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Abstract: Periodontitis is an inflammatory condition of the soft and hard tooth-supporting tissues,
representing the first cause of tooth loss. In addition to standard mechanical debridement (Scaling
and Root Planing, SRP), further approaches have been proposed as adjuncts. The aim of the present
randomized clinical trial is to compare the efficacy of ozone or photobiomodulation (PBM) therapy
in addition to SRP to treat periodontal disease. According to a split-mouth design, 240 pathological
sites, corresponding to 30 periodontal patients, were randomly divided according to the professional
oral hygiene protocol performed at baseline (T0) and after 1 (T1), 2 (T2), 3 (T3), 4 (T4), 5 (T5), and
6 (T6) months. A total of 120 sites underwent an ozonized water administration (ozone group),
whereas the other 120 sites were treated with photobiomodulation (PBM group), both in addition to
SRP. At every timepoint, the following clinical indexes were assessed: Probing Pocket Depth (PPD)
(measured on six sites per element), Plaque Index (PI), and Bleeding on Probing (BOP). As regards
PPD, significant intergroup differences were noticed from T5, with significantly lower values in the
PBM group (p < 0.05), where values further decreased at T6 (p < 0.05). Both PI and BoP generally
decreased from baseline to T6 in both groups; a significant difference was found between T0 and T1
among the groups (p < 0.05), with a progressively higher reduction in the PBM group among the time
frames of the study, despite intergroup comparisons not being significant (p > 0.05). Both ozone and
PBM appear to be effective adjuvant treatments to SRP, obtaining a slightly better outcome for the
latter in the long term, with significant differences at T5 and T6 for PPD. However, because of the
absence of standardized protocols for PBM considering both therapeutic and research purposes, no
definitive conclusions can be reached, and further studies are required.

Keywords: periodontal disease; periodontitis; scaling and root planning; ozone therapy;
photobiomodulation; oral hygiene; dentistry; periodontology; randomized clinical trial

1. Introduction

Periodontal disease is an inflammatory condition of soft and hard tooth-supporting
tissues, representing the first cause of tooth loss [1] and the sixth most prevalent condition
worldwide [2]. It derives from an untreated gingival inflammation caused by bacterial
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plaque accumulation. Clinically, it occurs as a bleeding of the marginal gum, with an
irreversible periodontal attachment loss, rise of pockets and recessions, bone loss, tooth
mobility, and exfoliation [3].

Several risk factors have been recognized: smoking [4], alteration of leukocytes [5], im-
munosuppression [6], diabetes [3], and genetic polymorphisms [7]. Among these, bacterial
plaque accumulation remains the most significant as specific periodontopathogens cause
an inflammation that, if prolonged, might lead to periodontal damage [8].

The therapy is based on the removal of the bacterial biofilm, thus stopping the causal
mechanism of this process. Scaling and Root Planing (SRP) is the gold standard non-surgical
therapy, which aims to remove dental plaque and calculus (scaling) as well as to smooth
the root surfaces (root planing) [9]. However, recolonization from periodontal bacteria is a
frequent event following SRP [10]. Accordingly, adjunctive therapeutic approaches have
been proposed, such as the use of antibiotics [11], probiotics [12], ozone application [13],
and the photodynamic therapy [14].

As regards ozone, its application in medicine and dentistry is increasing in recent
years because of the broad-spectrum antimicrobial activity against bacteria, viruses, pro-
tozoa, and fungi [15–19]. Furthermore, ozone exerts an immunomodulant, anti-hypoxic,
anti-inflammatory, and regenerative action [20,21]. Therefore, many clinical conditions
have been contrasted by using ozone therapy, among which are the management of wound-
healing, dental caries, oral lichen planus, gingivitis and periodontitis, halitosis, osteonecro-
sis of the jaw, post-surgical pain, plaque and biofilms, root canal treatment, dentin hy-
persensitivity, and temporomandibular joint disorders [21–23]. In particular, the use of
ozone is indicated in all stages of gingival and periodontal diseases since it is able to exert
anti-microbial activity, oxidize the microbial toxins implicated in periodontal diseases, and
promote healing and tissue regeneration; moreover, ozone gaseous disinfection overcomes
the limitations generally related to liquid chlorhexidine rinses [24].

Another adjuvant therapy in dentistry is represented using lasers to obtain photo-
biomodulation (PBM) [25]. This treatment, also known as Low-Level Laser Therapy (LLLT),
has been particularly applied due to its analgesic action, which derives from the stimulation
of nerve cells, the stabilization of membrane potentials, and the release of neurotransmitters
in the inflammatory tissue [26]; the therapeutic window generally ranges from 1 to 500 mW,
with wavelengths from 600 to 1000 nm [27]. The use of lasers has been recently raised as
an adjunct therapy, even for nonsurgical periodontal treatment [28]. The beneficial effect
of PBM on periodontal tissues has been evaluated both in vitro and in vivo; in particular,
PBM administration has a positive effect on cell proliferation in gingival fibroblasts and
results in increased FGF-b and type-1 collagen expression [29]. PBM is able to exert a
beneficial action on periodontal health since it increases and accelerates the healing process
in damaged tissue through bio-stimulation, and it normalizes the permeability of blood
vessels and boosts microcirculation by causing vasodilation [30].

Based on these considerations, the aim of the present randomized clinical trial was to
analyze the efficacy of PBM therapy with respect to ozone application, in addition to SRP
for the improvement of periodontal clinical indexes. In particular, the Probing Pocket Depth
(PPD), Bleeding Score (BS), and Plaque Index (PI) were evaluated since they are clinically
relevant outcomes, which, respectively, indicate attachment loss, the presence of bleeding
as sign of inflammation, and t plaque accumulation as etiological factors [31]. The first
statistical null hypothesis of the study is that there are no significant intragroup differences
in clinical indexes considering the different timepoints. The second null hypothesis of
the study is that nor do intergroup differences occur between the two treatments at the
corresponding timepoints.
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2. Materials and Methods
2.1. Trial Design

This was a split-mouth, randomized, active controlled, and single-center trial with
a 1:1 allocation ratio, approved by the Unit Internal Review Board (registration number:
2020-0610).

2.2. Participants

Patients attending the Unit of Dental Hygiene, Section of Dentistry, Department of
Clinical, Surgical, Diagnostic and Pediatric Sciences of the University of Pavia (Pavia, Italy)
for periodontal care were recruited in July 2020. The study lasted until July 2021. Informed
consent of the patients was collected. Both interventions and outcome assessments were
conducted at the same unit.

The inclusion criteria were the following: age 20–70 years; presence of periodontal
disease at stage II and III, grade A according to the latest Classification of Periodontal and
Peri-Implant Diseases and Conditions (2017) [32]; patients with no surgical intervention in
the last 12 months. The following exclusion criteria were also considered: the presence of
systemic diseases; the presence of a cardiac pacemaker; pregnant and breastfeeding women;
epilepsy; neuro-psychological disorders; smoking patients; patients taking antibiotics/anti-
inflammatory drugs.

2.3. Interventions and Outcomes

At the baseline (T0), patients were asked to sign informed consent forms to participate
in the study. Subsequently, an instructed operator collected the following periodontal
clinical indices on each peri-implant site by means of a probe (UNC probe 15; Hu-Friedy,
Chicago, IL, USA): Probing Pocket Depth (PPD) (measured on six sites per element), Bleed-
ing on Probing (BOP), Bleeding Score (BS), and Plaque Index (PI) [12]. Then, a professional
supragingival and subgingival oral hygiene was conducted using a piezoelectric instrument
(Multipiezo, Mectron S.p.a, Carasco, Italy) and Gracey curettes (Hu-Friedy, Chicago, IL,
USA), followed by supragingival and subgingival application of a decontaminating glycine
powder (Glycine Powder, Mectron S.p.a., Carasco, Italy). At this stage, the two pathological
sites with the highest PPD values per each quadrant were assigned to treatment: using a
split-mouth design [33], the patients were randomly assigned to group A, in which topical
ozone was administered (Ozone DTA generator, Sweden & Martina, Due Carrare, PD, Italy)
to teeth belonging to the maxillary right and mandibular left quadrants (respectively, Q1
and Q3), while the remaining quadrants (Q2–Q4) were treated with PBM administration
with a 980 nm AlGaInAs diode laser (Giotto model, Dental Medical Technologies, Lissone,
MB, Italy) using a 200 nm optical fiber. In group B, the quadrants were inverted (Figure 1).
Ozone was administered by inserting the probe type 3 at power 6 inside the periodontal
pockets with a duration of about 1 min per cm2 [34]. Laser irradiation was conducted using
an optic fiber of 200 nm, 980 nm wavelength, and 1.5 W power, with a pulsed irradiation of
1 min per site; the application was performed using punctual contact to reduce reflection,
with the tip perpendicular to the gingival tissue [35]. The parameters of the devices are
shown in Table 1.

After 1 (T1), 2 (T2), 3 (T3), 4 (T4), 5 (T5), and 6 (T6) months, the periodontal indices
were re-evaluated, and another treatment with ozone and PBM was performed for the
same sites. The protocol of the study is shown in Table 2.
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Figure 1. Treatments administered to patients from group A (left figure) and from group B (right figure).

Table 1. Working parameters of the two treatments.

Instrument Manufacturer Parameters

Ozone DTA generator Sweden & Martina, Due
Carrare, PD, Italy

Power: 6
Probe type: 3
Usage: 1 min/cm2

Giotto diode laser
Dental Medical
Technologies, Lissone, MB,
Italy

λ = 980 nm
Frequency: 200 Hz
Semiconductor: AlGaInAs
Spot diameter of the optical fiber: 200 nm
Power: 1.5 W
Pulsation: ON 20 ms, OFF 30 ms
Usage: 1 min per site
Power density (irradiance): 100 mW/cm2

Table 2. Protocol adopted for the study.

Appointment Procedures

• Signature for informed consent for the study
• Assessment of periodontal indexes (PPD, BoP and PI)

Baseline (T0) • Assessment of the two sites per quadrant to be treated
• Professional supragingival and subgingival oral hygiene
• Quadrants randomization
Group A: ozone administration
Group B: photobiomodulation (PBM) administration

After 1 month (T1)
After 2 months (T2)
After 3 months (T3)
After 4 months (T4)
After 5 months (T5)
After 6 months (T6)

• Assessment of periodontal indexes (PPD, BoP, and PI

• Treatment of the sites:

Group A: ozone administration
Group B: photobiomodulation (PBM) administration

2.4. Sample Size

The sample size calculation (alpha = 0.05; power = 80%) for two independent study
groups and a continuous primary endpoint was calculated.

Concerning the variable Probing Pocket Depth (the primary outcome), the expected
difference between the means was supposed to be 0.1305 [36]; therefore, 30 patients could
be enrolled using a split-mouth study. The calculation was performed with a Sample Size
Calculator (Clin Calc LLC).

2.5. Randomization and Blinding

By means of a permuted block randomization table provided by the data analyst,
30 patients were randomized into group A or B according to a split-mouth design. An
operator enrolled the participants and executed the professional oral procedures. Based
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on previously prepared sequentially numbered, opaque, sealed envelopes (SNOSE), an
assistant assigned patients to the respective treatment. The order was randomized. The
patients and operator could not be blinded as two different devices were used. The data
analyst was blinded.

2.6. Statistical Methods

The data were submitted to statistical analysis with R Software (R version 3.1.3, R
Development Core Team, R Foundation for Statistical Computing, Wien, Austria). For each
group and variable, descriptive statistics (mean, standard deviation, minimum, median,
and maximum) were calculated. PPD was calculated in millimeters; BOP and PI were
calculated in percentages. Data normality was assessed with the Kolmogorov–Smirnov
test. For the PPD variable, inferential comparisons among groups were performed using
the ANOVA test for repeated measures with the post hoc Tukey test. For BOP and PI,
we used the Kruskal–Wallis test followed by the Mann–Whitney U test. Significance was
predetermined for p < 0.05 for all statistical tests.

3. Results
3.1. Participant Flow and Baseline Data

A total of 30 patients responding to the inclusion criteria were asked to participate
in the study. They all agreed to participate and received the allocated interventions. No
patient was excluded from analysis. The flow chart of the study is shown in Figure 2.
At baseline, the sample showed a mean age of 47.1 ± 13.5 years (13 females, mean age
45.6 ± 12.1; 17 males, mean age 48.2 ± 14.7).

Photonics 2022, 9, x FOR PEER REVIEW 6 of 12 
 

 

 
Figure 2. CONSORT flow-chart of the study. 

Descriptive and inferential statistics are reported in the three following sections. In-
ter- and intra-group comparisons are shown with letter-based comparisons, which pro-
vide the assignment of the same letter/letters to groups with non-significantly different 
means. Accordingly, for pairwise comparisons, the presence of the same letter/letters for 
the means compared shows that no significant differences are present between them [37]. 

3.2. Probing Pocket Depth (PPD) 
In Table 3, the PPD values are shown. PPD was significantly reduced from baseline 

to T6 in both the groups (p < 0.05). A significant difference between the two groups can be 
noted starting from T5, where the PPD values were significantly lower in the PBM group 
if compared to the ozone group (p < 0.05), and the trend was confirmed at T6 with a further 
reduction (p < 0.05), while in the ozone group there was no significant difference between 
T5 and T6 (p > 0.05). 

Table 3. Descriptive and inferential statistics of Probing Pocket Depth measurements (PPD). 

Group Time Mean St Dev Min Median Max Significance * 
Ozone T0 5.11 1.07 4.00 5.00 9.00 A 

 T1 4.62 0.96  3.00 4.00 9.00 B 
 T2 4.46  0.86  3.00 4.00 7.00  B,C 
 T3 4.07  0.87  3.00  4.00  7.00  D 
 T4 3.82  0.76  2.00  4.00  6.00  D,F 
 T5 3.62  0.72  2.00  4.00  6.00  F 
 T6 3.54  0.72  2.00  3.00  6.00  F 

PBM T0 5.31  1.02  4.00  5.00  9.00  A 
 T1 4.51  0.90  3.00  4.00  7.00  B,C 
 T2 4.18  0.85  2.00  4.00  7.00  C,D 
 T3 3.85  0.89  2.00  4.00  6.00  D,E 

Figure 2. CONSORT flow-chart of the study.

Descriptive and inferential statistics are reported in the three following sections. Inter-
and intra-group comparisons are shown with letter-based comparisons, which provide
the assignment of the same letter/letters to groups with non-significantly different means.
Accordingly, for pairwise comparisons, the presence of the same letter/letters for the means
compared shows that no significant differences are present between them [37].
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3.2. Probing Pocket Depth (PPD)

In Table 3, the PPD values are shown. PPD was significantly reduced from baseline to
T6 in both the groups (p < 0.05). A significant difference between the two groups can be
noted starting from T5, where the PPD values were significantly lower in the PBM group if
compared to the ozone group (p < 0.05), and the trend was confirmed at T6 with a further
reduction (p < 0.05), while in the ozone group there was no significant difference between
T5 and T6 (p > 0.05).

Table 3. Descriptive and inferential statistics of Probing Pocket Depth measurements (PPD).

Group Time Mean St Dev Min Median Max Significance *

Ozone T0 5.11 1.07 4.00 5.00 9.00 A
T1 4.62 0.96 3.00 4.00 9.00 B
T2 4.46 0.86 3.00 4.00 7.00 B,C
T3 4.07 0.87 3.00 4.00 7.00 D
T4 3.82 0.76 2.00 4.00 6.00 D,F
T5 3.62 0.72 2.00 4.00 6.00 F
T6 3.54 0.72 2.00 3.00 6.00 F

PBM T0 5.31 1.02 4.00 5.00 9.00 A
T1 4.51 0.90 3.00 4.00 7.00 B,C
T2 4.18 0.85 2.00 4.00 7.00 C,D
T3 3.85 0.89 2.00 4.00 6.00 D,E
T4 3.37 0.75 2.00 3.00 6.00 E,F
T5 2.85 0.66 1.00 3.00 5.00 G
T6 2.43 0.62 1.00 2.00 3.00 H

* Means with the same letters are not significantly different (p > 0.05).

3.3. Plaque Index (PI%)

As shown in Table 4, PI significantly decreased from baseline to T6 among the two
groups (p < 0.05). A significant difference was found between T0 and T1 among the groups
(p < 0.05), with a progressively higher reduction in the PBM group among the time frames
of the study; however, the intergroup comparisons are not significant (p > 0.05).

Table 4. Descriptive and inferential statistics of Plaque Index measurements (PI%).

Group Time Mean St Dev Min Median Max Significance *

Ozone T0 71.67 23.54 30.00 80.00 100.00 A
T1 57.33 18.13 20.00 60.00 80.00 B
T2 50.87 16.13 20.00 52.50 75.00 B,C
T3 44.77 15.33 20.00 45.00 70.00 C,D
T4 41.60 11.97 20.00 41.00 60.00 C,D,E
T5 37.60 11.03 20.00 38.00 60.00 C,D,E,F
T6 35.13 10.41 20.00 35.00 60.00 D,E,F

Photobiomodulation T0 73.17 21.35 40.00 80.00 100.00 A
T1 57.33 18.13 20.00 60.00 80.00 B
T2 50.67 15.85 20.00 52.50 75.00 B,C
T3 43.17 13.93 20.00 42.50 70.00 C,D,E
T4 37.33 11.50 20.00 32.50 55.00 D,E,F
T5 30.20 10.48 15.00 30.00 55.00 E,F
T6 25.17 7.43 13.00 25.00 45.00 F

* Means with the same letters are not significantly different (p > 0.05).

3.4. Bleeding on Probing (BoP)

For BoP also, a significant decrease from baseline to T6 among the two groups was
found (p < 0.05), as shown in Table 5. A significant difference was found between T0 and
T1 among the groups (p < 0.05), with a progressively higher reduction in the PBM group
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among the time frames of the study; for this index also, the intergroup comparisons are not
significant (p > 0.05).

Table 5. Descriptive and inferential statistics of Bleeding on Probing measurements (BOP%).

Group Time Mean St Dev Min Median Max Significance *

Ozone T0 71.67 23.54 30.00 80.00 100.00 A
T1 57.33 18.13 20.00 60.00 80.00 B
T2 50.87 16.13 20.00 52.50 75.00 B,C
T3 44.77 15.33 20.00 45.00 70.00 C,D
T4 41.60 11.97 20.00 41.00 60.00 C,D,E
T5 37.60 11.03 20.00 38.00 60.00 C,D,E,F
T6 35.13 10.41 20.00 35.00 60.00 D,E,F

Photobiomodulation T0 73.17 21.35 40.00 80.00 100.00 A
T1 57.33 18.13 20.00 60.00 80.00 B
T2 50.67 15.85 20.00 52.50 75.00 B,C
T3 43.17 13.93 20.00 42.50 70.00 C,D,E
T4 37.33 11.50 20.00 32.50 55.00 D,E,F
T5 30.20 10.48 15.00 30.00 55.00 E,F
T6 25.17 7.43 13.00 25.00 45.00 F

* Means with the same letters are not significantly different (p > 0.05).

4. Discussion

Oral infections are a serious concern in dentistry, and many efforts should be made
to contrast bacterial colonization [38]. In addition to dental decay, even tooth-supporting
tissues can be threatened by pathogenic microorganisms causing a dysbiosis leading to
periodontitis [39]. Despite SRP being the gold standard treatment for periodontitis, many
shortcomings, such as bacterial recolonization, are associated with it. On the basis of this
consideration, the aim of the present randomized clinical trial was to evaluate the adjunctive
efficacy of ozone and PBM, in addition to SRP, in improving periodontal clinical indexes.
This study consisted of a split-mouth design, a kind of study introduced in dentistry to
reduce patient-related biases.

The statistical null hypothesis of the study was partially rejected. Considering intra-
group differences, both ozone and PBM had significantly reduced values of Probing Pocket
Depth (PPD), Plaque Index (PI), and Bleeding on Probing (BoP), generally with a significant
progressive reduction from baseline to the last evaluation timepoint. As regards intergroup
comparisons, no significant differences were found, either for PI or for BoP; conversely, the
PPD values were significantly different between the groups starting from T5 (5 months),
with a significantly higher reduction for the sites treated with PBM. Additionally, consid-
ering the timepoint between T5 (5 months) and T6 (six months), no further significant
reduction was assessed for PPD in the sites treated with ozone, differently from those
treated with PBM. According to the results obtained in this study, both ozone and PBM
appear as valuable tools as adjunctive treatment to SRP. No significant differences were
noticed between the two treatment modalities, except for a higher reduction for BoP exerted
by PBM in the long term.

Previously studies in the literature have evaluated the antimicrobial effect of ozone
application. In particular, in vitro tests were conducted by Huth et al. [40] to compare the
antimicrobial effectiveness of gaseous/aqueous ozone with respect to the gold standard
chlorhexidine digluconate (CHX) against periodontal microorganisms. Specific periodon-
topathogens, i.e., Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Tannerella
forsythia, and Parvimonas micra, were exposed for 1 min to gaseous ozone, aqueous ozone,
chlorhexidine, or to a control substance (phosphate-buffered saline). Despite none of the
agents managing to significantly reduce the A. actinomycetemcomitans count in biofilm cul-
tures, 2% CHX and ozone gas at 53 g/m−3 eliminated P. gingivalis, T. forsythia, and P. micra,
with a significantly greater antimicrobial effect against planktonic cultures with respect to
biofilm-associated bacteria. No significant differences in the effectiveness of aqueous ozone
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or gaseous ozone were assessed compared with 2% CHX; however, the ozone treatment
was more effective than the one based on the use of 0.2% CHX. Accordingly, the authors
recognized that high-concentrated gaseous and aqueous ozone are valid antiseptics in
periodontitis therapy. In fact, ozone therapy seems to be a reliable alternative to the con-
ventional chlorhexidine-based products due to the absence of the shortcomings associated
with these products, such as tooth staining, dysgeusia, and mucosal irritation [41].

In addition to laboratory studies, clinical trials have also assessed the efficacy of ozone
therapy for the treatment of gingivitis, periodontitis, and peri-implantitis. In particular,
in a recent work by our group, patients suffering from peri-implantitis were recruited
to evaluate the efficacy of a clinical protocol based on the irrigation of pathological sites
by means of ozonized water, compared to pure water [13]. Evaluations were conducted
at baseline, as well as after one month and two months. The results of the study high-
lighted a significant reduction in PPD, PI, BoP, and Bleeding Score (BS). This outcome did
not occur in the control group, thus confirming the role of ozone as an adjuvant agent
within an oral hygiene protocol. This result is in accordance with previous evidence in
the literature [24,42,43]. Moreover, in the research by Rapone and colleagues [44], the
adjunctive use of the gaseous ozone therapy was evaluated for its effect on similar clinical
indexes evaluated in the present report, such as BoP and PPD; both of these indexes were
significantly decreased at six months as highlighted in this study.

Beside ozone therapy, other adjunctive approaches have been proposed in oral hygiene,
such as the use of antibiotics [11], probiotics [12], and lasers [14,25]. As regards these
approaches, the administration of PBM using coherent, collimated, and monochromatic
light energy is exploited to perform therapeutic procedures; these devices are included
in the category of so-called “non-surgical lasers”, which are opposed to “surgical lasers”
that are able to incise, excise, and ablate tissues [43]. The term “photobiomodulation” (also
defined as Low-Level Laser Therapy, LLLT) describes how PBM lasers work, considering
that they use photons (light energy) to modulate biological processes. Various transcription
factors are switched on by PBM, such as the antimicrobial peptide h-BD-2 (human β-
defensin-2). PBM partially shares its mechanism of action with photodynamic therapy
(PDT); the difference between the two is that while PBM is used to improve wound healing
or as pain relief, PDT is a combination of light- and photo-sensitive drugs targeted at
chromophores to destroy microbes or oncogenic cells [45].

PBM lasers have been generally used in dentistry for pain management, especially
in orthodontics in the case of band application [26]. In addition to this, PBM has been
more recently proposed as an adjunctive approach to oral hygiene treatments in the case of
periodontal pathologies. A previous study has investigated the local effect of PBM on the
treatment of periodontal pockets in patients with periodontitis and type 2 diabetes [34]. In
particular, periodontal patients with pockets reporting PPD and CAL (Clinical Attachment
Level) ≥ 5 mm were selected. Pockets were randomly assigned to receive only mechanical
debridement (SRP) (control group) or SRP with PBM (experimental group). PPD, CAL,
BoP, and PI were compared at baseline, 3, 6, and 12 months. After 12 months, no significant
difference was assessed for PPD and CAL between the control and experimental group.
The frequency of pockets with PPD 5–6 mm was significantly lower for the PBM group at 6
months with respect to the control group. Pockets with PPD ≥ 7 mm changed significantly
between baseline and 3, 6, and 12 months for the PBM group, whereas, for the control group,
a statistical significance was only observed between baseline and 6 months. The authors
concluded that, despite PBM protocol not providing significant changes for PPD and CAL in
periodontal pockets when compared to mechanical therapy only, the former treatment was
more effective in reducing the percentage of moderate and severe periodontal pockets at 3,
6, and 12 months in patients with type 2 diabetes mellitus. This agrees with our study where
a similar reduction in PPD was found from baseline to the subsequent 6 months, despite no
evaluations have been conducted at 12 months. However, the aforementioned study did
not find significant changes when comparing PPD and CAL in periodontal pockets treated
with PBM or mechanical therapy only. Accordingly, no direct comparisons can be made
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considering that, in the present research, no control group exposed to mechanical therapy
alone was considered.

An analogue study conducted among betel chewers confirmed the additional effect of
PBM for the management of periodontitis, compared to SRP alone [46].

Despite the positive results assessed for PBM in the present study, as well as in previ-
ous research, no conclusive evidence has been demonstrated yet. According to recent and
high-quality systematic reviews, the current evidence lacks sufficient information regarding
PBM dosimetry, which is fundamental in determining standardized, and thus replicable,
protocols for both therapeutic and research purposes; additionally, the substantial differ-
ences in the methodologies and the high risk of bias assessed for the studies included have
caused their classification to be of low quality [47,48].

The present report presents some limitations. Firstly, as regards PBM, no validated
protocols have been published in the literature until now [46]; conversely, different non-
standardized parameters have been used in studies for both laser wavelength [46–48] and
exposure time [34,47,48]. Moreover, according to some findings, PBM could exert systemic
effects even in the case of a local irradiation, thus limiting the necessity of split-mouth
studies [49]. Finally, regarding ozone, further approaches are available in addition to
gaseous administration, such as ozonated water and oil/gel [13,24]. The efficacy of these
other methods deserves to be evaluated and compared to PBM.

Based on these considerations, there is the need to conduct further well-designed RCTs
with the goal of determining the efficacy of PBM, if any, and comparing it with different
ozone treatments available nowadays. Clinicians should be aware of the possibility of
adopting both PBM and ozone as adjunctive therapies to SRP for their positive effects when
combined with professional protocols of dental hygiene.

5. Conclusions

PBM therapy could be a reliable adjunctive agent to mechanical debridement in
periodontal disease, with a slightly better effect than ozone in the long term. However,
no definitive conclusions can be reached for the former therapeutic approach due to the
absence of standardized protocols regarding its administration.
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42. Talmaç, A.C.; Çalişir, M. Efficacy of gaseous ozone in smoking and non-smoking gingivitis patients. Ir. J. Med. Sci. 2021, 190,
325–333. [CrossRef]

43. Convissar, R.; Ross, G. Photobiomodulation Lasers in Dentistry. Semin. Orthod. 2020, 26, 102–106. [CrossRef]
44. Rapone, B.; Ferrara, E.; Santacroce, L.; Topi, S.; Gnoni, A.; Dipalma, G.; Mancini, A.; Di Domenico, M.; Tartaglia, G.M.; Scarano,

A.; et al. The Gaseous Ozone Therapy as a Promising Antiseptic Adjuvant of Periodontal Treatment: A Randomized Controlled
Clinical Trial. Int. J. Environ. Res. Public Health 2022, 19, 985. [CrossRef]
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