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Abstract: This review aimed to rank the clinical efficacy of commercially available single-application
local drug delivery and adjunctive agents (LDAs) compared with subgingival mechanical debridement
(SMD) in nonsurgical periodontal therapy (NSPT). Randomized controlled clinical trials that compared
LDAs against SMD alone or with placebo in adults (aged at least 18 years) diagnosed with periodontitis
with a minimum of 6 months follow-up were included. A frequentist approach to random-effects
network meta-analysis was implemented. The efficacies of the LDAs measured by probing pocket
depth (PPD) reduction and clinical attachment level (CAL) gain were reported as mean difference
(MD) with 95% confidence intervals (CIs). The treatments were ranked according to their P-score.
Four network meta-analyses suggested that sulfonic/sulfuric acid gel (PPD MD −1.13 mm, 95% CI
−1.74 to −0.53, P-score 0.91; CAL MD −1.09 mm, 95% CI −1.58 to −0.61, P-score 0.95) and doxycycline
hyclate gel (PPD MD −0.90 mm, 95% CI −1.50 to −0.30, P-score 0.93; CAL MD −0.84 mm, 95% CI
−1.40 to −0.28, P-score 0.92) were the most effective in reducing PPD and gaining CAL in split-mouth
and parallel studies, respectively (moderate certainty of evidence). LDAs have differing efficacies,
but they present with possible clinical significance over SMD alone in NSPT.

Keywords: evidence-based dentistry; anti-bacterial agents; periodontal debridement;
periodontal pocket; periodontitis; meta-analysis; photochemotherapy; anti-infective agents; local

1. Introduction

According to the 2019 Global Burden of Disease Study [1], periodontal disease has affected
an estimated 1.06 billion people worldwide and can be an economic burden to a nation [2–4].
The incidence of periodontitis is likely to increase with the rising prevalence of diabetes, which is
projected to affect 578 million people (10.2%) by 2030 [5] and tobacco smoking, in which 18.9% of the
global population are current tobacco smokers [6]. Both factors are established risks for periodontitis [7].
Untreated periodontitis may ultimately progress to tooth loss, which can remarkably impact affected
individuals functionally, aesthetically, and physiologically [8,9].

Nonsurgical mechanical periodontal debridement has been established as the gold standard
in treating periodontitis with probing depth reductions and attachment level gains of up to 2 mm
in moderate to deep pockets [10]. However, this approach has its limitations. Restricted access to
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furcation areas, deep pockets, and irregular surfaces complicate the removal of bacterial deposits,
and the procedure is vastly dependent on the skills of the clinician [11].

Local adjunctive periodontal therapy has received much attention, as periodontal infections
are more likely to be confined within the periodontal pocket. Furthermore, potential side effects
and increased antibiotics resistance from systemic antimicrobials use can be prevented with local
adjuncts [12]. There has been extensive research on other local pharmacologic approaches such as
probiotics [13], phytotherapy [14–16], and also host-modulation therapy [17]. A recent market research
report [18] projected that the global periodontal therapeutics market would expand to US$270.7 million
by the year 2026 at a compound annual growth rate of 7.4%. Local antimicrobials have been utilized as
an adjunct to the treatment of periodontitis for four decades [19,20], of which certain adjuncts are more
effective than others [21–26]. The latest systematic review and meta-analyses that focused only on local
antimicrobials adjuncts reported short-term 0.37 mm probing pocket depths (PPDs) reductions and
0.26 mm gains in clinical attachment levels (CALs) (p < 0.001) when compared with scaling and root
planing (SRP) alone [26]. However, their clinical value remains inconclusive, as statistically substantial
improvement does not often translate into clinical relevance [27].

The application of network meta-analysis (NMA) in a systematic review enables the comparison
of multiple treatments of interest in the absence of head-to-head trials, and the results are expressed as
estimates [28]. The NMA conducted by John et al. [25] demonstrated that their findings on the use
of various adjuncts to SRP correspond to the American Dental Association (ADA)’s Clinical Practice
Guideline published in 2015 [29]. They focused on CALs as the primary outcome and excluded
products and medical devices that were not available in the United States [24].

Hence, the present systematic review and NMA aimed to present updated comprehensive
information on the clinical efficacy of current commercially available local drug delivery and adjunctive
agents (LDAs) on the global market used with conventional mechanical debridement to enable
clinicians to exercise evidence-based decision making in the nonsurgical management of periodontitis.

2. Materials and Methods

The systematic review and NMA were conducted according to the Cochrane Handbook for
Intervention Reviews [30] and Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [31]. The review protocol was registered in the International Prospective Register
of Systematic Reviews database (Registration number CRD42020137115) and received approval from
The National University of Malaysia (UKM) Research Ethics Committee (Reference number UKM
PPI/111/8/JEP-2019-042).

2.1. Inclusion and Exclusion Criteria

The studies included in the present review were human randomized controlled trials (RCTs) with
split-mouth or parallel arm design with a minimum follow-up of 6 months. The participants included
were systemically healthy, aged 18 years and above, and diagnosed with periodontitis. The diagnoses
of chronic and aggressive periodontitis that were included as current evidence do not support the
distinction between the two disease entities [32].

The intervention included subgingival mechanical debridement (SMD) with the use of LDAs.
The LDAs must be commercially available, have a primary pharmacological, immunological,
or metabolic mode of action within the periodontal pocket, and be administered as an adjunct
to SMD. Experimental, discontinued, and/or banned LDAs were excluded.

Comparison groups included SMD alone or SMD with placebo. “SRP” and “ultrasonic scaling”
were included into the definition of SMD as both techniques remove calculi, which serve as a nidus for
plaque accumulation and impede the effectiveness of the LDA [33].

The primary outcomes of the present review were PPDs and CALs. The secondary outcome
measures were bleeding on probing (BOP), post-operative adverse effects associated with LDAs and
patient-related outcome measures (PROMs).
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2.2. Information Sources and Search

Five electronic databases, namely, Cochrane Central Register of Controlled Trials, MEDLINE,
PubMed, EMBASE and Web of Science, were searched (File S1). Gray literature search included
ProQuest Dissertations and Theses Global, conference abstracts, the World Health Organization (WHO)
International Clinical Trials Registry Platform and ClinicalTrials.gov. A hand search was carried out
to identify potential papers from the last 5 years from relevant journals, and the bibliographies of all
eligible papers and review articles were examined for relevant studies that might have been missed in
the electronic search. All searches were conducted by two independent reviewers (O.L.T. and M.R.) up
to 31 January 2020 with no restriction in publication status or language.

2.3. Study Selection and Data Extraction

The same reviewers (O.L.T. and M.R.) independently screened all titles/abstracts and assessed
the eligibility of each full-text article. A third reviewer (S.H.S.) was consulted if disagreements were
not settled by discussion. The details recorded were general study characteristics, study design,
characteristics of participants, disease severity, treatment and outcome measures, and adverse events.
The effect size measure for the continuous outcomes was weighted mean difference (MD) and its 95%
confidence intervals (CIs).

Weights were adjusted for multi-arm and split-mouth studies using the reducing weights approach
to eliminate bias resulting from the dependency of treatment arms and yield a more reliable and
accurate NMA result [34,35]. The risk of bias of the included studies was evaluated independently by
the two reviewers (O.L.T. and M.R.) using the Cochrane Collaboration’s Risk of Bias tool (RoB 2.0) [36].

2.4. Statistical Analyses

NMA with frequentist model was conducted using the netmeta package [37] in the statistical
program R (version 3.6.2; R Foundation for Statistical Computing) to directly and indirectly compare
the efficacy of each treatment of interest. A random-effects model was used on the assumption of the
presence of heterogeneous effects across the network. Network plots were produced where the size
of the node (circle) represents the number of participants involved, and the size of the connection
(line width) represents the number of studies per treatment. The line of the network plot represents
the direct comparison between the interventions. Summary MDs for all pairwise comparisons are
presented in league tables. Treatments were ranked according to their P-scores, which were based on
their point estimates’ and network estimates’ standard errors. A higher P-score represents a greater
likelihood for the treatment to be ranked as best among the other competing treatments [38].

Global statistical heterogeneity was measured using I-squared (I2) statistics [39]. Inconsistency in
the NMA was assessed through the comparison of direct and indirect evidence with net splitting.
Comparison-adjusted funnel plots were generated to assess for any publication bias and small-study
bias for all the possible comparisons of treatment versus SMD. Sensitivity analyses were conducted
by excluding studies with parameters that may affect treatment effect and by re-running the NMA
without each parameter.

Subgroup analyses were performed for the possible treatment effect of influencing factors.
The threshold for statistical significance was set at a MD of 0. The clinically meaningful threshold
(CMT) for clinical significance was set at 1 mm for PPD reduction and 0.5 mm for CAL gain.
Clinical significance depends on the relationship of the CMT of the intervention to its average MD and
surrounding 95% CI and was reported according to the criteria defined by Man-Son-Hing et al. [40]

2.5. Certainty of Evidence

Certainty of evidence was assessed using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach [41]. For direct comparisons, RCTs initially have
a high certainty of evidence, which will be reduced according to the seriousness in the risk of bias,

ClinicalTrials.gov
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imprecision, indirectness, inconsistency, and publication bias. Ratings for direct and indirect estimates
contributed toward the network estimate, which includes local imprecision and incoherence [41,42].
A modified “summary of findings” table [43] was created for an overview of the NMA results with
interpretation of the findings.

3. Results

A total of 1065 studies were identified in the initial screening, and 179 studies were selected for
full-text review after title and abstract screening. Forty-five studies satisfied the inclusion criteria,
and 43 studies were considered eligible for the NMA (Figure 1 and Table S1). Cohen’s kappa for
interrater reliability of the “title and Abstract screening” and “full-text screening” were 0.78 (95% CI
0.61 to 0.95) and 0.78 (95% CI 0.69 to 0.87), both indicating moderate agreement [44].
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diagram of the study selection process.

3.1. Characteristics of Included Studies

The 45 studies selected for qualitative synthesis consisted of 20 parallel and 25 split-mouth design
trials (Tables S2–S5). Two studies [45,46] were associated with two selected trials [47,48] and were not
included in the quantitative analysis.

The studies were published between 2000 and 2019 and were conducted in 19 countries.
All selected studies were reported in English except that of Zhao et al. [49], which was written
in Chinese. Fourteen of the included studies were commercially supported. The United States Food
and Drug Administration (FDA) report [48] was split into two studies (103A and 103B) as the two
study centers have their own individual control groups with supplement data from Williams et al. [46]
Likewise, Agan et al. [50] had two subgroups based on the disease definition of chronic and aggressive
periodontitis. Therefore, a total of 45 studies were included in the present review.
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3.2. Risk of Bias

Only one study [51] had a low risk of bias. Important information needed to assess the risk of bias
was often not reported or incomplete. The most serious issue in the methodology was the risk of bias
because of deviations from the intended interventions (effect of assignment to intervention), as the
affected studies were single-blinded and utilized per-protocol instead of intention-to-treat data analysis.
Sixteen studies had a high risk of bias. Overall, the majority of the studies (62.2%) demonstrated some
concerns in their risk of bias (Figure 2).
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3.3. Network Meta-Analyses

Evidence of significant heterogeneity and inconsistency (p < 0.0001) was observed upon the
employment of the full NMA of all 45 studies. Hence, sensitivity analyses were conducted to
examine the effects by removing trials based on possible influencing design parameters (File S2 and
Table S6). The model divided by study design (split-mouth and parallel groups) and excluding high
risk of bias trials had the most impact on the results and had low heterogeneity and inconsistency.
Therefore, the NMA results are reported based on 29 studies and 14 types of adjuncts after the removal
of studies with high risk of bias.

The 29 RCTs consisted of 16 split-mouth and 13 parallel groups and involved 2059 participants.
Three studies were multi-arm trials [48,52,53]. The adjuncts included were: (1) antimicrobial
photodynamic therapy (aPDT) indocyanine green (ICG) [54,55], (2) aPDT methylene blue (MB)
0.005% [56,57], (3) aPDT MB 1% [47,58–60], (4) aPDT phenothiazine chloride (PC) [61,62], (5) aPDT
toluidine blue O (TBO) [53], (6) chlorhexidine (CHX) chip [52,63,64], (7) CHX xanthan gel [65,66],
(8) doxycycline hyclate (DH) gel [50,67], (9) metronidazole (MET) gel [68,69], (10) minocycline (MINO)
gel [49,70], (11) MINO microspheres [48,71,72], (12) povidone iodine (PI) 10% irrigating solution [73],
(13) sulfonic/sulfuric acid (SA) gel [51], and (14) tetracycline (TC) fibers [52]. SMD alone was used
as the reference comparator arm. Only Isola et al. [51] and Reddy et al. [52] performed 12-month
follow-up, whereas the other studies had either 6-month or 9-month follow-up.

3.3.1. PPD Changes

SA gel had probable clinical significance, whereas MINO gel, MINO microspheres, aPDT ICG,
and CHX xanthan were possibly significant clinically in split-mouth studies (Figure 3A). The other
LDAs had possible clinical significance without statistical significance with the exception of aPDT TBO,
which fared worse than SMD. SA gel ranked first relative to SMD with a P-score of 0.91, which indicates
a 91% probability of being ranked first when all of the treatments (with control groups included) were
compared with each other. No important heterogeneity (I2 = 23.3%) was seen between the studies
when the data were pooled.
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Figure 3. (A) Forest plot showing probing pocket depth (PPD) reduction and clinical attachment
level (CAL) gain in local drug delivery and adjunctive agents (LDAs) vs. subgingival mechanical
debridement (SMD) alone in split-mouth studies. (B) Forest plot showing PPD reduction and CAL gain
in LDAs vs. SMD alone in parallel studies. The P-score indicates the treatment’s probability in ranking
the best in efficacy in the network. The dotted line represents the threshold for clinical significance.

For parallel design studies, DH gel, aPDT MB 1%, and MINO gel were possibly significant clinically
(Figure 3B). The other LDAs had no significance, especially CHX chip, PI 10%, and TC, which fared
worse than SMD. DH gel ranked first relative to SMD with a P-score of 0.93. Low heterogeneity
(I2 = 47.7%) was observed. The “summary of findings” tables (Figures 4 and 5) are based on the
GRADE certainty of evidence (Table S8).
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3.3.2. CAL Changes

SA gel had definite clinical significance, whereas aPDT ICG, MINO microspheres, and aPDT
MB 0.005% were probably significant clinically in split-mouth studies (Figure 3A). Other LDAs had
probable or possible clinical significance without statistical significance with the exception of CHX chip
(not significant), aPDT MB 1%, aPDT TBO, and CHX xanthan gel, which fared worse than SMD. SA gel
ranked first relative to SMD with a P-score of 0.95. No important heterogeneity was seen between the
studies (I2 = 0%) when the data were pooled.

The findings from the parallel design studies demonstrated that DH gel and MINO gel were
probably clinically significant (Figure 3B). The other LDAs had possible clinical significance without
statistical significance except for MINO microspheres (not significant clinically and statistically),
TC and PI 10% (fared worse than SMD). DH gel ranked first relative to SMD with a P-score of 0.92.
Low heterogeneity was seen between the studies (I2 = 24.8%).

The direct and indirect comparisons of the treatments in the NMA are presented in the league
tables (Figure S1). No inconsistency was seen overall (Figure S2). The “summary of findings” tables
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(Figures 6 and 7) were based on the GRADE certainty of evidence (Table S8). Overall, no publication
bias and small-study bias were observed in both study designs (Figure S3).
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3.4. Subgroup Analyses

Subgroup analyses were conducted according to study duration, smoking status, treatment
phase, treatment area, debridement method, type of control group, and funding source (Table S9).
A significant subgroup effect was detected for study duration in PPD (p = 0.002) and CAL (p < 0.0001)
outcomes in the split-mouth design and only CAL (p = 0.04) outcome for the parallel design studies.
Smoking status had a significant subgroup effect in CAL (p = 0.01) outcomes in the split-mouth design
studies. The funding source had a significant impact on PPD (p = 0.03) and CAL (p = 0.02) outcomes in
the parallel design studies.

3.5. Secondary Outcomes

Thirty-four studies (75.6%) reported changes in BOP; however, eight different gingival bleeding
indices were used (Table S3). PROMs in relation to adverse events were evaluated in more than half of
the studies (55.5%), and 21 studies (84%) reported no adverse events post-intervention.
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This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can
be drawn.

4. Discussion

4.1. Summary of Findings

NMA was conducted to evaluate the clinical efficacy of local adjuncts used in nonsurgical
periodontal therapy (NSPT) against a common comparator of mechanical debridement alone.
Our findings suggest that based on a single LDA application, SA gel (split-mouth design) and
DH gel (parallel design) were the most effective in PPD reduction and CAL gain with a probable
superiority over SMD alone (moderate certainty). Although SA gel and DH gel were highly ranked in
clinical efficacy for both outcomes, these adjuncts had fewer participants when compared with the
studies of other adjuncts in this review.

In this review, an average reduction of 0.3–0.48 mm in PPD (ranged between −0.7 and 1.13 mm)
and 0.27–0.3 mm gain in CAL (ranged between −0.56 and 1.09 mm) were seen compared with
SMD alone. In general, the use of local adjuncts seems to have a lack of clinical significance.
However, study-level data have shown that SA gel exhibited a more considerable clinical significance
for both primary outcomes compared with other adjuncts.

The certainty of evidence ranged between very low and moderate for the outcomes. Although the
study on SA gel was initially judged as having high certainty, a decision was made to downgrade the
confidence, as it was the only study with a small sample size utilizing the adjunct. The adjuncts with
moderate certainty for PPD reduction were MINO gel (both designs), MINO microspheres (split-mouth
design), and aPDT MB 1% (parallel design). aPDT ICG and MINO microspheres (split-mouth design),
as well as MINO gel (parallel design), showed moderate certainty for CAL gain. The other studies
were predominantly downgraded because of issues in study limitations and imprecision. Eight studies
(17.8%) reported minor to moderate adverse events [74] across the different adjuncts; thus, LDAs are
relatively safe for use in clinical practice.

The test for subgroup differences suggested the presence of a statistically significant subgroup
effect in study duration, smoking, and industrial funding. However, the numbers of participants
in the test and control groups were imbalanced. A considerably smaller number of studies and
participants contributed data to the split-mouth (one long-duration study with 36 participants
vs. 15 medium-duration studies with 388 participants) and parallel (one long-duration study
with 32 participants vs. 12 medium-duration studies with 913 participants) duration subgroup.
Likewise, the number of participants in the nonsmoker subgroup was double the participants in
the smoker subgroup for split-mouth design (three studies with 135 participants vs. 13 studies
with 289 participants). Similarly, the number of participants were not equal with commercially
funded subgroup outnumbering noncommercial funding subgroup by two times for parallel
design. Therefore, the subgroup analyses are unlikely to produce a useful valid conclusion [75].
Hence, a general conclusion regarding the effect of study duration, smoking, and industrial funding
on treatment effects could not be reached.

Based on the definition of periodontitis severity reported in the included studies, the case
definitions would coincide with the latest classification of localized and generalized Stage II or
III and Grade B or C (for aggressive cases or those modified by smoking) periodontitis [32].
However, the proper reclassification of periodontal disease used in the studies is difficult because of
the lack of information provided.

4.2. Comparison to Other Reviews

Previous pairwise systematic reviews and meta-analyses [21–23] had reported an average mean
PPD reduction of 0.06–0.70 mm and average mean CAL gain of −0.04–0.46 mm based on different local
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antimicrobials. The authors of the ADA systematic review reported an average CAL improvement of
0.24–0.64 mm [24] with assorted local adjunct use. Furthermore, a 0.32 mm average was reported when
all local and systemic adjuncts were combined together compared with SMD alone [25]. The latest
systematic review [26] concluded that local antimicrobials adjunctive 6-month to 9-month studies had a
mean reduction of 0.37 mm in PPD and a mean gain of 0.26 mm in CAL. Long-term studies had a mean
reduction of 0.19 mm in PPD and a mean gain of 0.09 mm in CAL, albeit with substantial heterogeneity
noted in nearly all of their analyses. A summary of the previous reviews can be seen in Table 1.

Table 1. Summary table of systematic reviews with meta-analyses comparing clinical efficacy of
different LDAs for nonsurgical periodontal therapy (NSPT).

Authors and
Year

Study
Duration

Number of
Studies

LDAs
Studied Main Outcomes and Conclusion

Hanes and Purvis
2003 [23] ≥3 months

28 RCTs,
2 CCTs,
2 cohort

Local
antimicrobials

1. Sample-size adjusted mean PPD reduction 1.45
mm (p = 0.002; 95% CI 0.56 to 2.34), and
adjusted mean CAL gain 0.89 mm (p = 0.001;
95% CI 0.55 to 1.24) was seen from SRP alone.

2. A WMD range of 0.06–0.51 mm PPD reduction
and −0.40–0.39 mm CAL gain was observed
with different sustained-released adjuncts.

3. MINO gel and microencapsulated MINO had
shown significant PPD reductions while CHX
chip and DOXY gel had significant CAL gains.

4. No additional benefits from local CHX
irrigation studies.

5. Adverse events were infrequent and minimal.

Bonito et al.,
2005 [22]

Not
specified 50 RCTs Local

antimicrobials

1. A range of 0.24–0.49 mm mean PPD reduction
and 0.12–0.46 mm mean CAL gain can be seen
with adjunctive local antibiotics.

2. Combination of PPD and CAL results
suggested local MINO to be the most
promising adjunct (PPD 0.49 mm, CAL 0.46
mm), followed by local TET.

3. Adverse events reported were relatively minor.

Matesanz-Pérez
et al., 2013 [21]

Not
specified 52 RCTs Local

antimicrobials

1. Overall effect was statistically significant (p =
0.000) for both changes in PPD (WMD 0.407
mm) and CAL (WMD 0.310 mm).

2. No significant differences detected for bleeding
on probing and plaque index.

3. Subgingival application of TET fibers,
sustained released DOXY and MINO had
substantial advantages in PPD reduction
(WMD between 0.5 and 0.7 mm).
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Table 1. Cont.

Authors and
Year

Study
Duration

Number of
Studies

LDAs
Studied Main Outcomes and Conclusion

Smiley et al.,
2015 [29]

≥6 months

72 RCTs

Local and
systemic

adjuncts only
available in
the United

States

1. Approximately 0.5 mm average improvement
in CAL can be seen with SRP alone (moderate
level of certainty).

2. A range of 0.2–0.6 mm average CAL
improvements can be seen in the combinations
of assorted adjuncts over SRP alone.

3. Four adjunctive therapies were beneficial
compared with SRP alone (moderate level of
certainty): SDD, systemic antimicrobials, CHX
chips and photodynamic therapy with a
diode laser.

John et al.,
2017 [25] * 61 RCTs

1. NMA found DOXY hyclate (WMD 0.64 mm,
95% CI 0.02 to 1.26) and PDT with diode laser
(WMD 0.55 mm, 95% CI 0.25 to 0.85) to have
the highest probabilities for ranking first and
second adjuncts in terms of CAL
gain, respectively.

2. 0.32 mm (95% CI 0.24 to 0.40) CAL
improvement seen with adjuncts over 6–12
months with no significant differences
among them.

3. Publication bias was detected, and the lack of
studies inflated estimated 20% of
treatment effects.

Herrera et al.,
2020 [26] ≥6 months 50 RCTs Local

antimicrobials

1. Medium-duration studies (6–9 months) had
statistically significant differences for PPD
(WMD 0.365 mm, 95% CI 0.262 to 0.468) and
CAL (WMD 0.263 mm, 95% CI 0.123 to 0.403).

2. Long-duration studies (≥12 months) had
statistically significant difference for PPD
(WMD 0.190 mm, 95% CI 0.059 to 0.321).

3. No adverse events observed.

This study ≥6 months 45 RCTs
Commercially

available
LDAs

1. SA gel (PPD MD −1.13 mm, 95% CI −1.74 to
−0.53, P-score 0.91; CAL MD −1.09 mm, 95%
CI −1.58 to −0.61, P-score 0.95) and DOXY
hyclate gel (PPD MD −0.90 mm, 95% CI −1.50
to −0.30, P-score 0.93; CAL MD −0.84 mm, 95%
CI −1.40 to −0.28, P-score 0.92) were the most
effective in reducing PPD and gaining CAL in
split-mouth and parallel studies, respectively
(moderate certainty of evidence).

2. SA gel has probable to definite clinical
significance in the primary outcome measures.

3. The other LDAs that were probably superior
compared with SMD alone and had possible
clinical importance when used as adjuncts in
NSPT were MINO gel, MINO microspheres,
antimicrobial PDT MB 1% and antimicrobial
PDT ICG (moderate level of certainty).

4. Eight studies (17.8%) reported minor to
moderate adverse events across the different
adjuncts; thus, LDAs are relatively safe for use
in clinical practice.

RCT: randomized controlled trial; CCT: case-controlled trial; n/a: not available; SRP: scaling and root planning; PPD:
probing pocket depth; CAL: clinical attachment level; WMD: weighted mean difference (historical term); MD: mean
difference; CHX: chlorhexidine; MINO: minocycline; DOXY: doxycycline; MET: metronidazole; TET: tetracycline;
SDD: sub-antimicrobial-dose doxycycline; PDT: photodynamic therapy; * Network analysis of systematic review by
Smiley et al. [29].
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The ADA Clinical Practice Guidelines [29] were “expert opinion for” DH gel and MINO
microspheres adjunctive use as evidence was weak with a low level of certainty. The recommendation
for CHX chips and aPDT adjuncts was “weak” albeit with moderate level of certainty, which the authors
suggested should be implemented only after other alternatives have been considered. The adjuncts
recommended by their study slightly differ, as they had excluded products that are not available in the
United States and other medical devices. Furthermore, this study’s certainty of evidence was based on
the GRADE assessment for NMA [41–43]; therefore, the criteria might be different from their expert
panel’s direction of recommendations.

The present study would be the second NMA conducted after that of John et al. [25] The authors
had placed DH gel and aPDT with the greatest probabilities in being ranked as first and second,
respectively, which was somewhat similar to the findings of our study. However, their network did
not include any multi-arm trials. Likewise, Herrera et al. [26] reported the largest observed benefits
from DH and MINO-based products.

This review had included SA gel which is a fairly new LDA that contains a concentrated blend of
sulfonic or sulfuric acids that was traditionally used in the management of aphthous stomatitis [76].
These acids form a strong bond with water available in the biofilm matrix, which rapidly detaches,
destroys, and eradicates the biofilm itself. A preliminary study that utilized this desiccant with
ultrasonic mechanical debridement found greater bacterial load reduction and enhanced effectiveness
of mechanical debridement [77].

PI 10% subgingival irrigation appears to have no clinical benefits in this study. A previous
systematic review [23] also did not find any additional benefits of CHX irrigation compared with SRP
alone. The authors attributed this finding to the rapid clearance by gingival crevicular fluid at site and
the inability of the irrigation solution to reach adequate subgingival depth [78].

NMA was subdivided into split-mouth and parallel designs because a high inconsistency
in network design was detected. The inclusion of both study designs could impart substantial
heterogeneity in the meta-analysis as proven in the systematic review by Herrera et al. [26] Split-mouth
design may introduce bias to the treatment effect estimates because of carry-across effects, in which
a treatment effect is potentially leaked from one side to the other [79]. Therefore, the study designs
were split to obtain a higher certainty of evidence. SA gel still came out as the most effective in PPD
reduction and CAL gain among the LDAs when compared with the full network of 45 studies (Table S7).
However, DH gel dropped in the ranks as SA gel was not present in the parallel design network.

Clinical significance was rarely discussed in the previous reviews as statistical significance
is routinely used in clinical periodontal research. Statistically significant improvements are often
reported in studies but do not often translate into clinical relevance [27,80]. Although the p-value is
important, the inclusion of confidence intervals (CIs) can help in the clinician’s judgment for potential
relevance in practice [81]. Clinical significance can be established by determining the minimum
important difference or clinically meaningful threshold [81]. Smiley and his colleagues [29] developed
a four-category clinical relevance scale for CAL gain as a part of their clinical recommendation
summary. This study had chosen to use an objective method to determine clinical importance based on
Man-Son-Hing et al. [40] with the clinically meaningful threshold set at 1 mm for PPD reduction and
0.5 mm for CAL gain. These threshold values were derived from previous recommendations [80,82]
and the average improvement of PPD and CAL with NSPT alone [29,83]. However, these values are
surrogate outcome measures [84] that do not truly reflect true clinical significance that should include
long-term tooth survival, cost, time, risks, and complications [85]. Without a doubt, statistical analysis
is necessary for clinical research, but future clinical periodontal research can be further improved with
a cost–benefit analysis for results to be clinically applicable in our daily practice.

4.3. Strengths and Limitations

One of the strengths of this systematic review is the implementation of the latest NMA GRADE
approach for the certainty of evidence [41,43]. NMA was chosen, as this statistical method enables the
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comparison of multiple treatments and the attainment of estimates in the absence of head-to-head
trials. This review also made considerable effort to include all RCTs without any language restriction.
We believe that this study is the first NMA to do so and also included a broader inclusion of local
adjuncts not restricted by regions as compared with the previous NMA on the same topic [25]. The focus
of this review on current commercially available LDAs with the exclusion of experimental adjuncts
was to ensure that the adjuncts investigated were regulatory approved and could be readily obtained
for use by clinicians.

The limitations of this review involve the small magnitude of the included studies and the lack
of head-to-head trials of the adjuncts with conclusions derived from indirect comparisons of the
treatments. Moreover, the majority of the studies presented some concerns in the risk of bias as a
result of methodological flaws in blinding and per-protocol data analysis. Meta-analysis for BOP
outcome was not conducted because of the high heterogeneity of the indices and measurements
used. Although Herrera et al. [26] conducted BOP meta-analysis in their study, obvious substantial
heterogeneity was detected.

5. Conclusions

Four NMAs suggested that SA gel and DH gel were the most effective in reducing PPD and
gaining CAL in split-mouth and parallel studies, respectively. Both had probable superiority over SMD
alone (moderate certainty of evidence) and SA gel having probable to definite clinical significance
in the primary outcome measures. The other LDAs that were probably superior compared with
SMD alone and had possible clinical importance when used as adjuncts in NSPT were MINO gel,
MINO microspheres, aPDT MB 1%, and aPDT ICG (moderate level of certainty). In addition to the
clinical efficacy of LDAs, clinicians would need to further assess the profile of a patient, the availability
of adjunct, and the cost–benefit ratio when making an informed clinical decision to utilize the adjunct
for NSPT.
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