

Exclusion criteria: systemic diseases, smokers (= 5 cigarettes/day), deep intrabony defects, systemic
antibiotics in the last 12 months, pregnancy

Age, mean (SD): test group 51.1 (+ 9.9) years; control group 49/5 (+ 13.2) years
Sex, M/F: test group 8/12; control 7/13

Smokers: unclear; exclusion criterion

Number of randomised participants: 40 (test group 20; control group 20)

Number of evaluated participants: 40

Interventions

Test group: 1 session Sl, 3 sessions aPDT (day 1, 7, 14)

Control group: 1 session S|

OHlI before study start: yes

Instruments used for Sl: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 635 nm, output power: 200 mW, Smart M)
Photosensitiser: toluidine blue (0.1%)

Phase of treatment: supportive

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, BOP
Time point(s) used for review outcomes: 3 and 6 months
Other outcomes reported in the study but not used in the review: FMPS, microbiological data for TBC
and 8 species

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants assigned to test or control group by a computer-generated ran-

domisation table

Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  High risk It is not feasible to blind personnel to treatment allocation. Study authors do

formance bias)

not report whether Sl was carried out on all participants before randomisa-
tion.
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Grzech-Lesniak 2019 (Continued)

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as- Unclear risk Insufficient information
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk All participants completed the study, according to the constant number of
(attrition bias) sites at baseline and 3-month evaluation found in Tables 3 and 4 in the article.
All outcomes

Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.
Hill 2019
Study characteristics
Methods Study design: split-mouth (quadrants randomly allocated to test or control group)

Study period: not reported
Setting: University, Germany
Number of centres: 1

Funding source: supported by Elexxion AG, and the Clinical Study Support Core, University Hospital
Bonn, Germany

Declaration of interests: "All authors declare to have no conflict of interest"

Participants Diagnosis (periodontal or peri-implant): periodontitis

Inclusion criteria: at least 1 single and 1 multi-rooted tooth with at least 4 mm probing depth in each
quadrant; good domestic oral hygiene), non-smokers, medically healthy, with chronic periodontal dis-
ease (PSI=3in all quadrants)

Exclusion criteria: diseases or on medication with an inhibitory or promoting effect on periodontal
healing including anticoagulants, anti-inflammatories and antibiotics within the last 6 months; preg-
nant or nursing women; receiving periodontal therapy within the last 6 months; allergies to the test
product

Pocket depth at baseline, mean (SD): test group PD 4 to 6: 4.38 (+ 0.63) mm, PD > 6 mm: 8.68 (+ 1.57)
mm; control group 4 to 6 mm: 3.23 (+ 0.64) mm. PD > 6 mm: 8.05 (+ 1.69)

Age, mean: 61.1 years
Sex, M/F: 3/17
Smokers: none

Number of randomised participants: 20. Test group, number of sites with PD 4 mm to 6 mm 385, num-
ber of sites with PD > 6 mm 33; control group number of sites with PD 4 mm to 6 mm 379, number of
sites with PD>6 mm 21
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Number of evaluated participants: data reported for number of sites. Data were available for PD 1 to 3
mm, 4 mm to 6 mm and > 6 mm. In analysis, we prioritised PD >6 mm and also collected data for4 mm
to6 mm

Interventions Test group: Sl and aPDT (single session)
Control group: SI
OHI before study start: yes
Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 808 nm, power output 100 mW, pulsed
mode, 60 s; Elexxion claros pico, Germany)

Photosensitiser: ICG (Perio green, Elexxion AG); 0.1 mg/mL, rinsed out after 60 s
Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: BOP, PPD, REC, RAL, adverse effects
Time point(s) used for review outcomes: 3 months and 6 months

Other outcomes reported in the study but not used in the review: microbiological parameters (Aa, Pg,

Pi, Tf, Td)
Notes —
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "random allocation to different groups was carried out by a comput-
tion (selection bias) er-generated block randomization using a randomization box"
Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  Low risk Itis not feasible to blind personnel to treatment allocation. However, we noted
formance bias) that Sl was carried out on all teeth before random allocation.
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
Blinding of outcome as- Unclear risk Insufficient information
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Quote: "no test person dropped out of the study"
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Prospective protocol or clinical trials registration not reported. Without these
porting bias) reports, we cannot effectively assess the risk of selective outcome reporting.
Other bias Low risk We identified no other sources of bias.
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Joshi 2020

Study characteristics

Methods Study design: split-mouth (random allocation of quadrants to test or control groups)
Study period: March 2015 to October 2016
Setting: University Hospital, Faridabad, India
Number of centres: 1
Funding source: unclear

Declaration of interests: "The authors declare no conflict of interest with manufacturer or distributor of
any product or instrument used in the study"

Participants Diagnosis (periodontal or peri-implant): moderate to severe chronic generalised periodontitis

Inclusion criteria: at least 2 single-rooted teeth in contralateral quadrants with PPD=5mmand <7
mm, CAL =3 mm and presence of BOP on at least 1 site

Exclusion criteria: systemic diseases, pregnancy, history of smoking and tobacco chewing, periodontal
or antibiotic therapy in past 6 months

Age: 30 to 60 years

Sex, M/F: 14/15

Smokers: none - exclusion criterion
Number of randomised participants: 29

Number of evaluated participants: 29

Interventions Test group: Sl and aPDT (single session)
Control group: SI
OHI before study start: yes
Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 810 nm, output power density 200 mW,
manufacturer not mentioned)

Photosensitiser: indocyanine green
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, CAL
Time point(s) used for review outcomes: 3 months

Other outcomes reported in the study but not used in the review: PI, modified sulcular bleeding index
(mSBI)*

Notes Recall after every 1 month

*mSBl is not equal to BOP and was not used
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Toss of a coin

tion (selection bias)

Allocation concealment Unclear risk Method of concealment not described

(selection bias)

Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. We noted that SI

formance bias) was carried out by the same operator, which we assumed to be after randomi-
sation.

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias)

pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "All clinical parameters...were recorded by an independent experi-
enced examiner who was masked and unaware of the treatment protocol"

Incomplete outcome data  Low risk All participants completed the study

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Retrospectively registered with clinical trials register of India

porting bias)

(CTRI/2017/11/010638; first posted in November 2017). It is not feasible to use
these documents to assess the risk of selective reporting bias.

Other bias Low risk We identified no other sources of bias.
Karmakar 2021
Study characteristics
Methods Study design: split-mouth (sites were randomly allocated to test or control groups)

Study period: January 2015 to January 2017
Setting: University Hospital, Davangere, India
Number of centres: 1

Funding source: unclear (stated by authors: "nil")

Declaration of interests: "There are no conflicts of interest"

Participants

Diagnosis (periodontal or peri-implant): chronic generalised periodontitis

Inclusion criteria: at least 2 single-rooted teeth in contralateral quadrants with PPD=5mmand <7
mm, CAL =3 mm and presence of BOP on at least 1 site; a minimum of 20 teeth, > 50% of teeth involved
with the pocket formation and radiographic alveolar bone loss, at least 2 or more sites with PD =6 mm
and CAL =4 mm in 2 contralateral quadrants

Exclusion criteria: systemic diseases, pregnancy, history of smoking and tobacco chewing, antibiotic
therapy in past 6 months, history of anti-inflammatory medications for long term, history of allergy to
any kind of medication
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Karmakar 2021 (continued)

Age, mean (SD), range: 38.2 (+ 9.8) years, 35 to 55 years
Sex, M/F: 6/14

Smokers: none - exclusion criterion

Number of randomised participants: 20

Number of evaluated participants: 20

Interventions

Test group: Sl and aPDT (single session)

Control group: SI

OHI before study start: yes

Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 810 nm, output power density 300 mW, Pi-
casso Diode laser, AMD Lasers, Indianapolis, United States)

Photosensitiser: indocyanine green
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, CAL
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: PI, microbiological analysis with re-
al-time-PCR for Td, Pg, Tf
Notes Trialists asked participants about postoperative healing.
Quote: "any kind of adverse effect to the photosensitiser or the laser irradiation was not reported by
any of the individuals"
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "Treatment sites from each individual were randomly allocated into
tion (selection bias) two groups"
Comment: no additional information on method of randomisation
Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. We noted that SI
formance bias) was carried out after randomisation.
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
Blinding of outcome as- Unclear risk No information

sessment (detection bias)
All outcomes
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Incomplete outcome data  Low risk All participants completed the study.
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.

Malgikar 2016

Study characteristics

Methods

Study design: split-mouth (not specified)
Study period: not reported

Setting: India

Number of centres: 1

Funding source: no funding

Declaration of interests: "There are no conflicts of interest"

Participants

Diagnosis (periodontal or peri-implant): chronic periodontitis

Inclusion criteria: 18 to 60 years of age; at least 20 teeth; at least 1 site in each quadrant having probing
depth = 5 mm; signed informed consent

Exclusion criteria: pregnant or lactating; deleterious habits such as smoking or alcohol consumption,
or both; use of antibiotics within 6 months prior to study; active periodontal treatment within last 6
months; systemic disease

Pocket depth at baseline, mean (SD): test group 6.13 (+ 0.38) mm; control group 6.16 (+ 0.40) mm
Age range: 24 to 55 years

Sex, M/F: 15/9

Smokers: none

Number of randomised participants: 24

Number of evaluated participants: 24

Interventions

Test group: Sl and aPDT (single session)

Control group: SI

OHI before study start: yes

Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 980 nm, peak power 5 W, average power 1 W,
pulsed mode, 30 to 45 s per site; DenLase, China)

Photosensitiser: 1% methylene blue, left on for 3 mins before rinsing away any excess

Phase of treatment: active
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Malgikar 2016 (continued)

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, CAL, adverse effects
Time point(s) used for review outcomes: 3 and 6 months

Other outcomes reported in the study but not used in the review: PI, GI, mSBI

Notes This study included an additional study arm (Sl and aPDT and laser irradiation). This group was not eli-
gible for inclusion in this review and we did not extract data for these participants.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "a simple randomization approach using computer-generated

tion (selection bias) random numbers was employed to assign patientsina split-mouth de-
sign"

Allocation concealment Unclear risk Quote: "the sequence was concealed until interventions were assigned"

(selection bias)
Comment: no additional details

Blinding of personnel (per-  Low risk Itis not feasible to blind personnel to treatment allocation. However, all par-
formance bias) ticipants received full mouth Sl in a separate appointment and we assumed
that this was done comparably regardless of group allocation.

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as- Unclear risk No details
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Quote: "All 24 patients completed the 6 months study"
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Prospectively published protocol or clinical trials registration not cited. We are
porting bias) unable to assess the risk of selective outcome reporting without these reports.
Other bias Low risk We identified no other sources of bias.

Mallineni 2020

Study characteristics
Methods Study design: split-mouth (quadrants randomly allocated to test and control groups)
Study period: December 2016 to July 2017
Setting: University Hospital, Nellore, India
Number of centres: 1
Funding source: none, self-funded
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Mallineni 2020 (continued)

Declaration of interests: "The authors deny any conflicts of interest with regard to the authorship and/
or publication of this article"

Participants

Diagnosis (periodontal or peri-implant): chronic periodontitis

Inclusion criteria: = 20 permanent natural teeth with = 1 premolar and molar in each quadrant with PPD
=5 mm in each quadrant

Exclusion criteria: systemic disorders and conditions affecting the outcomes of periodontal therapy,
systemic antibiotics or pharmaceuticals within the last 6 months, tobacco use, pregnancy, lactation,
poor oral hygiene

Age: 30 to 60 years

Sex, M/F: 8/7

Smokers: none - exclusion criterion
Number of randomised participants: 15

Number of evaluated participants: 15

Interventions

Test group: Sl and aPDT (single session)

Control group: SI

OHI before study start: yes

Instruments used for Sl: ultrasonic and hand instruments

Photodynamic irradiation source: diode laser (wavelength 635 nm, output power: 0.8 W, Siro Laser
Xtend, Dentsply, 60 s per site)

Photosensitiser: toluidine blue
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, CAL/RAL
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: PI, SBI, microbiological levels of Pg
with real-time PCR

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The control and test groups were allocated based on a table of ran-
dom numbers generated by a computer"

Allocation concealment Low risk Quote: "The list was obscured before the administration of interventions"
(selection bias)
Blinding of personnel (per-  Low risk Itis not feasible to blind personnel to treatment allocation. However, we as-
formance bias) sumed from the study report that Sl was carried out before allocation was re-
vealed.
Adjunctive antimicrobial photodynamic therapy for treating periodontal and peri-implant diseases (Review) 88

Copyright © 2024 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= . Informed decisions.
q Li bra ry Better health. Cochrane Database of Systematic Reviews
Mallineni 2020 (continued)
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
Blinding of outcome as- Low risk Quote: "Ablind investigator not engaged in the treatment process reported all

sessment (detection bias)
All outcomes

the parameters at different stages"

Incomplete outcome data  Low risk No dropouts; information from study author on request

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Retrospective registered with Clinical Trials Register of India

porting bias) (CTRI/2017/09/009634; first posted in September 2017). It is not feasible to use
these documents to assess the risk of selective reporting bias.

Other bias Low risk We identified no other sources of bias.

Monzavi 2016

Study characteristics

Methods

Study design: parallel

Study period: 2014 to 2015

Setting: University Hospital, Tehran, Iran
Number of centres: 1

Funding source: Research Deputy of Tehran University of Medical Sciences (Thesis No: 5019), Tehran,
Iran

Declaration of interests: unclear

Participants

Diagnosis (periodontal or peri-implant): chronic periodontitis
Inclusion criteria: FMPS < 20%, presence of at least 3 teeth exhibiting residual PPD of =5 mm with BOP

Exclusion criteria: systemic disease, antibiotics for the past 6 months, pregnancy, lactating females,
smoking

Age, mean (SD): test group 48.9 (+ 9.4) years; control group 50.3 (+ 7.7) years
Sex, M/F: test group 13/12; control group 12/13

Smokers: none - exclusion criterion

Number of randomised participants: 50 (test group 25; control group 25)

Number of evaluated participants: 50

Interventions

Test group: Sl and aPDT (4 sessions)
Control group: Sl and sham (physiological serum in the gingival sulcus and diode laser turned off)
OHI before study start: yes

Instruments used for SI: hand and ultrasonic instruments
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Monzavi 2016 (Continued)

Photodynamic irradiation source: diode laser (wavelength 810 nm, output power: 200 mW, ARC laser)
Photosensitiser: indocyanine green (1 mg/mL)
Phase of treatment: supportive

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, CAL, BOP
Time point(s) used for review outcomes: 3 months

Other outcomes reported in the study but not used in the review: PI, FMPS, FMBS

Notes No standard deviation for BOP

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Randomisation by urn randomisation method

tion (selection bias)

Allocation concealment Low risk Quote: "The sequence was concealed by sealed non-transparent envelopes.

(selection bias) The sealed envelopes were opened just before the interventions were as-
signed"

Blinding of personnel (per-  Low risk Itis not feasible to blind personnel to treatment allocation. However, we not-

formance bias) ed that "An experienced investigator performed SRP without being informed

about the treatment assignment".

Blinding of participants Low risk Quote: "Patients were unaware about the type of a treatment that was ap-
(performance bias) plied"

Comment: use of sham treatment in the control group (physiological serum in
the gingival sulcus, and laser diode switched off)

Blinding of outcome as- Low risk Quote: "The clinical data were collected...by an examiner who was blinded
sessment (detection bias) about the treatment allocation"
All outcomes

Incomplete outcome data  Low risk All participants completed the study
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-

porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.

Other bias Low risk We identified no other sources of bias.

Moreira 2015

Study characteristics
Methods Study design: split-mouth (upper quadrants were randomly allocated to test or control groups)
Study period: October 2012 to January 2014
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Moreira 2015 (Continued)

Setting: University Hospital, Sdo Paulo, Brazil
Number of centres: 1
Funding source: University of Sao Paulo*

Declaration of interests: "The authors report no conflicts of interest related to this study"

Participants

Diagnosis (periodontal or peri-implant): aggressive generalised periodontitis

Inclusion criteria: < 20 teeth; 2 pairs of single-rooted contralateral teeth with proximal sites presenting
PPD and CAL=5mm

Exclusion criteria: periodontal therapy or antibiotic treatment in the previous 6 months; systemic dis-
eases, smoking; pregnancy

Age, mean (SD), range: 30.6 (+ 4.25 years), 18 to 35 years
Sex, M/F:2/18

Smokers: none - exclusion criterion

Number of randomised participants: 20

Number of evaluated participants: 20

Interventions

Test group: Sl and aPDT (4 sessions: baseline and after days 2, 7 and 14)

Control group: Sl and sham (simulated irradiation after local irrigation with saline)

OHI before study start: yes

Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 670 nm, output power: 75 mW, Helbo)
Photosensitiser: phenothiazine chloride (10 mg/mL)

Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, REC, CAL, BOP
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: PI, microbiological data (40 species),
cytokines, IL-1B3/IL-10, residual pockets
Notes No SD reported for BOP
Values for PPD 5 mm to 6 mm used
* From ClinicalTrials.gov (NCT02049008)
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer random-number generator (allocation 1:1)
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Moreira 2015 (Continued)

Allocation concealment Low risk The allocation sequence was concealed in opaque, sealed envelopes, and the

(selection bias) details of the series were unknown to the participants and investigators of the
study.

Blinding of personnel (per-  Low risk Quote: "For each patient, the envelope was opened immediately before the

formance bias) use of the adjunctive therapy (treatment protocol)"

Comment: it is not feasible to blind personnel to treatment allocation. Howev-
er, we noted that Sl was carried out before randomisation.

Blinding of participants Low risk Quote: "A sham procedure was performed simultaneously in pairs of contralat-
(performance bias) eral teeth (control group)"
Blinding of outcome as- Low risk Examiners and biostatistician were blinded to allocation

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk All participants completed the study
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Retrospective clinical trials registration (NCT02049008; first posted in January
porting bias) 2014). It is not feasible to use these documents to assess the risk of selective
reporting bias.

Other bias Low risk We identified no other sources of bias.

Munteanu 2022

Study characteristics

Methods Study design: split-mouth (1 quadrant randomly allocated to test group, and quadrant on the other
side was the control group)
Study period: not reported
Setting: Victor Babes University of Medicine and Pharmacy, Timisoara, Romania
Number of centres: 1
Funding source: "This research received no external funding"
Declaration of interests: "The authors declare no conflict of interest"

Participants Diagnosis (periodontal or peri-implant): periodontitis
Inclusion criteria: men and women, > 25 years of age; no periodontal treatment or intake of antibiotics
in the last 6 months; = 12 natural teeth distributed in all 4 quadrants; satisfactory oral hygiene (plaque
index > 25%); presence of bleeding during the periodontal survey; = 4 teeth with = 1 PPD =4 mm at ini-
tial assessment, but not more than 30% of existent teeth; clinical and radiographic signs of localised
chronic periodontitis
Exclusion criteria: pregnancy or lactating; allergy to tolonium chloride; any systemic conditions that
could affect the progression and treatment of periodontal diseases, such as type 1 and type 2 diabetes
Pocket depth at baseline: not reported
Age, range: 28 to 46 years
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Munteanu 2022 (Continued)

Sex: not reported
Smokers: not reported
Number of randomised participants: 18

Number of evaluated participants: 18

Interventions

Test group: Sl and aPDT (single session)

Control group: Sl

OHI before study start: yes

Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: laser device (wavelength 635 nm, power output 400 mW, 3 repeti-
tions of 10 s; PACT 400-Cumdente + PACT light guide)

Photosensitiser: toluidine blue gel 0.005%
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: adverse effects
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: microbiological parameters, ques-
tionnaire to record participants' perception of discomfort and pain (satisfaction is also described in the
Methods section of the report, but there are no quantitative or qualitative outcome data to describe
this measure)

Notes Study report indicates that there will be a future publication that includes clinical parameters.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Each side of the mouth was randomly assigned to the test or control group; no
tion (selection bias) additional details
Allocation concealment Unclear risk No details
(selection bias)
Blinding of personnel (per-  High risk It is not possible to blind personnel to treatment allocation. We assumed from
formance bias) information in the study report that Sl was carried out after randomisation.
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
Blinding of outcome as- Unclear risk No information
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Quote: "All patients completed the study"
(attrition bias)
All outcomes
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Munteanu 2022 (Continued)

Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.
Patyna 2021
Study characteristics
Methods Study design: parallel

Study period: January 2016 and October 2017
Setting: University Hospital, Mainz, Germany
Number of centres: 1

Funding source: open access funding enabled and organised by Projekt DEAL. This study was support-
ed by CMS Dental (Copenhagen, Denmark) and Loser & Co (Leverkusen, Germany) by providing/supply-
ing materials used in this study for free.

Declaration of interests: "The authors declare that they have no conflict of interest"

Participants Diagnosis (periodontal or peri-implant): periodontitis stage Il or Il and grade B
Inclusion criteria: = 6 sites with PPD =5 mm, BOP and = 20 remaining teeth

Exclusion criteria: diabetes mellitus, HIV, heart disease, osteoporosis, lactose intolerance, a positive
history of periodontal or antibiotic treatment in the previous 6 months, or any pharmaceutical treat-
ment that could influence the treatment outcome, smoking and pregnancy

Age, mean (SD): test group 59.63 (+ 12.23) years; control group (58.38 (+ 14.65) years
Sex, M/F: test group 5/11; control group 9/7

Smokers: none - exclusion criterion

Number of randomised participants: 32 (16 in test group; 16 in control group)

Number of evaluated participants: 32

Interventions Test group: Sl plus aPDT (single session)
Control group: SI
OHI before study start: yes
Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: LED source (wavelength 628 nm, maximum power density: 2000 to
4000 mW/cm?2, Foto-San)

Photosensitiser: toluidine blue O
Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, CAL, BOP
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Patyna 2021 (Continued)

Time point(s) used for review outcomes: 3 and 6 months

Other outcomes reported in the study but not used in the review: GI, microbiological levels of Aa, Pg, Tf,

Td
Notes Study included an additional group (SI plus aPDT (single session) plus probiotics), which was not eligi-
ble for this review; we did not include any data for this group in the review

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation by computer-generated list

tion (selection bias)

Allocation concealment Low risk Quote: "The use of sealed non-transparent envelopes ensured allocation con-

(selection bias) cealment"

Blinding of personnel (per-  Low risk Itis not feasible to blind personnel to treatment allocation. However, we not-

formance bias) ed that "The treatment [SI] was performed by a trained and standardized peri-
odontist who was not informed about the treatment allocation."

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as- Low risk Participants and examiner were blinded to allocation of treatment.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk All participants completed the study.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Retrospective clinical trials registration (DRKS00023158; first posted in

porting bias) September 2020). It is not feasible to use these documents to assess the risk of
selective reporting bias.

Other bias Low risk We identified no other sources of bias.

Petelin 2015

Study characteristics

Methods

Study design: parallel

Study period: October 2010 to June 2012

Setting: University Hospital, Ljublana, Slovenia

Number of centres: 1

Funding source: Bredent-Medical, Germany

Declaration of interests: "The authors declare no conflicts of interest in this study"

Participants

Diagnosis (periodontal or peri-implant): chronic periodontitis
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Petelin 2015 (continued)

Inclusion criteria: PI <20 %, and at least 4 teeth with PPD =4 mm/quadrant

Exclusion criteria: systemic disease, smoking, antibiotics in the last 6 months, pregnant or breastfeed-
ing

Age, mean (range): test group 45 (36 to 59) years; control group (43 (37 to 51) years
Sex, M/F: test group 5/4; control group 6/3

Smokers: none - exclusion criterion

Number of randomised participants: 18 (9 in test group; 9 in control group)

Number of evaluated participants: 18

Interventions

Test group: Sl (ultrasonic instruments) and aPDT (3 sessions), re-treatment after 3 months
Control group: Sl with ultrasonic instruments

OHI before study start: yes

Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 660 nm, output power: 60 mW/cm2, Helbo
Teralite)

Photosensitiser: phenothiazine chloride
Phase of treatment: active

Duration of study: 12 months

Outcomes Outcomes included in the review: PPD < CAL, BOP
Time point(s) used for review outcomes: 3 and 6 months
Other outcomes reported in the study but not used in the review: Pl and microbiological data from 5
species (Aa, Pg, Pi, Td, Tf)
Note: we only used data from 3 months because of re-treatment at each follow-up

Notes Study included 2 control groups which varied according to whether curettes or ultrasonic instruments
were used for Sl. In this review, we only included control group data for the group using ultrasonic in-
struments.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method of randomisation unclear

tion (selection bias)

Allocation concealment Unclear risk Method of concealment not described

(selection bias)

Blinding of personnel (per-  Low risk It is not feasible to blind personnel to treatment allocation. However, we noted

formance bias) that Sl was carried out before randomisation.

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias) pected that lack of blinding would not influence oral hygiene performance

during the study period.
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Petelin 2015 (continued)

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk

No information

Incomplete outcome data  Low risk All participants completed the study.
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.
Polansky 2009
Study characteristics
Methods Study design: parallel

Study period: not defined

Setting: University Hospital, Graz, Austria

Number of centres: 1

Funding source: study authors' institution

Declaration of interests: "The authors declare that they do not have conflicts of interest"

Participants

Diagnosis (periodontal or peri-implant): chronic periodontitis

Inclusion criteria: no periodontal treatment in the previous 2 years; no antibiotics within last 12
months, > 3 periodontal pockets 5 mm to 8 mm and presence of Pg

Exclusion criteria: systemic disease, PPD >8 mm

Age, mean (SD), overall range: test group 48.9 ( 9.9) years; control group 48.5 (+ 11) years; 25 to 67

years

Sex, M/F:22/36

Smokers: test group 5; control group 2

Number of randomised participants: 58 (test group 30, control group 28)

Number of evaluated participants: 58

Interventions

Test group: Sl and aPDT (single session)

Control group: SI

OHI before study start: yes

Instruments used for Sl: ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 680 nm, output power: 75 mW, Minilaser

2075 F Dent)

Photosensitiser: Helbo blue, chemical formula unclear
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Polansky 2009 (Continued)

Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: BOP, PPD < CAL
Time point(s) used for review outcomes: 3 months

Other outcomes reported in the study but not used in the review: microbiological data (Tf, Td)

Notes No standard deviation for BOP

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Participants assigned with a randomisation list

tion (selection bias)

Allocation concealment Unclear risk Method of concealment not described
(selection bias)

Blinding of personnel (per-  High risk It is not feasible to blind personnel to treatment allocation. In this study, we
formance bias) noted that "All subjects were treated by the same operator, who was not blind-
ed, in a single-stage approach."

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as- Low risk Quote: "Clinical parameters were analysed by a single experienced periodon-

sessment (detection bias) tist at baseline (i.e. after the pretreatment phase of 6 weeks) and 3 months af-

All outcomes ter treatment. This investigator was not involved in providing treatment dur-
ing the study"

Comment: we understood this to mean that the investigator was blinded to
treatment allocation.

Incomplete outcome data  Low risk No apparent loss of participants
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.
Pourabbas 2014
Study characteristics
Methods Study design: split-mouth (pairs of teeth were included; 1 tooth was randomly allocated to be in the

test group; SRP was done prior to randomisation and the other tooth had no additional treatment)
Study period: October to December 2012

Setting: University Hospital, Tabriz, Iran
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Pourabbas 2014 (continued)

Number of centres: 1
Funding source: study authors' own institutions (information taken from clinical trials register)

Declaration of interests: "The authors report no conflicts of interest related to this study"

Participants

Diagnosis (periodontal or peri-implant): chronic periodontitis

Inclusion criteria: a minimum of 3 teeth in each quadrant, = 3 mm attachment loss in about a minimum

of 30% of the existing teeth, = 1 site / quadrant with PPD =4 mm and BOP

Exclusion criteria: systemic disease, smokers, pregnant females, females on oestrogen therapy, sys-
temic antibiotics or periodontal treatment within the past 12 months, allergy to toluidine blue

Age, mean (SD), range: 46 (+ 8) years, 18 to 70 years
Sex, M/F:10/14

Smokers: none - exclusion criterion

Number of randomised participants: 24 (with 48 teeth)

Number of evaluated participants: 22 (2 dropouts)

Interventions

Test group: Sl and aPDT (single session)

Control group: SI

OHI before study start: yes

Instruments used for SI: hand and sonic instruments

Photodynamic irradiation source: diode laser (638 nm, energy density of 8 to 10 J/cm2, PACT Cum-
dente)

Photosensitiser: toluidine blue
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, BOP, CAL, REC
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: cytokines, interleukins, TNF
Notes
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Allocation of quadrants by coin toss
tion (selection bias)
Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  Low risk Itis not feasible to blind personnel to treatment allocation. However, we not-

formance bias)

ed that "The coin toss was done after SRP was completed to reduce bias dur-

ing the phase of root preparation".
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Pourabbas 2014 (continued)

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as- Low risk Examiner was blinded to allocation of treatment
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk 2 dropouts; reasons for and timings of dropouts clearly stated (1 moved away,
(attrition bias) 1 pregnant)
All outcomes

Selective reporting (re- Unclear risk Retrospective clinical trials registration (IRCT2012121611770N1; first posted in
porting bias) February 2013). It is not feasible to use these documents to assess the risk of
selective reporting bias.

Other bias Low risk We identified no other sources of bias.

Pulikkotil 2016

Study characteristics

Methods Study design: split-mouth (1 posterior sextant was randomly selected as the test group and the other as
the control group)

Study period: unclear

Setting: University Hospital, Kuala Lumpur, Malaysia

Number of centres: 1

Funding source: International Medical University (project ID: 1A334)

Declaration of interests: unclear

Participants Diagnosis (periodontal or peri-implant): chronic or aggressive periodontitis

Inclusion criteria: paired teeth with 5 mm in 3 or more sites in different teeth of the posterior sextant, a
minimum of 20 teeth, 18 to 60 years of age

Exclusion criteria: smokers, antibiotics in the last 6 months, periodontal treatment last 6 months, were
pregnant or lactating, allergy to photosensitiser

Age, mean (SD): 45.3 (+ 6.7) years

Sex, M/F: 13/7

Smokers: none - exclusion criterion
Number of randomised participants: 20

Number of evaluated participants: 16 (4 participants withdrew from the trial at various stages due to lo-
gistics and time constraints)

Interventions Test group: Sl and aPDT (single session)
Control group: SI

OHI before study start: yes
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Pulikkotil 2016 (continued)

Instruments used for SI: unclear

Photodynamic irradiation source: LED (628 Hz, Fotosan)

Photosensitiser: methylene blue

Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: BOP, PPD, CAL, adverse effects
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: —

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "One jaw, having bilateral presence of periodontal pockets measuring

tion (selection bias) at least 5 mm in three or more sites in different teeth of the posterior sextant
was selected. In the event of both the maxillary and mandibular jaw being el-
igible for selection in a patient, a coin toss was performed for the final selec-
tion."

Allocation concealment Unclear risk Method of concealment not described

(selection bias)

Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. In this study, we

formance bias) noted that selection of participants, randomisation of quadrants and aPDT
treatment was carried out by the same person.

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as- Unclear risk No information about who performed SI, sampled bacteria and assessed clini-

sessment (detection bias) cal data

All outcomes

Incomplete outcome data  High risk 4 participants (20%) withdrew from the trial at various stages for reasons relat-

(attrition bias) ed to logistics and time constraints and were excluded from analysis. High per-

All outcomes centage of dropouts seen as high risk.

Selective reporting (re- Unclear risk Registered in the National Medical Research Register (NMMR ID: NM-

porting bias) RR-12-1257-14411). We could not source the registration documents for this
study and, therefore, we could not be certain whether the study was prospec-
tively or retrospectively registered.

Other bias Low risk We identified no other sources of bias.

Queiroz 2015
Study characteristics
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Queiroz 2015 (Continued)

Methods Study design: split-mouth (pairs of contralateral teeth were included - 1 pair per participant; 1 tooth
was randomly allocated to the control group, and the other tooth was in the test group)

Study period: June 2009 to December 2010
Setting: University Hospital, Sdo Paulo, Brazil
Number of centres: 1

Funding source: Sdo Paulo State Research Foundation (FAPESP Grant 2009/15845-0), Brazilian Founda-
tion for the Improvement of Higher Education (CAPES) and National Council for Scientific and Techno-
logical Development (CNPq Grant 302888/2010-1)

Declaration of interests: "The authors report no conflicts of interest related to this study"

Participants Diagnosis (periodontal or peri-implant): chronic periodontitis

Inclusion criteria: bilaterally = 2 sites with PPD = 5 mm, = 20 teeth present, smokers (= 10 cigarettes /
day during = 5 years), good general health

Exclusion criteria: diagnosis of aggressive periodontitis, pregnancy or lactation, systemic diseases, use
of long-term anti-inflammatory drugs, periodontal treatment within the last 6 months, antibiotic treat-
ment in the previous 6 months

Age, mean (SD), range: 46.05 (+ 6.38) years, 35 to 55 years
Sex, M/F: 9/11

Smokers: 23

Number of randomised participants: 23

Number of evaluated participants: 20 (2 participants had to take antibiotics for medical reasons, and 1
participant moved town)

Interventions Test group: Sl and aPDT (single session)
Control group: SI
OHI before study start: yes
Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (660 nm, maximum power output: 60 mW/cm2, Helbo
Photodynamic Systems)

Photosensitiser: phenothiazine (10 mg/mL)
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, BOP, REC, CAL
Time point(s) used for review outcomes: 3 months

Other outcomes reported in the study but not used in the review: microbiological data (for IL-1,

MMP-8)
Notes Note: 1 paper presented the clinical data and 1 paper presented the microbiological data
Risk of bias
Adjunctive antimicrobial photodynamic therapy for treating periodontal and peri-implant diseases (Review) 102

Copyright © 2024 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.

Better health. Cochrane Database of Systematic Reviews
Queiroz 2015 (Continued)
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomisation was performed with a computer-generated random number
tion (selection bias) table
Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. We assumed from
formance bias) information in the study report that Sl was carried out after randomisation.
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
Blinding of outcome as- Low risk For clinical outcomes, the examiner was blinded to allocation; another peri-
sessment (detection bias) odontist performed treatment.
All outcomes
Incomplete outcome data Low risk Dropouts 3/23 (13%), time point for dropouts unclear; reasons were antibi-
(attrition bias) otics, 1 moved from town
All outcomes
Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.
Raut 2018
Study characteristics
Methods Study design: parallel

Study period: unclear
Setting: University Hospital, Maharashtra, India
Number of centres: 1
Funding source: study authors' own institution

Declaration of interests: "There are no conflicts of interest"

Participants

Diagnosis (periodontal or peri-implant): chronic periodontitis

Inclusion criteria: PPD >5 mm and CAL >4 mm, no antibiotic or periodontal therapy 12 months before
the study

Exclusion criteria: systemic disease, aggressive periodontitis, smokers, pregnant and lactating females,
allergy to dye

Age: 30 to 55 years
Sex: male 28 (test 16)/female 22 (test 12)

Smokers: none - exclusion criterion
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Raut 2018 (continued)

Number of randomised participants: 50 (25 in each group)

Number of evaluated participants: 45 (dropouts: 2 in the control group and 3 test group)

Interventions

Test group: Sl and aPDT (single session)

Control group: Sl and sham aPDT ("off diode laser with physiological serum into the pocket")
OHI before study start: unclear

Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (810 nm, 0.8 W of power output, laser manufacturer un-
clear)

Photosensitiser: indocyanine green (5 mg/mL)
Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, CAL
Time point(s) used for review outcomes: 6 months
Other outcomes reported in the study but not used in the review: PI, microbiological data (CFU)
Notes No SD for BOP, data not used
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation through lottery method
tion (selection bias)
Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  High risk It is not feasible to blind personnel to treatment allocation. In this study, we
formance bias) noted that Sl was carried out after randomisation.
Blinding of participants Low risk Participants in the control group were treated with sham therapy.
(performance bias)
Blinding of outcome as- Low risk Quote: "The examiner who performed measurements were blinded to the type
sessment (detection bias) of treatment given to the subjects and other examiner performed all treatment
All outcomes procedures".
Incomplete outcome data  Low risk 45 participants completed 6-month study; 5 failed to follow up, 2 in control
(attrition bias) group and 3 in test group. Reasons for dropout unclear but reasonably bal-
All outcomes anced between groups and overall loss of < 10%.
Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.

Other bias Low risk We identified no other sources of bias.
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Rodrigues 2023

Study characteristics

Methods

Study design: split-mouth; teeth were unit of randomisation (for each test tooth, a tooth of the same
group on the opposite side of the jaw was included in the control group)

Study period: 2018 (range of dates not reported)
Setting: Periodontics Clinics of School of Dentistry, Federal University of Bahia, Brazil
Number of centres: 1

Funding source: "supported by the Coordination for the Improvement of Higher Education Personnel
(CAPES) and the Brazilian National Council for Scientific and Technological Development"

Declarations of interest: "The authors have no conflicts of interest related to this study"

Participants

Diagnosis (periodontal or peri-implant): periodontitis in Stage I1l, Grade C

Inclusion criteria: < 35 years, generalised periodontitis (stage Ill grade C), similar periodontal lesions
in the contralateral upper or lower single-rooted teeth showing a probing depth = 5.0 mm, loss of peri-
odontal clinical attachment level = 1 and at least 20 remaining teeth

Exclusion criteria: periodontal treatment or antibiotic use in the last 6 months prior to the study, an-
ti-inflammatory therapy in the last 3 months prior the study, need for antibiotic prophylaxis, smoking,
pregnancy, diabetes and orthodontic treatment in the last 2 years prior to the study

Age, mean (SD): 32.64 (+ 3.9) years

Sex, M/F: 6/8

Smokers: none

Number of randomised participants: 14 (128 teeth, 718 sites)

Number of evaluated participants: 14. We only used data for pocket depths >4 mm (with 73 sites in
each group)

Interventions

Test group: Sl and aPDT (2 sessions, repeated after 7 days)

Control group: Sl and sham aPDT (saline as sham photosensitiser, same irradiation procedure but with
light emission)

OHI before study start: yes
Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 660 nm, power output 100 mW applied to 6
sites for s/site (60 s/tooth), power density 0.25 mW/cm?2; Therapy XT)

Photosensitiser: 1% methylene blue, rinsed after 5 mins
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, CAL, REC, adverse effects
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: —
Notes —
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Rodrigues 2023 (Continued)
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Quote: "The single-rooted teeth of each patient were randomized using a shuf-
tion (selection bias) fled deck of cards (even = test group, odd = control group)"
Allocation concealment Low risk Quote: "Opaque envelopes were assigned to each subject and were opened at
(selection bias) the time of aPDT or control procedure; on that occasion, the professional was
informed about the teeth’s assignment."
Blinding of personnel (per-  Low risk Itis not feasible to blind personnel to treatment allocation. However, we noted
formance bias) that Sl was conducted before randomisation.
Blinding of participants Low risk Quote: "The patients and the examiner were blinded to the treatment alloca-
(performance bias) tion of each tooth."
Blinding of outcome as- Low risk Quote: "The patients and the examiner were blinded to the treatment alloca-
sessment (detection bias) tion of each tooth."
All outcomes
Incomplete outcome data  Low risk We noted that 2 teeth were excluded from the study because measurements
(attrition bias) were not registered, and subsequently their paired teeth were also excluded.
All outcomes However, overall attrition was low.
Selective reporting (re- Unclear risk Prospectively published protocol or clinical trials registration not cited. With-
porting bias) out these reports, it is not feasible to effectively assess the risk of selective re-
porting.
Other bias Low risk We identified no other sources of bias.

Romanos 2010

Study characteristics

Methods

Study design: split-mouth (quadrants randomly allocated to test and control groups)
Study period: unclear

Setting: private practice, Warburg, Germany

Number of centres: 1

Funding source: unclear

Declaration of interests: unclear

Participants

Diagnosis (periodontal or peri-implant): periodontitis

Inclusion criteria: no implants, no antibiotic therapy within the last 6 months
Exclusion criteria: systemic disease, smoking

Age: 40 to 50 years

Sex: unclear

Smokers: none - exclusion criterion
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Romanos 2010 (Continued)

Number of randomised participants: 10

Number of evaluated participants: 10 (for group 3: 63 sites; group 4: 64 sites)

Interventions Test group: Sl and aPDT (single session)
Control group: Sl
OHI before study start: unclear
Instruments used for subgingival instrumentation: unclear
Photodynamic irradiation source: diode laser (670 nm, output power: unclear, Helbo)
Photosensitiser: Helbo blue (toluidin blue)
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: none
Time point(s) used for review outcomes: n/a

Other outcomes reported in the study but not used in the review: microbiological data

Notes We did not assess risk of bias because this study reported no review outcomes

Riihling 2010

Study characteristics

Methods Study design: parallel
Study period: unclear
Setting: University Hospital, Kiel, Germany
Number of centres: 1
Funding source: partly supported by Sirona, Bensheim, Germany
Declaration of interests: "The authors declare that they have no conflict of interest"

Participants Diagnosis (periodontal or peri-implant): chronic periodontitis
Inclusion criteria: PPD >4 mm, at least 10 remaining teeth, at least 1 year in supportive therapy
Exclusion criteria: smoking, systemic disease, antibiotic therapy in the previous 6 months, pregnancy,
lactation
Age, mean (SD): 48 (+ 8) years, > 35 years of age
Sex, M/F: 15/39
Smokers: none - exclusion criterion
Number of randomised participants: 60 (30 in test group, 30 in control group)
Number of evaluated participants: 54 (25 in test group, 29 in control group (dropouts: 6)

Interventions Test group: Sl and aPDT (single session)
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OHI before study start: yes

Instruments used for Sl: ultrasonic instruments

Photodynamic irradiation source: diode laser (635 nm, 100 mW for 1 min, SaveDent Dental Laser Sys-

tem)

Photosensitiser: tolonium chloride (5%)

Phase of treatment: supportive

Duration of study: 3 months

Outcomes Outcomes included in the review: BOP, PPD, CAL
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: PI, microbiological data
Notes Values for PPD >4 mm used
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated randomisation list
tion (selection bias)
Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  High risk It is not possible to blind personnel to treatment allocation. We assumed from
formance bias) the information in the study report that Sl was carried out after randomisa-
tion.
Blinding of participants Low risk Quote: "patients did not receive a detailed information on which instrument
(performance bias) was actually used"
Blinding of outcome as- Low risk Quote: "Clinical examination was performed by a blinded investigator"
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk 54 participants completed 3-month study; 6 failed to follow-up. Dropout be-
(attrition bias) cause of antibiotics, but unbalanced distribution of dropouts (1 in control
All outcomes group, 1.7%; 5 in test group, 8.3%).
Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.
Sethi 2019
Study characteristics
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Sethi 2019 (continued)
Methods

Study design: parallel
Study period: not reported

Setting: Department of Periodontology, MGV's KBH Dental College and Hospital, Nashik, Maharashtra,
India

Number of centres: 1
Funding source: no financial support

Declaration of interests: "There are no conflicts of interest"

Participants

Diagnosis (periodontal or peri-implant): periodontitis

Inclusion criteria: chronic periodontitis with PPD > 5 mm and CAL >4 mm,; systemically healthy con-
trols, not receiving any antibiotic therapy or had not received any periodontal therapy 12 months be-
fore the study

Exclusion criteria: aggressive periodontists, pregnant and lactating; smokers and tobacco chewers;
previous history of allergic reaction of the use of any kind of dye

Pocket depth at baseline, mean (SD): test group 5.00 (+ 0.73) mm; control group 5.30 (+ 1.2) mm (using
UNC-15)

Age, mean (SD): test group 50 (+ 2.83) years; control group 44.90 (+ 5.32) years
Sex, M/F: test group 7/8; control group 7/8

Smokers: none

Number of randomised participants: 30 (15 in test group, 15 in control group)

Number of evaluated participants: 30

Interventions

Test group: Sl and aPDT (single session)

Control group: SI

OHI before study start: yes

Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (wavelength 810 nm, power output 0.8 W, continuous
mode for 60 s; Biolase, USA)

Photosensitiser: ICG 5 mg/L, rinsed off after 60 s
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: PPD, CAL, REC
Time point(s) used for review outcomes: 3 months
Other outcomes reported in the study but not used in the review: PI, antibacterial parameters
Notes —
Risk of bias
Bias Authors' judgement Support for judgement
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Sethi 2019 (continued)

Random sequence genera-  Unclear risk Quote: "30 patients were randomly divided into two equal groups"

tion (selection bias)
Comment: no additional details

Allocation concealment Unclear risk Method of concealment not described

(selection bias)

Blinding of personnel (per-  High risk Itis not feasible to blind personnel to treatment allocation. We were uncertain

formance bias) whether Sl was carried out before or after randomisation.

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as- High risk No details. We noted that the study included only 2 study authors and we as-

sessment (detection bias) sumed that it was unlikely that blinding of outcome assessment was possible,

All outcomes as 1 investigator would have to be responsible for randomisation and another
for treatment, meaning that neither were blinded for outcome assessment.

Incomplete outcome data  Low risk Quote: "All the patients enrolled in the study completed 3-month study"

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Prospectively published protocol or clinical trials registration is not cited. It is

porting bias) not feasible to effectively assess the risk of selective outcome reporting with-
out this information.

Other bias Low risk We identified no other sources of bias.

Srikanth 2015

Study characteristics

Methods

Study design: split-mouth (quadrants of the mouth randomly allocated to test and control groups)

Study period: August 2012 to March 2013

Setting: University Hospital, Mahabubnagar, Telangana, India

Number of centres: 1

Funding source: unclear

Declaration of interests: unclear

Participants

Diagnosis (periodontal or peri-implant): chronic periodontitis

Inclusion criteria: 2 pockets PPD = 5 mm and radiographic bone loss

Exclusion criteria: systemic diseases, smokers, lactating or pregnant women, antibiotic treatment with-

in the last 24 weeks

Age: 30 to 55 years

Sex: unclear

Smokers: none - exclusion criterion

Number of randomised participants: 30
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Srikanth 2015 (continued)

Number of evaluated participants: 27 (dropouts 3)

Interventions

Test group: Sl and aPDT (single session)

Control group: SI

OHI before study start: unclear

Instruments used for SI: hand and ultrasonic instruments

Photodynamic irradiation source: diode laser (810 nm, 0.7 W for 5 sec, laser manufacturer unclear)
Photosensitiser: ICG, 25 mg/mL

Phase of treatment: active

Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, CAL
Time point(s) used for review outcomes: 3 and 6 months
Other outcomes reported in the study but not used in the review: viable bacteria (Aa, Fn, Pg, Pi, Vp), lac-
tate dehydrogenase, MGI, PI

Notes Study included an additional group (laser), which we did not use in the review because it was not eligi-
ble

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated randomisation

tion (selection bias)

Allocation concealment Unclear risk Method of allocation concealment not described

(selection bias)

Blinding of personnel (per-  Low risk Itis not feasible to blind personnel to treatment allocation. However, we not-
formance bias) ed that Sl was conducted by a different operator to aPDT and that Sl was done
prior to randomisation.

Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-

(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.

Blinding of outcome as- Low risk Assessor was blinded to allocation to treatment

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk 3 of 30 participants were excluded due to sampling error.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Retrospective clinical trials registration (NCT02043340; first posted in January

porting bias) 2014). It is not feasible to use these documents to assess the risk of selective
reporting bias.

Other bias Low risk We identified no other sources of bias.
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Talebi 2016

Study characteristics

Methods

Study design: split-mouth (quadrants randomly allocated to test or control group)

Study period: 2011 to 2013

Setting: Periodontics Department of Shahid Beheshti University, School of Dentistry, Iran
Number of centres: 1

Funding source: not reported

Declaration of interests: "We have not had any conflict of interests during this project”

Participants

Diagnosis (periodontal or peri-implant): periodontitis

Inclusion criteria: diagnosis of moderate to severe chronic periodontitis, presence of at least 2 teeth
with pocket depth of 4 mm to 10 mm in each quadrant, gingival bleeding and presence of at least 5 nat-
ural teeth in each quadrant

Exclusion criteria: diabetes mellitus, cancer, AIDS, metabolic and endocrine diseases, pregnancy or
nursing, chronic high-dose steroid therapy, history of previous or current radiotherapy, tobacco con-
sumption, orthodontic therapy, antibiotic therapy in the past 6 months, periodontal therapy in the past
6 months

Pocket depth at baseline: not reported
Age: not reported

Sex: not reported

Smokers: none

Number of randomised participants: 18

Number of evaluated participants: n/a

Interventions

Test group: Sl and aPDT (single session)

Control group: Sl

OHI before study start: yes

Instruments used for Sl: "conventional technique for curettage"; no additional details

Photodynamic irradiation source: diode laser (wavelength 808 nm, power output 0.2 W; Dr Smile Diode
Laser Device)

Photosensitiser: not reported
Phase of treatment: active

Duration of study: 3 months

Outcomes Outcomes included in the review: none
Time point(s) used for review outcomes: n/a
Other outcomes reported in the study but not used in the review: microbiological parameters (Pg Aa,
Tf, Td, Pi, Fn)
Notes We did not complete risk of bias assessment for this study because we extracted no outcome data.
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Talebi 2016 (continued)

Clinical trials registration: IRCT2015022221180N1

Study included 2 additional study groups (Sl followed by laser, and laser followed by SI). We did not ex-
tract information for these study groups, which were not eligible for inclusion in the review.

Theodoro 2012

Study characteristics

Methods Study design: split-mouth (3 sites per participant were included; a site was randomly allocated to test
or control groups)
Study period: 2007 to 2009
Setting: University Hospital, Sdo Paulo, Brazil
Number of centres: 1
Funding source: a scholarship from Sdo Paulo State Foundation for Research (FAPESP 2007/039001) for
1 study author
Declaration of interests: "The authors report no conflicts of interest related to this study"

Participants Diagnosis (periodontal or peri-implant): chronic periodontitis
Inclusion criteria: > 3 non-adjacent sites with BOP and PPD 5 mm to 9 mm; at least 20 teeth in the oral
cavity, 35 to 55 years of age
Exclusion criteria: systemic diseases, periodontal or antibiotic treatment within the last 12 months;
pregnancy or use of hormone contraceptives, smoking
Age, mean (SD): 43.12 (+ 8.2) years
Sex, M/F:12/21
Smokers: none - exclusion criterion
Number of randomised participants: 37
Number of evaluated participants: 33 (dropouts: 4)

Interventions Test group: Sl and aPDT (single session)
Control group: SI
OHI before study start: yes
Instruments used for Sl: curettes
Photodynamic irradiation source: diode laser (660 nm, power 30 mW, spot size 0.07 cm?2, energy 4.5 J,
BioWave)
Photosensitiser: TBO phenothiazine dye (100 pg/mL)
Phase of treatment: active
Duration of study: 6 months

Outcomes Outcomes included in the review: PPD, REC, CAL, BOP
Time point(s) used for review outcomes: 3 and 6 months
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Theodoro 2012 (continued)

Other outcomes reported in the study but not used in the review: microbiological data (Aa, Pg, Pi, Tf,
Pn), VPI, BGI

Notes No SD for BOP, data not used

Study included an additional group (Sl and TBO); we did not include any data for this group in the re-

view.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk A computer-generated table was used
tion (selection bias)
Allocation concealment Unclear risk Method of concealment not described
(selection bias)
Blinding of personnel (per-  High risk Itis not possible to blind personnel to treatment allocation. Sl and aPDT were
formance bias) carried out by the same operator, and we assumed from information in the
study report that Sl was carried out after randomisation.
Blinding of participants Low risk No details of whether participants were aware of allocation. However, we ex-
(performance bias) pected that lack of blinding would not influence oral hygiene performance
during the study period.
Blinding of outcome as- Low risk Quote: "All the periodontal clinical measurements were made by a single
sessment (detection bias) trained examiner (...), while the treatments were performed by another trained
All outcomes operator (...), and another examiner (...) performed the blind microbiological
assessment"”
Comment: we assumed from this information that the examiner collecting
clinical measurements was blinded to treatment allocation
Incomplete outcome data  Low risk During the development of the study, 4 participants (10.8%) were excluded for
(attrition bias) taking medication or because they did not come back for regular plaque con-
All outcomes trol visits. Time point for dropout clearly stated.
Selective reporting (re- Unclear risk Study authors do not cite a protocol or clinical trials registration. We are un-
porting bias) able to assess the risk of selective outcome reporting without these docu-
ments.
Other bias Low risk We identified no other sources of bias.

AAP: American Academy of Periodontology; ABL: alveolar bone level; AL: attachment level; aPDT: antimicrobial photodynamic therapy;
ASA: American Society of Anesthesiologists; BAPNA: Na-benzoyl-DL-arginine p-nitroanilide hydrochloride assay; BPB: black-pigmented
bacteroids; BGI: biofilm-gingival interface; BOP: bleeding on probing; CAL: clinical attachment loss; CFU: colony-forming units; CHX:
chlorhexidine; cm: centimetres; DS: deep scaling; EFP: European Federation of Periodontology; F: female(s); FMPS/FMBS: full-mouth
plaque/bleeding scores; GBI: gingival bleeding index; GCF: gingival crevicular fluid; Gl: gingival index; ICG: indocyanine green; IL-1f3:
interleukin-1-beta; IL-10: interleukin-10; IQR: interquartile range; LED: light-emitting diode; M: male(s); MBL: marginal bone level; MGI:
modified gingival index; MMP: matrix metalloproteinase; n/a: not applicable; NaCl: sodium chloride; Nd:YAG: neodymium-doped yttrium
aluminium garnet; nm: nanometres; OHI: oral hygiene intervention/instruction; PAD: photoactivated disinfection; PBI: papillary bleeding
index; PCR: polymerase chain reaction; PCT: procalcitron; PD: pocket depth; PI: plaque index; PPD: probing pocket depth; RAL: relative
attachment level; RCAL: relative clinical attachment level; REC: gingival recession; RSD: root surface debridement; (m)SBI: (modified)
sulcus bleeding index; SD: standard deviation; SFFR: sulcus fluid flow rate; SI: subgingival instrumentation; SRP: scaling and root planing;
TBC: total bacterial count; TBO: toluidine blue O; TNF: tumour necrosis factor; US: ultrasonic; VPI: visible plaque index

Microbiological outcomes: Aa: Aggregatibacter actinomycetemcomitans; Cr: Campylobacter rectus; Cs: Capnocytophaga species; Ec:
Eikenella corrodens; En: Eubacterium nodatum; Fa: Filifactor allocis; Fn: Fusobacterium nucleatum; Pg: Porphyromonas gingivalis; Pi:
Prevotellaintermedia; Pm: Peptostreptococcus micros; Td: Treponema denticola; Tf: Tannerella forsythia
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Aabed 2022 We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Ahad 2016 We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Ahmed 2023 We excluded this study because it was not randomised.

Al Deeb 2020 Although the study is described as "randomised" in the title, all participants received the same in-

tervention (i.e. the study included no control group).

Al-Askar 2022

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Al-Hamoudi 2022

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 20 weeks. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Al-Sowygh 2017

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

AlAhmari 2019

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Alasgah 2022

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

AlHarthi 2022

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Algutub 2022

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 100 days. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

AlSarhan 2021

Study evaluated the antimicrobial effects of a photosensitising agent. We excluded the study be-
cause the control group received SRP plus diode laser without photosensitising agent.

Alvarenga 2019

RCT comparing different methods of PDT application. We excluded this study because it did not in-
clude a control group in which only subgingival or submucosal instrumentation was applied.

Alzoman 2016

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Adjunctive antimicrobial photodynamic therapy for treating periodontal and peri-implant diseases (Review)

Copyright © 2024 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Cochrane Database of Systematic Reviews

115



= COCh rane Trusted evidence.
o § d decisions.
N LI b ra ry g‘e;::':eal:l:.lswns

Cochrane Database of Systematic Reviews

Study

Reason for exclusion

Andersen 2007

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 4 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Annunziata 2023

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Arsic 2022

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Balata 2013

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Bundidpun 2018

We excluded this study because the interval between Sl and aPDT was 1 week.

Calderin 2013

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Carvalho 2015

We excluded this study because the interval between Sl and aPDT was 45 days.

Correa 2016

We excluded this study because the sham procedure in the control group included an active pho-
tosensitising agent (methylene blue). It is possible that methylene blue may include antimicrobial
properties and it was not an appropriate control group for this review.

Costa 2023

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

da Cruz Andrade 2017

We excluded this study because the interval between Sl and aPDT was 6 weeks.

De Angelis 2012

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

de Araujo Sena 2019

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

De Freitas 2016

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Esposito 2013

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Fan 2022

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous month. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.
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Ge 2011

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous month. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Giannopoulou 2012

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 2 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Goh 2017

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Javed 2016

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Javed 2017

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Jung 2014

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Karimi 2016

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Kashefi Mehr 2018

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Kassa 2023

We excluded this study because the control group included the use of a photosensitising agent
(methylene blue).

Katsikanis 2020

We excluded this study because the irradiation with aPDT was carried transgingivally rather than
subgingivally.

Losev 2023

We excluded this study because it was not randomised.

Luchesi 2013

We excluded this study because the control group used a photosensitising agent with a sham laser
(switched off). We could not be certain whether the photosensitising agent could include an an-
timicrobial effect.

Lui2011

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Lulic 2009

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Mangalekar 2022

We excluded this study because it was not randomised.
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Mettraux 2011

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Muller Campanile 2015

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 2 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Niazi 2020

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Petrovi¢ 2018

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Pinheiro 2010

We excluded this study because it was not randomised.

Pourabbas 2023

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Preshaw 2021

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous month. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Qamar 2021

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Raj 2016

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Segarra-Vidal 2017

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Shingnapurkar 2016

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Sigusch 2010

We excluded this study because the interval between Sl and aPDT was 3 weeks.

Soundarajan 2022

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Sukumar 2020

We excluded this study because the inclusion or exclusion criteria was limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Tabenski 2017

We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.
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Wang 2019 We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Wang 2022 We excluded this study because the inclusion or exclusion criteria were limited to participants who
had not taken antibiotics in the previous 3 months. Therefore, it is possible that some participants
could have taken antibiotics within 6 months from the start of the study.

Yamashita 2022 We excluded this study because the irradiation with aPDT was carried out transgingivally rather
than subgingivally.

BOP: bleeding on probing; CAL: clinical attachment loss; (a)PDT: (antimicrobial) photodynamic therapy; PPD: probing pocket depth; RCT:
randomised controlled trial; REC: gingival recession; Sl: subgingival instrumentation; SRP: scaling and root planing

Characteristics of studies awaiting classification [ordered by study ID]

Al Deeb 2020c

Methods RCT, parallel design

Participants Number of participants: 30
Inclusion criteria: at least 1 dental implant with peri-implant mucositis, with BOP with no sign of
bone loss; current smokers; no history of allergy to antimicrobial therapy
Exclusion criteria: history of smoking or smokeless tobacco users; pregnant or breastfeeding; tak-
ing steroids or any anti-inflammatory drug; systemic conditions or terminal illness

Interventions Intervention: single session of aPDT with mechanical debridement
Control: mechanical debridement alone
Note: the study included a third group that would not be eligible for this review (systemic antibi-
otics with mechanical debridement)

Outcomes Plaque score, BOP, PPD, microbiological parameters. Measured at 12 weeks.

Notes We contacted the study authors to request information about whether participants had used an-

tibiotics in the previous 6 months. At the time of publication, we had received no reply. A decision
about whether to include this study in future review updates depends on a response from the study

authors.
Al-Zawawi 2020
Methods RCT, parallel design
Participants Number of participants: 128

Inclusion criteria: history of type 2 diabetes mellitus, with periodontitis, signed informed consent

Exclusion criteria: completely edentulous, self-reported tobacco-smokers or smokeless-tobacco
chewers; self-reported habitual alcohol users; systemic diseases other than diabetes mellitus; third
molars or grossly carious teeth; pregnant or lactating females; had undergone ultrasonic scaling
or mechanical debridement; had received steroids or NSAIDs, antibiotics, probiotics and/or cancer
therapies

Adjunctive antimicrobial photodynamic therapy for treating periodontal and peri-implant diseases (Review) 119
Copyright © 2024 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= COCh rane Trusted evidence.
o § d decisions.
N LI b ra ry g‘e;::'leleal:lf.lswns

Al-Zawawi 2020 (continued)

Cochrane Database of Systematic Reviews

Note: this study includes people with and without type 2 diabetes mellitus. Our understanding of
the study report is that participants were randomised to the intervention and control group regard-
less of diabetes diagnosis.

Interventions

Intervention: SI, followed by aPDT using methylene blue as a photosensitiser and diode laser (660
nm and 150 mW)

Outcomes

Haemoglobin Alc, plaque index, gingival index, PPD, CAL, MBL. Measured at 3 and 6 months.

Notes

We contacted the study authors to request additional information about whether participants had
used antibiotics in the previous 6 months because we could not be certain whether the information
supplied in the study report was time-limited. At the time of publication, we had received no re-
ply. A decision about whether to include this study in future review updates depends on a response
from the study authors.

Note: if we were to include this study in future updates, we would only include data for the partici-
pants without a history of diabetes mellitus

Alshibani 2022

Methods

RCT, parallel design

Participants

Number of participants: 46
Inclusion criteria: self-reported current e-cig users; periodontal inflammation

Exclusion criteria: cigarette smokers or dual smokers (e-cig users that also smoked combustible to-
bacco products such as pipes, cigars and cigarettes); pregnant or nursing mothers; systemic dis-
eases

Interventions

Intervention: non-surgical periodontal therapy (using sterile manual scalers and an ultrasonic
scaler, photosensitiser with rhizome of ginger (0.005%) and diode laser at 660 nm and 150 mW

Control: non-surgical periodontal therapy (as described above)

Note: both groups were also instructed to rinse with 0.12% CHX every 12 hours for 14 days

Outcomes Plaque index, bleeding index, PPD. Measured at 3 months.

Notes We contacted the study authors to request information about whether participants had used an-
tibiotics in the previous 6 months. At the time of publication, we had received no reply. A decision
about whether to include this study in future review updates depends on a response from the study
authors.

Elsadek 2023
Methods RCT, parallel-group design

Participants

Number of randomised participants: 50

Inclusion criteria: > 25 years of age, no gender predilection, diagnosed case of Stage Ill, Grade B pe-
riodontitis; =5 mm PPD, bone loss affecting the middle third of root or beyond, > 10 occluding pairs
(> 20 teeth), absence of bite collapse, drifting, flaring or severe ridge defect

Exclusion criteria: underwent any periodontal therapy in the last 6 months, antimicrobial therapy,
pregnant or lactating mothers, presence of any diagnosed systemic disease
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Interventions

Intervention: aPDT using diode laser (670 nm wavelength, 280 mW power output); 0.005% methyl-
ene blue applied for 60 seconds. Activation of sites for 60 seconds.

Control: no details

Outcomes Plaque scores, PPD, BOP, CAL. Measured at 3 months and 6 months.

Notes We contacted the study authors to request additional information about whether participants may
have used antibiotics in the previous 6 months. At the time of publication, we had received no re-
ply. A decision about whether to include this study in future review updates depends on a response
from the study authors.

Farhad 2015
Methods -

Participants

Interventions

Outcomes -
Notes This study is published in Persian. We await translation of this article to assess its eligibility for
the review.
Kharkar 2021
Methods RCT, split-mouth design

Participants

Number of randomised participants: 23

Inclusion criteria: systemically healthy; > 35 years of age; = 20 natural teeth; moderate to severe
chronic periodontitis

Exclusion criteria: known systemic diseases; allergy to toluidine blue O; pregnancy; taking antibi-
otics

Interventions

Intervention: non-surgical periodontal therapy (no details), aPDT using toluidine blue O (0.01%)
and continuous wave diode laser (810 nm, total energy 6 J, at low power <2 W)

Control: non-surgical periodontal therapy (no details)

Outcomes Pl, Gl, BOP, PPD, CAL, microbiological parameters. Measured at 3 months.

Notes We contacted the study authors to request additional information about whether participants may
have used antibiotics in the previous 6 months. At the time of publication, we had received no re-
ply. A decision about whether to include this study in future review updates depends on a response
from the study authors.

Lopez 2020
Methods Unclear
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Participants

Number of participants: 44

Inclusion criteria: people with periodontitis

Interventions

aPDT

Outcomes

Plaque index, PPD, BOP, CAL, calculus index. At 3 months.

Notes

At the time of publication of this review, we were unable to source the full text of this study. There-
fore, we were unable to determine its eligibility.

Mocanu 2021

Methods

RCT, parallel design

Participants

Number of participants: 169

Inclusion criteria: systemically healthy; > 18 years of age; fixed dental prosthetic metal-ceramic
bridge exclusively on natural teeth, with at least 2 abutments and with periodontal disease, = 10 re-
maining teeth in the oral cavity

Exclusion criteria: uncontrolled systemic medical conditions; diabetes or other metabolic disor-
ders; autoimmune diseases, rheumatic diseases; smoking; use of systemic antibiotics and anti-in-
flammatory drugs or periodontal therapy in the last 6 months

Interventions

Intervention: manual non-surgical SI, then aPDT with phenothiazine chloride and laser (660 nm,
100 mW)

Control: manual non-surgical SI

Note: study also includes a third group (SI plus 0.2% CHX), which we would not include in any fu-
ture review updates

Outcomes Plaque index, PPD, BOP, CAL, microbiological parameters
Notes We contacted the study authors to request information about their definition of periodontal dis-
ease (in terms of pocket depth). At the time of publication, we had received no reply. A decision
about whether to include this study in future review updates depends on a response from the study
authors.
Romeo 2016
Methods RCT, parallel design

Participants

Number of participants: 40 (123 randomised dental implants)

Inclusion criteria: overall plaque index = 40% and = 1 implant with the following characteristics:
PPD =4 mm, BOP, presence of suppuration

Exclusion criteria: decompensated systemic disease; degenerative bone disease; chronic im-
mune-based mucomembranous disorders; chemotherapy or radiotherapy to the head and neck;
pregnancy; presence of teeth with periodontitis adjacent to sites affected by peri-implantitis; im-
plants placed in fresh extraction sockets; smoking > 10 cigarettes daily; alcoholism
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Romeo 2016 (Continued)

Interventions Intervention: mechanical and manual decontamination of oral cavity and SI, aPDT using diode
laser (670 nm and output of 75 mW/cm2) and methylene blue (10 mg/mL) applied to peri-implant
socket

Control: mechanical and manual decontamination of oral cavity and SI

Outcomes Change in PPD, BOP and plaque index

Notes We contacted the study authors to request information about whether participants had used an-
tibiotics in the previous 6 months. At the time of publication, we had received no reply. A decision
about whether to include this study in future review updates depends on a response from the study

authors.
Shetty 2022

Methods RCT, parallel design

Participants Number of participants: 34
Inclusion criteria: diagnosed with peri-implant mucositis, peri-implant gingival bleeding with or
without pus and PPD =4 mm with no evidence of crestal bone loss around the implants
Exclusion criteria: pregnant or lactating mothers; edentulous; self-reported smokeless tobacco
chewers and tobacco smokers; medical anomalies not limited to diabetes mellitus, HIV+ and peo-
ple diagnosed with AIDS, renal diseases, hepatic disorders and cardiovascular diseases

Interventions Intervention: mechanical debridement, followed by one session of aPDT
Control: mechanical debridement

Outcomes Microbiological parameters, modified plaque index, modified gingival index, PPD, crestal bone
loss. Measured at 3 months.

Notes We contacted the study authors to request information about whether participants had used an-

tibiotics in the previous 6 months. At the time of publication, we had received no reply. A decision
about whether to include this study in future review updates depends on a response from the study
authors.

AIDS: acquired immune deficiency syndrome; aPDT: antimicrobial photodynamic therapy; BOP: bleeding on probing; CAL: clinical
attachment loss; CHX: chlorhexidine; Gl: gingival index; HIV+: human immune deficiency virus; MBL: marginal bone loss; Pl: plaque index;
PPD: periodontal pocket depth; RCT: randomised controlled trial; SI: subgingival instrumentation

Characteristics of ongoing studies [ordered by study ID]

CTRI/2023/02/050002

Study name Nanoparticle photodynamic therapy in periodontitis treatment
Methods RCT
Participants Estimated sample size: 30

Inclusion criteria: people with chronic periodontitis; systematically healthy; buccal or oral CAL = 3
mm detectable at = 2 teeth, presence of BOP

Exclusion criteria: known systemic diseases; systemic medications; use of tobacco in any form or
alcohol; history of periodontal therapy in the preceding 6 months; teeth with Grade 11l mobility or
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CTRI/2023/02/050002 (Continued)

furcation involvement; immunocompromised; pregnant or lactating; use of antibiotics in the pre-
ceding 6 months; tooth with hopeless prognosis; non-vital tooth with or without periapical pathol-
ogy; radiotherapy in the preceding 1 year in head and neck region

Interventions Intervention group: Sl (as for control group), aPDT using indocyanine green with chitosan particles

Control group: full mouth Sl using piezoelectric ultrasonic unit and hand scalers, Sl using Gracey
curettes

Outcomes Change in probing depths, CAL, modified sulcular bleeding index, plaque index, microbiological pa-
rameters. Measured at 1 week, 1 month and 3 months after aPDT.

Starting date Date of first enrolment 3 January 2023; however, status is unclear because the trials report also in-
dicates that the study is not yet recruiting

Contact information Dr Subash Chandra Raj; drsubash007@gmail.com
Notes —
CTRI/2023/04/051300
Study name A clinical study to know the effect of photodynamic therapy using curcumin and methylene blue in

chronic periodontitis patients

Methods RCT

Participants Estimated sample size: 16

Inclusion criteria: systemically healthy; willing to take part in the study; > 20 natural teeth; chronic
periodontitis with PPD =5 mm; CAL = 4 mm; no history of allergies

Exclusion criteria: systemic diseases; inability or unwillingness to complete the trial; taking med-
ication that could affect or alter the course of periodontal treatment; poor oral hygiene; pregnant
or lactating mothers; history of smoking or alcohol abuse; having undergone periodontal treat-
ment 6 months prior to the study

Interventions Intervention: SI, aPDT with curcumin and LED light, or methylene blue and laser
Control: SI

Outcomes Bacteria colony forming unit, plaque index, gingival index, PPD, CAL. Outcomes measured at 6
months.

Starting date Date of first enrolment: 10 April 2023; however, status is unclear because the trial report also indi-

cates that the study is not yet recruiting

Contact information Pullagura Jayasree, pavuluriak@gmail.com; Dr P Aravind Kumar, pavuluriak@gmail.com

Notes —

aPDT: adjunctive antimicrobial photodynamic therapy; BOP: bleeding on probing; CAL: clinical attachment level(s); PPD: probing pocket
depth; RCT: randomised controlled trial; SI: subgingival instrumentation
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DATA AND ANALYSES

Comparison 1. Adjunctive aPDT versus control during active periodontal treatment (3-month and 6-month follow-

up)

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1.1 PPD (change from baseline 35 1450 Mean Difference (IV, Random, 95%  0.44[0.29, 0.59]

(mm)); 3 months Cl)

1.1.1 Single session 27 1148 Mean Difference (IV, Random, 95%  0.50 [0.30, 0.70]
Cl)

1.1.2 Multiple sessions 9 302 Mean Difference (IV, Random,95%  0.29 [0.10, 0.49]
Cl)

1.2 PPD (change from baseline 15 693 Mean Difference (IV, Random, 95%  0.52[0.31, 0.74]

(mm)); 6 months Cl)

1.2.1 Single session 14 641 Mean Difference (IV, Random,95%  0.53[0.32,0.74]
cl

1.2.2 Multiple sessions 1 52 Mean Difference (IV, Random, 95%  0.46 [-0.33, 1.26]
Cl)

1.3 BOP (change from baseline 11 418 Mean Difference (IV, Random, 95%  2.19[1.00, 3.38]

(%)); 3 months Cl)

1.3.1 Single session 8 316 Mean Difference (IV, Random, 95% 2.62[0.77, 4.48]
Cl)

1.3.2 Multiple sessions 3 102 Mean Difference (IV, Random, 95%  1.86[0.19, 3.53]
cl

1.4 BOP (change from baseline 5 226 Mean Difference (IV, Random, 95%  5.72[1.62,9.81]

(9%)); 6 months Cl)

1.4.1 Single session 4 174 Mean Difference (IV, Random,95%  5.01 [-1.87, 11.90]
Cl)

1.4.2 Multiple sessions 1 52 Mean Difference (IV, Random, 95%  6.73 [-3.98, 17.44]
Cl)

1.5 CAL (change from baseline 34 1468 Mean Difference (IV, Random, 95%  0.36 [0.24, 0.48]

(mm)); 3 months Cl)

1.5.1 Single session 26 1166 Mean Difference (IV, Random, 95%  0.41[0.26, 0.56]
cl

1.5.2 Multiple sessions 9 302 Mean Difference (IV, Random, 95%  0.26 [0.04, 0.48]
Cl)

1.6 CAL (change from baseline 13 667 Mean Difference (IV, Random, 95%  0.44 [0.24, 0.64]

(mm)); 6 months Cl)

1.6.1 Single session 12 615 Mean Difference (IV, Random,95%  0.43[0.20, 0.65]

Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.6.2 Multiple sessions 1 52 Mean Difference (IV, Random,95%  0.52 [-0.07, 1.12]
Cl)

1.7 REC (change from baseline 13 502 Mean Difference (IV, Random, 95%  -0.01[-0.06, 0.05]

(mm)); 3 months Cl)

1.7.1 Single session 11 434 Mean Difference (IV, Random, 95%  -0.02 [-0.04, 0.00]
Cl)

1.7.2 Multiple sessions 2 68 Mean Difference (IV, Random, 95%  -0.06 [-0.47, 0.35]
cl

1.8 REC (change from baseline 4 Mean Difference (IV, Random, 95%  Subtotals only

(mm)); 6 months Cl)

1.8.1 Single session 4 166 Mean Difference (IV, Random,95%  0.00 [-0.16, 0.16]
Cl)

1.9 PPD at 6 months. Sub- 15 693 Mean Difference (IV, Random,95%  0.52[0.31, 0.74]

group analysis according to Cl)

type of control (placebo or

negative control)

1.9.1 Negative control 13 598 Mean Difference (IV, Random, 95% 0.45[0.23, 0.68]
cl

1.9.2 Placebo control 2 95 Mean Difference (IV, Random, 95%  1.12[0.30, 1.93]
cl

1.10 CAL at 6 months. Sub- 13 667 Mean Difference (IV, Random, 95%  0.44[0.24, 0.64]

group analysis according to Cl)

type of control (placebo or

negative control)

1.10.1 Negative control 12 622 Mean Difference (IV, Random, 95%  0.41[0.20, 0.61]
Cl)

1.10.2 Placebo control 1 45 Mean Difference (IV, Random,95%  0.96 [0.53, 1.39]

Cl)
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Analysis 1.1. Comparison 1: Adjunctive aPDT versus control during active periodontal treatment (3-month and 6-

month follow-up), Outcome 1: PPD (change from baseline (mm)); 3 months

aPDT Control

Mean Difference

Mean Difference

Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Single session

Al-Kheraif 2022b (1) 0.91 0.04 15 15 3.1% 0.91[0.83, 0.99] -
Al-Kheraif 2022b (2) -0.35 0.03 14 14 3.1% -0.35[-0.41, -0.29] -

Al-Zahrani 2011 (3) 0.31 0.16 17 17 2.7% 0.31[-0.00, 0.62] I
Alwaeli 2015 1.11 0.34 16 16 1.9% 1.11[0.44,1.78] [
Amini 2014 0.2 0.16 20 20 2.7% 0.20[-0.11, 0.51] 4

Annaji 2016 1.32 0.1 15 15 2.9% 1.32[1.12,1.52] —_-
Arya 2023 0.4 0.13 20 20 2.8% 0.40[0.15, 0.65] —_
Bechara Andere 2018 0.7 0.25 18 18 2.3% 0.70 [0.21, 1.19] [
Braun 2008 0.13 0.17 20 20 2.7% 0.13[-0.20, 0.46] e
Chitsazi 2014 0.59 0.19 24 24 2.6% 0.59 [0.22, 0.96] —
Christodoulides 2008 0 0.17 12 12 2.7% 0.00 [-0.33, 0.33] 4
Derikvand 2020 0.92 0.3 25 25 2.1% 0.92[0.33, 1.51] N,
El Mobadder 2023 0.64 0.24 16 16 2.3% 0.64[0.17, 1.11] —_—
Elsadek 2022 0.5 0.41 30 30 1.6% 0.50[-0.30, 1.30] I E—
Gandhi 2019 1.6 0.12 26 26 2.9% 1.60[1.36, 1.84] —
Hill 2019 (4) 0.39 0.26 20 20 2.3% 0.39[-0.12, 0.90] i —
Joshi 2020 0.26 0.07 29 29 3.0% 0.26 [0.12, 0.40] -
Karmakar 2021 1.2 0.17 20 20 2.7% 1.20[0.87, 1.53] —
Malgikar 2016 0.13 0.09 24 24 3.0% 0.13[-0.05, 0.31] .
Mallineni 2020 1.47 0.21 15 15 2.5% 1.47[1.06, 1.88] [
Patyna 2021 -0.23 0.17 16 16 2.7% -0.23 [-0.56 , 0.10] .

Polansky 2009 0.21 0.31 30 28 2.0% 0.21[-0.40, 0.82] .
Pourabbas 2014 0.07 0.015 22 22 3.1% 0.07 [0.04, 0.10] 8

Pulikkotil 2016 0.08 0.19 16 16 2.6% 0.08 [-0.29, 0.45] e
Queiroz 2015 0.23 0.25 20 20 2.3% 0.23[-0.26, 0.72] i —

Sethi 2019 1.16 0.36 15 15 1.8% 1.16[0.45, 1.87] - .
Srikanth 2015 0.84 0.14 27 27 2.8% 0.84[0.57, 1.11] ——
Theodoro 2012 -0.35 0.21 33 33 2.5% -0.35[-0.76 , 0.06] !

Subtotal (95% CI) 575 573 71.4% 0.50 [0.30, 0.70] ‘
Heterogeneity: Tau? = 0.26; Chi2 = 1109.22, df = 27 (P < 0.00001); I2 = 98%

Test for overall effect: Z = 4.90 (P < 0.00001)

1.1.2 Multiple sessions

Al-Kheraif 2022a (5) 0.72 0.04 13 13 3.1% 0.72[0.64, 0.80] -
Al-Kheraif 2022a (6) 0.48 0.03 13 13 3.1% 0.48 [0.42, 0.54] -

Annaji 2016 0.52 0.09 15 15 3.0% 0.52[0.34, 0.70] -
Bassir 2013 (7) 0.03 0.05 16 16 3.0% 0.03[-0.07, 0.13] b

Borekci 2019 -0.27 0.31 12 12 2.0% -0.27 [-0.88 , 0.34] R -

Coelho 2023 (8) 0.44 0.13 11 11 2.8% 0.44[0.19, 0.69] ——
Courval 2020 (9) 0.07 0.08 28 28 3.0% 0.07 [-0.09, 0.23] .

Moreira 2015 (10) 0.26 0.12 20 20 2.9% 0.26 [0.02, 0.50] ——

Petelin 2015 -0.1 0.09 9 9 3.0% -0.10 [-0.28 , 0.08] -l

Rodrigues 2023 (11) 0.5 0.14 14 14 2.8% 0.50[0.23, 0.77] —
Subtotal (95% CI) 151 151  28.6% 0.29 [0.10, 0.49] ‘
Heterogeneity: Tau? = 0.08; Chi2 = 181.76, df = 9 (P < 0.00001); I2 = 95%

Test for overall effect: Z = 2.96 (P = 0.003)

Total (95% CI) 726 724 100.0% 0.44 [0.29, 0.59] ‘

Heterogeneity: Tau? = 0.18; Chi2 = 1433.57, df = 37 (P < 0.00001); 12 = 97%

Test for overall effect: Z = 5.81 (P < 0.00001)
Test for subgroup differences: Chi? = 2.21, df =1 (P = 0.14), I* = 54.7%

Footnotes
(1) Data for 349 sites, in 15 smokers
(2) Data for 364 sites, in 14 non-smokers
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Analysis 1.1. (Continued)
\1) /LA 1UL MU SILED, 111 10 SILURELD
(2) Data for 364 sites, in 14 non-smokers
(3) Data for 24 teeth, in 17 participants
(4) Data for 54 sites with pocket depth > 6 mm, in 20 participants
(5) Data for 349 sites, in 13 smokers
(6) Data for 364 sites, in 13 non-smokers
(7) Data for 210 sites, in 16 participants
(8) Data for 114 sites, in 11 participants
(9) Data for 401 non-furcation sites, in 28 participants
(10) Data for pocket depths of 5 mm and 6 mm
(11) Data for 146 sites with probing depth of > 4mm, in 14 participants

Analysis 1.2. Comparison 1: Adjunctive aPDT versus control during active periodontal treatment
(3-month and 6-month follow-up), Outcome 2: PPD (change from baseline (mm)); 6 months

aPDT Control Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Single session
Al-Kheraif 2022b (1) 0.86 0.03 15 15 7.1% 0.86[0.80, 0.92] .
Al-Kheraif 2022b (2) 0.4 0.04 14 14 7.0% 0.40 [0.32, 0.48] .
Alwaeli 2015 1.23 0.36 16 16 4.1% 1.23[0.52, 1.94] —
Bechara Andere 2018 0.1 0.25 18 18 5.2% 0.10[-0.39, 0.59] —
Berakdar 2012 0.5 0.15 22 22 6.3% 0.50[0.21, 0.79] -
Christodoulides 2008 0.2 0.22 12 12 5.5% 0.20[-0.23, 0.63] da
Derikvand 2020 0.68 0.28 25 25 4.9% 0.68[0.13, 1.23] ——
Elsadek 2022 0.6 0.39 30 30 3.8% 0.60 [-0.16, 1.36] J
Gandhi 2019 0.99 0.16 26 26 6.2% 0.99 [0.68 , 1.30] -
Hill 2019 (3) 0.82 0.24 20 20 5.3% 0.8210.35, 1.29] ——
Malgikar 2016 0.07 0.11 24 24 6.6% 0.07 [-0.15, 0.29] e
Patyna 2021 0 0.17 16 16 6.1% 0.00[-0.33, 0.33] 4+
Raut 2018 1.51 0.21 22 23 5.7% 1.51[1.10, 1.92] —-—
Srikanth 2015 0.68 0.14 27 27 6.4% 0.68[0.41, 0.95] -
Theodoro 2012 -0.38 0.2 33 33 5.8% -0.38 [-0.77, 0.01] e
Subtotal (95% CI) 320 321  85.9% 0.53 [0.32, 0.74] ‘

Heterogeneity: Tau? = 0.13; Chi2 = 191.49, df = 14 (P < 0.00001); 12 = 93%
Test for overall effect: Z = 4.96 (P < 0.00001)

1.2.2 Multiple sessions

Al-Kheraif 2022a (4) 0.87 0.04 13 13 7.0% 0.87[0.79, 0.95] .
Al-Kheraif 2022a (5) 0.06 0.03 13 13 7.1% 0.06 [0.00, 0.12] b
Subtotal (95% CI) 26 26 14.1% 0.46 [-0.33 , 1.26] ‘

Heterogeneity: Tau? = 0.33; Chi? = 262.44, df = 1 (P < 0.00001); I2 = 100%
Test for overall effect: Z = 1.15 (P = 0.25)

Total (95% CI) 346 347 100.0% 0.52[0.31, 0.74] ‘
Heterogeneity: Tau? = 0.17; Chi2 = 538.30, df = 16 (P < 0.00001); I2 = 97%

Test for overall effect: Z = 4.72 (P < 0.00001) 4 o 0 > 4
Test for subgroup differences: Chi? = 0.03, df =1 (P = 0.87), I* = 0% Favours control Favours aPDT
Footnotes

(1) Data for 349 sites, in 15 smokers

(2) Data for 364 sites, in 14 non-smokers

(3) Data for 54 sites with pocket depth of > 6 mm, in 20 participants
(4) Data for 349 sites, in 13 smokers

(5) Data for 364 sites, in 13 non-smokers
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Analysis 1.3. Comparison 1: Adjunctive aPDT versus control during active periodontal treatment
(3-month and 6-month follow-up), Outcome 3: BOP (change from baseline (%)); 3 months

aPDT  Control Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Single session
Al-Kheraif 2022b (1) 1.65 0.39 15 15 14.4% 1.65[0.89, 2.41] m
Al-Kheraif 2022b (2) 0.81 0.81 14 14 12.0% 0.81[-0.78 , 2.40] -
Al-Zahrani 2011 (3) 10.2 4.43 17 17 1.7% 10.20 [1.52, 18.88] —_—
Christodoulides 2008 4 6.79 12 12 0.8% 4.00[-9.31, 17.31] P
El Mobadder 2023 -5.36 3.98 16 16 2.0% -5.36 [-13.16, 2.44] —
Elsadek 2022 10 2.73 30 30 3.7% 10.00 [4.65, 15.35] —
Patyna 2021 -2.18 3.88 16 16 2.1% -2.18[-9.78 , 5.42] —
Pourabbas 2014 3.19 0.81 22 22 12.0% 3.19[1.60, 4.78] -
Pulikkotil 2016 11.85 5.87 16 16 1.0% 11.85[0.35, 23.35] I
Subtotal (95% CI) 158 158  49.8% 2.62[0.77 , 4.48] l‘

Heterogeneity: Tau? = 3.17; Chi? = 24.47, df = 8 (P = 0.002); I = 67%
Test for overall effect: Z =2.77 (P = 0.006)

1.3.2 Multiple sessions

Al-Kheraif 2022a (4) 1.94 0.39 13 13 14.4% 1.94[1.18, 2.70]
Al-Kheraif 2022a (5) 1.47 0.9 13 13 11.5% 1.47[-0.29, 3.23] -
Bassir 2013 0.04 0.05 16 16 15.3% 0.04 [-0.06, 0.14]
Petelin 2015 5.3 1.28 9 9 9.1% 5.30[2.79, 7.81] -
Subtotal (95% CI) 51 51 50.2% 1.86 [0.19, 3.53] b
Heterogeneity: Tau? = 2.38; Chi? = 42.40, df = 3 (P < 0.00001); I* = 93%
Test for overall effect: Z =2.18 (P = 0.03)
Total (95% CI) 209 209 100.0% 2.19[1.00, 3.38] ’
Heterogeneity: Tau? = 2.41; Chi? = 98.27, df = 12 (P < 0.00001); I2 = 88%
Test for overall effect: Z = 3.61 (P = 0.0003) _2:0 _1:0 0 1:0 2:0
Test for subgroup differences: Chi? = 0.36, df = 1 (P = 0.55), > = 0% Favours control Favours aPDT
Footnotes
(1) Data for 349 sites, in 15 smokers
(2) Data for 364 sites, in 14 non-smokers
(3) Data for 24 teeth, in 17 participants
(4) Data for 349 sites, in 13 smokers
(5) Data for 364 sites, in 13 non-smokers
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Analysis 1.4. Comparison 1: Adjunctive aPDT versus control during active periodontal treatment
(3-month and 6-month follow-up), Outcome 4: BOP (change from baseline (%)); 6 months

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.4.1 Single session
Al-Kheraif 2022b (1) 11.65 0.38 15 15 17.6%  11.65[10.91, 12.39] n
Al-Kheraif 2022b (2) 0.96 0.82 14 14 17.2% 0.96 [-0.65, 2.57] .
Christodoulides 2008 5 6.92 12 12 6.0% 5.00 [-8.56, 18.56] .
Elsadek 2022 4.5 2.77 30 30 13.5% 4.50 [-0.93, 9.93] L
Patyna 2021 2.18 3.95 16 16 10.9% 2.18[-5.56,9.92] i R
Subtotal (95% CI) 87 87 65.3% 5.01[-1.87, 11.90] ’

Heterogeneity: Tau? = 51.06; Chi2 = 147.48, df = 4 (P < 0.00001); 12 = 97%
Test for overall effect: Z = 1.43 (P = 0.15)

1.4.2 Multiple sessions

Al-Kheraif 2022a (3) 12.16 0.38 13 13 17.6% 12.16 [11.42, 12.90] ™
Al-Kheraif 2022a (4) 1.23 0.92 13 13 17.1% 1.23[-0.57, 3.03] e
Subtotal (95% CI) 26 26 34.7% 6.73 [-3.98 , 17.44] ’

Heterogeneity: Tau? = 59.24; Chi? = 120.57, df = 1 (P < 0.00001); 12 = 99%
Test for overall effect: Z = 1.23 (P = 0.22)

Total (95% CI) 113 113  100.0% 5.72[1.62,9.81] ‘

Heterogeneity: Tau? = 24.65; Chi2 = 271.86, df = 6 (P < 0.00001); 12 = 98%

Test for overall effect: Z = 2.74 (P = 0.006) 50 5 0 5 50
Test for subgroup differences: Chi2 = 0.07, df = 1 (P = 0.79), I = 0% Favours control Favours aPDT
Footnotes

(1) Data for 349 sites, in 15 smokers

(2) Data for 364 sites, in 14 non-smokers
(3) Data for 349 sites, in 13 participants
(4) Data for 364 sites, in 13 non-smokers
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Analysis 1.5. Comparison 1: Adjunctive aPDT versus control during active periodontal treatment (3-month and 6-
month follow-up), Outcome 5: CAL (change from baseline (mm)); 3 months

aPDT Control Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 Single session
Al-Kheraif 2022b (1) 0.22 0.06 15 15 3.8% 0.22[0.10, 0.34] -
Al-Kheraif 2022b (2) 0.2 0.05 14 14 3.8% 0.20[0.10, 0.30] -
Al-Zahrani 2011 (3) 0.22 0.28 17 17 2.2% 0.22 [-0.33, 0.77] J E—
Alwaeli 2015 0.96 0.36 16 16 1.7% 0.96 [0.25, 1.67] —_—
Amini 2014 0 0.16 20 20 3.1% 0.00[-0.31, 0.31] ——
Annaji 2016 0.37 0.15 15 15 3.2% 0.37 [0.08, 0.66] —
Arya 2023 0.08 0.21 20 20 2.7% 0.08 [-0.33, 0.49] e
Bechara Andere 2018 0.5 0.32 18 18 1.9% 0.50[-0.13, 1.13] 4 .
Braun 2008 0.28 0.25 20 20 2.4% 0.28 [-0.21, 0.77] J
Chitsazi 2014 0.54 0.23 24 24 2.5% 0.54 [0.09, 0.99] —
Christodoulides 2008 0.1 0.14 12 12 3.2% 0.10[-0.17, 0.37] -
El Mobadder 2023 0.54 0.37 16 16 1.6% 0.54[-0.19, 1.27] 4 .
Elsadek 2022 0.1 0.31 30 30 2.0% 0.10[-0.51, 0.71] e
Gandhi 2019 1.53 0.18 26 26 2.9% 1.53[1.18, 1.88] —
Hill 2019 (4) 0.64 0.36 54 54 1.7% 0.64 [-0.07, 1.35] —
Joshi 2020 0.24 0.07 29 29 3.7% 0.24[0.10, 0.38] -
Karmakar 2021 1.2 0.18 20 20 2.9% 1.20[0.85, 1.55] —
Malgikar 2016 -0.05 0.08 24 24 3.7% -0.05[-0.21, 0.11] o4
Mallineni 2020 3.07 0.34 15 15 1.8% 3.07 [2.40, 3.74] —
Patyna 2021 -0.34 0.32 16 16 1.9% -0.34[-0.97, 0.29] R
Polansky 2009 0 0.36 30 28 1.7% 0.00 [-0.71, 0.71] —
Pourabbas 2014 0.12 0.04 22 22 3.8% 0.12[0.04, 0.20] -
Pulikkotil 2016 -0.15 0.27 16 16 2.2% -0.15[-0.68 , 0.38] e
Queiroz 2015 0.19 0.31 20 20 2.0% 0.19[-0.42, 0.80] —
Sethi 2019 0.62 0.32 15 15 1.9% 0.62 [-0.01, 1.25] —
Srikanth 2015 0.94 0.13 27 27 3.3% 0.94[0.69, 1.19] ——
Theodoro 2012 -0.33 0.3 33 33 2.0% -0.33[-0.92, 0.26] —
Subtotal (95% CI) 584 582  69.4% 0.41 [0.26 , 0.56] ‘
Heterogeneity: Tau? = 0.11; Chi2 = 224.73, df = 26 (P < 0.00001); 12 = 88%
Test for overall effect: Z = 5.24 (P < 0.00001)
1.5.2 Multiple sessions
Al-Kheraif 2022a (5) 0.61 0.06 13 13 3.8% 0.61[0.49, 0.73] -
Al-Kheraif 2022a (6) 0.2 0.05 13 13 3.8% 0.20[0.10, 0.30] -
Annaji 2016 1.02 0.13 15 15 3.3% 1.02[0.77, 1.27] —
Bassir 2013 (7) 0.05 0.07 16 16 3.7% 0.05[-0.09, 0.19] -
Borekci 2019 -0.09 0.45 12 12 1.3% -0.09 [-0.97, 0.79] N R
Coelho 2023 (8) -0.02 0.22 11 11 2.6% -0.02 [-0.45, 0.41] —
Courval 2020 (9) 0.05 0.1 28 28 3.5% 0.05[-0.15, 0.25] 4
Moreira 2015 (10) -0.05 0.22 20 20 2.6% -0.05[-0.48, 0.38] ——
Petelin 2015 -0.1 0.14 9 9 3.2% -0.10[-0.37,0.17] -
Rodrigues 2023 (11) 0.62 0.19 14 14 2.8% 0.62 [0.25, 0.99] —_—
Subtotal (95% CI) 151 151  30.6% 0.26 [0.04, 0.48] ‘
Heterogeneity: Tau? = 0.10; Chi2 = 96.59, df = 9 (P < 0.00001); 12 = 91%
Test for overall effect: Z = 2.34 (P = 0.02)
Total (95% CI) 735 733 100.0% 0.36 [0.24, 0.48] ‘
Heterogeneity: Tau? = 0.10; Chi2 = 323.71, df = 36 (P < 0.00001); I2 = 89%
Test for overall effect: Z = 5.86 (P < 0.00001) _:2 _:1 0 i i
Test for subgroup differences: Chi2 = 1.21, df =1 (P = 0.27), 2 = 17.6% Favours control Favours aPDT
Footnotes

(1) Data for 349 sites, in 15 smokers
(2) Data for 364 sites, in 14 non-smokers
(3) Data for 24 teeth, in 17 participants
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Analysis 1.5. (Continued)

\4) /LA 1UL DU SILED, 111 11 LIULmSLUIURCLS
(3) Data for 24 teeth, in 17 participants

(4) Data for 54 sites with pocket depths of > 6 mm, in 20 participants
(5) Data for 349 sites, in 13 smokers

(6) Data for 364 sites, in 13 non-smokers

(7) Data for 210 sites, in 16 participants

(8) Data for 114 sites, in 11 participants

(9) Data for 401 non-furation sites, in 28 participants

(10) Data for PD 5 mm and 6 mm, in 20 participants

(11) Data for 146 sites with probing depth of > 4 mm, in 14 participants

Analysis 1.6. Comparison 1: Adjunctive aPDT versus control during active periodontal treatment
(3-month and 6-month follow-up), Outcome 6: CAL (change from baseline (mm)); 6 months

aPDT Control Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 Single session
Al-Kheraif 2022b (1) 0.49 0.06 15 15 8.7% 0.49[0.37, 0.61] -
Al-Kheraif 2022b (2) 0.22 0.05 14 14 8.8% 0.22[0.12,0.32] -
Alwaeli 2015 1.47 0.39 16 16 3.9% 1.471[0.71, 2.23] —
Bechara Andere 2018 0.1 0.28 18 18 5.4% 0.10 [-0.45, 0.65] e
Christodoulides 2008 0.2 0.17 12 12 7.2% 0.20 [-0.13, 0.53] .
Elsadek 2022 0 0.27 30 30 5.5% 0.00 [-0.53, 0.53] ——
Gandhi 2019 0.89 0.21 26 26 6.5% 0.89[0.48, 1.30] -
Hill 2019 (3) 0.98 0.36 54 54 4.2% 0.98[0.27, 1.69] —
Malgikar 2016 -0.08 0.09 24 24 8.4% -0.08 [-0.26 , 0.10] o
Patyna 2021 -0.15 0.31 16 16 4.9% -0.15[-0.76 , 0.46] J
Raut 2018 0.96 0.22 22 23 6.3% 0.96 [0.53, 1.39] —-—
Srikanth 2015 1.07 0.12 27 27 8.0% 1.07[0.83, 1.31] -
Theodoro 2012 -0.42 0.33 33 33 4.6% -0.42 [-1.07,0.23] .
Subtotal (95% CI) 307 308 82.5% 0.43 [0.20, 0.65] ‘

Heterogeneity: Tau? = 0.13; Chi2 = 107.92, df = 12 (P < 0.00001); 12 = 89%
Test for overall effect: Z = 3.66 (P = 0.0003)

1.6.2 Multiple sessions

Al-Kheraif 2022a (4) 0.22 0.05 13 13 8.8% 0.22[0.12, 0.32] .
Al-Kheraif 2022a (5) 0.83 0.06 13 13 8.7% 0.83[0.71, 0.95] .
Subtotal (95% CI) 26 26 17.5% 0.52 [-0.07 , 1.12] ‘

Heterogeneity: Tau? = 0.18; Chi? = 61.00, df = 1 (P < 0.00001); 12 = 98%
Test for overall effect: Z = 1.72 (P = 0.09)

Total (95% CI) 333 334 100.0% 0.44 [0.24 , 0.64] ’

Heterogeneity: Tau? = 0.12; Chi? = 175.21, df = 14 (P < 0.00001); I> = 92%

Test for overall effect: Z = 4.34 (P < 0.0001) 4 Y 0 > 4
Test for subgroup differences: Chi2 = 0.09, df = 1 (P = 0.76), I2 = 0% Favours control Favours aPDT
Footnotes

(1) Data for 364 sites, in 15 smokers

(2) Data for 364 sites, in 14 non-smokers

(3) Data for 54 sites with pocket depths > 6 mm, in 20 participants
(4) Data for 364 sites, in 13 non-smokers

(5) Data for 349 sites, in 13 smokers
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Analysis 1.7. Comparison 1: Adjunctive aPDT versus control during active periodontal treatment
(3-month and 6-month follow-up), Outcome 7: REC (change from baseline (mm)); 3 months

aPDT Control Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.7.1 Single session
Al-Zahrani 2011 (1) -0.02 0.22 17 17 1.5% -0.02 [-0.45, 0.41] —4
Bechara Andere 2018 0.2 0.11 18 18 5.5% 0.20 [-0.02, 0.42] e
Braun 2008 0.15 0.14 20 20 3.5% 0.15[-0.12, 0.42] de
Chitsazi 2014 -0.21 0.17 24 24 2.4% -0.21 [-0.54, 0.12] —t
Christodoulides 2008 -0.1 0.1 12 12 6.6% -0.10 [-0.30, 0.10] —a
El Mobadder 2023 -0.12 0.15 16 16 3.1% -0.12 [-0.41,0.17] —a
Hill 2019 (2) 0.25 0.23 20 20 1.3% 0.25[-0.20, 0.70] i
Pourabbas 2014 -0.02 0.01 22 22 63.2% -0.02 [-0.04 , -0.00] ]
Queiroz 2015 0.09 0.14 20 20 3.5% 0.09 [-0.18, 0.36] -
Sethi 2019 -0.03 0.23 15 15 1.3% -0.03 [-0.48 , 0.42] 4
Theodoro 2012 -0.04 0.21 33 33 1.6% -0.04 [-0.45, 0.37] .
Subtotal (95% CI) 217 217 93.5% -0.02 [-0.04, 0.00]

Heterogeneity: Tau? = 0.00; Chi2 = 9.78, df = 10 (P = 0.46); 12 = 0%
Test for overall effect: Z = 1.87 (P = 0.06)

1.7.2 Multiple sessions

Moreira 2015 (3) -0.3 0.2 20 20 1.8% -0.30 [-0.69 , 0.09] —t
Rodrigues 2023 (4) 0.12 0.12 14 14 4.7% 0.12[-0.12, 0.36] o
Subtotal (95% CI) 34 34 6.5% -0.06 [-0.47 , 0.35] ‘

Heterogeneity: Tau? = 0.06; Chi? = 3.24, df = 1 (P = 0.07); I = 69%
Test for overall effect: Z = 0.29 (P =0.77)

Total (95% CI) 251 251 100.0% -0.01 [-0.06 , 0.05]

Heterogeneity: Tau? = 0.00; Chi? = 13.10, df = 12 (P = 0.36); I> = 8%

Test for overall effect: Z = 0.23 (P = 0.82) o 1 0 1 >

Test for subgroup differences: Chi2 = 0.04, df = 1 (P = 0.84), I* = 0% Favours control Favours aPDT
Footnotes

(1) Data for 24 sites, in 17 participants

(2) Data for 54 sites with pocket depths > 6 mm, in 20 participants

(3) Data for pocket depths 5 mm and 6 mm, in 20 participants

(4) Data for 146 sites with probing depth of > 4 mm, in 14 participants

Analysis 1.8. Comparison 1: Adjunctive aPDT versus control during active periodontal treatment
(3-month and 6-month follow-up), Outcome 8: REC (change from baseline (mm)); 6 months

aPDT  Control Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total  Weight IV, Random, 95% CI IV, Random, 95% CI
1.8.1 Single session
Bechara Andere 2018 0 0.125521136 18 18 41.2% 0.00 [-0.25, 0.25]
Christodoulides 2008 0 0.14 12 12 33.1% 0.00[-0.27, 0.27] I
Hill 2019 (1) 0.15 0.23 20 20 12.3% 0.15[-0.30, 0.60] JE S —
Theodoro 2012 -0.13 0.22 33 33 13.4% -0.13 [-0.56 , 0.30] —
Subtotal (95% CI) 83 83 100.0% 0.00 [-0.16, 0.16] ‘
Heterogeneity: Tau? = 0.00; Chi2 = 0.77, df = 3 (P = 0.86); I2 = 0%
Test for overall effect: Z = 0.01 (P = 0.99)
Test for subgroup differences: Not applicable _’2 _’1 0 i é
Favours control Favours aPDT
Footnotes

(1) Data for 54 sites with pocket depths of > 6 mm, in 20 participants
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Analysis 1.9. Comparison 1: Adjunctive aPDT versus control during active
periodontal treatment (3-month and 6-month follow-up), Outcome 9: PPD at 6
months. Subgroup analysis according to type of control (placebo or negative control)

aPDT Control Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.9.1 Negative control
Al-Kheraif 2022a (1) 0.06 0.03 13 13 7.1% 0.06 [0.00, 0.12] b
Al-Kheraif 2022a (2) 0.87 0.04 13 13 7.0% 0.87[0.79, 0.95] .
Al-Kheraif 2022b (3) 0.4 0.04 14 14 7.0% 0.40 [0.32, 0.48] .
Al-Kheraif 2022b (4) 0.86 0.03 15 15 7.1% 0.86 [0.80, 0.92] .
Alwaeli 2015 (5) 1.23 0.36 16 16 4.1% 1.23[0.52, 1.94] —
Bechara Andere 2018 (5) 0.1 0.25 18 18 5.2% 0.10[-0.39, 0.59] 4
Berakdar 2012 (5) 0.5 0.15 22 22 6.3% 0.50[0.21, 0.79] -
Christodoulides 2008 0.2 0.22 12 12 5.5% 0.20 [-0.23, 0.63] -
Elsadek 2022 0.6 0.39 30 30 3.8% 0.60 [-0.16, 1.36] J
Gandhi 2019 (5) 0.99 0.16 26 26 6.2% 0.99 [0.68 , 1.30] -
Hill 2019 (6) 0.82 0.24 20 20 5.3% 0.82[0.35, 1.29] —-—
Malgikar 2016 (5) 0.07 0.11 24 24 6.6% 0.07 [-0.15, 0.29] e
Patyna 2021 0 0.17 16 16 6.1% 0.00 [-0.33, 0.33] .
Srikanth 2015 (5) 0.68 0.14 27 27 6.4% 0.68 [0.41, 0.95] -
Theodoro 2012 (5) -0.38 0.2 33 33 5.8% -0.38 [-0.77, 0.01] -
Subtotal (95% CI) 299 299  89.5% 0.45 [0.23, 0.68] ‘

Heterogeneity: Tau? = 0.17; Chi2 = 515.34, df = 14 (P < 0.00001); I2 = 97%
Test for overall effect: Z = 3.91 (P < 0.0001)

1.9.2 Placebo control

Derikvand 2020 0.68 0.28 25 25 4.9% 0.68[0.13, 1.23] ——
Raut 2018 1.51 0.21 22 23 5.7% 1.51[1.10, 1.92] —-—
Subtotal (95% CI) 47 48 10.5% 1.12[0.30, 1.93] ‘
Heterogeneity: Tau? = 0.28; Chi2 = 5.62, df = 1 (P = 0.02); I = 82%
Test for overall effect: Z = 2.69 (P = 0.007)

Total (95% CI) 346 347 100.0% 0.52 [0.31, 0.74] ‘
Heterogeneity: Tau? = 0.17; Chi2 = 538.30, df = 16 (P < 0.00001); I2 = 97%

Test for overall effect: Z = 4.72 (P < 0.00001) 4 Y 0 ) 4
Test for subgroup differences: Chi? = 2.37, df =1 (P =0.12), I> = 57.8% Favours control Favours aPDT
Footnotes

(1) Data for 364 sites, in 13 non-smokers

(2) Data for 349 sites, in 13 smokers

(3) Data for 364 sites, in 14 non-smokers

(4) Data for 349 sites, in 15 smokers

(5) Split-mouth study

(6) Split-mouth study. Data for 54 sites with pocket depth of > 6mm, in 20 participants
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Analysis 1.10. Comparison 1: Adjunctive aPDT versus control during active
periodontal treatment (3-month and 6-month follow-up), Outcome 10: CAL at 6
months. Subgroup analysis according to type of control (placebo or negative control)

aPDT Control Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.10.1 Negative control
Al-Kheraif 2022a (1) 0.22 0.05 13 13 8.8% 0.22[0.12, 0.32] -
Al-Kheraif 2022a (2) 0.83 0.06 13 13 8.7% 0.83[0.71, 0.95] .
Al-Kheraif 2022b (3) 0.49 0.06 15 15 8.7% 0.49[0.37, 0.61] -
Al-Kheraif 2022b (4) 0.22 0.05 14 14 8.8% 0.22[0.12, 0.32] =
Alwaeli 2015 (5) 1.47 0.39 16 16 3.9% 1.47[0.71, 2.23] —
Bechara Andere 2018 (5) 0.1 0.28 18 18 5.4% 0.10[-0.45, 0.65] e
Christodoulides 2008 0.2 0.17 12 12 7.2% 0.20[-0.13, 0.53] e
Elsadek 2022 0 0.27 30 30 5.5% 0.00 [-0.53, 0.53] ——
Gandhi 2019 (5) 0.89 0.21 26 26 6.5% 0.89[0.48 , 1.30] —-—
Hill 2019 (6) 0.98 0.36 54 54 4.2% 0.98[0.27 , 1.69] —
Malgikar 2016 (5) -0.08 0.09 24 24 8.4% -0.08 [-0.26 , 0.10] p
Patyna 2021 -0.15 0.31 16 16 4.9% -0.15[-0.76 , 0.46] -
Srikanth 2015 (5) 1.07 0.12 27 27 8.0% 1.07[0.83, 1.31] -
Theodoro 2012 (5) -0.42 0.33 33 33 4.6% -0.42 [-1.07, 0.23] .
Subtotal (95% CI) 311 311 93.7% 0.41 [0.20, 0.61] ’

Heterogeneity: Tau? = 0.11; Chi? = 168.55, df = 13 (P < 0.00001); I = 92%
Test for overall effect: Z = 3.90 (P < 0.0001)

1.10.2 Placebo control
Raut 2018 0.96 0.22 22 23 6.3% 0.96 [0.53, 1.39]

——
Subtotal (95% CI) 22 23 6.3% 0.96 [0.53 , 1.39] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 4.36 (P < 0.0001)
Total (95% CI) 333 334 100.0% 0.44 [0.24 , 0.64] ’
Heterogeneity: Tau? = 0.12; Chi? = 175.21, df = 14 (P < 0.00001); I> = 92%
Test for overall effect: Z = 4.34 (P < 0.0001) 4 Y 0 > 4
Test for subgroup differences: Chi2 = 5.13, df = 1 (P = 0.02), I2 = 80.5% Favours control Favours aPDT
Footnotes

(1) Data for 364 sites, in 13 non-smokers

(2) Data for 349 sites, in 13 smokers

(3) Data for 364 sites, in 15 smokers

(4) Data for 364 sites, in 14 non-smokers

(5) Split-mouth study

(6) Split mouth study. Data for 54 sites with pocket depths > 6 mm, in 20 participants

Comparison 2. Adjunctive aPDT versus control during supportive periodontal care (3-month and 6-month follow-
up)

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

2.1 PPD (change from base- 6 257 Mean Difference (IV, Random,95%  0.44 [-0.20, 1.08]

line (mm)); 3 months Cl)

2.1.1 Single session 3 104 Mean Difference (IV, Random,95%  0.20 [-0.40, 0.79]
Cl)

2.1.2 Multiple sessions 3 153 Mean Difference (IV, Random,95%  0.62 [-0.60, 1.84]
Cl)
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

2.2 PPD (change from base- 3 125 Mean Difference (IV, Random, 95%  -0.04 [-0.19, 0.10]

line (mm)); 6 months Cl)

2.2.1 Single session 1 24 Mean Difference (IV, Random, 95%  -0.10[-0.63, 0.43]
Cl)

2.2.2 Multiple sessions 2 101 Mean Difference (IV, Random,95%  -0.04[-0.19, 0.11]
Cl)

2.3 BOP (change from base- 5 231 Mean Difference (IV, Random, 95%  2.38[-1.34, 6.10]

line (%)); 3 months Cl)

2.3.1 Single session 2 78 Mean Difference (IV, Random, 95%  22.06 [-17.91, 62.04]
Cl)

2.3.2 Multiple sessions 3 153 Mean Difference (IV, Random,95%  -0.28 [-0.67,0.11]
Cl)

2.4 BOP (change from base- 3 127 Mean Difference (IV, Random, 95%  4.98 [-2.51, 12.46]

line (%)); 6 months Cl)

2.4.1 Single session 1 24 Mean Difference (IV, Random, 95%  40.00 [15.92, 64.08]
Cl)

2.4.2 Multiple sessions 2 103 Mean Difference (IV, Random, 95%  1.54[-2.73,5.81]
cl)

2.5 CAL (change from base- 5 217 Mean Difference (IV, Random, 95%  0.07 [-0.21, 0.36]

line (mm)); 3 months Cl)

2.5.1 Single session 3 104 Mean Difference (IV, Random,95%  0.31[-0.18, 0.79]
Cl)

2.5.2 Multiple sessions 2 113 Mean Difference (IV, Random,95%  -0.14[-0.44,0.16]
Cl)

2.6 CAL (change from base- 2 85 Mean Difference (IV, Random, 95%  0.07 [-0.26, 0.40]

line (mm)); 6 months Cl)

2.6.1 Single session 1 24 Mean Difference (IV, Random,95%  0.20[-0.32, 0.72]
cl)

2.6.2 Multiple sessions 1 61 Mean Difference (IV, Random, 95%  -0.01[-0.44, 0.42]
Cl)

2.7 REC (change from base- 2 Mean Difference (IV, Random, 95%  Subtotals only

line (mm)); 3 months Cl)

2.7.1 Single session 2 50 Mean Difference (IV, Random, 95%  -0.01[-0.27,0.25]
Cl)

2.8 REC (change from base- 1 Mean Difference (IV, Fixed, 95% Cl)  Totals not selected

line (mm)); 6 months

2.8.1 Single session 1 Mean Difference (IV, Fixed, 95% CI)  Totals not selected

Adjunctive antimicrobial photodynamic therapy for treating periodontal and peri-implant diseases (Review)

Copyright © 2024 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

136



O

Coch rane Trusted evidence.
. Informed decisions.
LI b ra ry Better health.

Cochrane Database of Systematic Reviews

Analysis 2.1. Comparison 2: Adjunctive aPDT versus control during supportive periodontal care
(3-month and 6-month follow-up), Outcome 1: PPD (change from baseline (mm)); 3 months

aPDT Control

Mean Difference

Mean Difference

Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 Single session

Campos 2013 1.03 0.37 13 13 14.6% 1.03[0.30, 1.76] .
Chondros 2009 0 0.23 12 12 16.6% 0.00 [-0.45, 0.45]

Riihling 2010 -0.2 0.17 25 29 17.2% -0.20 [-0.53, 0.13]

Subtotal (95% CI) 50 54 48.4% 0.20 [-0.40, 0.79]

Heterogeneity: Tau? = 0.21; Chi2 = 9.13, df = 2 (P = 0.01); I = 78%

Test for overall effect: Z = 0.65 (P = 0.52)

2.1.2 Multiple sessions

Cosgarea 2021 -0.07 0.07 32 31 17.9% -0.07 [-0.21, 0.07] o
Grzech-Le$niak 2019 0.04 0.22 20 20 16.7% 0.04 [-0.39, 0.47] 4
Monzavi 2016 1.91 0.19 25 25 17.0% 1.91[1.54, 2.28] -
Subtotal (95% CI) 77 76  51.6% 0.62 [-0.60, 1.84] ‘
Heterogeneity: Tau? = 1.14; Chi2 = 95.92, df = 2 (P < 0.00001); I? = 98%

Test for overall effect: Z = 1.00 (P = 0.32)

Total (95% CI) 127 130 100.0% 0.44 [-0.20, 1.08]

Heterogeneity: Tau? = 0.59; Chi2 = 106.10, df = 5 (P < 0.00001); I? = 95%

Test for overall effect: Z = 1.33 (P = 0.18)

Test for subgroup differences: Chi2 = 0.38, df =1 (P = 0.54), I = 0%

4 2 0 2 4
Favours control Favours aPDT

Analysis 2.2. Comparison 2: Adjunctive aPDT versus control during supportive periodontal care
(3-month and 6-month follow-up), Outcome 2: PPD (change from baseline (mm)); 6 months

aPDT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.2.1 Single session
Chondros 2009 0.8 0.5 12 0.9 0.8 12 7.5% -0.10 [-0.63 , 0.43] JR -
Subtotal (95% CI) 12 12 7.5% -0.10 [-0.63 , 0.43] ‘
Heterogeneity: Not applicable
Test for overall effect: Z =0.37 (P =0.71)
2.2.2 Multiple sessions
Cosgarea 2021 0.21 0.35 31 0.26 0.3 30 80.2% -0.05[-0.21, 0.11]
Grzech-Le$niak 2019 0.32 0.69 20 0.29 0.66 20 12.2% 0.03 [-0.39, 0.45]
Subtotal (95% CI) 51 50 92.5% -0.04 [-0.19, 0.11]
Heterogeneity: Tau? = 0.00; Chi2=0.12, df =1 (P =0.73); 2 = 0%
Test for overall effect: Z = 0.51 (P =0.61)
Total (95% CI) 63 62 100.0% -0.04 [-0.19, 0.10]

Heterogeneity: Tau? = 0.00; Chi2=0.17, df =2 (P = 0.92); 2 = 0%

Test for overall effect: Z = 0.59 (P = 0.56)

Test for subgroup differences: Chi2 = 0.05, df =1 (P = 0.83), I? = 0%

N

2 a1 0 1 2
Favours control Favours aPDT
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Analysis 2.3. Comparison 2: Adjunctive aPDT versus control during supportive periodontal
care (3-month and 6-month follow-up), Outcome 3: BOP (change from baseline (%)); 3 months

aPDT Control Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.3.1 Single session
Chondros 2009 44 11.15 12 12 2.6% 44.00 [22.15, 65.85] [
Riihling 2010 3.1 1.661706 29 25  25.0% 3.10[-0.16, 6.36]
Subtotal (95% CI) 41 37 27.6% 22.06 [-17.91, 62.04] ‘

Heterogeneity: Tau? = 772.86; Chi? = 13.16, df = 1 (P = 0.0003); I2 = 92%
Test for overall effect: Z = 1.08 (P = 0.28)

2.3.2 Multiple sessions

Cosgarea 2021 -0.3 0.2 32 31  30.8% -0.30 [-0.69 , 0.09]
Grzech-Lesniak 2019 0.4 2.09 20 20 22.5% 0.40 [-3.70, 4.50]
Monzavi 2016 2.32 2.68 25 25 19.1% 2.32[-2.93,7.57]
Subtotal (95% CI) 77 76  72.4% -0.28 [-0.67 , 0.11]

Heterogeneity: Tau? = 0.00; Chi? = 1.06, df = 2 (P = 0.59); I* = 0%
Test for overall effect: Z = 1.41 (P = 0.16)

Total (95% CI) 118 113  100.0% 2.38 [-1.34, 6.10]
Heterogeneity: Tau? = 11.65; Chi2 = 20.87, df = 4 (P = 0.0003); I = 81%
Test for overall effect: Z = 1.25 (P = 0.21) 2100 50 0 50 100
Test for subgroup differences: Chi2 = 1.20, df =1 (P =0.27), 2= 16.7% Favours control Favours aPDT
Analysis 2.4. Comparison 2: Adjunctive aPDT versus control during supportive periodontal
care (3-month and 6-month follow-up), Outcome 4: BOP (change from baseline (%)); 6 months
aPDT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.4.1 Single session
Chondros 2009 50 24.2 12 10 35 12 8.1% 40.00 [15.92, 64.08] —_—
Subtotal (95% CI) 12 12 8.1% 40.00 [15.92 , 64.08] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 3.26 (P = 0.001)
2.4.2 Multiple sessions
Cosgarea 2021 1.54 0.64 32 1.72 0.86 31 49.3% -0.18 [-0.56, 0.20]
Grzech-Le$niak 2019 53 6.93 20 1 6.74 20 42.6% 4.30[0.06 , 8.54]
Subtotal (95% CI) 52 51 91.9% 1.54 [-2.73, 5.81]
Heterogeneity: Tau? = 7.68; Chi2 = 4.26, df = 1 (P = 0.04); 2= 77%
Test for overall effect: Z = 0.71 (P = 0.48)
Total (95% CI) 64 63 100.0% 4.98 [-2.51, 12.46]
Heterogeneity: Tau? = 29.55; Chi? = 14.94, df = 2 (P = 0.0006); I2 = 87%
Test for overall effect: Z = 1.30 (P = 0.19) 2100 50 0 50 100
Test for subgroup differences: Chi2 = 9.50, df = 1 (P = 0.002), 12 = 89.5% Favours control Favours aPDT
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Analysis 2.5. Comparison 2: Adjunctive aPDT versus control during supportive periodontal

care (3-month and 6-month follow-up), Outcome 5: CAL (change from baseline (mm)); 3 months

aPDT Control

Mean Difference

Mean Difference

Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.5.1 Single session

Campos 2013 0.92 0.39 13 13 11.1% 0.92[0.16, 1.68] —
Chondros 2009 0.1 0.18 12 12 29.1% 0.10 [-0.25, 0.45]

Riihling 2010 0.1 0.4 25 29  10.7% 0.10 [-0.68 , 0.88]

Subtotal (95% CI) 50 54  50.9% 0.31[-0.18, 0.79]

Heterogeneity: Tau? = 0.09; Chi? = 3.76, df = 2 (P = 0.15); I* = 47%

Test for overall effect: Z = 1.25 (P = 0.21)

2.5.2 Multiple sessions

Cosgarea 2021 -0.09 0.21 32 31 25.1% -0.09 [-0.50, 0.32] -~
Monzavi 2016 -0.19 0.22 25 25 23.9% -0.19 [-0.62, 0.24]

Subtotal (95% CI) 57 56  49.1% -0.14 [-0.44 , 0.16]

Heterogeneity: Tau2 = 0.00; Chi2=0.11, df =1 (P = 0.74); 2 = 0%

Test for overall effect: Z = 0.91 (P = 0.36)

Total (95% CI) 107 110 100.0% 0.07 [-0.21, 0.36]

Heterogeneity: Tau? = 0.04; Chi2 = 6.70, df = 4 (P = 0.15); 12 = 40%
Test for overall effect: Z = 0.50 (P = 0.61)

Test for subgroup differences: Chi2 = 2.36, df =1 (P =0.12), 1> = 57.7%

-4

Favours control

2

t

2

Analysis 2.6. Comparison 2: Adjunctive aPDT versus control during supportive periodontal

care (3-month and 6-month follow-up), Outcome 6: CAL (change from baseline (mm)); 6 months

4

Favours aPDT

aPDT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
2.6.1 Single session
Chondros 2009 0.7 0.7 12 0.5 0.6 12 40.1% 0.20[-0.32, 0.72]
Subtotal (95% CI) 12 12 40.1% 0.20 [-0.32, 0.72] :
Heterogeneity: Not applicable
Test for overall effect: Z = 0.75 (P = 0.45)
2.6.2 Multiple sessions
Cosgarea 2021 0.14 0.84 31 0.15 0.86 30 59.9% -0.01[-0.44, 0.42]
Subtotal (95% CI) 31 30 59.9% -0.01 [-0.44 , 0.42] :
Heterogeneity: Not applicable
Test for overall effect: Z = 0.05 (P = 0.96)
Total (95% CI) 43 42 100.0% 0.07 [-0.26 , 0.40]

Heterogeneity: Tau? = 0.00; Chi2 = 0.37, df = 1 (P = 0.54); I = 0%
Test for overall effect: Z = 0.44 (P = 0.66)
Test for subgroup differences: Chi2 = 0.37, df = 1 (P = 0.54), I? = 0%

i

-4

Favours control

2 0 2

Favours aPDT
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Analysis 2.7. Comparison 2: Adjunctive aPDT versus control during supportive periodontal
care (3-month and 6-month follow-up), Outcome 7: REC (change from baseline (mm)); 3 months

aPDT  Control Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.7.1 Single session
Campos 2013 -0.07 0.4 13 13 10.9% -0.07 [-0.85, 0.71] —
Chondros 2009 0 0.14 12 12 89.1% 0.00 [-0.27, 0.27]
Subtotal (95% CI) 25 25 100.0% -0.01 [-0.27 , 0.25] ,

Heterogeneity: Tau? = 0.00; Chi2 = 0.03, df =1 (P = 0.87); 2= 0%
Test for overall effect: Z = 0.06 (P = 0.95)

4 2 0 2 4
Favours control Favours aPDT

Analysis 2.8. Comparison 2: Adjunctive aPDT versus control during supportive periodontal
care (3-month and 6-month follow-up), Outcome 8: REC (change from baseline (mm)); 6 months

aPDT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI 1V, Fixed, 95% CI
2.8.1 Single session
Chondros 2009 0.2 0.4 12 0.4 0.3 12 -0.20[-0.48,0.08] -
2 1 0 1 2
Favours control Favours aPDT

Comparison 3. Adjunctive aPDT versus Sl alone during treatment of peri-implant mucositis

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

3.1 PPD (change from baseline(mm)); 1 Mean Difference (1V, Fixed, Totals not select-

3 months 95% Cl) ed

3.2 BOP (change from baseline (%));3 1 Mean Difference (1V, Fixed, Totals not select-

months 95% Cl) ed

Analysis 3.1. Comparison 3: Adjunctive aPDT versus Sl alone during treatment of
peri-implant mucositis, Outcome 1: PPD (change from baseline(mm)); 3 months

aPDT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Al Rifaiy 2022 2.2 0.7 20 2.3 0.78 18 -0.10[-0.57,0.37] —_
2 1 0 1 2
Favours control Favours aPDT
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Analysis 3.2. Comparison 3: Adjunctive aPDT versus Sl alone during treatment
of peri-implant mucositis, Outcome 2: BOP (change from baseline (%)); 3 months

aPDT Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI 1V, Fixed, 95% CI
Al Rifaiy 2022 2.9 2.88 20 1.3 0.92 18 1.60[0.27, 2.93] _

4 2 0 2 4
Favours control Favours aPDT

APPENDICES

Appendix 1. Dental probes for clinical measurements

For clinical measurements such as probing pocket depth (PPD), clinical attachment level (CAL), bleeding on probing (BOP) and gingival
recession (REC), periodontal probes are used. A periodontal probe is a tapered, rod-shaped, blunt instrument calibrated in millimetres.
It is used to measure, locate and mark the depths of pockets around a tooth/implant to establish the health of the tissue around the
tooth/implant. Calibration can be done in 1 mm steps from 1 mm to 15 mm (PCP-15 or UNC-15 (University of North Carolina)), with colour
codings in 3 mm steps from 3 mm to 12 mm (PCP-12) or in varying steps at 1 -2-3-5-7-8-9 - 10 mm markings (Williams probe). A
further development is the pressure calibrated probe. The markings are identical to the instruments listed above, but the pressure for the
measurement is controlled by a computer. This results in a standardised force for the measurements in the pocket.

In addition, a stent can be used for the measurements. It is a small, custom-made acrylic splint placed over the teeth during clinical
measurements. It is trimmed in such a way that a marginal edge near the gingival margin ensures a fixed point for the clinical
measurements. As a result, the reactions of the periodontal tissue have no influence on the measurements. Moreover, small grooves can
be cut into the stent to ensure a reproducible position of the probe around the tooth. If a stent is not used, the cementoenamel junction
is used as a fixpoint for the measurements.

Appendix 2. Search strategies

Cochrane Oral Health’s Trials Register

periodont™:ti,ab) AND (INREGISTER)

("peri implantitis" or periimplantitis or peri-implantitis):ti,ab) AND (INREGISTER)

(implant* and (inflamm* or infect* or diseas* or mucositis)):ti,ab) AND (INREGISTER)

#1 or #2 or #3) AND (INREGISTER)

5 ((photodynamic* or photochemo* or photoradiat* or photolysis* or photosensiti* or photo-dynamic* or photo-chemo* or photo-radiat*
or photo-lysis or photo-sensitiv*):ti,ab) AND (INREGISTER)

6 ((photochemotherap* or chemoprophylaxis or photo-chemotherap* or chemo-prophylaxis):ti,ab) AND (INREGISTER)
7 ((APDT or PDT):ti,ab) AND (INREGISTER)

8 (light*:ti,ab) AND (INREGISTER)

9 (#5 or #6 or #7 or #8) AND (INREGISTER)

10 (#4 and #9) AND (INREGISTER)

— e~ — —

1
2
3
4

Cochrane Central Register of Controlled Trials (CENTRAL)

#1 [mh "periodontal diseases"]

#2 periodont*

#3 [mh Aperi-implantitis]

#4 ("peri implantitis" or periimplantitis or peri-implantitis)

#5 (implant* near/5 (inflamm* or infect* or diseas* or mucositis))

#6 {or #1-#5}

#7 [mh Aphotochemotherapy]

#8 [mh Aphototherapy]

#9 (photodynamic* or photochemo* or photoradiat* or photolysis* or photosensiti* or photo-dynamic* or photo-chemo* or photo-radiat*
or photo-lysis or photo-sensitiv*)

#10 (photochemotherap* or chemoprophylaxis or photo-chemotherap* or chemo-prophylaxis)
#11 (APDT or PDT):ti,ab

#12 light*

#13 {or #7-#12}
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#14 #6 and #13

MEDLINE (via Ovid)

1. exp Periodontal Diseases/

2. periodont$.mp.

3. Peri-implantitis/

4. ("peri implantitis" or periimplantitis or peri-implantitis).mp.

5. (implant$ adj5 (inflammsS or infect$ or diseas$ or mucositis)).mp.

6.0r/1-5

7. Photochemotherapy/

8. Phototherapy/

9. (photodynamic$ or photochemo$ or photoradiat$ or photolysis$ or photosensiti$ or photo-dynamic$ or photo-chemo$ or photo-radiat
$ or photo-lysis or photo-sensiti$).mp.

10. (photochemotherap$ or chemoprophylaxis or photo-chemotherap$ or chemo prophylaxis).mp.
11. (APDT or PDT).ti,ab.

12. light$.mp.

13.0r/7-12

14.6and 13

The above subject search was linked with the highly sensitive search strategy designed by Cochrane for identifying randomised controlled
trials and controlled clinical trials in MEDLINE (as described in Lefebvre 2022, box 3c).

. randomized controlled trial.pt.
. controlled clinical trial.pt.
.randomized.ab.

. placebo.ab.

. drug therapy.fs.
.randomly.ab.

. trial.ab.

. groups.ab.

.or/1-8

10. exp animals/ not humans.sh.
11.9not 10

O oo ~NOOUDS, WNRK

Embase (via Ovid)

1. exp Periodontal Disease/

2. periodont$.mp.

3. Periimplantitis/

4. ("peri implantitis" or periimplantitis or peri-implantitis).mp.

5. (implant$ adj5 (inflammS$ or infect$ or diseas$ or mucositis)).mp.

6.0r/1-5

7. Photochemotherapy/

8. Phototherapy/

9. (photodynamic$ or photochemo$ or photoradiat$ or photolysis$ or photosensiti$ or photo-dynamic$ or photo-chemo$ or photo-radiat
$ or photo-lysis or photo-sensiti$).mp.

10. (photochemotherap$ or chemoprophylaxis or photo-chemotherap$ or chemo- prophylaxis).mp.
11. (APDT or PDT).ti,ab.

12. light$.mp.

13.or/7-12

14.6.and 13

The above subject search was linked with the highly sensitive search strategy designed by Cochrane for identifying randomised controlled
trials and controlled clinical trials in Embase (as described in Lefebvre 2022, box 3e).

Randomized controlled trial/
Controlled clinical study/
randomS$.ti,ab.
randomization/

intermethod comparison/
placebo.ti,ab.

ok W
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7. (compare or compared or comparison).ti.

8. ((evaluated or evaluate or evaluating or assessed or assess) and (compare or compared or comparing or comparison)).ab.

9. (open adj label).ti,ab.

10.((double or single or doubly or singly) adj (blind or blinded or blindly)).ti,ab.

11.double blind procedure/

12.parallel group$1.ti,ab.

13.(crossover or cross over).ti,ab.

14.((assign$ or match or matched or allocation) adj5 (alternate or group$1 or intervention$1 or patient$1 or subject$1 or participant
$1)).ti,ab.

15.(assigned or allocated).ti,ab.

16.(controlled adj7 (study or design or trial)).ti,ab.

17.(volunteer or volunteers).ti,ab.

18.human experiment/

19.trial.ti.

20.0r/1-19

21.(random$ adj sampl$ adj7 ("cross section$" or questionnaire$1 or survey$ or database$1)).ti,ab. not (comparative study/ or controlled
study/ or randomi?ed controlled.ti,ab. or randomly assigned.ti,ab.)

22.Cross-sectional study/ not (randomized controlled trial/ or controlled clinical study/ or controlled study/ or randomi?ed controlled.ti,ab.
or control group$1.ti,ab.)

23.(((case adj control$) and randomS$) not randomi?ed controlled).ti,ab.

24.(Systematic review not (trial or study)).ti.

25.(nonrandom$ not random$).ti,ab.

26."Random field$"ti,ab.

27.(random cluster adj3 sampl$).ti,ab.

28.(review.ab. and review.pt.) not trial.ti.

29."we searched".ab. and (review.ti. or review.pt.)

30."update review".ab.

31.(databases adj4 searched).ab.

32.(rat or rats or mouse or mice or swine or porcine or murine or sheep or lambs or pigs or piglets or rabbit or rabbits or cat or cats or dog
or dogs or cattle or bovine or monkey or monkeys or trout or marmoset$1).ti. and animal experiment/

33.Animal experiment/ not (human experiment/ or human/)

34.0r/21-33

35.20 not 34

CINAHL (Cumulative Index to Nursing and Allied Health Literature) (via EBSCO)

S13 S5and S12

S12S6 or S7Tor S8 or S9 or S10 or S11

S11 light*

S10 TI ( (APDT or PDT) ) OR AB ( (APDT or PDT) )

S9 (photochemotherap* or chemoprophylaxis or photo-chemotherap* or chemo-prophylaxis)
S8 (photodynamic* or photochemo* or photoradiat* or photolysis* or photosensiti* or photo-dynamic* or photo-chemo* or photo-radiat*
or photo-lysis or photo-sensitiv*)

S7 (MH Phototherapy)

S6 (MH Photochemotherapy)

S5SlorS2orS3orS4

S4 (implant* N5 (inflamm* or infect* or diseas* or mucositis))

S3 ("peri implantitis" or periimplantitis or peri-implantitis)

S2 periodont*

S1 (MH Periodontal Diseases+)

AMED Ovid (Allied and Complementary Medicine)

1. exp Periodontal Disease/

2. periodont$.mp.

3. ("peri implantitis" or periimplantitis or peri-implantitis).mp.

4. (implant$ adj5 (inflammS$ or infect$ or diseas$ or mucositis)).mp.
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5.0r/1-4

6. Phototherapy/

7. (photodynamic$ or photochemo$ or photoradiat$ or photolysis$ or photosensiti$ or photo-dynamic$ or photo-chemo$ or photo-radiat
$ or photo-lysis or photo-sensiti$).mp.

8. (photochemotherap$ or chemoprophylaxis or photo-chemotherap$ or chemo-prophylaxis).mp.

9. (APDT or PDT).ti,ab.

10. light$.mp.

11. 0r/6-10

12.5and 11

US National Institutes of Health Ongoing Trials Register (ClinicalTrials.gov)
periodontitis and photodynamic

periodontitis and phototherapy

World Health Organization International Clinical Trials Registry Platform
periodontitis and photodynamic

periodontitis and phototherapy
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Appendix 3. Pocket closure (number/proportion of sites with PPD =4 mm after treatment); 3 months

Comparison Study Design Number aPDT aPDT 3 aPDTre- Control Con- Control  Sites Notes
of appli- baseline months duction baseline trol3 reduc- with
cations months  tion PPD
Adjunctive aPDT vs Al-Zahrani Split- Single 100 26.6 73.4 100 334 66.6 =5mm PPD reduction =
control during active 2011 mouth 2mm:
treatment of periodon-
titis aPDT: 50%
Control: 47%
Courval Split- Multiple  20.47 7.31 13.16 21.07 10.41 10.66 >5mm Data for non-fur-
2020 mouth cation sites
Rodrigues Split- Multiple 100 8.9 91.1 100 13.7 86.3 >5mm Data only for sites
2023 mouth with no BOP
Adjunctive aPDT vs Campos Split- Single 100 20.22 79.78 100 60 40 >5mm Only sites with no
control during sup- 2013 mouth BOP
portive treatment of
periodontitis Grzech-Le$-  Paral- Multiple 38 26.3 11.7 36.5 23.4 13.1 >4mm —
niak 2019 lel-group
Ruhling Paral- Single 29.7 23.3 6.4 32.7 28.7 4 >4 mm —
2010 lel-group
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aPDT: antimicrobial photodynamic therapy; BOP: bleeding on probing; PPD: probing pocket depth

Cochrane Database of Systematic Reviews

Appendix 4. Summary of adverse effects: aPDT vs control during active treatment of periodontis

Study Outcome

Alwaeli 2015 Adverse events or side effects: "No adverse effects of aPDT were observed or reported by the pa-
tients."

Arya 2023 "There were no reports of any adverse events throughout the study period"

Bassir 2013 "The post-operative healing was uneventful in all cases and no adverse events or complications
were observed throughout the study."

Bechara Andere 2018 "No adverse reactions were observed due to the debridement or the aPDT."

Berakdar 2012 "No undesirable effects were observed, and both therapies were tolerated well by the patients."

Betsy 2014 "Healing was uneventful in all cases and no adverse effects, such as discomfort, burning sensation,

or pain related to the laser irradiation, were reported by any of the subjects"

Chitsazi 2014

"No complications, such as pain or infection, were observed in this study."

Christodoulides 2008

"Healing was uneventful in all cases. No adverse effects, such as discomfort, burning sensation, or
pain related to the laser irradiation, were reported by any of the subjects."

Coelho 2023

"No adverse effects of aPDT or the sham procedure were observed"

Courval 2020

"No adverse effects after therapies was reported."”

Derikvand 2020

"The healing was uneventful and no adverse reactions were observed."

Hill 2019 "In neither case were there any particular indications for side effects upon using indocyanine green
in this clinical study"

Joshi 2020 "Healing was uneventful in all the cases and no discomfort or adverse effects were reported.”

Karmakar 2021 "Uneventful postoperative healing was observed in all the individuals, any kind of adverse effect to

the photosensitiser or the laser irradiation was not reported by any of the individuals."

Malgikar 2016

"No patients reporting any postoperative pain, discomfort or complications at any of the follow-up
appointments"

Moreira 2015

"The postoperative healing was uneventful in all cases. No adverse effects were observed with the
use of aPDT."

Munteanu 2022

"All patients completed the study and healing was uneventful for all of them. There were no levels
of pain or any other discomfort reported through the patient questionnaire"

Patyna 2021

"No adverse events or complications were recorded during the study."

Pourabbas 2014

"There were no complications related to treatment during the follow-up period."

Pulikkotil 2016

"No patients reported any discomfort or complications related to the trial."

Adjunctive antimicrobial photodynamic therapy for treating periodontal and peri-implant diseases (Review)
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(Continued)
Raut 2018 "Healing took place without any complications. No side effects like staining of adjacent mucosa or
teeth were reported from the subjects enrolled in the test group."
Rodrigues 2023 "No adverse effects of aPDT or of the sham procedure were observed"
Theodoro 2012 "No postoperative complications, abscesses or infections were observed during the whole study

period."

Appendix 5. Subgroup analyses: adjunctive aPDT vs control during active treatment of periodontitis

Analyses table Subgroups Results of test for subgroup interactions

PPD at 6 months Single session vs multi- ~ No evidence of a difference between subgroups (P =0.87)
ple sessions

PPD at 6 months Placebo controlvs neg-  No evidence of a difference between subgroups (P =0.12)

ative control

CAL at 6 months Single session vs multi- ~ No evidence of a difference between subgroups (P =0.76)
ple sessions

CAL at 6 months Placebo controlorneg-  The test of subgroup differences indicated the possibility of a difference in ef-
ative control fect (P =0.02). However, this subgroup analysis included only one small study

using a placebo control and we considered this sample size to be insufficient
to infer any meaningful difference between results.

Appendix 6. Sensitivity analyses: adjunctive aPDT vs control during active treatment of periodontitis

Results in bold text indicate that the effect estimates in sensitivity analyses demonstrated a different finding to the primary analyses, either
in the direction of effect or the precision of the effect estimate, or both.

Analyses Primary analysis re- Results of sensitivity analysis
sults

Analysis 1.1 MD 0.44 mm, 95% Cl Excluding studies in which all participants were smokersa: MD 0.42, 95% Cl
0.29 to 0.59; 35 studies; 0.28 to 0.56; 33 studies; 12 = 96%
12=97%

Excluding all split-mouth studies: MD 0.25 mm, 95% Cl -0.04 to 0.54; 9
studies; 12=75%

Excluding split-mouth studies with 2 approximations of SD: MD 0.23 mm, 95%
C10.07 to 0.38; 14 studies; 12 = 74%

Excluding all split-mouth studies, and parallel-group designs with 1 ap-
proximation of SD: MD 0.00 mm, 95% CI -0.33 to 0.33; 1 study

Excluding studies at high risk of performance bias (personnel): MD 0.38 mm,
95% Cl 0.21 to 0.56; 20 studies; 12 = 98%

Excluding studies with unclear or high risk of selection bias (sequence genera-
tion or allocation concealment): MD 0.40 mm, 95% Cl 0.09 to 0.72; 11 studies; 12
=99%
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Excluding studies with industry funding: MD 0.52 mm, 95% Cl 0.35 to 0.68; 29
studies; 12=98%
Excluding studies with industry funding or with no description of funding
source: MD 0.38 mm, 95% CI 0.20 to 0.56; 22 studies; 12 = 98%
Excluding studies with possible incompatible diode laser wavelengths and
photosensitiser: MD 0.42 mm, 95% Cl 0.26 to 0.57; 33 studies; 12=97%
Analysis 1.2 MD 0.52 mm, 95% ClI Excluding studies in which all participants were smokersa: MD 0.46 mm, 95%
0.31t0 0.74; 15 studies; ] 0.27 to 0.65; 15 studies, 12 = 91%
12=97%
Excluding all split-mouth studies: MD 0.59 mm, 95% CI -0.01 to 1.20; 5
studies; 12 = 88%
Excluding split-mouth studies with 2 approximations of SD: MD 0.58 mm, 95%
Cl.13 to 1.04; 7 studies; 12 = 88%
Excluding parallel-group designs with 1 approximation of SD, and all split-
mouth studies: MD 0.20 mm, 95% CI -0.23 to 0.63; 1 study
Excluding studies at high risk of performance bias (personnel): MD 0.48 mm,
95%Cl 0.24 to 0.73; 9 studies; 12=98%
Excluding studies with unclear or high risk of selection bias (sequence genera-
tion or allocation concealment): MD 0.40 mm, 95% Cl 0.06 to 0.75; 6 studies; 12
=99%
Excluding studies with industry funding: MD 0.57 mm, 95% Cl 0.33 to 0.81; 12
studies; 12=98%
Excluding studies with commercial funding or with no description of funding
source: MD 0.47 mm, 95% Cl 0.18 to 0.76; 8 studies; 12 = 98%
Excluding studies with possible incompatible diode laser wavelengths and
photosensitiser: MD 0.56 mm, 95% Cl 0.33 to 0.78; 14 studies; 12=97%
Analysis 1.3 MD 2.19%, 95% CI 1.00  Excluding studies in which all participants were smokersa: MD 2.32%, 95% Cl
to 3.38; 11 studies; 12 = 0.54 to 4.11; 14 studies
88%
Excluding all split-mouth studies: MD 2.94%, 95% CI -2.15 to 8.03; 5 stud-
ies; 12=70%
Excluding split-mouth studies with 2 approximations of SD: MD 3.43%, 95% Cl
0.34 to 6.51; 6 studies; 12 = 66%
Excluding parallel-group designs with 1 approximation of SD, and all split-
mouth studies: MD 4.00%, 95% CI -0.93 to 17.31; 1 study
Excluding studies at high risk of performance bias (personnel): MD 2.09%, 95%
C10.91 to 3.27; 8 studies; 12 =90%
Excluding studies with unclear or high risk of selection bias (sequence gener-
ation or allocation concealment): MD 1.09, 95% Cl 0.02 to 2.16; 4 studies; 12 =
88%
Excluding studies with industry funding: MD 1.92, 95% Cl 0.72 to 3.12; 8 stud-
ies; 12 =89%
Excluding studies with industry funding or with no description of funding
source: MD 1.92, 95% Cl 0.72 to 3.12; 8 studies; 12 = 89%
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Excluding studies with possible incompatible diode laser wavelengths and
photosensitiser: n/a (no studies with these criteria)

Analysis 1.4 MD 5.72%, 95% CI 1.62 Excluding studies in which all participants were smokersa: MD 1.29%, 95% Cl

t09.81; 5 studies; 12 = 0.13 to 2.44; 5 studies, 12 = 0%
98%
Excluding all split-mouth studies: MD 3.86, 95% Cl -0.37 to 8.08; 3 studies;

12=0%

Excluding split-mouth studies with 2 approximations of SD: MD 3.86, 95%
Cl-0.37 to 8.08; 3 studies; 12 = 0%

Excluding parallel-group designs with 1 approximation of SD, and all split-
mouth studies: MD 5.00 mm, 95% CI -8.56 to 18.56; 1 study

Excluding studies at high risk of performance bias (personnel): n/a - all studies
at low risk of performance bias

Excluding studies with unclear or high risk of selection bias (sequence genera-
tion or allocation concealment): MD 5.98, 95% 1.39 to 10.56; 3 studies; 12 =99%

Excluding studies with industry funding: MD 6.23, 95% CI 1.74 to 10.72; 3 stud-
ies; 12=99%

Excluding studies with industry funding or with no description of funding
source: MD 6.23, 95% Cl 1.74 to 10.72; 3 studies; 12 =99%

Excluding studies with possible incompatible diode laser wavelengths and
photosensitiser: n/a (no studies with these criteria)

Analysis 1.5 MD 0.36 mm, 95% ClI Excluding studies in which all participants were smokersa: MD 0.36, 95% Cl

0.24t0 0.48; 34 studies; (.23 to0 0.50; 32 studies; 12 = 89%

12=89%
Excluding all split-mouth studies: MD 0.07 mm, 95% Cl -0.37 t0 0.17; 7
studies, 12=22%

Excluding split-mouth studies with 2 approximations of SD: MD 0.11, 95%
C1-0.00 to 0.22; 13 studies, 12 =45%

Excluding parallel-group designs with 1 approximation of SD, and all split-
mouth studies: MD 0.10 mm, 95% CI -0.17 to 0.37; 1 study

Excluding studies at high risk of performance bias (personnel): MD 0.31 mm,
95% C1 0.18 to 0.45; 19 studies; 12 = 89%

Excluding studies with unclear or high risk of selection bias (sequence genera-
tion or allocation concealment): MD 0.36 mm, 95% Cl 0.17 to 0.56; 9 studies; 12
=92%

Excluding studies with industry funding: MD 0.41 mm, 95% CI 0.28 to 0.55; 28
studies; 12=90%

Excluding studies with industry funding or with no description of funding
source: MD 0.26, 95% Cl 0.13 to 0.39; 20 studies, 12 = 86%

Excluding studies with possible incompatible diode laser wavelengths and
photosensitiser: MD 0.35 mm, 95% Cl 0.23 to 0.47; 32 studies; 12 = 88%

Analysis 1.6 MD 0.44 mm, 95% ClI Excluding studies in which all participants were smokersa: MD 0.40 mm, 95%

0.24t0 0.64; 13 studies; (| 0.18 to 0.61; 13 studies, 12 = 88%
12=92%
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Excluding all split-mouth studies: MD 0.28 mm, 95% CI -0.20 to 0.75; 4
studies, 12=76%
Excluding split-mouth studies with 2 approximations of SD: MD 0.35 mm,
95% CI -0.07 to 0.77; 6 studies; 12 = 85%
Excluding parallel-group designs with 1 approximation of SD, and all split-
mouth studies: MD 0.20, 95% CI -0.13 to 0.53; 1 study
Excluding studies at high risk of performance bias (personnel): MD 0.42 mm,
95% C10.20 to 0.63; 10 studies; 12=93%
Excluding studies with unclear or high risk of selection bias (sequence genera-
tion or allocation concealment): MD 0.35 mm, 95% Cl 0.10 to 0.60; 4 studies; I2
=94%
Excluding studies with industry funding: MD 0.47 mm, 95% Cl 0.25 to 0.69; 10
studies; 12 =93%
Excluding studies with industry funding or with no description of funding
source: MD 0.30 mm, 95% CI 0.08 to 0.53; 7 studies, I2=93%
Excluding studies with possible incompatible diode laser wavelengths and
photosensitiser: MD 0.49 mm, 95% CI 0.29 to 0.69; 12 studies; 12=91%
Analysis 1.7 MD -0.01, 95% ClI - 0.06 Excluding studies in which all participants were smokersa: MD -0.00 mm, 95%
t00.05; 13 studies; 12= C-0.08 to 0.07; 11 studies; 12 = 20%
8%
Excluding all split mouth studies: MD -0.10 mm, 95% Cl -0.25 to 0.06; 3 studies;
12=0%
Excluding split-mouth studies with 2 approximations of SD: MD -0.10 mm, 95%
Cl-0.25 to0 0.06; 3 studies; 12 = 0%
Excluding parallel-group designs with 1 approximation of SD, and all split-
mouth studies: MD 0.10 mm, 95% CI -0.30 to 0.10; 1 study
Excluding studies at high risk of performance bias (personnel): MD 0.01,
95% CI -0.08 to 0.11; 8 studies; 12 =42%
Excluding studies with unclear or high risk of selection bias (sequence
generation or allocation concealment): MD 0.06, 95% CI -0.19 to 0.30; 3
studies; 12=59%
Excluding studies with industry funding: MD -0.01, 95% CI -0.06 to 0.04; 10
studies; 12=6%
Excluding studies with industry funding or with no description of funding
source: MD -0.01, 95% CI -0.06 to 0.04; 10 studies; 12 = 6%
Excluding studies with possible incompatible diode laser wavelengths and
photosensitiser: n/a (no studies with these criteria)
Analysis 1.8 MD 0.00 mm, 95% Cl Excluding studies in which all participants were smokersa: n/a (primary analy-
-0.16 t0 0.16; 4 studies; sis included no studies in which all participants were smokers)
12 0%
Excluding all split mouth studies: MD 0.00 mm, 95% CI -0.27 to 0.27; 1 study
Excluding split-mouth studies with 2 approximations of SD: MD 0.00 mm, 95%
Cl1-0.27 t0 0.27; 1 study
Excluding parallel-group designs with 1 approximation of SD, and all split-
mouth studies: MD 0.00 mm, 95% CI -0.27 to 0.27; 1 study
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Excluding studies at high risk of performance bias (personnel): MD 0.02 mm,
95% Cl -0.15 to 0.19; 3 studies; 12 = 0%

Excluding studies with unclear risk of selection bias (sequence generation or
allocation concealment): MD 0.00, 95% ClI -0.25 to 0.25; 1 study

Excluding studies with industry funding: MD -0.03, 95% CI -0.25 to 0.18; 2
studies; 12 = 0%

Excluding studies with commercial funding or with no description of fund-
ing source: MD -0.03, 95% CI -0.25 to 0.18; 2 studies; 12 = 0%

Excluding studies with possible incompatible diode laser wavelengths and
photosensitiser: n/a (no studies with these criteria)

aln this sensitivity analysis, we excluded a subset of data for participants that were smokers in Al-Kheraif 2022a and Al-Kheraif 2022b, as
well as data from studies in which all participants were smokers.
Cl: confidence interval; MD: mean difference; n/a: not applicable; SD: standard deviation

Appendix 7. Summary of adverse effects: aPDT vs control during supportive periodontal care

Study ID Adverse effects data as described in study reports

Chondros 2009 "Healing was uneventful in all patients. Neither pain nor any other discomfort was reported by any
of the patients following both treatments."

Monzavi 2016 "Healing took place without complications or adverse events in all patients (“uneventful heal-
ingn).ll
Rihling 2010 "In the UST group, no adverse events or side effects (e.g., redness, swelling, or abscesses) were ob-

served; in the PDT group, one abscess developed."

Appendix 8. Sensitivity analyses: adjunctive aPDT vs control during supportive periodontal care

Resultsin bold text indicate that the effect estimates in sensitivity analyses demonstrated a different finding to the primary analyses, either
in the direction of effect or the precision of the effect estimate, or both.

Analyses Primary analysis re- Results of sensitivity analysis
sults

Analysis 2.1 MD 0.44 mm, 95% CI Excluding studies in which all participants were smokers: n/a (no studies with
-0.20 to 1.08; 6 studies; this criterion)
12=95%

Excluding all split-mouth studies: MD 0.33 mm, 95% CI -0.36 to 1.03; 5 studies;
12=96%

Excluding split-mouth studies with 2 approximations of SD: n/a (no studies
with this criterion)

Excluding all split-mouth studies, and all parallel-group designs with 1 approx-
imation of SD: n/a (no studies with this criterion)
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Excluding studies at high risk of performance bias (personnel): MD 0.91 mm,
95% CI -1.03 to 2.85; 2 studies; 12 = 99%
Excluding studies with unclear or high risk of selection bias (sequence genera-
tion or allocation concealment): MD 0.91 mm, 95% Cl -1.03 to 2.85; 2 studies; |12
=99%
Excluding studies with industry funding: MD 1.00 mm, 95% CI -0.27 to 2.26; 3
studies; 12=95%
Excluding studies with industry funding or with no description of funding
source: MD 1.00 mm, 95% CI -0.27 to 2.26; 3 studies; 12 = 95%
Analysis 2.2 MD -0.04 mm, 95% Cl Excluding studies in which all participants were smokers: n/a (no studies in-
-0.19 t0 0.10; 3 studies; cluding only smokers)
12=0%
Excluding all split-mouth studies: n/a (no studies with this criterion)
Excluding split-mouth studies with 2 approximations of SD: n/a (no studies
with this criterion)
Excluding all split-mouth studies, and all parallel-group designs with 1 approx-
imation of SD: n/a (no studies with these criteria)
Excluding studies at high risk of performance bias (personnel): MD -0.05 mm,
95% Cl -0.21 to 0.11; 1 study
Excluding studies with unclear or high risk of selection bias (sequence genera-
tion or allocation concealment): MD -0.05 mm, 95% CI -0.21 to 0.11; 1 study
Excluding studies with industry funding: MD 0.03 mm, 95% CI -0.39 to
0.45; 1 study
Excluding studies with industry funding or with no description of funding
source: MD 0.03 mm, 95% Cl -0.39 to 0.45; 1 study
Analysis 2.3 MD 2.38%, 95% CI-1.34  Excluding studies in which all participants were smokers: n/a (no studies in-
to 6.10; 5 studies; 12 = cluding only smokers)
81%
Excluding all split-mouth studies: n/a (no studies with this criterion)
Excluding split-mouth studies with 2 approximations of SD: n/a (no studies
with this criterion)
Excluding all split-mouth studies, and all parallel-group designs with 1 approx-
imation of SD: n/a (no studies with these criteria)
Excluding studies at high risk of performance bias (personnel): MD -0.29%,
95% Cl -0.68 to 0.11; 2 studies; 12=0%
Excluding studies with unclear or high risk of selection bias (sequence
generation or allocation concealment): MD -0.29%, 95% CI -0.68 to 0.11; 2
studies; 12 = 0%
Excluding studies with industry funding: MD 1.13%, 95% CI -2.10 to 4.36; 2
studies, 12=0%
Excluding studies with industry funding or with no description of funding
source: MD 1.13%, 95% CI -2.10 to 4.36; 2 studies, 12 =0%
Analysis 2.4 MD 4.98%, 95% Cl -2.51 Excluding studies in which all participants were smokers: n/a (no studies with
to 12.46; 3 studies; 12 = this criterion)
87%
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Excluding all split-mouth studies: n/a (no studies with this criterion)

Excluding split-mouth studies with 2 approximations of SD: n/a (no studies
with this criterion)

Excluding all split-mouth studies, and all parallel-group designs with 1 approx-
imation of SD: n/a (no studies with these criteria)

Excluding studies at high risk of performance bias (personnel): MD -0.18%,
95% Cl -0.56 to 0.20; 1 study

Excluding studies with unclear or high risk of selection bias (sequence
generation or allocation concealment): MD -0.18%, 95% CI -0.56 to 0.20; 1
study

Excluding studies with industry funding: MD 4.30%, 95% CI 0.06 to 8.54; 1
study

Excluding studies with industry funding or with no description of funding
source: MD 4.30%, 95% CI1 0.06 to 8.54; 1 study

Analysis 2.5

MD -0.07 mm, 95% Cl
-0.21 to 0.36; 5 studies;
12=40%

Excluding studies in which all participants were smokers: n/a (no studies with
this criterion)

Excluding all split-mouth studies: MD -0.03 mm, 95% CI -0.25 to 0.19; 4 studies;
12=0%

Excluding split-mouth studies with 2 approximations of SD: MD -0.03 mm, 95%
Cl1-0.25 to 0.19; 4 studies; 12 = 0%

Excluding all split-mouth studies, and all parallel-group designs with 1 approx-
imation of SD: n/a (no studies with these criteria)

Excluding studies at high risk of performance bias (personnel): MD -0.14 mm,
95% CI -0.44 to 0.16; 2 studies; 12 = 0%

Excluding studies with unclear or high risk of selection bias (sequence genera-
tion or allocation concealment): MD -0.14 mm, 95% Cl -0.44 to 0.16; 2 studies;
12=0%

Excluding studies with industry funding: MD 0.32 mm, 95% CI -0.77 to
1.40; 2 studies; 12 = 84%

Excluding studies with industry funding or with no description of funding
source: MD 0.32 mm, 95% CI -0.77 to 1.40; 2 studies; 12 = 84%

Analysis 2.6

MD 0.07 mm, 95% ClI
-0.26 to 0.40; 2 studies;
12=0%

Excluding studies in which all participants were smokers: n/a (no studies with
this criterion)

Excluding all split-mouth studies: n/a (no studies with this criterion)

Excluding split-mouth studies with 2 approximations of SD: n/a (no studies
with this criterion)

Excluding all split-mouth studies, and all parallel-group designs with 1 approx-
imation of SD: n/a (no studies with these criteria)

Excluding studies at high risk of performance bias (personnel): MD -0.01
mm, 95% CI -0.44 to 0.42; 1 study

Excluding studies with unclear or high risk of selection bias (sequence
generation or allocation concealment): MD -0.01 mm, 95% CI -0.44 to 0.42;
1 study
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Excluding studies with industry funding: n/a (this criterion applied to both
studies)

Excluding studies with industry funding or with no description of funding
source: n/a (this criterion applied to both studies)

Analysis 2.7 MD -0.01 mm, 95% Cl Excluding studies in which all participants were smokers: n/a (no studies in-
-0.27 to 0.25; 2 studies; cluding only smokers)
50%
Excluding all split-mouth studies: MD 0.00 mm, 95% CI -0.27 to 0.25; 1 study

Excluding split-mouth studies with 2 approximations of SD: MD 0.00 mm,
95% CI-0.27 to 0.25; 1 study

Excluding all split-mouth studies, and all parallel-group designs with 1 approx-
imation of SD: n/a (no studies with these criteria)

Excluding studies at high risk of performance bias (personnel): n/a (this criteri-
on applied to both studies)

Excluding studies with unclear or high risk of selection bias (sequence genera-
tion or allocation concealment): n/a (this criterion applied to both studies)

Excluding studies with industry funding: MD -0.07, 95% CI -0.85 to 0.71; 1 study

Excluding studies with industry funding or with no description of funding
source: MD -0.07, 95% CI -0.85 to 0.71; 1 study

Analysis 2.8 MD - 0.20 mm, 95% Cl n/a (only 1 study in the primary analysis)
-0.48 t0 0.08; 1 study

Cl: confidence interval; MD: mean difference; nfa: not applicable; SD: standard deviation

Appendix 9. Sustainability of the intervention: search strategy

MEDLINE (via Ovid; 1946 to 22 May 2024)

1. antimicrobial photodynamic therapy.mp.
2. (aPDT or PDT).mp.

3. (photodynamic$ or phototherap$).mp.
4. or/1-3

5. exp Sustainable Development/

6. Environmental Monitoring/

7. Carbon Footprint/

8. "Conservation of Natural Resources"/
9. Waste Management/

10.Air Pollution/

11.Climate Change/

12.(life cycle adj3 (assess* or analys*)).mp.
13."cradle to grave".mp.
14.sustainab*.mp.

15.(environment* adj3 impact).mp.
16.carbon footprint.mp.

17.sustainable development.mp.
18.waste management.mp.

19.climate change.mp.

20.circular economy.mp.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Review authors: we added three additional authors to the review (RC, LM, SL), and one author did not take part in the review process (J6rg
Eberhard).

Types of participants: we excluded participants with necrotising periodontitis because treatment of people with necrotising periodontitis
mostly includes systemic antibiotics. We clarified the intention to include participants regardless of smoking status.

Types of interventions: we stated the intention to include studies regardless of whether photosensitising agents and laser wavelengths
were compatible, and regardless of the number of sessions in which aPDT was delivered. In addition, we further defined the control group
procedures, an acceptable sham procedure and the intention to include studies in which an additional treatment (e.g. chlorhexidine) was
given equally in both groups. We clarified the exclusion of transgingivalirradiation. We clarified that there should be an appropriately short
interval of time between Sl and aPDT (< 1 week). We changed the term scaling and root planing (usually abbreviated to SRP) to the now
accepted term for the same treatment: subgingival instrumentation.

Types of outcome measures: following changes to international guidance on using microbiological parameters as diagnostic criteria for
periodontal diseases (Herrera 2023), we decided not to include 'change in microbiological parameters' as an outcome in the review.
However, in order to provide information for those readers interested in these data, we included a list of studies that reported them.

Measures of treatment effect: we specified a minimal clinically important difference for the primary outcomes probing pocket depth (PPD),
bleeding on probing (BOP) and clinical attachment level (CAL). We used this information when making decisions on the clinicalimportance
of combined results in the review.

Unit of analysis: we explained the approach used to manage multi-arm studies in the review.

Data synthesis: for clarity, we described more detailed methods for the analysis of data. We made a decision to present all analyses
according to the number of sessions as we believed this to be most informative to the reader. Although analysis according to number of
sessions was a post hoc subgroup analysis, we chose to present stratified results according to this criterion, regardless of the results of
formal tests for subgroup interactions. We also explained the methods for managing data if study authors reported outcomes according
to different pocket depths.

Subgroup analysis: we did not conduct subgroup analysis according to whether treatment was given during the active or supportive
phase of treatment, instead opting to present these data as separate comparisons due to the differences in population groups. We did not
subgroup data according to whether studies used a split-mouth or parallel-group design; instead, we explored this in sensitivity analysis.
We added another subgroup analysis related to the number of sessions of aPDT (single versus multiple sessions).

Sensitivity analysis: we added sensitivity analyses to the review based on decisions made during the review process. We presented these
datain an appendix.
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