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Abstract: Background/Objectives: Diabetes mellitus and periodontitis share a significant,
bidirectional relationship. Diabetes raises the risk of periodontitis and influences its severity,
impacting tissue repair and bone metabolism. Conversely, periodontal inflammation can
disrupt glycemic control, further complicating this interlinked relationship. This systematic
review aimed to evaluate the efficacy of antimicrobial photodynamic therapy (aPDT) as
an adjunct to subgingival instrumentation (SI) in the treatment of periodontal pockets
with a probing pocket depth (PPD) > 5 mm in individuals with type 2 diabetes mellitus
(DM2) and periodontitis. Methods: Using the PICOS framework, this review addressed
the following question: “How does aPDT as an adjunct to SI compare to SI alone in
treating periodontal pockets with PPD > 5 mm in individuals with DM2 and periodontitis?”
Databases searched included PubMed, Scopus, and Web of Science up to December 2024.
Randomized clinical trials evaluating periodontal status and HbAlc levels in patients with
DM2 undergoing periodontal therapy and experiencing SI were included. Patients who
received adjunctive aPDT were compared to a control group that received SI alone. A
meta-analysis was conducted illustrating treatment effects across groups. Results: After
screening 117 studies based on titles and abstracts, three and four studies met the eligibility
criteria for quantitative and qualitative analyses, respectively. The principal periodontal
parameters assessed included PPD, clinical attachment level (CAL), plaque index (PI), and
bleeding on probing (BOP). Forest plots for PD, BOP, PI, and CAL at baseline, three months,
and six months revealed no statistically significant differences between the SI+aPDT group
and the Sl-only group. Glycated hemoglobin across treatment groups was not different.
Conclusions: The combination of aPDT with SI provides limited clinical benefits in treating
periodontal pockets with a PPD > 5 mm in diabetic patients with periodontitis.

Keywords: diabetes mellitus; periodontal disease; periodontal pocket; photochemotherapy;
photosensitizing agents

1. Introduction

Diabetes mellitus (DM) is a chronic endocrine disorder characterized by elevated
blood glucose levels resulting from either insufficient insulin secretion, insulin resistance,
or a combination of both factors [1]. In 2021, approximately 536.6 million individuals
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globally were living with diabetes, with Brazil ranking sixth worldwide in the number of
cases among adults aged 20 to 79, totaling around 15.7 million people [2,3].

For individuals with type 2 diabetes mellitus (DM2), prolonged hyperglycemia pro-
motes the formation of advanced glycation end products (AGEs), which play a role in
triggering pro-inflammatory and oxidative stress responses. These AGEs interact with
receptors (RAGE) on cells, affecting cellular function, reducing collagen synthesis, and
impairing bone regeneration, ultimately interfering with tissue repair [4,5]. This metabolic
disturbance is associated with various comorbidities, including cardiovascular, neurologi-
cal, skeletal, renal, and periodontal diseases [6].

Periodontitis is a chronic, bacteria-driven inflammatory condition triggered by dys-
biotic biofilm and an excessive immune response, resulting in damage to the structures
that support teeth [7]. Clinical manifestations include gingival bleeding, attachment loss,
alveolar bone deterioration, and the formation of periodontal pockets [8]. Periodontitis
remains a global public health problem, with a combined prevalence of nearly 62% in den-
tate adults [8]. Several factors can modify its progression, such as rheumatoid arthritis [9],
cardiovascular disease [10,11], pulmonary disease [12], DM [13,14], and inflammatory
bowel disease. Notably, DM and periodontitis share a significant, bidirectional relationship:
diabetes not only raises the risk of periodontitis but also influences its severity, impacting
processes like tissue repair, bone metabolism, immune cell activity, and the composition and
volume of gingival crevicular fluid, as well as the local blood supply [15]. Conversely, peri-
odontal inflammation can disrupt glycemic control, further complicating this interlinked
relationship [16,17].

Standard periodontal treatment focuses on removing bacterial buildup from tooth
surfaces via non-surgical mechanical procedures, surgical methods, and maintenance strate-
gies [18]. Non-surgical periodontal therapy, which includes subgingival instrumentation
(SI), biofilm removal, and oral hygiene guidance, remains the gold standard for managing
inflammation and infection, as well as reducing periodontal pockets with a probing pocket
depth (PPD) > 5 mm [18]. However, in patients with systemic conditions, conventional
treatment may be less effective at fully eradicating pathogens, particularly in difficult-to-
reach areas like furcation and deep periodontal pockets, which can serve as reservoirs for
bacteria and lead to recolonization of treated sites [18]. To enhance non-surgical thera-
pies and improve microorganism control in such areas, adjunctive treatments are often
employed as systemic or topical antibiotics [19].

Antimicrobial photodynamic therapy (aPDT) is one such adjunctive approach, using a
light-activated photosensitizing agent in the presence of oxygen to generate reactive oxygen
species [20-24]. These cytotoxic species, including free radicals (via type I reactions) and
singlet oxygen (via type Il reactions), target various microorganisms. aPDT offers broad
antimicrobial action against bacteria, fungi, and protozoa with minimal risk of resistance
and no significant side effects, making it a valuable option for disinfecting root surfaces
and treating residual periodontal pockets [25,26]. In this context, this review addressed the
following question: “How does aPDT as an adjunct to SI compare to SI alone in treating
periodontal pockets with PPD > 5 mm in individuals with DM2 and periodontitis?”

2. Materials and Methods
2.1. Protocol Registration and PICO Strategy

This systematic review followed the Cochrane Collaboration guidelines [27] and
adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Protocols (PRISMA-P) for planning [28]. The review was registered in the PROSPERO
under approval protocol CRD42023486429.
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This review aimed to answer the following clinical question: how does aPDT as an
adjunct to SI compare to SI alone in treating periodontal pockets with PPD > 5 mm in
individuals with DM2 and periodontitis? Following the PICO criteria, the study included
the following.

Population: Adults of both sexes with DM2 and periodontitis;

Intervention: Use of aPDT as an adjunct to SI in periodontal pocket with PPD > 5 mm;

Comparison: Non-surgical periodontal therapy;

Outcomes: Improvements in clinical periodontal measures, such as reduced PPD,
bleeding on probing (BOP), and plaque index (PI).

2.2. Eligibility Criteria

Eligible studies included only randomized clinical trials (RCTs) involving adults
over 20 years old with DM2 and periodontitis. These studies compared SI alone with SI
combined with adjunctive aPDT, as well as aPDT in the treatment of periodontal pockets
with PPD > 5 mm. Only studies published in English were included, with requirements
to report clinical outcomes, such as PPD, as the primary outcome, and clinical attachment
level (CAL), BOP, and PI as secondary outcomes. Studies were excluded if they were
in vitro or animal studies, lacked standardized group comparisons, lacked aPDT treatment,
did not specify whether shallow, moderate, or deep pockets were treated, patients were
undergoing initial periodontal treatment, or they consisted of case reports, case series,
editorial letters, abstracts, reviews, or opinion articles.

2.3. Search Strategy

Two independent researchers (J.V.S.R. and M.B.D.) searched PubMed/MEDLINE,
Scopus, and Web of Science for studies published over the entire period available in each
database up to December 2024 by applying the eligibility criteria. Boolean operators (AND,
OR) were used to combine keywords, thus refining the search strategy. All references were
exported to Numbers software (Apple Inc., Cupertino, CA, USA), where duplicates were
removed automatically using the software and manually. The search strategy incorporated
a range of terms, such as (Diabetes Mellitus, Type 2) OR (Diabetes Mellitus, Noninsulin-
Dependent) OR (Type 2 Diabetes) AND (Periodontitis) OR (Periodontal Pocket) AND
(Photodynamic Therapy) OR (Photochemotherapy).

2.4. Selection Process

Two independent reviewers (J.V.S.R. and M.B.D.) screened titles and abstracts for eligi-
bility. Full texts were obtained for references lacking sufficient title or abstract information
for inclusion/exclusion decisions. Cohen’s kappa was employed to establish inter-rater
reliability in the process of study selection, with an acceptable threshold value of 0.87. Any
disagreements at any stage were resolved through discussion and mutual agreement with
a third reviewer (L.H.T.). No differences in selection occurred between the two primary
reviewers.

2.5. Risk of Bias Assessment

Bias risk was evaluated for each RCT individually using the “Cochrane Handbook
for Systematic Reviews of Interventions” [29]. For each domain, studies were classified as
having low risk, unclear risk (if insufficient information was available), or high risk of bias.
Two authors (J.V.S.R. and M.B.D.) conducted these assessments independently, consulting
a third author (L.H.T.) in cases of disagreement.
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2.6. Data Analysis

A meta-analysis using a random-effects model was conducted to compare SI alone
with SI combined with aPDT. The DerSimonian-Laird method was applied to account for
heterogeneity across studies. Standardized mean differences (SMDs) were calculated based
on means and standard deviations (SDs) for each outcome. Heterogeneity among the stud-
ies was assessed using Cochran’s Q test and quantified using the I? statistic, with thresholds
set at <25% for low, 25-75% for moderate, and >75% for high heterogeneity [30]. Statis-
tical analyses were performed using Revman 5.3 software (Cochrane IMS, Copenhagen,
Denmark).

3. Results
3.1. Study Selection

A total of 117 articles were initially identified through searches in the PubMed, Web of
Science, and Scopus databases. After removing duplicates, 68 unique studies remained.
Screening of titles led to the exclusion of 41 articles that did not meet the eligibility criteria.
The abstracts of the remaining articles were then reviewed, resulting in 27 articles selected
for full-text assessment. Following this in-depth review, 23 studies were excluded, leaving
4 studies eligible for data extraction and qualitative analysis and 3 studies for quantitative
analysis (Figure 1).

{ Identification of studies via databases and registers W
—
- Records identified from:
o Databases (n=3) Records removed before
© Registers: screening:
5,% PubMed (n=28) Ld Duplicate records removed
t Scopus (n=46) (n=49)
3 Web of Science (n=43)
Total: 117
!
—
Records screened » Records excluded
(n =68) (n=41)
Reports sought for retrieval Reports not retrieved
2 (n=27) | (n=0)
‘E
@
: '
Q
(7]
Reports assessed for eligibility Reports excluded: 23
— —» "
(n=27) Reason 1: Patient with peri-implantitis (n= 4)
Reason 2 Did not do aPDT (n=5)
Reason 3: Non-diabetic patients (n= 6)
Reason 4: Use of doxycycline (n=3)
Reason 5: No glycated hemoglobin value (n=1)
Reason 6: Does not present PPD > 5mm (n=4)
v
—
o Studies included in the
§ systematic review (n =4)
E Studies included in the meta-
analysis (n=3)
—_—

Figure 1. PRISMA flowchart of the included studies [31].

3.2. General Characteristics of the Included Studies

This review incorporated four RCTs, three conducted in Brazil [20,21,23] and one in
Slovenia [24]. Sample sizes varied, ranging from 12 to 25 participants per therapy group,
with two studies utilizing a split-mouth design [20,23]. Participant ages ranged from a
minimum of 21 to 41 years, and the oldest participants were between 68 and 75 years old.
Each study focused on diabetic patients diagnosed with stage II to IV grade C periodontitis.
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One study compared curcumin (CUR) as an adjuvant to SI with aPDT as an adjunct to
SI[20]. The other three studies examined aPDT as an adjunct to SI, using phenothiazines
and a diode laser [21,23], while one study specifically investigated aPDT with indocyanine
green and a diode laser [24].

3.3. Clinical Treatment Characteristics

In all four studies, SI were performed using the same technique, with aPDT included
as an adjunct. Two studies employed an Indium Gallium Aluminum Phosphide (InGaAlP,
660 nm) diode laser with an optical fiber tip [21,23], while the third study utilized a Gallium
Nitride Indium (InGaN) LED light source (465485 nm) directed at the buccal and lingual

surfaces [20], while the fourth study utilized a diode laser with 810 nm [24] (Table 1).

Table 1. General characteristics of the included studies.

Study Country Type of Study Number of Patients Interventions Study Duration Results
After SI, periodontal pockets with
PPD > 5 mm were treated with a
0.005% methylene blue
application. Following a 60 s E:dtﬂcgégiﬁ ;}113(]);\];?;-
waiting period, irradiation was 180 davs. However. all
Castro dos Santos Split-mouth, performed using a diode laser interyr(;u anal s,e "
etal. (2016) [23] randomized controlled 20 individuals with DM2 (660 + 10 nm) for 60 s at 60 mW, 6 months lg 4 pa ¥ "
Brazil clinical trial delivering an irradiance of reve?ifeff nosighitican
2.15W/cm?, totaling 3.6 ] and a 1 deret“?e?.m. !
fluency of 129 J/cm?. The optical perioconta tc iea
fiber tip was positioned in the parameters.
periodontal pocket area during the
procedure.
After SI, periodontal pockets with
PPD > 5 mm were irrigated with
1 mL of curcumin solution. Reduction in PPD and
Ivanaga et al. Solit-mouth randomized Following 1 min of irrigation, LED BOP at three and six
(2019) [20] P . . 25 individuals with DM2 irradiation (465-485 nm) was 6 months months; gain in CAL at
Brazil controlled clinical trial applied for 60 s, with a power of three months compared
PP g P P
78 mW and a total energy of to initial data.
7.69]/cm? on the buccal or lingual
surfaces.
After SI, three applications of
aPDT were performed on pockets
witha PPD = 5 mm. The pockets Reduction in BOP at 90
were irrigated with a 10 mg/mL and 180 davs: decrease in
P methylene blue solution, and after i X
Claudio etal. Parallel randomized 60 s, diode laser irradiation the number of residual
(2021) [21] linical trial 34 individuals with DM2 (660 + iO ) lied for50's 6 months pockets at 90 and
Brazil cimeattna ) was appued ot 180 days, reduced CAL
at 100 mW, delivering a total in deep pockets
energy of 4.7 ] and an irradiance of (180p dpa 9)
157 J/cm?, with the fiber optic tip yS)-
placed in the periodontal pocket
area.
A significant reduction
After SI, indocyanine green Ilino]x?voel\jgaci)(r)rll’sz‘ilsii
Brinar et al. (2023) Parallel (1 mg/mL) was applied to pockets between . ou 5 did not
[24] randomized controlled 24 individuals with DM2 witha PPD > 5mm for60s, 3 months h gt i 1:; I
Slovenia trial followed by diode laser irradiation snow stansticaly

(810 nm) at 250 mW.

significant differences in
PPD, CAL, and gingival
recession.

Abbreviations: DM2—diabetes mellitus type 2; SI—subgingival instrumentation; CUR—curcumin; aPDT—

antimicrobial photodynamic therapy; PPD—probing pocket depth; BOP—bleeding on probing; CAL—clinical
attachment level; GR—gingival recession.

The study by Castro dos Santos et al. [23] evaluated 20 participants divided into two
groups: Group 1, ultrasonic periodontal debridement (DPU), and Group 2 (DPU+aPDT).
Both groups showed a statistical difference in PPD in the control group from 5.75 + 0.91 mm
at the beginning of the study to 347 £+ 0.97 mm at 6 months and in the test group
6.15 £ 127 mm at 3.71 £+ 1.63 mm. The CAL parameters at the beginning of the study
ranged from 6.35 & 1.27 to 4.61 & 1.92 in 180 days. This difference was detected within the
group, but it did not show a significant difference in the intergroup comparison.
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In Ivanaga et al. [20], they assessed 25 participants divided into four groups: Group
1 (SI), Group 2 (SI+CUR irrigation), Group 3 (LED), and Group 4 (SI+aPDT). The aPDT
group demonstrated marked improvements, with an increase in CAL to 4.95 4 2.33 at
90 days and 5.46 & 1.98 at 180 days. The PPD decreased significantly from baseline to
4.33 + 1.78 mm by 180 days, with a notable reduction in deep pockets, highlighting the
enhanced benefits of using aPDT as an adjunct to SI.

In the study by Claudio et al. [21], 34 participants were split into two groups: SI alone
and SI+aPDT. Both groups saw reductions in PPD and BOP and an increase in CAL, along
with a decrease in the number of moderate pockets. Notably, deep periodontal pockets
showed reductions in PPD by 5.14 4= 1.90 mm at 90 days and 4.46 + 1.33 mm at 180 days,
with a 20% decrease in high-risk progression in the SI group and a 31.25% reduction in the
SI+aPDT group.

In Brinar et al. [24], they evaluated 24 participants divided into two groups: Group
SI and Group SI+aPDT showed a statistical difference for the group SI+aPDT for BOP in
addition to a smaller presence of pathogenic bacteria T. forsythia. In relation to CAL, it
went from 3.7 & 0.02 to 3.2 =+ 0.2 in 3 months and PPD 3.3 £ 0.2 to 2.6 & 0.2, presenting an
intragroup statistical difference.

3.4. Glycemic Control and aPDT Efficacy

Four studies [20,21,23,24] did not observe significant reductions in glycated hemoglobin
across treatment groups.

3.5. Bias Assessment

Any discrepancies regarding study quality were thoroughly reviewed before present-
ing the bias summary, as illustrated. The assessment of the risk of bias of the selected
studies is presented in Figure 2. In summary, the four chosen studies [20,21,23,24] were
classified as low visual risk of bias because all of them provided sufficient information and
details regarding each of the domains.

3.6. Data Analysis for Meta-Analysis

Of the 27 studies selected for full-text reading, three manuscripts were eligible for
meta-analysis. Forest plots were used to graphically display effect sizes and 95% confi-
dence intervals (Cls). A two-tailed p < 0.05 was used to determine statistical significance.
Heterogeneity was assessed using Cochran’s Q test and quantified using the I? index. The
values of the analyzed variables presented p > 0.05 and heterogeneity (I12) less than 7%. All
values analyzed comparing the SI group with the SI and aPDT groups presented p > 0.05.

3.7. Primary Meta-Analysis Outcomes

PI %: The meta-analysis showed no statistically significant differences in PI between
the SI+aPDT group and the SI-only group at baseline, three months, or six months (Figure 3).

BOP %: Meta-analysis results for BOP at baseline, three months, and six months
similarly showed no significant difference between the SI and SI+aPDT groups (Figure 4).

PPD %: Forest plots for PPD at baseline, three months, and six months revealed
no statistically significant differences between the SI+aPDT group and the SI-only group
(Figure 5).
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Castro Dos Santos et al., 2016

Brinar et al., 2023
Claudio et al.,, 2021
Ivanaga et al., 2019

Random sequence Generation (selection bias).

Allocation concealment (selection bias).

Blinding of participants and personnel
(performance bias).

Blinding of outcomes assesment (detection bias;
patient-reported outcomes).

Blinding of outcomes assesment (detection bias;
all-cause mortality).

Incomplete outcomes data assesment, short-
therm outcomes (3 months).

Incomplete outcomes data assesment, long-
therm outcomes (6 months).

Selective reporting (reporting bias).

Overall

Figure 2. Cochrane risk of bias for each study (summary) [20,21,23,24].

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total ig IV, Rand 95% Cl IV, Random, 95% CI
3.1.1 Baseline
1 vanaga etal, 2019 63.24 38.23 25 THE1 3222 25 M1% -0.21 [-0.76, 0.39] —
2 Claudioetal, 2021 38.27 14.44 16 3585 1458 18 131% 0.18[-0.52, 0.89) R e
Subtotal (95% CI) 41 40  34.2% -0.06 [-0.49, 0.38] e
Heterogeneity: Tau®=0.00; Chi*= 072, df=1 (P =040), F= 0%
Test for averall effect: Z= 025 (P = 0.80)
3.1.2 3 Months
1lvanagaetal, 2019  33.03 4352 24 4511 4214 24 20.2% -0.28 [-0.85, 0.29] — 1
2 Claudio et al, 2021 3336 16.89 16 298 1752 18 131% 0.20 [-0.50, 0.91] N e —
Subtotal (95% CI) 40 39 33.3% -0.09 [-0.55, 0.37] i
Heterogeneity: Tau®=0.01; Chi*=1.07 df=1 (P=0.30); F=7%
Testfor overall effect Z=036 (F=0723
3.1.3 6 Months
1 lvanaga etal, 2019 2978 4118 23 3875 4022 23 198.4% -0.22 [-0.80, 0.36] e
2 Claudioetal, 2021 3425 19.24 16 3078 1593 18 131% 0.19[-0.52, 0.90] e
Subtotal (95% CI) 39 38 32.5% -0.05 [-0.50, 0.40] e
Heterogeneity: Tau®=0.00; Chi*= 0.76, df=1 (P=0.38); F= 0%
Test for averall effect: Z=023 (P =0.82%
Total (95% CI) 120 117 100.0% -0.07 [-0.32, 0.19] *
Heterogeneity: Tau®=0.00; Chi*= 2.57, df= 5 (P =077 F= 0% 52 51 p 15 é

Test for averall effect: Z= 051 {P = 0.61)

] ] Favours [experimental] Favours [control]
Testfor subaroup differences: Chi*= 001, df= 2 {P=0.99), F=0%

Figure 3. Forest plot for PI comparing adjuvant SI+aPDT versus SI at baseline of non-surgical
periodontal treatment after 3 and 6 months of follow-up [20,21].
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Experimental Control Std. Mean Difference Std. Mean Difference
Stucdy or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
4.1.1 Baseline
1 wanaga etal, 2014 100 100 25 100 100 25 MA% 0.00 [-0.55, 0.59] Tl
2 Claudio etal., 2021 3356 1535 16 35.23 15 18 13.1% -0.11 [-0.81, 0.60] S |
Subtotal (95% CI) 41 40 34.2% -0.04 [-0.48, 0.39] -4

Heterogeneity: Tau®= 0.00; Chi*=0.05, df=1 {P=0.81); F= 0%
Testfor overall effect Z=0.18 (F = 0.85)

4.1.2 3 Months

1 lvanaga etal, 2019 426 4423 24 4826 3853 24 202% -0.13 [0.70,0.43] e

2 Claudio etal., 2021 2161 12.04 16 20,35 14.07 18 13.1% 0.09 [-0.61, 0.80] —
Subtotal (95% CI) 40 39 33.3% -0.04 [-0.49, 0.40] -4

Heterogeneity: Tau®= 0.00; Chi*=0.24, df=1 {P = 0.62); F= 0%
Testfor averall effect Z=0.20{F = 0.84)

4.1.3 6 Months

1 lvanagaetal, 2019 3499 4033 23 3064 345 23 19.4% 0.11 [-0.46, 0.69] TR |

2 Claudio etal., 2021 2085 13.453 16 2089 11.33 18 131% 0.00 [-0.70,0.71] . T

Subtotal (95% Cl) 39 38 32.5% 0.07 [-0.38, 0.52] L
Heterogeneity: Tau®= 0.00; Chi®= 0.06, df=1 {P=0.81); F= 0%

Testfor averall effect Z=0.31 {F = 0.76)

Total (95% Cl) 120 117 100.0% -0.01[-0.26, 0.25] ?
Heterageneity: Tau®= 0.00; Chi*= 0.52, df= 5 (P = 0.99); = 0% 52 51 p 15 é

Testfor overall effect 2= 0.05 (P = 0.96)

_ : Favours [experimental] Favours [control]
Testfor subgroup differences: Chif=0.16, df= 2 (P=082, F=0%

Figure 4. Forest plot for BOP comparing adjuvant SI+aPDT versus SI at baseline of non-surgical
periodontal treatment with the beginning of treatment and after 3 months and 6 months of follow-

up [20,21].
Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand. 95% Cl
5.1.1 Baseline
1 Castro Dos Santos etal, 2018 615 1.27 20 575 0.0 20 16.8% 0.40 [0.28,1.08]
2 Ivanaga etal 2018 571 0492 5 5BF 078 25 353% 0.04 [0.43,0.51]
3 Claddio etal, 2021 T2 0071 16 B.33 535 15 0.4% 0.92 [3.49,5.33] *
Subtotal (95% CI) 61 60 525%  0.16[-0.23,0.55] #

Heterogeneity: Tau®= 0.00; Chi®=0.83, df= 2 (P = 0.66); F= 0%
Testfor overall effect Z=0.82 (P=0.41)

5.1.2 3 Months

1 Castro Dos Santos etal, 2018 .78 1.81 20 389 0499 20 11.5% -0.11 [0.94,0.72] S| T
2 Ivanaga etal 2018 433 178 24 458 1.4 24 10.58% -0.25 112, 0.62] Er =
3 Claddio etal, 2021 39 41 16 3.66 3.86 15 1.0% 0.24 [[2.56, 3.04]

Subtotal (95% CI) 60 59 229% -0.16[-0.74,0.43] e

Heterogeneity: Tau®= 0.00; Chi*=0.13, df=2 (P = 0.94); F= 0%
Test for overall effect Z=0.53 (P = 0.60)

5.1.3 6 Months

1 Castro Dos Santos etal, 2018 371 1.83 20 347 0497 20 11.4% 0.24 [0.59,1.07] o TR
2 Ivanaga etal 2018 447 14 23 47 1.37 23 123% -0.23 [-1.03,0.57] TR

3 Claddio etal, 2021 3.04 385 16 344 471 15 0.9% -0.40 [-3.38, 2.58]

Subtotal (95% CI) 50 58 24.6%  -0.02[-0.58,0.55] -

Heterogeneity: Tau®= 0.00; Chi®=0.70, df=2 (P = 0.70); F= 0%
Test for overall effect: Z= 0.06 (P = 0.95)

Total (95% CI) 180 177 100.0% 0.04 [-0.24,0.32] ?
Heterageneity: Tau®=0.00; Chi*=2.53 df=8 (P =0.96), F=0%
Test for overall effect Z=031 (P=07E)

Test for suboroun differences: Chi®= 0,86, df= 2 (P = 0.65). F=0%

\ \ \ \
i 5 i ; |
Favours [experimental] Favours [control]

Figure 5. Forest plot for PPD comparing adjuvant SI+aPDT versus SI at baseline of non-surgical
periodontal treatment after 3 months and 6 months of follow-up [20,21,23].

CAL %: Forest plots assessing CAL at baseline, three months, and six months indicated
no significant differences between the SI+aPDT and SI groups (Figure 6).
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Figure 6. Forest plot for CAL comparing adjuvant SI+aPDT versus SI at baseline of non-surgical
periodontal treatment after 3 months and 6 months of follow-up [20,21,23].

4. Discussion

In this systematic review, we aimed to evaluate the hypothesis that aPDT, as an
adjunct to SI, would yield superior clinical outcomes compared to SI alone in the treatment
of periodontal pockets with PPD > 5 mm in patients with DM2, thus fostering new
perspectives for their clinical recommendations. Our data demonstrated that patients
presenting with DM2 combined with periodontal pockets with PPD > 5 mm presented
limited improvements in clinical periodontal parameters when aPDT was associated with SI.
The levels of HbAlc were not significant decreased when aPDT was associated with Sl in the
included patients, suggesting that this adjunctive approach did not lead to improvements
in glycemic control.

Individuals with DM face several metabolic changes that affect their immune re-
sponse, making them more vulnerable to infections and inflammation. The presence of
low-grade inflammation characterized by increased secretion of pro-inflammatory cy-
tokines, chemokines, and prostaglandins in the serum may contribute to the severity of
inflammatory chronic conditions, such as periodontitis [32]. Additionally, impaired con-
nective tissue metabolism in diabetic patients—characterized by a decrease in both the
function and number of fibroblasts—leads to lower collagen production and increased vul-
nerability to connective tissue destruction. This condition makes periodontitis, particularly
in its severe forms, a contributing factor that can adversely affect glycemic control in these
individuals [33].

DM2 contributes to periodontal disease progression by promoting inflammation
through advanced glycation end products, which bind to RAGE receptors and enhance
inflammatory signaling, impair cellular repair, and increase bone resorption [20]. Some
studies have noted a decrease in gingival crevicular fluid AGEs following aPDT with SI,
indicating potential benefits for diabetic patients [34]. Research suggests that periodontal
therapy can reduce HbAlc levels by an average of 0.36%, an effect comparable to that of
adding metformin as an adjunct therapy for metabolic control in patients with DM2 [35].
This connection implies that periodontal treatment not only enhances oral health but may
also significantly support glycemic control [36]. However, few studies have examined
the combined effects of aPDT with non-surgical periodontal treatment on HbAlc levels
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in diabetic patients [20-24,37,38]. Some evidence shows HbAlc improvement with this
approach [38], while other studies indicate no additional benefit [20-24,37].

Non-surgical periodontal treatment, such as SI, has been shown to be effective in
reducing PPD and BOP in patients with periodontitis [39]. However, the success of the
treatment goes beyond the method used; it depends on an integrated approach that in-
cludes adequate debridement, effective maintenance therapy, and patient adherence to
recommendations [40]. However, in cases where periodontal pockets persist after treat-
ment, such as those with PPD > 4 mm and BOP or PPD >6 mm, subsequent intervention
becomes necessary. This may include surgical approaches or a combination with adjuvant
therapies to improve outcomes [18]. Conversely, the clinical practice guideline for stage
I-II periodontitis does not currently endorse the adjunctive use of aPDT, citing insufficient
scientific evidence [18]. The European Federation of Periodontology based its recommen-
dation on only two clinical studies, highlighting the limited evidence supporting aPDT as
an adjunctive therapy due to the small number of controlled clinical trials available [18,41].

Some studies have investigated the impact of periodontal therapy on diabetic pa-
tients [20-24,42,43]. These studies explored various adjunctive approaches, including local
antibiotic application [42], comparisons between surgical and non-surgical treatments [43],
and the use of aPDT [20-24]. A recent systematic review on non-surgical periodontal
treatment with antimicrobials in individuals with DM2 concluded that adding topical or
systemic antibiotics provides only modest clinical benefits in managing periodontitis in
diabetic patients [19], which parallel observations made in this systematic review.

aPDT relies on three main components: a photosensitizer, a light source (laser or LED),
and oxygen. Together, they produce reactive oxygen species capable of eliminating various
microorganisms, including bacteria, viruses, and fungi, without significant side effects
and with a low risk of bacterial resistance [21]. Its basic principle is the combination of
visible or near-infrared light, oxygen, and a photosensitizer capable of absorbing light
and transferring energy or electrons to molecular oxygen. This process generates reactive
oxygen species, which are toxic to periodontopathogenic microorganisms [44]. These
reactive oxygen species disrupt the microbial cell membrane, impair protein function,
damage nucleic acids, and break down bacterial DNA, which can affect both Gram-positive
and Gram-negative bacteria [44].

Methylene blue and toluidine blue, both cationic phenothiazine dyes, are effective
against Gram-positive and Gram-negative bacteria, as well as fungi [45]. Some studies
have shown a significant reduction in the viability of periodontal pathogens, such as
Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, and Tannerella forsythia,
after six months of treatment [46]. In terms of microbiological analysis, among the included
studies, the study with one session of aPDT using indocyanine green showed a significant
reduction in the levels of Tannerella forsythia when compared to SI alone [24]. However,
another study with three sessions using methylene blue did not show a significant reduction
in the levels of Porphyromonas gingivalis or Prevotella intermedia [21].

Several factors can influence the effects of aPDT, including the photosensitizer agent
and its concentration, the light source, the irradiation parameters, and the pre-irradiation
time [47]. One key factor that appears to impact aPDT’s efficacy is the choice of photo-
sensitizer, along with its concentration and the duration of its contact with the tissue [48].
Among the primary photosensitizers used in aPDT, such as methylene blue, toluidine blue,
curcumin, and indocyanine green, these agents are capable of penetrating infected tissues
and releasing reactive oxygen species when exposed to light, generating singlet oxygen to
eliminate pathogens [44].

Most studies have evaluated the effects of phenothiazines as photosensitizers com-
bined with a 660 nm laser [21,23]. Its absorption is near an emission of 630 to 660 nm.
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In this review, methylene blue at a concentration of 10 mg/mL was used by Claudio
et al. [21], while Castro dos Santos et al. [23] used 0.005% methylene blue (ug/mL) as a
photosensitizing agent, while Brinar et al. [24] evaluated the effect of indocyanine green
at a concentration of 1 mg/mL combined with an 810 nm diode laser. The absorption
peak of indocyanine green is near the emission maximum of 800 nm. Another study by
Ivanaga et al. [20] used curcumin at a concentration of 100 mg/L. Curcumin is a naturally
occurring lipophilic compound derived from Curcuma rhizomes known for its antibacterial,
anti-inflammatory, and antioxidant properties with an absorption peak near the 420 nm
emission.

It is important to note that the included clinical studies in this review used different
types of photosensitizers (phenothiazines, curcumin, and green indocyanine) in combi-
nation with lasers or LEDs with varying wavelengths due to differences in absorption
coefficients. In addition to the type and concentration of the photosensitizers, the irradia-
tion parameters of each light source (LED or laser) also varied across the studies. The power
of the light sources ranged from 60 mW to 250 mW, with energy densities ranging from 7.69
to 157 J/cm?2. The number of sessions also varied among the studies. Among the studies
included in this review, one conducted three sessions of aPDT with a 48-h interval [21],
while the others performed a single application immediately after SI [20,23,24]. In the study
that used three applications with methylene blue and a diode laser (660 nm), a reduction in
BOP and PPD was observed in deep pockets 180 days post-treatment [21].

Several clinical studies have shown beneficial effects of using aPDT as an adjunct
therapy for treating residual pockets in systemically healthy patients [49-53], while others
have reported no added benefit [54,55]. Studies on systemically healthy patients examining
the combination of aPDT with SI observed improvements in clinical parameters, such as
gains in CAL [56] and reductions in PPD and BOP [57,58]. However, some studies found
no significant advantage in adding aPDT to SI for enhancing clinical outcomes [44,59,60].
Recent research has also evaluated the efficacy of adjunctive aPDT in treating periodontal
disease among systemically compromised patients, including those with DM2, with results
indicating beneficial effects, particularly in reducing PPD [20-23] and BOP [20-22,24].

The included studies present a low risk of bias and applied the treatment to a similar
sample (PPD > 5 mm), demonstrating high internal validity. On the other hand, two
studies used a split-mouth model, limiting the number of patients included in the sample,
which may reduce the external validity of the studies. Moreover, the differences among the
photosensitizer used, the number of aPDT applications, and the regime of administration
are factors that negatively impact the external validity of the studies.

Finally, it is important to mention that our study has certain limitations that should
be acknowledged. First, the limited number of studies comparing periodontal clinical
parameters across different analysis periods may affect the strength of our conclusions.
Additionally, the results of the meta-analysis are constrained, particularly concerning the
SI + aPDT combination, and should therefore be interpreted with caution. Nevertheless,
the evidence presented in this review suggests that using aPDT as an adjunct to SI may
offer modest improvements in periodontal parameters. This highlights the need for further
research to confirm these effects and to assess their broader clinical relevance.

5. Conclusions

In conclusion, combining aPDT with SI in the treatment of periodontal pockets with a
PPD > 5 mm in diabetic patients provides modest clinical benefits. Although no significant
benefits were observed when aPDT was combined with SI, further long-term, multicenter,
randomized clinical trials are needed to confirm its efficacy and better understand its
impact on systemic health.



Dent. |. 2025, 13, 21 12 of 15

Author Contributions: Conceptualization, R.S.d.M., V.G.G. and L.H.T.; Methodology, R.S.d.M.,
J.VSR, M.B.D.,, WM.T,, V.G.G. and L.H.T,; validation, R.S.d.M., ].V.S.R.,, M.B.D., WM.T., V.G.G. and
L.H.T,; formal analysis, R.5.d.M.,].VS.R., V.G.G., WM.T. and L.H.T,; investigation, R.S.d.M., . VSR.,
M.B.D., V.G.G. and L.H.T.; data curation, R.S.d.M,, JVS.R., WM.T,, V.G.G. and L.H.T.; writing—
original draft preparation, R.S.d.M. and J.V.S.R.; writing—review and editing, R.S.d.M., ].V.SR.,
M.B.D.,, WM.T,, V.G.G. and L.H.T,; visualization, ].V.S.R., M.B.D.,, WM.T., V.G.G., LH.T. and R.S.d.M.;
supervision, L.H.T. and R.S.d.M. All authors have read and agreed to the published version of the

manuscript.

Funding: This work has been carried out through funding by Coordenacao de Aperfeicoamento
de Pessoal de Nivel Superior—Brazil (CAPES). Rafael Scaf de Molon is currently supported by a
grant provided by the Sao Paulo Research Foundation, FAPESP (Fundagao de Amparo a Pesquisa do
Estado de Sao Paulo), grant #2023 /15750-7.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data generated in this research project can be accessed by contacting
the last author of this paper via email. They are stored electronically as Excel worksheets.

Acknowledgments: The authors would like to thank the Periodontics Department at the Aragatuba
School of Dentistry.

Conflicts of Interest: The authors declared no conflicts of interest.

References

1.

10.

11.

12.

Association, A.D. Classification and Diagnosis of Diabetes. Diabetes Care 2022, 45, 17-38.

Wu, C.Z,; Yuan, Y.H,; Liu, HH,; Li, S.; Zhang, BW.; Chen, W.; An, Z].; Chen, S.Y,;; Wu, Y.Z,; Han, B.; et al. Epidemiologic
relationship between periodontitis and type 2 diabetes mellitus. BMC Oral. Health 2020, 20, 204. [CrossRef] [PubMed]

Sun, H.; Saeedi, P,; Karuranga, S.; Pinkepank, M.; Ogurtsova, K.; Duncan, B.B.; Stein, C.; Basit, A.; Chan, ].C.N.; Mbanya, ].C.; et al.
IDF Diabetes Atlas: Global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes
Res. Clin. Pract. 2022, 183, 109-119. [CrossRef] [PubMed]

Genco, R.J.; Graziani, F.; Hasturk, H. Effects of periodontal disease on glycemic control, complications, and incidence of diabetes
mellitus. Periodontology 2000 2020, 83, 59-65. [CrossRef] [PubMed]

Pan, W.Y.,; Wang, Q.X.; Chen, Q.M. The cytokine network involved in the host immune response to periodontitis. Int. |. Oral. Sci.
2019, 11, 30. [CrossRef] [PubMed]

Elsadek, M.F; Ahmed, B.M.; Alkhawtani, D.M.; Zia Siddiqui, A. A comparative clinical, microbiological and glycemic analysis of
photodynamic therapy and Lactobacillus reuteri in the treatment of chronic periodontitis in type-2 diabetes mellitus patients.
Photodiagnosis Photodyn. Ther. 2020, 29, 1629. [CrossRef]

Papapanou, PN.; Sanz, M.; Buduneli, N.; Dietrich, T.; Feres, M.; Fine, D.H.; Flemmig, T.F; Garcia, R.; Giannobile, W.V.; Graziani,
F.; et al. Periodontitis: Consensus report of workgroup 2 of the 2017 World Workshop on the Classification of Periodontal and
Peri-Implant Diseases and Conditions. J. Clin. Periodontol. 2018, 45, 162-170. [CrossRef] [PubMed]

Trindade, D.; Carvalho, R.; Machado, V.; Chambrone, L.; Mendes, ].].; Botelho, J. Prevalence of periodontitis in dentate people
between 2011 and 2020: A systematic review and meta-analysis of epidemiological studies. J. Clin. Periodontol. 2023, 50, 604—626.
[CrossRef] [PubMed]

Bartold, PM.; Lopez-Oliva, I. Periodontitis and rheumatoid arthritis: An update 2012-2017. Periodontology 2000 2020, 83, 189-212.
[CrossRef]

Rosa, R.A.C.; Rodrigues, ].V.S.; Claudio, M.M.; Franciscon, ].P.S.; Mulinari-Santos, G.; Cirelli, T.; de Molon, R.S.; Gouveia Garcia,
V.; Theodoro, L.H. The Relationship between Hypertension and Periodontitis: A Cross-Sectional Study. . Clin. Med. 2023, 12,
5140. [CrossRef]

Rodrigues, J.V.S.; Claudio, M.M.; Franciscon, J.P.S.; Rosa, R.A.C.; Cirelli, T.; de Molon, R.S.; Figueredo, C.M.S.; Garcia, V.G.;
Theodoro, L.H. The Effect of Non-Surgical Periodontal Treatment on Patients with Combined Refractory Arterial Hypertension
and Stage III, Grade B Periodontitis: A Preliminary Prospective Clinical Study. J. Clin. Med. 2023, 12, 4277. [CrossRef] [PubMed]
Tamiya, H.; Mitani, A.; Abe, M.; Nagase, T. Putative Bidirectionality of Chronic Obstructive Pulmonary Disease and Periodontal
Disease: A Review of the Literature. . Clin. Med. 2023, 12, 5935. [CrossRef] [PubMed]


https://doi.org/10.1186/s12903-020-01180-w
https://www.ncbi.nlm.nih.gov/pubmed/32652980
https://doi.org/10.1016/j.diabres.2021.109119
https://www.ncbi.nlm.nih.gov/pubmed/34879977
https://doi.org/10.1111/prd.12271
https://www.ncbi.nlm.nih.gov/pubmed/32385875
https://doi.org/10.1038/s41368-019-0064-z
https://www.ncbi.nlm.nih.gov/pubmed/31685798
https://doi.org/10.1016/j.pdpdt.2019.101629
https://doi.org/10.1111/jcpe.12946
https://www.ncbi.nlm.nih.gov/pubmed/29926490
https://doi.org/10.1111/jcpe.13769
https://www.ncbi.nlm.nih.gov/pubmed/36631982
https://doi.org/10.1111/prd.12300
https://doi.org/10.3390/jcm12155140
https://doi.org/10.3390/jcm12134277
https://www.ncbi.nlm.nih.gov/pubmed/37445313
https://doi.org/10.3390/jcm12185935
https://www.ncbi.nlm.nih.gov/pubmed/37762876

Dent. |. 2025, 13, 21 13 of 15

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Marruganti, C.; Suvan, J.E.; D’Aiuto, F. Periodontitis and metabolic diseases (diabetes and obesity): Tackling multimorbidity.
Periodontology 2000 2023, 1-16. [CrossRef] [PubMed]

Belizario, L.C.G.; Figueredo, C.M.S.; Rodrigues, J.V.S.; Cirelli, T.; de Molon, R.S.; Garcia, V.G.; Theodoro, L.H. The Impact of
Type 2 Diabetes Mellitus on Non-Surgical Periodontal Treatment: A Non-Randomized Clinical Trial. J. Clin. Med. 2024, 13, 5978.
[CrossRef]

Graves, D.T,; Liu, R.; Alikhani, M.; Al-Mashat, H.; Trackman, P.C. Diabetes-enhanced inflammation and apoptosis—Impact on
periodontal pathology. J. Dent. Res. 2006, 85, 15-21. [CrossRef] [PubMed]

Rapone, B.; Ferrara, E.; Corsalini, M.; Qorri, E.; Converti, I.; Lorusso, E; Delvecchio, M.; Gnoni, A.; Scacco, S.; Scarano, A.
Inflammatory Status and Glycemic Control Level of Patients with Type 2 Diabetes and Periodontitis: A Randomized Clinical
Trial. Int. J. Environ. Res. Public Health 2021, 18, 3018. [CrossRef]

Chen, Y.F; Zhan, Q.; Wu, C.Z.; Yuan, Y.H.; Chen, W.; Yu, EY,; Li, Y.; Li, L.J. Baseline HbAlc Level Influences the Effect
of Periodontal Therapy on Glycemic Control in People with Type 2 Diabetes and Periodontitis: A Systematic Review on
Randomized Controlled Trails. Diabetes Ther. 2021, 12, 1249-1278. [CrossRef]

Sanz, M.; Herrera, D.; Kebschull, M.; Chapple, L; Jepsen, S.; Beglundh, T.; Sculean, A.; Tonetti, M.S. EFP Workshop Participants
and Methodological Consultants. Treatment of stage I-III periodontitis-The EFP S3 level clinical practice guideline. J. Clin.
Periodontol. 2020, 48, 163.

de Molon, R.S.; Rodrigues, J.V.S.; Deroide, M.B.; da Silva Barbirato, D.; Garcia, V.G.; Theodoro, L.H. The Efficacy of Topical
or Systemic Antibiotics as Adjuvants to Non-Surgical Periodontal Treatment in Diabetic Patients: A Systematic Review and
Meta-Analysis of Randomized Clinical Trials. J. Clin. Med. 2024, 13, 4763. [CrossRef]

Ivanaga, C.A.; Miessi, D.M.].; Nuernberg, M.A.A; Claudio, M.M.; Garcia, V.G.; Theodoro, L.H. Antimicrobial photodynamic
therapy (aPDT) with curcumin and LED, as an enhancement to scaling and root planing in the treatment of residual pockets
in diabetic patients: A randomized and controlled split-mouth clinical trial. Photodiagnosis Photodyn. Ther. 2019, 27, 388-395.
[CrossRef]

Claudio, M.M.; Nuernberg, M.A.A; Rodrigues, J.V.S.; Belizario, L.C.G.; Batista, J.A.; Duque, C.; Garcia, V.G.; Theodoro, L.H.
Effects of multiple sessions of antimicrobial photodynamic therapy (aPDT) in the treatment of periodontitis in patients with
uncompensated type 2 diabetes: A randomized controlled clinical study. Photodiagnosis Photodyn. Ther. 2021, 35, 2451. [CrossRef]
Claudio, M.M.; Garcia, V.G.; Freitas, R.M.; Rodrigues, ].V.S.; Wainwright, M.; Casarin, R.C.V.; Duque, C.; Theodoro, L.H.
Association of active oxygen-releasing gel and photodynamic therapy in the treatment of residual periodontal pockets in type 2
diabetic patients: A randomized controlled clinical study. J. Periodontol. 2024, 95, 360-371. [CrossRef]

Castro Dos Santos, N.C.; Andere, N.M.; Araujo, C.F.; de Marco, A.C.; Dos Santos, L.M.; Jardini, M.A.; Santamaria, M.P. Local
adjunct effect of antimicrobial photodynamic therapy for the treatment of chronic periodontitis in type 2 diabetics: Split-mouth
double-blind randomized controlled clinical trial. Lasers Med. Sci. 2016, 31, 1633-1640. [CrossRef]

Brinar, S.; Skvar¢a, A.; Gaspirc, B.; Schara, R. The effect of antimicrobial photodynamic therapy on periodontal disease and
glycemic control in patients with type 2 diabetes mellitus. Clin. Oral. Investig. 2023, 27, 6235-6244. [CrossRef] [PubMed]
Mielczarek-Badora, E.; Szulc, M. Photodynamic therapy and its role in periodontitis treatment. Postepy Hig. Med. Dosw. 2013, 67,
1058-1065. [CrossRef]

Moslemi, N.; Heidari, M.; Bouraima, S.A. Antimicrobial photodynamic therapy as an adjunctive modality in the treatment of
chronic periodontitis. J. Lasers Med. Sci. 2012, 3, 141-146.

Higgins, J.P.T.; Green, S. Cochrane Handbook for Systematic Reviews of Interventions. 2021. Available online: https://training.
cochrane.org/handbook/current (accessed on 6 November 2024).

Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. Int. |. Surg. 2010, 8, 336-341. [CrossRef]

Higgins, J.P.T.; Tomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.].; Welch, V.A. (Eds.) Cochrane Handbook for Systematic
Reviews of Interventions Version 6.4; Cochrane: London, UK, 2023; Available online: https:/ /www.training.cochrane.org/handbook
(accessed on 10 August 2024).

Higgins, J.P.; Thompson, S.G.; Deeks, J.].; Altman, D.G. Measuring inconsistency in meta-analyses. BM] 2003, 327, 557-560.
[CrossRef]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef] [PubMed]

Gomez-Sandoval, ].R.; Robles-Cervantes, J.A.; Herndndez-Gonzalez, S.0.; Espinel-Bermudez, M.C.; Mariaud-Schmidt, R,;
Martinez-Rodriguez, V.; Morgado-Castillo, K.C.; Mercado-Sesma, A.R. Efficacy of clindamycin compared with amoxicillin
metronidazole after a 7-day regimen in the treatment of periodontitis in patients with diabetes: A randomized clinical trial. BM]
Open Diab Res. Care 2020, 8, €000665. [CrossRef] [PubMed]


https://doi.org/10.1111/prd.12536
https://www.ncbi.nlm.nih.gov/pubmed/37845800
https://doi.org/10.3390/jcm13195978
https://doi.org/10.1177/154405910608500103
https://www.ncbi.nlm.nih.gov/pubmed/16373675
https://doi.org/10.3390/ijerph18063018
https://doi.org/10.1007/s13300-021-01000-6
https://doi.org/10.3390/jcm13164763
https://doi.org/10.1016/j.pdpdt.2019.07.005
https://doi.org/10.1016/j.pdpdt.2021.102451
https://doi.org/10.1002/JPER.23-0125
https://doi.org/10.1007/s10103-016-2030-8
https://doi.org/10.1007/s00784-023-05239-0
https://www.ncbi.nlm.nih.gov/pubmed/37672083
https://doi.org/10.5604/17322693.1075915
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
https://doi.org/10.1016/j.ijsu.2010.02.007
https://www.training.cochrane.org/handbook
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1136/bmjdrc-2019-000665
https://www.ncbi.nlm.nih.gov/pubmed/31958293

Dent. |. 2025, 13, 21 14 of 15

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Berbudi, A.; Rahmadika, N.; Tjahjadi, A.I; Ruslami, R. Type 2 Diabetes and its Impact on the Immune System. Curr. Diabetes Rev.
2020, 16, 442-449. [PubMed]

Mirza, S.; Khan, A.A.; Al-Kheraif, A.A.; Khan, S.Z.; Shafqat, S.S. Efficacy of adjunctive photodynamic therapy on the clinical
periodontal, HbAlc and advanced glycation end product levels among mild to moderate chronic periodontal disease patients
with type 2 diabetes mellitus: A randomized controlled clinical trial. Photodiagnosis Photodyn. Ther. 2019, 28, 177-182. [CrossRef]
[PubMed]

Engebretson, S.; Kocher, T. Evidence that periodontal treatment improves diabetes outcomes: A systematic review and meta-
analysis. J. Clin. Periodontol. 2013, 40, 5153-5163. [CrossRef] [PubMed]

Kocher, T.; Konig, J.; Borgnakke, W.S.; Pink, C.; Meisel, P. Periodontal complications of hyperglycemia/diabetes mellitus:
Epidemiologic complexity and clinical challenge. Periodontology 2000 2018, 78, 59-97. [CrossRef] [PubMed]

Al-Zahrani, M.S.; Bamshmous, S.0.; Alhassani, A.A.; Al-Sherbini, M.M. Short-Term Effects of Photodynamic Therapy on
Periodontal Status and Glycemic Control of Patients With Diabetes. J. Periodontol. 2009, 80, 1568-1573. [CrossRef]

Ramos, U.D.; Ayub, L.G.; Reino, D.M.; Grisi, M.E,; Taba, M., Jr.; Souza, S.L.; Palioto, D.B.; Novaes, A.B., Jr. Antimicrobial
photodynamic therapy as an alternative to systemic antibiotics: Results from a double-blind, randomized, placebo-controlled,
clinical study on type 2 diabetics. J. Clin. Periodontol. 2016, 43, 147-155. [CrossRef] [PubMed]

Suvan, J.; Leira, Y.; Moreno Sancho, EM.; Graziani, F.; Derks, ]J.; Tomasi, C. Subgingival instrumentation for treatment of
periodontitis. A systematic review. J. Clin. Periodontol. 2020, 47, 155-175. [CrossRef] [PubMed]

Cobb, C.M.; Sottosanti, ].S. A re-evaluation of scaling and root planing. J. Periodontol. 2021, 92, 1370-1378. [CrossRef] [PubMed]
Salvi, G.E.; Stahli, A.; Schmidt, ].C.; Ramseier, C.A.; Sculean, A.; Walter, C. Adjunctive laser or antimicrobial photodynamic therapy
to non-surgical mechanical instrumentation in patients with untreated periodontitis: A systematic review and meta-analysis. J.
Clin. Periodontol. 2020, 47, 176-198. [CrossRef]

Matsumoto, S.; Ogawa, H.; Soda, S.; Hirayama, S.; Amarasena, N.; Aizawa, Y.; Miyazaki, H. Effect of antimicrobial periodontal
treatment and maintenance on serum adiponectin in type 2 diabetes mellitus. ]. Clin. Periodontol. 2009, 36, 142-148. [CrossRef]
[PubMed]

Mendonga, A.C.; Santos, V.R.; Ribeiro, EV,; Lima, J].A.; Miranda, T.S.; Feres, M.; Duarte, PM. Surgical and non-surgical therapy
with systemic antimicrobials for residual pockets in type 2 diabetics with chronic periodontitis: A pilot study. J. Clin. Periodontol.
2012, 39, 368-376. [CrossRef] [PubMed]

Wainwright, M.; Maisch, T.; Nonell, S.; Plaetzer, K.; Almeida, A.; Tegos, G.P.; Hamblin, M.R. Photoantimicrobials-are we afraid of
the light? Lancet Infect. Dis. 2017, 17, e49—e55. [CrossRef] [PubMed]

Franco, T.PM.; Dos Santos, A.P.P; Canabarro, A. The effects of repeated applications of antimicrobial photodynamic therapy in
the treatment of residual periodontal pockets: A systematic review. Lasers Med. Sci. 2019, 34, 855-863. [CrossRef] [PubMed]
Theodoro, L.H.; Silva, S.P; Pires, ].R.; Soares, G.H.; Pontes, A.E.; Zuza, E.P,; Spoliddrio, D.M.; de Toledo, B.E.; Garcia, V.G. Clinical
and microbiological effects of photodynamic therapy associated with nonsurgical periodontal treatment. A 6-month follow-up.
Lasers Med. Sci. 2012, 27, 687-693. [CrossRef]

Jervee-Storm, PM.; Bunke, J.; Worthington, H.V.; Needleman, I.; Cosgarea, R.; MacDonald, L.; Walsh, T.; Lewis, S.R; Jepsen, S.
Adjunctive antimicrobial photodynamic therapy for treating periodontal and peri-implant diseases. Cochrane Database Syst. Rev.
2024, 7, CD011778. [CrossRef] [PubMed]

Sorkhdini, P.; Moslemi, N.; Jamshidi, S.; Jamali, R.; Amirzargar, A.A.; Fekrazad, R. Effect of hydrosoluble chlorine-mediated
antimicrobial photodynamic therapy on clinical parameters and cytokine profile in ligature-induced periodontitis in dogs. J.
Periodontol. 2013, 84, 793-800. [CrossRef]

Lulic, M.; Leiggener Gorog, I.; Salvi, G.E.; Ramseier, C.A.; Mattheos, N.; Lang, N.P. One-year outcomes of repeated adjunctive
photodynamic therapy during periodontal maintenance: A proof-of-principle randomized-controlled clinical trial. J. Clin.
Periodontol. 2009, 36, 661-666. [CrossRef]

Campos, G.N.; Pimentel, S.P,; Ribeiro, F.V.; Casarin, R.C.; Cirano, FR.; Saraceni, C.H.; Casati, M.Z. The adjunctive effect of
photodynamic therapy for residual pockets in single-rooted teeth: A randomized controlled clinical trial. Lasers Med. Sci. 2013, 28,
317-324. [CrossRef] [PubMed]

Kolbe, ML.E,; Ribeiro, E.V.; Luchesi, V.H.; Casarin, R.C.; Sallum, E.A.; Nociti, EH., Jr.; Ambrosano, G.M.; Cirano, ER.; Pimentel,
S.P,; Casati, M.Z. Photodynamic therapy during supportive periodontal care: Clinical, microbiologic, immunoinflammatory, and
patient-centered performance in a split-mouth randomized clinical trial. ]. Periodontol. 2014, 85, e277-e286. [CrossRef] [PubMed]
Miiller Campanile, V.S.; Giannopoulou, C.; Campanile, G.; Cancela, J.A.; Mombelli, A. Single or repeated antimicrobial photody-
namic therapy as adjunct to ultrasonic debridement in residual periodontal pockets: Clinical, microbiological, and local biological
effects. Lasers Med. Sci. 2015, 30, 27-34. [CrossRef]

Goh, EX,; Tan, K.S.; Chan, Y.H.; Lim, L.P. Effects of root debridement and adjunctive photodynamic therapy in residual pockets
of patients on supportive periodontal therapy: A randomized split-mouth trial. Photodiagnosis Photodyn. Ther. 2017, 18, 342-348.
[CrossRef] [PubMed]


https://www.ncbi.nlm.nih.gov/pubmed/31657690
https://doi.org/10.1016/j.pdpdt.2019.08.003
https://www.ncbi.nlm.nih.gov/pubmed/31394300
https://doi.org/10.1111/jcpe.12084
https://www.ncbi.nlm.nih.gov/pubmed/23627325
https://doi.org/10.1111/prd.12235
https://www.ncbi.nlm.nih.gov/pubmed/30198134
https://doi.org/10.1902/jop.2009.090206
https://doi.org/10.1111/jcpe.12498
https://www.ncbi.nlm.nih.gov/pubmed/26710892
https://doi.org/10.1111/jcpe.13245
https://www.ncbi.nlm.nih.gov/pubmed/31889320
https://doi.org/10.1002/JPER.20-0839
https://www.ncbi.nlm.nih.gov/pubmed/33660307
https://doi.org/10.1111/jcpe.13236
https://doi.org/10.1111/j.1600-051X.2008.01359.x
https://www.ncbi.nlm.nih.gov/pubmed/19207890
https://doi.org/10.1111/j.1600-051X.2012.01860.x
https://www.ncbi.nlm.nih.gov/pubmed/22329861
https://doi.org/10.1016/S1473-3099(16)30268-7
https://www.ncbi.nlm.nih.gov/pubmed/27884621
https://doi.org/10.1007/s10103-018-02703-2
https://www.ncbi.nlm.nih.gov/pubmed/30539404
https://doi.org/10.1007/s10103-011-0942-x
https://doi.org/10.1002/14651858.CD011778
https://www.ncbi.nlm.nih.gov/pubmed/38994711
https://doi.org/10.1902/jop.2012.120330
https://doi.org/10.1111/j.1600-051X.2009.01432.x
https://doi.org/10.1007/s10103-012-1159-3
https://www.ncbi.nlm.nih.gov/pubmed/22814896
https://doi.org/10.1902/jop.2014.130559
https://www.ncbi.nlm.nih.gov/pubmed/24555751
https://doi.org/10.1007/s10103-013-1337-y
https://doi.org/10.1016/j.pdpdt.2017.03.017
https://www.ncbi.nlm.nih.gov/pubmed/28366818

Dent. |. 2025, 13, 21 15 of 15

54.

55.

56.

57.

58.

59.

60.

Riihling, A.; Fanghénel, J.; Houshmand, M.; Kuhr, A.; Meisel, P.; Schwahn, C.; Kocher, T. Photodynamic therapy of persistent
pockets in maintenance patients-a clinical study. Clin. Oral. Investig. 2010, 14, 637-644. [CrossRef]

Carvalho, V.E; Andrade, P.V,; Rodrigues, M.F,; Hirata, M.H.; Hirata, R.D.; Pannuti, C.M.; De Micheli, G.; Conde, M.C. Antimi-
crobial photodynamic effect to treat residual pockets in periodontal patients: A randomized controlled clinical trial. J. Clin.
Periodontol. 2015, 42, 440-447. [CrossRef] [PubMed]

Birang, R.; Shahaboui, M.; Kiani, S.; Shadmebhr, E.; Naghsh, N. Effect of Nonsurgical Periodontal Treatment Combined With
Diode Laser or Photodynamic Therapy on Chronic Periodontitis: A Randomized Controlled Split-Mouth Clinical Trial. J. Lasers
Med. Sci. 2015, 6, 112-119. [CrossRef]

Betsy, J.; Prasanth, C.S.; Baiju, K.V,; Prasanthila, J.; Subhash, N. Efficacy of antimicrobial photodynamic therapy in the management
of chronic periodontitis: A randomized controlled clinical trial. J. Clin. Periodontol. 2014, 41, 573-581. [CrossRef]

Alwaeli, H.A.; Al-Khateeb, S.N.; Al-Sadi, A. Long-term clinical effect of adjunctive antimicrobial photodynamic therapy in
periodontal treatment: A randomized clinical trial. Lasers Med. Sci. 2015, 30, 801-807. [CrossRef]

Pourabbas, R.; Kashefimehr, A.; Rahmanpour, N.; Babaloo, Z.; Kishen, A.; Tenenbaum, H.C.; Azarpazhooh, A. Effects of
photodynamic therapy on clinical and gingival crevicular fluid inflammatory biomarkers in chronic periodontitis: A split-mouth
randomized clinical trial. J. Periodontol. 2014, 85, 1222-1229. [CrossRef]

Petelin, M.; Perki¢, K.; Seme, K.; Gaspirc, B. Effect of repeated adjunctive antimicrobial photodynamic therapy on subgingival
periodontal pathogens in the treatment of chronic periodontitis. Lasers Med. Sci. 2015, 30, 1647-1656. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00784-009-0347-4
https://doi.org/10.1111/jcpe.12393
https://www.ncbi.nlm.nih.gov/pubmed/25808980
https://doi.org/10.15171/jlms.2015.04
https://doi.org/10.1111/jcpe.12249
https://doi.org/10.1007/s10103-013-1426-y
https://doi.org/10.1902/jop.2014.130464
https://doi.org/10.1007/s10103-014-1632-2

	Introduction 
	Materials and Methods 
	Protocol Registration and PICO Strategy 
	Eligibility Criteria 
	Search Strategy 
	Selection Process 
	Risk of Bias Assessment 
	Data Analysis 

	Results 
	Study Selection 
	General Characteristics of the Included Studies 
	Clinical Treatment Characteristics 
	Glycemic Control and aPDT Efficacy 
	Bias Assessment 
	Data Analysis for Meta-Analysis 
	Primary Meta-Analysis Outcomes 

	Discussion 
	Conclusions 
	References

