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Abstract: Objective: This network meta-analysis [NMA] investigated the efficacy of adjunctive
use of subgingivally delivered antimicrobials to non-surgical periodontal therapy [NSPT] in the
glycemic control and periodontal pocket depth (PPD) reduction in patients with type 2 diabetes
(T2D).

Methods: Seven databases, grey literature, and registry platforms were searched up to February
2024 to identify randomized clinical trials (RCT) fulfilling the eligibility criteria. The risk of bias
was assessed through Cochrane’s tool (RoB 2). Two frequentist NMA were performed using a
random-effects model to calculate mean differences (MD) as an effect measure and to
quantitatively evaluate the glycated hemoglobin (HbAlc) and PPD. The certainty of evidence
was assessed through the GRADE approach in a partially contextualized framework for
interpreting results. Ten RCTs were included.
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Results: In total, 261 patients were treated with eight different local antimicrobials adjuvants to
NSPT (azithromycin gel, clarithromycin gel, tetracycline fiber or ointment, chlorhexidine gel,
doxycycline nanospheres, minocycline gel, and satranidazole gel), while 249 patients received
NSPT alone or associated to placebo. Considering PPD reduction (8 included studies), the best
results were found after six months for satranidazole gel (MD -2.64 mm; 95%CI -3.56, -1.72;
moderate evidence certainty). For HbAlc control (7 included studies), doxycycline gel (MD -
0.80%; 95%CI -1.70, 0.10), chlorhexidine gel (MD -0.68%; 95%CI -1.34, -0.02), and
tetracycline fiber (MD -0.62%; 95%CI -0.85, -0.39) showed promising results after three months
(low evidence certainty).

Conclusion: The adjunctive use of satranidazole gel probably reduces PPD after a 6-month
follow-up, while doxycycline gel, chlorhexidine gel, and tetracycline fiber may decrease HbAlc
values in patients with T2D and periodontitis treated with NSPT after a 3-month follow up.

Keywords: Antimicrobials, type 2 diabetes mellitus, periodontitis, non-surgical periodontal therapy, systematic review, net-
work meta-analysis.

1. INTRODUCTION studies have investigated the effect of conventional perio-
dontal treatment on diabetes control, showing a reduction in

Several studies have described the bidirectional relation- glycated hemoglobin (HbAlc) levels in patients with T2D

Current Diabetes Reviews

ship between periodontitis and T2D [1-3]. While diabetes
increases the risk for periodontitis by 2-3 times and is asso-
ciated with increased disease severity [4-6], periodontitis
may be related to poorer glycemic control and a higher risk
for diabetic complications [1, 4, 5]. Therefore, previous
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and periodontitis [3, 6, 7].

The cornerstone of periodontitis treatment consists of
mechanical debridement of the root surface, reducing clini-
cal inflammation and periodontal pocket depth (PPD) [8-10].
This procedure, also known as non-surgical periodontal ther-
apy (NSPT), includes mechanical removal of supra and sub-
gingival bacterial plaque through scaling and root planing
using scalers, curettes, or ultrasonic devices [7]. However,
NSPT presents some limitations, such as difficulty accessing
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deep pockets and furcation areas [8, 9]. Therefore, in cases
where NSPT alone cannot control periodontal disease, anti-
microbial agents have been indicated to improve its results,
especially in patients with systemic diseases that affect host
resistance, as an alternative to surgical procedures [8, 11].

Antimicrobials include antibiotics and antiseptics that
eliminate or inactivate pathogens in sites where NSPT is not
entirely effective [11, 12]. These substances can be used local-
ly or systemically as an adjunct to mechanical instrumentation
[8, 11]. However, although systemic antibiotics may improve
periodontal health, they should be indicated only for particular
situations due to their systemic and microbiological side ef-
fects (including intestinal effects and toxicity) and the risk of
resistant organisms rising [8, 9, 11]. On the other hand, local
antimicrobials present fewer adverse effects, better compli-
ance, and a lower chance of bacterial resistance [8], usually
indicated in localized pockets or nonresponding and recurrent
sites [8,9]. Besides, the local (subgingivally delivered) route
can achieve antimicrobial concentration levels that the system-
ic route cannot reach and allow antiseptic substances that
would be toxic if systemically administered [11].

Literature has shown the benefits of subgingivally deliv-
ered antimicrobials used as adjuncts to NSPT in periodontitis
treatment of normoglycemic patients [9, 12, 13] and patients
with T2D [14]. The adjunctive use of these substances may
improve periodontal parameters in systemically healthy pa-
tients, reducing pathogenic bacterial load in biofilm and pro-
inflammatory mediators release, which in diabetes could
help control HbAlc levels [15, 16]. Furthermore, it is note-
worthy that HbAlc control in patients with T2D requires a
previous periodontal control [17], and these patients have
been considered poor candidates for surgical procedures due
to their impaired healing [18, 19]. So, adjunctive therapies
can be beneficial to this population [20].

A previous systematic review evaluated the efficacy of
local antibiotics in patients with either type 1 or type 2 dia-
betes and showed periodontal improvement, with PPD re-
duction and clinical attachment level (CAL) gain, when the-
se substances were associated with NSPT, especially in deep
sites [14]. However, studies with antiseptic agents, such as
chlorhexidine, were not included. In addition, the effects of
local antibiotics on glycemic status and the certainty of evi-
dence were not assessed. So, these results must be revisited.

Thus, this systematic review with network meta-analysis
aimed to evaluate the effectiveness of subgingivally deliv-
ered local antimicrobials (including antibiotics and antisep-
tics) associated with NSPT in the glycemic control and peri-
odontal parameters in patients with T2D and periodontitis.

2. MATERIAL AND METHODS

2.1. Protocol and Registration

The study protocol of this network meta-analysis was
registered in The International Prospective Register of Sys-
tematic Reviews — PROSPERO (registration number
CRD42022308714), available at http://www.crd.york.ac.uk/
prospero/, and the review adhered to the PRISMA Extension
Statement for Reporting of Systematic Reviews Incorporat-
ing Network Meta-analyses of Health Care Interventions
[21].
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2.2. Focused Question

The following focused question was developed according
to the PICO acronym (Population, Intervention, Comparison,
and Outcomes): “In patients with type 2 diabetes and perio-
dontitis (P), does the adjunctive use of subgingivally deliv-
ered local antimicrobials to non-surgical periodontal therapy
(I) improve the glycemic control and clinical periodontal
parameters (O) when compared to conventional non-surgical
periodontal therapy alone or associated to placebo (C)?

2.3. Information Sources and Search Strategy

An electronic search was conducted on February 04,
2022, and updated on February 25, 2024, in PubMed
(MEDLINE), Cochrane (CENTRAL), Embase, LIVIVO,
Scopus, Web of Science, and LILACS databases. Grey liter-
ature (non-peer-reviewed literature) was also searched
through ProQuest (Dissertation and Theses), OpenGrey, and
Google Scholar. The Clinical Trials Registry (available at
https://clinicaltrials.gov/) and the International Clinical Trial
Registry  Platform  (ICTRP  WHO, available at
https://trialsearch.who.int/) were also analyzed, besides the
manual searches of the reference lists from selected studies.
All searches were done without language or date restrictions,
and the main descriptors were defined as antimicrobials,
T2D, and non-surgical periodontal therapy.

On the PubMed database, the Medical Subject Headings
[MeSH] Terms searched were: ("Antimicrobial") AND ("Di-
abetes Mellitus" OR "Glycated Hemoglobin A") AND
("Chronic Periodontitis" OR "Periodontitis" OR "periodontal
debridement"), including words variations and synonyms.
Supplementary file S1 presents the complete search strategy
for each database searched.

2.4. Eligibility Criteria

The PICO acronym was used to define the inclusion and
exclusion criteria. Inclusion criteria consisted of randomized
controlled clinical trials (RCT) evaluating (P) adult patients
with T2D with untreated periodontitis who underwent (I)
NSPT associated with subgingivally delivered local antimi-
crobials [including antibiotics and antiseptics] compared to
(C) control groups (NSPT alone or combined to placebo).
Glycemic control and clinical periodontal parameters, evalu-
ated respectively through HbAlc and PPD level changes
from baseline and at least 2-month follow-up, were consid-
ered the primary outcomes (O). The Periodontitis case defi-
nition was determined according to the new Periodontal Dis-
eases Classification [22], and the diabetes case definition
according to the International Expert Committee [23]:
HbAlc >6.5%.

We excluded studies with non-RCT design, studies with
no full text available, studies involving patients with type I
diabetes, studies evaluating T2D children and adolescents,
studies in which subgingivally delivered local antibiot-
ics/antimicrobials were combined with other active therapy
[systemic antibiotics, anti-inflammatory drugs, etc.), studies
not evaluating HbAlc or PPD as outcomes, studies using
local antimicrobials/antibiotics with no low liberation vehi-
cles use (e.g., with fluids or aqueous solutions as vehicles),
and studies using non-absorbable delivery devices (e.g.,
plastic tubules).
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2.5. Study Selection

We imported all electronic search results to the reference
manager Mendeley Desktop software (v.1.19.8, Elsevier, Am-
sterdam, The Netherlands), and excluded the duplicated rec-
ords. Study selection was performed in the Rayyan QCRI
online application [24] in two phases. In phase 1, two review-
ers (DMSLO and ALMS) independently evaluated titles and
abstracts following the previously established eligibility crite-
ria, and a third reviewer (CMS) evaluated disagreements.
Phase 2 was also carried out independently by the same two
reviewers evaluating the study's full texts to confirm eligibil-
ity. Once more, the same third evaluator solved divergences.

2.6. Data Extraction

Two reviewers (DMSLO and ALMS) extracted data in-
dependently with posterior comparison and contacted the
authors of the included studies to provide missing data if
necessary. The following variables were extracted to sum-
marize descriptive characteristics of included articles: 1)
authors, publication year, and country; 2) age in years or
mean age of participants; 3) definitions of diabetes and peri-
odontitis reported by the authors; 4) sample size; 5) infor-
mation about antimicrobial substance tested; 6) results re-
garding HbAlc and/or PPD before and after treatment for
test and control groups; 7) follow up; 8) main conclusions
reported in the included study; and 9) information about con-
flict of interest and funding sources.

If the results of any included study were presented only
graphically (no quantitative data on the mean and standard
deviations for HbAlc levels), the data for HbAlc for each
group were extracted from the published plot using
WebPlotDigitizer online application (v4.5, Ankit Rohatgi,
Pacifica, CA, USA), and the standard deviations were calcu-
lated using an online app (https://www.calculator.net/ stand-
ard-deviation-calculator.html, assessed on April 21, 2022).

2.7. Risk of Bias in Individual Studies

The quality assessment of the included studies was per-
formed by the same two reviewers (DMSLO and ALMS)
according to Cochrane’s risk of bias tool for RCT (RoB 2)
[25], considering the “per protocol” analysis for each out-
come (HbAlc and PPD). PPD was the chosen periodontal
outcome because it was a standard clinical periodontal pa-
rameter found in all included studies. Besides, it is consid-
ered a core outcome in clinical studies in periodontics [26].
Each included study was assessed individually for five pre-
defined domains (risk of bias arising from the randomization
process, risk of bias due to deviations from intended inter-
ventions, missing outcome data, risk of bias in measurement
of the outcome, and selection of the reported results). Based
on the answers, the domain was classified by the tool as
“low risk”, “some concerns”, or “high risk” of bias. The
worst classification among the domains was responsible for
the overall risk of bias in the study. Once again, a third eval-
uator (CMS) checked for disagreements.

2.8. Data Synthesis and Statistical Analysis

For every included study, we calculated mean scores
(and standard deviations) regarding HbAlc and PPD level
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change from baseline to 12 and 24 weeks (3 and 6 months)
after treatment. After that, using the Metalnsight online
software V3.1.14 [27] for continuous variables [available on
https://crsu.shinyapps.io/Metalnsight], we performed a fre-
quentist network meta-analysis [NMA] to compare different
local antimicrobials used as an adjuvant treatment to NSPT.
We calculated mean differences [MD] with a 95% confi-
dence interval using the random effects method model and
inverse variance statistics. Diagrams were used to analyze
the geometry of the network.

2.9. Certainty of Evidence Assessment

Two reviewers [DMSLO and CMS] evaluated the certain-
ty of evidence according to the GRADE approach with a Par-
tially Contextualized Framework for Network Meta-analysis
to interpret results [28, 29], a similar methodology used in
other studies with NMA [30, 31]. To evaluate the quality of
direct comparisons, we assessed the risk of bias, inconsisten-
cy, indirectness, and publication bias. For indirect compari-
sons, first-order loop comparison with the lowest certainty
was considered, and intransitivity was assessed. Incoherence
could not be evaluated due to the poorly connected network,
but imprecision was judged for the NMA effect estimate.
Supplementary Tables S1-S4 present detailed information on
judgment criteria mention in Supplementary file S5.

The partially contextualized framework considers the
magnitude of the effect and the certainty of the evidence for
interpreting the NMA results [32]. The magnitude of the effect
followed the Minimal Important Difference (MID). The MID
was the MD between groups, interpreted as the smallest bene-
ficial difference that would mandate a therapy without trou-
blesome adverse effects and excessive costs [33]. For HbAlc,
a reduction of 0.5% was considered the MID; for PPD, the
MID was a periodontal pocket reduction of > 1 mm, or the
change necessary to distinguish a periodontally diseased site
from a healthy one [i.e., from 4mm to 3mm]. Both MID val-
ues were decided by discussion within the review team.

3. RESULTS
3.1. Study Selection

The initial literature search returned 1,819 records, and
then 586 duplicates were excluded, with the remaining 1,233
studies for phase 1 of the study screening process. Titles and
abstracts from the 1,233 records were analyzed according to
the eligibility criteria, and 1,206 were removed, resulting in
27 articles for phase 2. All twenty-seven full texts were
evaluated, and seventeen were deleted, resulting in 10 in-
cluded studies.

The search update returned 298 new records, and 295
were excluded after title and abstract reading. The full texts
of three studies were evaluated, and none was included, with
the remaining 10 studies included in the first search (Fig. 1).
Supplementary file S2 presents a list of excluded articles and
reasons for exclusion.

3.2. Included Studies

The characteristics of the included studies are shown in
Table 1. The studies were published between 2009 and 2019
in India [34-37], Iran [38], Brazil [39, 40], Taiwan [41], and
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Records identified through database searching
(n=2318)

Records after duplicates removed

(n=1531)
Abstracts screened Abstracts excluded
(n=1531) (n=1501)

l

Full-text articles assessed
for eligibility +
(n=30)

l

Studies included in
qualitative synthesis
(n=10)

Full-text articles excluded,
with reasons
(n=20)

- Study protocol (n=9)
- Studies written in non-
Latin alphabets (n=1)
- Wrong drug (n=9)

- Duplicate study (n=1)

T T

Studies included in
quantitative synthesis
[meta-analysis)
HbAlc
(n=7)

Studies included in
quantitative synthesis
(meta-analysis)
PPD
{n=8)

Fig. (1). Flow diagram of the selection process according to the PRISMA statement for NMA.

Table 1. Summary of descriptive characteristics of included articles (n=10).
Author, Age in Case Definitions Groups Treatments Outcomes Follow Outcomes Main Conclu- Conlflict of
Year Years (n) TG Comparison Up (in Comparison sions Report- Interest and
Country Mean G between Months) between ed in the In- Funding
+SD or Groups Groups cluded Study Sources
Range) (Baseline) (Final /
Mean = SD P value)
Mean + SD
Agarwal Age Periodontitis: TG TG: NSPT + PPD (mm) 3 PPD (mm) Local delivery No conflict of
etal., 2012 range PPD >5 mm (n=31) 0.5% azithro- TG months | TG 5.88+0.94 of 0.5% interest.
India 30-50 and/or CAL>4 mm . IleCin gel 7.38+0.71 (P<0.05) azit{hromyc}in
years and vertical bone cG 1njef:ted into CG CG 6.03+0.90 gel into perio- Sources of
loss>3mm on in- _ periodontal 7.27+0.73 dontal pockets support: Micro
o (n=32) pockets after (P<0.05) of CP patients
traoral periapical . B Labs (pharma-
. NSPT (maxi- CBG: NS with T2D .
radiographs . ceutical com-
mum PPD, 1 stimulated a
. i . pany), Banga-
Disbetes. site per patient) PPD (mm) . significant Jore, India, and
: 6 TG 4.984+0.50 | Improvement Purac Bio-
o .
HbA1¢26.5% and CG: NSPT + months | (P<0.05)  inclinical materials (PU-
FPG>126 mg/dl placebo CG 5.1040.75 improvement RASORB),
’ ) compared to .
(P<0.05) laceb | Gorinchem, the
) place _0 gelas Netherlands.
CBG: an adjunct to
(P<0.05) NSPT.
PPD (mm)
9 TG 3.96+0.57
months (P<0.05)
CG4.51+1.25
(P<0.05)
CBG:
(P<0.05)

(Table 1) Contd...
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Author, Age in Case Definitions Groups Treatments Outcomes Follow COutcon'les Main Conclu- Conflict of
. . omparison . g
Year Years (n) TG Comparison Up (in between sions Report Interest and
Country Mean G between Months) Groups ed in the In- Funding
+SD or Groups (Final / cluded Study Sources
Range) (Baseline) P value)
Mean + SD Mean + SD
Bajaj Age Periodontitis: TG TG: NSPT + PPD (mm) 3 PPD (mm) Local delivery Conflict of
etal., 2012 range PPD >5 mm (n=32) 0.5% clar- TG months | TG 4.93+0.39 of interest: not
India 30-50 and/or CAL>4 mm 1th1tomy01¥1 gel 7.29+0.58 NS 0.5% clar- informed.
years and vertical bone cG 1njef:tzd ntlt;) CG CG 5.88+0.84 1_thr0mygn gel
loss>3 mm on in- B periodonta 7.23+0.69 into periodon- Sources of
L (n=31) pockets after NS tal pockets of R
traoral periapical NSPT ( . pocke support: Micro
radiographs maxi- CBG: T2D patients Labs (pharma-
mum PPD, 1 (P<0.05) led to a signifi- ceutical com-
site per patient) cant reduction | pany) Banga-
. CG: NSPT + 6 PPD (mm) in PlfD.and lore, India and
Diabetes: placebo months TG 5.14+0.40 gain n Purac Bio-
HbA1¢>6.5% and (P<0.05) CAL as com- materials (PU-
FPG>126 mg/dl CG 6.06+0.88 | pared to place- RASORB),
NS bo gel as an Gorinchem, the
adjunct to Netherland.
CBG: NSPT.
(P<0.05)
Dodwad Age Periodontitis: TG TG: NSPT + HbAlc (%) 3 HbAlc (%) Locally deliv- Conflict of
etal., 2012 range At least 3 sites with (n=20) Resorbable TG months | TG 6.87+0.34 eired‘tetracy- Interest: None
India 35-70 PPD >4 mm and tetracycline 7.56+0.23 P=0.000 cline is a better declared.
years <7 mm cG fiber inserted cG CG 7.5840.23 treatment
(n=20) into.selected 7.65+0.23 P:.O 025' modality com- Source of
Diabetes: controlled periodontal y . pared to NSPT Support: Nil.
or moderately con- pockets after CBG: alone.
nllod szD NSPT (perio- PPD (mm) (P=0.000)
rotle dontal pack for TG
10 days) 3.55+0.81 PPD (mm)
CG TG 2.14+0.54
CG: NSPT 3.27+0.88 P=0.000
alone CG 2.78+0.96
P=0.000
CBG:
(P=0.015)
Faramarzi TG Periodontitis: TG TG: NSPT + HbAlc (%) 3 HbAlc (%) The application | No conflicts of
etal, 2017 527+ At least 20 teeth; (n=34) subgingival TG months | TG 6.20+0.97 of chlorhexi- interest.
Iran 7.3 minimum of 8 teeth bl-SOf; x}?lmh}?n- 7.720.99 (P<0.05) dine gel mlfht
with PPD >5 mm ased chlorhex- improve the . . .
CG idine gel insert- 7 32C§ 06 CG 6.53+1.06 effects of F::zfl?lsszi_
CG _ (n=34) | ed into perio- T (P<0.05) NSPT in T2D psorshi : fm
553+ Dlabetes‘; dontal pockets CBG: NS patients with b NI
8.8 HbAlc>6% (8 teeth with 4- PPD (mm) periodontitis.
8 mm PPD, TG PPD (mm)
minimum) after | 5414080 TG 3.48+0.56
two sessions o
CG
NSPT 2 weeks | 5 4170.76 (P<0.05)
apart) (perio- : : CG 3.67+0.83
dontal pack for (P<0.05)
7 days) CBG: NS
CG: NSPT HbAlc (%)
alone TG 6.06+1.04
6
<
months (P<0.05)
CG 6.42+1.02
(P<0.05)
CBG: NS
PPD (mm)
TG 3.3840.55
(P<0.05)
CG 3.48+0.67
(P<0.05)
CBG: NS

(Table 1) Contd...
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Author, Age in Case Definitions Groups Treatments Outcomes Follow Outcomes Main Conclu- Conlflict of
Year Years (n) TG Comparison Up (in Comparison sions Report- Interest and
Country Mean G between Months) between ed in the In- Funding
+SD or Groups Groups cluded Study Sources
Range) (Baseline) (Final /
Mean = SD P value)
Mean + SD
Lecio et al, TG Periodontitis: TG TG: NSPT + HbAlc (%) 3 HbAlc (%) DOXY nano- No conflicts of
2019 58.6+1 At least 8 single- (n=23) | 20% doxycy- TG 8.1+1.0 | months | TGe9+12 | spheresmay be interest.
Brazil 24 rooted teeth with cline-loaded CG 8.4+1.2 (P<0.05) considered a
PPD >5 and BoP PLGA nano- T - potential ad- Funding;: sup-
CG spheres applied CG 8.0+0.9 junct to NSPT ort fr'om
‘ ) (n=21) | into periodontal | PPD (mm) NS in the therapy }}){esearch
cG Diabetes: History pockets (4 TG 5.6+0.5 CBG: of T2D.
53.1%1 T2D> 5 years moderate and 2 | 55105 (P<0.05) S(;lpport Ffoﬁn'
0.2 deep pockets) T ation o t~ e
after NSPT State of Sdo
PPD (mm) Paulo —
TG 3.5+0.7 FAPESP.
CG: NSPT +
placebo nano- (P<0.05)
spheres CG 3.4+0.7
(P<0.05)
CBG: NS
6 HbAlc (%)
months | TG 8.2+1.5
NS
CG 8.5+1.6
NS
CBG: NS
PPD (mm)
TG 3.30.7
(P<0.05)
CG 3.1+0.7
(P<0.05)
CBG: NS
Linet al., TG Periodontitis: TG TG: NSPT + HbAlc (%) 3 HbAlc (%) NSPT alone or | No conflicts of
2012 56.67.8 | Atleast20 teethand | (n=14) | 2% minocy- TG9.3x0.8 | months | TG 9 11+1.13 | associated with interest.
Taiwan five or more teeth Cl‘(’;? gelinsert- |~~~ 99,95 NS minocycline
with PPD>5mm ed into perio- may improve
dontal pockets CG 9.83+1.42 glycemic con- Sfupgor;ed by
CcG cG B} - S . . unds SKH-
) (4-week regi PPD (mm) N trol in patients TMU-96-12
59.0+6.5 Diabetes: (n=14) men) one TG CBG: NS with poorly f "
HbA1¢>8.5% for th aft trolled rom grants o
> month after 5.13+0.47 controlle
more than 5 years NSPT PPD ) T2D cooperative
CG (mm : projects of
5.1540.52 TG 3.39+£0.91 Shin-Kong Wu
CG: NSPT (P<0.05) Ho-Su
alone CG 3.36+1.12 Memorial
(P<0.05) Hospital and
CBG NS Tzilijpgi Me.dical
niversity.
HbAlc (%)
TG 8.09+2.60
6 NS
months
CG 8.75+1.31
NS
CBG: NS
PPD (mm)
TG 3.11£0.92
(P<0.05)
CG 3.13+1.10
(P<0.05)
CBG NS

(Table 1) Contd...
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Author, Age in Case Definitions Groups Treatments Outcomes Follow Outcon}es Main Conclu- Conflict of
Year Years (n) TG Comparison Up (in C‘:::t]:f er::lon sions Report- Interest and
Country Mean between Months) Groups ed in the In- Funding
CG
+SD or Groups (Final / cluded Study Sources
Range) (Baseline) P value)
Mean + SD Mean + SD
Matsumo- TG Periodontitis: TG TG: NSPT + HbAlc (%) 2 HbAlc (%) Minocycline No conflicts of
toetal, | 615:79 | Atleast 10siteswith | (n=14) | 2% minocy- TG 7.120.9 | months | TG 7.4:0.88 improves interest.
2009 PPD>4 mm cline .hydro- CG 7.4+1.1 NS 'periodontal
Japan G G chloride gel CG 784127 disease but has Supported by
56,4470 Diab applied into not contributed Grant-in
+ . _ _in-
T tabetes: (n=13) periodontal PPD NS to a reduction Aids f
HbAlc25.5% and pockets (every NA CBG: NS of HbAlc Ml S tromf
FPG2126 mg/dl site with PPD values. s r?/ ©
>4 mm) after PPD Eguclzatlon,
ture,
NSPT After 2 witure
months. the Sports, Science
CG: NSPT percentage of and Technolo-
sites with gy of Japan.
alone
PPD>4 mm in
TG reduced
by 8.3%
(P<0.05) and
by 5.0% in
CG (P<0.05).
Munenaga Age Periodontitis: TG TG: NSPT + HbAlc (%) 3 HbAlc (%) Treatment No conflicts of
etal., 2013 range High sensitivity c- (n=42) tetracycline— TG: months TG: using antibiot- interest.
Japan 54-75 reactive protein HCI ointment 7.40+1.17 6.91+0.86 ics is recom-
years (hsCRP)>500 ng/ml cG applied into CG: (P<0.001) mended for
; _ B better metabol-
and bone score over (n=33) every periodon: 7.43+1.17 cG: e Supported by
0, 1 1d-
25% constitute mid tal pocket (once 7 1340.96 . . 8020 Rescarch
to severe- periodon- a week for 4 subjects with
. (P<0.05) T2D and peri fund (2008)
titis. weeks) com- and peri- from
bined with CBG: NA odontitis 5020 P
Diabetes: NA sessions of (hsCRP=500 tion F rorzo-
: NSPT ng/ml). ‘ ion Founda-
tion, and Grant-
in-Aid by
CG: Japan
NSPT alone Society for the
Promotion of
Science.
Priyanka et TG Periodontitis: TG TG: NSPT + PPD (mm) 3 PPD (mm) Local delivery No conflicts of
al., 2015 40.3+1 PPD>5 mm and/or (n=32) 3% satranida- TG months | TG 5.32+1.25 of 3% Sa- interest.
India 02 CAL>4 mm and zole gel inject- | g31+]1.42 (P<0.001) | Uranidazoleinto
i ed into perio- B the periodontal
Verteal bone los 12 G dontal chkets ca €6 6.55:1.22 poclfet stimulat
3 mm on intraoral -
CG Lo . (n=32) f S 8.24£1.32 (P<0.001) da sienifi Supported by
periapical radio- after NSPT ed a significant
42.248.2 CBG: NA ) ) Alkem Labora-
graphs : increase in the .
duction tories
. PPD reduc
CG: NSPT + PPD (mm) d CAL eai Ltd., Mumbai,
Diabetes: controlled placebo an ain, India.
disease with 6 TG 3.58+1.22 compared to
HbA 1c<8% months (P<0.001) placebo gel as
CG 6.15+1.11 an adjunct to
(P<0.001) NSPT in T2D
- patients with
CBG: NA

(Table 1) Contd...
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Author, Age in Case Definitions Groups Treatments Outcomes Follow Outcomes Main Conclu- Conlflict of
Year Years (n) TG Comparison Up (in Comparison sions Report- Interest and
Country Mean G between Months) between ed in the In- Funding
+SD or Groups Groups cluded Study Sources
Range) (Baseline) (Final /
Mean = SD P value)
Mean + SD
Santos et TG Periodontitis: TG TG: NSPT + HbAlc (%) 3 HbAlc (%) Treatments did | No conflicts of
al., 2013 50.3+9.5 More than 30% of (n=19) 1% chlorhexi- TG months TG 9.3+2.75 not differ interest.
Brazil the sites with PPD dine gelapplied | 10 012 41 NS concerning
and CAL>4 mm into periodontal N clinical param-
G . . CG pockets three CG 104229 CG9.7+2.9 eters for up to
53.9+1 Diabetes: History .
(n=19) times (repeated NS 12 months
0.8 T2D> 5 years s .
within 10 CBG: NS post-treatment. Funding:
minutes) after PPD (mm) provided by
two appoint- Sdo Paulo State
ments of NSPT TG 3405 PPD (mm) Research
within 24h CG3.7:0.8 TG 2.9£0.4 Foundation
(P<0.05)
CG: NSPT + CG 3.0+0.5
placebo gel (P<0.05)
CBG: NS

HbAlc (%)

6 TG 9.9+2.40

months
NS

CG9.6+3.2
NS

CBG: NS

PPD (mm)
TG 2.9+0.4
(P<0.05)
CG 2.9+0.5
(P<0.05)
CBG: NS

HbAlc (%)
TG 9.7+2.54
12 NS
months | ¢Gg942.5
NS
CBG: NS

PPD (mm)
TG 3.0£0.4
(P<0.05)
CG 2.9+0.6
(P<0.05)
CBG: NS

Legend: TG: teste group; CG: Control Group; HbAlc: glycated hemoglobin; NA: not available; FPG: Fasting plasma glucose; PPD: Probing pocket depth; CAL: Clinical attachment
level; BoP: Bleeding on probing; T2D: Type 2 Diabetes Mellitus; NSPT: non-surgical periodontal therapy; CBG: Comparison between groups; NS: Non-significant
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Fig. (2). Risk of bias assessment of included studies (for HbA1lc outcome) considering each Cochrane’s RoB 2 tool domain and overall risk
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Fig. (3). Weighted bars plot of Risk of bias evaluation of included studies (for HbAlc outcome) considering Cochrane’s RoB 2 tool.

Japan [42, 43]. All authors reported a clinical periodontal
examination and laboratory tests for HbAlc level to confirm
the diagnoses of periodontitis and T2D, respectively. In test
groups (TG), patients were treated with subgingivally deliv-
ered antimicrobials adjuvant to NSPT, while in control
groups (CGQG), subjects underwent NSPT alone [36, 38, 41-
43] or associated with a placebo [34, 35, 37, 39, 40].

In total, 7 studies evaluated HbAlc [36, 38-43], 9 PPD
[34-42], and 6 outcomes [36, 38-42]. Considering all test
groups, 31 patients were treated with 0.5% azithromycin gel
[34] injected into periodontal pockets after NSPT (maximum
PPD, 1 site per patient); 32 with 0.5% clarithromycin gel
[35] also injected into periodontal pockets after NSPT [max-
imum PPD, 1 site per patient]; 20 with resorbable tetracy-
cline fiber [36] inserted into selected periodontal pockets
after NSPT and covered by a periodontal pack for 10 days;
34 with 1.5% chlorhexidine gel [38] inserted into periodontal
pockets (8 teeth with 4-8 mm PPD, minimum) after two ses-
sions of NSPT (2 weeks apart) and covered by a periodontal
pack for 7 days; 23 with 20% doxycycline-loaded PLGA
nanospheres [39] applied into periodontal pockets (4 moder-
ate and 2 deep pockets) after NSPT; 14 with 2% minocycline
gel [41] inserted into periodontal pockets in a 4-week regi-
men, one month after NSPT; 14 with 2% minocycline gel
[42] applied into periodontal pockets (every site with PPD
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>4 mm), after NSPT; 42 with tetracycline HCI ointment [43]
applied into every periodontal pocket (once a week for 4
weeks) combined with sessions of NSPT; 32 with 3% sa-
tranidazole gel [37] injected into periodontal pockets after
NSPT; and 19 with 1% chlorhexidine gel [40] applied into
periodontal pockets, three times (repeated within 10
minutes), after two appointments of NSPT within 24h. In
control groups, 114 patients underwent NSPT alone [36, 38,
41-43], while 135 received NSPT associated with a placebo
[34, 35, 37, 39, 40].

Munenaga et al. (2013) [43] included six groups in the
study, but according to the periodontitis case definition, only
two groups (one test and one control) were analyzed in the
NMA.

3.3. Risk of Bias

Regarding HbAlc, two studies [39, 40] presented a
“low” risk of bias, and five studies presented [36, 38, 41-43]
“some concerns” (Figs. 2 and 3). The risk of bias in the stud-
ies classified as “some concerns” was due to poor descrip-
tion of the randomization process and allocation conceal-
ment and the fact that the operators were not blinded.

Considering PPD, three studies [34, 39, 40] presented a
“low” risk of bias, four studies [35-38] were considered with
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Fig. (5). Weighted bars plot of Risk of bias evaluation of included studies (for PPD outcome) considering Cochrane’s RoB 2 tool.

“some concerns”, and two studies [41,42] had a “high” risk
of bias (Figs. 4 and 5). The main reasons for the increased
risk of bias were lack of information about the randomiza-
tion process, allocation concealment, or the lack of operator
or outcome assessor blinding. Furthermore, one study [41]
did not provide missing data outcome about PPD.

We emphasize that in the study performed by Matsumoto
et al. (2009) [42], test and control groups presented statisti-
cal differences concerning PPD at baseline but not regarding
HbAlc, which justifies the different classifications in do-
main 1 (randomization process), according to Cochrane’s
RoB 2 algorithm.

3.4. Network Meta-analysis Results

Seven studies were included in the NMA for HbAlc,
while eight were for PPD. The study performed by Matsu-
moto et al. (2009) [42] was not included in the meta-analysis
for PPD because the authors mentioned the improvement in
PPD after using minocycline gel adjunct to NSPT, but
mean+SD was not available either at baseline or after the
treatment, and further information was not obtained after
contact with the authors. Fig. (6) (HbAlc) and Fig. (7)

(PPD) show the network plot with the number of interven-
tions and studies included for each outcome (HbAlc and
PPD) at different follow-up periods (3 and 6 months). Sup-
plementary file S3 presents the league table for all effect
estimate comparisons.

Tables 2 and 3 show the effect estimates for each com-
parison, considering the outcomes and different follow-up
periods (3 and 6 months). The results were interpreted using
the GRADE partially contextualized framework.

At 3 months, doxycycline nanospheres (MD: -0.80%;
95%CI: -1.70, 0.10), chlorhexidine gel (MD: -0.68%;
95%CI: -1.34, -0.02), and tetracycline fiber (MD: -0.62%;
95%CI: -0.85, -0.39) reached the MID in HbAlc reduction
when compared to NSPT, all with low certainty of evidence.
At 6 months, only the chlorhexidine gel (MD: -0.53%;
95%CI: -1.57, 0.51) was more effective than NSPT, achiev-
ing the MID, yet with very low certainty of evidence (Table
2).

At 3 months, satranidazole gel (MD: -1.30 mm; 95%CI: -
2.22, -0.38) and clarithromycin gel (MD: -1.01 mm; 95%CI:
-1.50, -0.52) reached the MID in PPD reduction, when
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Fig. (6). Network plot for included studies for HbAlc. Numbers in lines show the number of included studies in direct comparisons
(CHX_Gel: chlorhexidine gel; Doxy: doxycycline gel; Mino: minocycline gel; Tetra Fyber: tetracycline fiber; Tetra Oin: tetracycline oint-
ment). (A): network plot at 3 months; (B): network plot at 6 months.
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Fig. (7). Network plot for included studies for PPD. Numbers in lines show the number of included studies in direct comparisons (AZT:
azithromycin gel; CLM: clarithromycin gel; CHX Gel: chlorhexidine gel; Doxy: doxycycline gel; Mino: minocycline gel; Tetra Fib: tetracy-
cline fiber; STZ: satranidazole gel). (A): network plot at 3 months; (B): network plot at 6 months

Table 2. Classification of interventions for HbAlc control at 3 months and performances after 6 months in patients with type 2
diabetes mellitus and periodontitis following the partially contextualized framework for NMA.
Intervention' HbA1c Reduction® MD (95% CI) Certainty of HbA1c Reduction® MD (95% CI) Certainty of
after 3 Months Evidence after 6 Months Evidence
Doxy gel -0.80 (-1.70; 0.10) Low 0.00 (-1.44; 1.44) Low
CHX gel -0.68 (-1.34; -0.02) Low -0.53 (-1.57; 0.51) Very low
Tetra fiber -0.62 (-0.85; -0.39) Low - -
Tetra ointment -0.19 (-0.87; 0.49) Very low - -
Minocycline gel -0.11 (-1.02; 0.80) Very low -0.06 (-2.21; 2.09) Low

Notes: Doxy gel: doxycycline gel; CHX gel: chlorhexidine gel; Tetra fiber: tetracycline fiber; Tetra ointment: tetracycline ointment; MD: mean difference; CI: Confidence Interval.
'Used as an adjunct of NSPT and compared to NSPT alone.
“Results in % HbAlc. MID was considered 0.5%. Negative values mean that the intervention was more effective in reducing HbAlc. Positive values mean that the comparator

(NSPT) was more effective.
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Table 3.  Classification of interventions for PPD improvement at 3 months and performances after 6 months in patients with type 2
diabetes mellitus and periodontitis following the partially contextualized framework for NMA.
Intervention' PPD Reduction® MD (95% CI) Certainty of PPD Reduction” MD (95% CI) Certainty of
after 3 Months Evidence after 6 Months Evidence
STZ gel -1.30 (-2.22; -0.38) Low -2.64 (-3.56; -1.72) Moderate
CLM gel -1.01 (-1.50; -0.52) Low -0.98 (-1.51; -0.45) Low
Tetra fiber -0.92 (-1.66; -0.18) Very low - -
AZT gel -0.26 (-0.87; 0.35) Low -0.23 (-0.77; 0.31) Low
Minocycline gel 0.05 (-0.81; 0.91) Very low 0.00 (-0.87; 0.87) Very low
Doxy gel 0.00 (-0.54; 0.54) Moderate 0.10 (-0.47; 0.67) Moderate
CHX gel 0.00 (-0.38; 0.38) Very low 0.09 (-0.30; 0.48) Very low

Notes: STZ gel: satranidazole gel; CLM gel: clarithromycin gel; Tetra fiber: tetracycline fiber; AZT gel: azithromycin gel; Doxy gel: doxycycline gel; CHX gel: chlorhexidine gel;

MD: mean difference; CI: Confidence Interval.
'Used as an adjunct of NSPT and compared to NSPT alone.

*Results in mm. MID was considered > Imm. Negative values mean that the intervention was more effective in reducing PPD. Positive values mean that the comparator [NSPT]

was more effective.

compared to NSPT (low certainty of the evidence). The best
result was found for satranidazole gel after 6 months, which
reduced PPD by 2.64 mm (about 2.5x the MID) compared to
NSPT with moderate certainty of evidence (MD: -2.64 mm;
95%CI: -3.56, -1.72) (Table 3).

Fig. (8) (HbAlc) and Fig (9) [PPD] present, in forest
plots, a comparison of all local antimicrobials and NSPT
alone. Supplementary files S4-5 show inconsistent test re-
sults.

3.5. Certainty of Evidence

At 3 and 6 months, the certainty of the evidence for
HbAlc varied from “low” to “very low,” while for PPD,
from “moderate” to “very low” (Supplementary file S3). The
risk of bias and imprecision were the main reasons for the
reduction of the level of evidence. Supplementary file S5
presents detailed results for each comparison judgment.

4. DISCUSSION

The results of the NMA were analyzed, considering the
magnitude of the effect and the certainty of the evidence.
The most promising subgingivally delivered local antimicro-
bials (used as adjuncts to NSPT and compared to NSPT
alone) for HbA ¢ reduction after 3 months were doxycycline
gel, chlorhexidine gel, and tetracycline fibers. All of them
reached the MID for HbA1c, nevertheless, all with low evi-
dence certainty. After 6 months, chlorhexidine gel showed
promising effects despite the very low certainty.

Concerning PPD, satranidazole gel was the most effec-
tive treatment compared to NSPT after a 6-month follow-up
(large effect with moderate certainty).

Satranidazole is a novel nitroimidazole, an alternative to
metronidazole, presenting four-fold more potency against
gram-negative bacteria [44]. This substance has been con-
sidered more active against aerobic, anaerobic, and micro-
aerophilic bacteria, being an interesting alternative to elimi-

nate deep pockets when combined with NSPT. Satranidazole
can potentially reduce sites infected by periodontopathogens,
such as Porphyromonas gingivalis, Tannerella forsythia, and
Aggregatibacter actinomycetemcomitans [45]. The subgin-
gival use of 3% satranidazole gel in systemically healthy
subjects with periodontitis showed a more significant PPD
reduction and CAL gain than NSPT alone and metronidazole
gel [45,46]. A more recent study compared the efficacy of
0.25% satranidazole gel versus 1% metronidazole gel sub-
gingival use in association with NSPT in the treatment of
periodontitis, showing that even at lower concentrations,
satranidazole gel presented good results [44]. The literature
is still scarce in evaluating the benefits of local satranidazole
in diabetic patients, and our search retrieved only one study
[37], which was considered with “some concerns” regarding
the risk of bias due to the lack of operator blinding. Alt-
hough the NMA showed a large effect with moderate cer-
tainty for PPD reduction after 6 months of follow-up, the
effect of satranidazole gel on HbAlc was not tested in this
study. Thus, although promising, further studies are neces-
sary to interlink the periodontal results to glycemic control
and confirm the effects on the periodontal parameters of
patients with T2D.

Doxycycline belongs to the tetracycline family and is a
broad-spectrum antibiotic with additional benefits like anti-
oxidant properties and the capacity to inhibit matrix metallo-
proteinases (MMPs) that induce the release of various in-
flammatory mediators [47, 48]. There are studies demon-
strating the benefits of local doxycycline for improving peri-
odontal status in systemically healthy subjects [49-52], pa-
tients with type 1 diabetes [53], and smokers [54]. In the
same way, some studies have already described an HbAlc
reduction [48,55,56] and periodontal improvement [48,56] in
patients with T2D, but with the systemic use of the drug.
Gomaa et al. (2018) [57] treated T2D patients with systemic
doxycycline 20 mg and subgingivally delivered doxycycline
gel 10% into the periodontal pockets. The patients exhibited
a more significant reduction of PPD and CAL [P<0.05]
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Fig. (8). Forest plot showing the performance of different local antimicrobials used as adjuncts to NSPT, compared to NSPT alone after dif-
ferent follow-up periods. (A): HbAlc assessment at 3 months; (B): HbA1c assessment at 6 months.
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Fig. (9). Forest plot showing the performance of different local antimicrobials used as adjuncts to NSPT, compared to NSPT alone after dif-
ferent follow-up periods. (A): PPD assessment at 3 months; (B): PPD assessment at 6 months.

when compared to the control group (NSPT alone) [57].
However, this study was excluded from the present review
due to the concomitant use of systemic antibiotics. Our
search returned only one study evaluating the local use of
doxycycline in patients with T2D and periodontitis [39], and
it presented a “low” risk of bias. However, the NMA showed
an important effect with low certainty, so these findings need
further confirmation.

Chlorhexidine is an effective antiseptic against a broad
spectrum of microorganisms. When administered in gel-
based presentations, higher concentrations (up to 15 times)
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are reached than liquid carriers [58]. Chlorhexidine gel as an
adjuvant to NSPT can improve the periodontal status, reduc-
ing PPD and increasing CAL gain in patients with periodon-
titis [58-60]. In the study by Srirangarajan et al. (2016) [59],
patients with T2D, with and without periodontitis, were
treated with NSPT in a comparative clinical trial. Those with
periodontitis also received subgingivally delivered chlorhex-
idine 1% gel in all periodontal pockets. After the treatment,
all periodontal parameters (plaque index, gingival index, and
PPD) significantly improved. All patients presented a statis-
tically significant reduction in fasting glucose, suggesting
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that decreasing periodontal inflammation reduces insulin
resistance, improving metabolic control [59]. Two studies
evaluating the efficacy of chlorhexidine were included in the
present network meta-analysis [38, 40]. One [40] considered
a “low” risk of bias, and the other one [38] presented “some
concerns”. The NMA showed an important and consistent
effect for CHX gel on HbAlc reduction after 3 and 6-month
follow-up; however, with low certainty of evidence after 3
months and very low after 6 months. Therefore, these results
must be analyzed cautiously due to considerable uncertainty
and demand confirmation with further studies.

Tetracyclines are a common antibiotic family with anti-
microbial, anti-inflammatory, and anti-collagenase proper-
ties, besides the ability to inhibit bone resorption and pro-
mote the attachment of fibroblasts to root surfaces [47, 61].
Tetracyclines are bacteriostatic agents effective against
many gram-negative species, such as 4. actinomycetemcomi-
tans. Due to their antimicrobial and immunomodulatory ef-
fects, tetracyclines are a good adjunctive option in managing
periodontal disease [47, 61]. The effects of tetracycline fi-
bers have been studied since 1983, indicating that these de-
vices could affect the periodontal microbiota and signs of
clinical improvement [62]. Some studies tested the efficacy
of subgingivally inserted tetracycline fiber as an adjunct to
NSPT compared to NSPT alone and showed a greater PPD
reduction and CAL gain [63-65]. Other methods for the sub-
gingival delivery of tetracyclines include irrigation and the
subgingival application of an ointment or gel [66]. There is
evidence that the delivery through fibers is more efficient
than irrigation [67], although there is no comparison with
other formulations (gel or ointment). We included only one
study using tetracycline fiber in patients with T2D [36] and
one with tetracycline ointment [43]. The tetracycline oint-
ment showed a slight reduction in HbAlc with very low cer-
tainty. In contrast, the tetracycline fiber showed an important
effect, with low certainty for the HbAlc decrease after 3
months follow-up. Furthermore, no additional studies were
found to reinforce these findings. Therefore, these results
require further confirmation.

It is noteworthy that the effectiveness of each antimicro-
bial is not only based on the drug tested but also on the char-
acteristics of the patient as well as the infection. Many fac-
tors may interfere with the efficacy of antimicrobials, such
as dosage, vehicle, duration of treatment, broadness of spec-
trum, and timing of therapy [68]. Additionally, the treatment
of T2D includes lifestyle changes, dietary changes, and
weight loss, as well as pharmacological therapy [4]. All the-
se factors can help explain why some antimicrobials present
better results than others.

Periodontitis control favors glycemic control and de-
creases systemic inflammation in patients with T2D [69].
Chronic infections, including periodontitis, might increase
circulating cytokines and factors, such as C-reactive protein,
interleukin-1 beta, interleukin-6, tumor necrosis factor-alpha,
and prostaglandin-E2 [70]. As a result, the systemic inflam-
matory burden increases, which eventually induces insulin
resistance in T2D, impairing glycemic control [7, 70]. Pa-
tients with T2D and periodontitis have higher levels of sys-
temic inflammatory markers compared with people with
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periodontitis only, and NSPT results in a greater reduction of
these markers in subjects with T2D compared with those
with periodontitis and systemically healthy [71]. In this con-
text, periodontal therapy may improve insulin sensitivity
and, consequently, the HbAlc values by decreasing inflam-
matory cytokines and markers levels [69, 71]. Since any
improvement in glycemic status has the potential to reduce
the risk of diabetic complications and to improve the quality
of life of people with T2D [71, 72], any effort to control per-
iodontal inflammation is valuable. Therefore, subgingival
antimicrobials as adjuncts to NSPT in patients with T2D and
periodontitis should be further investigated.

CONCLUSION

The subgingival (local) use of satranidazole gel probably
resulted in PPD reduction after a 6-month follow-up com-
pared to NSPT alone (moderate evidence certainty) in pa-
tients with T2D; however, its effect on HbAlc has not been
tested yet. Doxycycline gel, chlorhexidine gel, and tetracy-
cline fiber as adjuncts to NSPT may reduce the HbAlc val-
ues in patients with T2D (low evidence certainty) after 3
months of follow-up, but these short-term findings require
further confirmation.

LIMITATIONS AND STRENGTHS

The primary limitation of this paper is the small number
of included studies, which resulted in a poorly connected
network. Furthermore, only some of the studies evaluated
both clinical periodontal parameters and HbAlc value, pre-
venting the inclusion of the ten included studies in both
NMA (HbAlc and PPD).

Despite not being an objective of this study, clinicians
are interested in knowing the adverse effects of the tested
substances. However, none of the studies evaluating the lo-
cal antimicrobials with promising results reported these data.

On the other hand, the strengths of this study include the
highly methodological rigor used for assessing the certainty
of evidence and interpreting the results through the GRADE
partially contextualized framework with MID, which can
prevent mistaken conclusions [32].

IMPLICATIONS FOR FUTURE RESEARCH AND
CLINICAL PRACTICE

The effectiveness of adjunctive local antimicrobials to
NSPT on reducing both HbAlc levels and improving clinical
periodontal parameters (PPD) in patients with T2D and peri-
odontitis is still unclear. So, further intervention trials are
required to confirm these NMA findings. These might in-
clude larger sample sizes, longer follow-ups, and rigorous
methods to reduce the risk of bias and increase the validity
of the results. Besides that, we recommend that future re-
search focus on the antimicrobials that achieved MID, alt-
hough with low and very low certainty, as future research
may change the current evidence [73]. The antimicrobials
with promising results that should be included in future trials
are satranidazole, doxycycline, chlorhexidine, tetracycline,
and clarithromycin.
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