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Featured Application: This paper highlights the advantages of photodynamic therapy for treatment
of periodontal disease.

Abstract: Aim: The objective of this study was to compare the efficacy of supportive periodontal
therapy (i.e., scaling and root planning, SRP) alone versus ALADENT medical device used in
association with SRP in the treatment of chronic periodontitis in adult patients. Materials and
Methods: A total of 20 patients with a diagnosis of chronic periodontitis (40 localized chronic
periodontitis sites) aged between 35 and 55 were selected. None of these patients previously received
any surgical or non-surgical periodontal therapy, and they presented radiographic evidence of
moderate bone loss. Two non-adjacent sites in different quadrants were identified and observed in
each patient, analyzing treatment effectiveness (split-mouth design). Clinical pocket depth, clinical
attachment loss, and bleeding on probing were evaluated at time 0 and after 6 months, while
microbial analysis (MA) was conducted at baseline and after 15 days. Significant differences were
calculated using SPSS program and paired simple statistic t-test. Results: Total bacteria loadings
had a statistically significant reduction before and after treatment with SRP (left site) (total average
decrease of 27%). The sites treated with SRP plus ALADENT (right) showed a significantly reduced
total bacterial loading compared to the untreated sites (right) (total average decrease of 75%). Mean
values of CAL/PD and percentages data of BOP, recorded after SRP + ALADENT therapy, showed
a higher reduction (CAL = 2.42, PD = 2.87 mm, 90% of sites with no bleeding) than those obtained
after SRP treatment (CAL = 4.08 mm, PD = 4.73 mm, 70% of sites with no bleeding). Conclusion:
The treatment of moderate and severe chronic periodontitis should include, beside SRP, the use of
ALADENT medical device, which has been proved to be a useful adjuvant therapy.

Keywords: periodontal disease; chronic periodontitis; moderate and severe periodontitis; adjuvant
periodontal treatment; photodynamic therapy; 5-aminolevulinic acid; bactericidal activity; deactivation
and detoxification of periodontal pathogens; scaling and root planning

1. Introduction
Periodontal disease (PD) is highly prevalent worldwide. Approximately 50% of the

adults present PD [1–3]. PD can be defined as chronic multi-factorial inflammatory dis-
eases, depending on the composition of dental plaque biofilm, and characterized by the
deterioration of tooth-supporting tissues [4,5]. The American Academy of Periodontology
(AAP) and the European Federation of Periodontology (EFP) provided a new classifica-
tion scheme for periodontal and peri-implant diseases during the 2017 World Workshop,
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identifying three forms: Necrotizing periodontal disease, periodontitis as a manifestation
of systemic condition, and periodontitis. Regarding this last group, four stages (based on
severity and complexity of management) were identified: Initial (stage I) and moderate
(stage II) periodontitis, severe periodontitis with potential for additional tooth loss (stage
III) and with potential for loss of the dentition (stage IV). The risk of disease progression
was classified into slow (grade A), moderate (grade B), and rapid (grade C) [6–12]. Gin-
givitis and periodontitis represent two different conditions, showing different phenotypes:
Gingivitis, the mildest form of PD, presents itself as a reversible gingival inflammation,
it arises due to the presence of bacterial biofilm deposits, and it is characterized by the
absence of periodontal attachment apparatus destruction [13,14]. The combination of bacte-
rial infection and persistent inflammatory response can progressively destroy the deeper
periodontal tissues, leading to periodontitis, which is represented by the loss of alveolar
bone and clinical attachment and by the onset of periodontal pocket [15]. The progression
of periodontitis causes tooth mobility and, if not treated, can result in tooth exfoliation.
Periodontal inflammation may induce low-grade systemic inflammation, damaging the
function of other organs [16,17]. Periodontitis represents a condition that occurs because of
the chronic inflammatory process proper to gingivitis, although it is essential to note that
gingivitis does not necessarily progress to periodontitis [18,19]. The onset of periodontitis
is associated with the presence of periodontal pathogenic microorganisms, individual
genetic factors, immune pathways and lifestyle, which may enable bacteria to express their
pathogenic potential [20,21].

Periodontal treatment aims to avoid the progression of periodontitis by resolving oral
infection and thus preserving the natural dentition, restoring tissues that have been dam-
aged, and preventing its recurrence [22–24]. These goals may be achieved by eliminating
supragingival and subgingival biofilms: As literature widely reported, the prevention of
periodontal disease may be achieved by performing non-surgical therapy (scaling and
root planning) and maintaining adequate oral hygiene [25–29]. However, SRP alone does
not permit to control the disease since it could only provide a temporary change of the
subgingival bacteria, maintaining the presence of periodontopathic microorganisms and,
therefore, allowing the recolonization of the periodontal sites. Limitations of SRP may
derive from the presence of bone defects, limited access to the periodontal tissues, and
complex tooth anatomy [30,31]. Adjunctive use of new therapies can provide a further
advantage in managing the disease: The literature showed that laser therapy can improve
the healing of treated sites [32–35].

2. Photodynamic Therapy
Photodynamic therapy (PDT) can be considered as a valid alternative in the managing

of PD, thus representing an important novelty in the treatment of oral infections. PDT can
occur with different mechanisms: It oxidates the cellular components, such as plasma mem-
branes and DNA, and photo-activates the endogenous or exogenous photosensitizers (PS),
forming reactive species and leading to cellular death [36–38]. The photodynamic process
consists of a photosensitizer (PS) reaction caused by a light source with a specific wave-
length that can be absorbed and that, therefore, activates the photosensitizer itself [39,40].
The PS, when irradiated, passes from its lowest energy level to the short-lived excited
singlet state, which can be transformed into the long-lived excited triplet state. The triplet
PS, in the presence of ambient oxygen, can produce highly reactive singlet oxygen and toxic
reactive oxygen species (ROS) [41]. ROS are able to penetrate into cell membranes, inducing
oxidation of membrane lipids and amino acids, agglutination of proteins, and oxidative
damage of nucleic acids [42,43]. In recent years, research has identified some photosensitiz-
ing substances. Some of them have an artificial origin (methylene blue, toluidine blue) [44].
5-aminolevulinic acid (ALA) is the sensitizing substance that characterizes this medical
device. ALA is a homologous compound already present in our body as an integral part of
the metabolism process of the EME group [45,46]. For over ten years, ALA photodynamic
therapy was experimented with, and it produced new specific vehicles mainly addressed
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to oncological dermatology, demonstrating significant efficacy, selectivity, and a very high
safety profile. Applications have confirmed the extreme effectiveness of ALA medical
devices towards the broadest spectrum of pathogens [47,48]. These experiences preceded
and evolved in the formula of the Aladent medical device (ALADENT, Alphastrumenti
Srl., Melzo (MI), Italy) for the treatment of periodontitis and peri-implantitis.

Our research aimed to analyze the effectiveness of a new medical device (ALADENT),
a patented (PCT/IB2018/060368, 19 December 2018) thermosetting gel with 5% ALA
content, used as an adjuvant therapy together with SRP in the treatment of chronic peri-
odontitis in adult patients. Several articles have already highlighted the in-vitro efficacy of
ALADENT against pathogens involved in periodontal disease [49–51].

3. Materials and Methods
A total of 20 patients with a diagnosis of moderate and severe chronic periodontitis

(stage II and III of the 2017 World Workshop classification of periodontal disease, on the
basis of management complexity and severity) were randomly selected. Inclusion criteria
were as follows: (1) Diagnosis of moderate and severe periodontitis according to the
2017 classification by AAP and EFP [12], (2) presence of two non-adjacent sites belonging
to different quadrants for which the periodontal treatment was indicated, (3) age range
from 35 to 55, (4) periodontal sites did not receive any surgical or non-surgical periodontal
therapy prior to the enrollment in the study. The patients were excluded from the study if
they met any of the following criteria: (1) Pregnancy, (2) a history of taking antibiotics or
using antibacterial mouth rinses for the past 6 months, (3) a history of systemic disease,
(4) history of psychiatric disorders, (5) teeth with furcation involvement, (6) teeth with
previous traumatic lesions, (7) smoking, and drug or alcohol abuse. During the sample
selection, all 67 patients, aged between 35 and 55, who came to our clinic for a first visit or
periodic monitoring between January and December 2019 were taken into consideration.
Initially, 31 patients, diagnosed with moderate and severe chronic periodontitis, were
recruited: 6 of them were not selected for our study since they recently received surgical
periodontal treatment (2 subjects) or non-surgical therapy (4 patients). 2 subjects were
smokers, 1 woman was pregnant, 2 patients had a history of systemic disease and they
were consequently excluded from the research. Subjects enrolled in the study (20 patients)
were given a detailed verbal description of the procedure and signed consent forms.

4. Clinical Methods
A total of 20 patients (i.e., 40 sites) were selected and grouped into two categories:

Control and test (split mouth design). The control group (20 left sites) was treated with SRP.
The test group was treated by SRP plus ALADENT (20 right sites).

One clinician (D.L.) performed the diagnosis of chronic periodontitis of the enrolled
sample. The diagnosis was assessed following Multi-State Markov Models proposed by
Mdala et al. in 2014 [52], which associate the state of chronic periodontitis to clinical pocket
depth (PD)/clinical attachment loss (CAL) values higher than 4 mm with or without BOP.
For this reason, prior to treatment, PD, bleeding on probing (BOP) and CAL were detected
in 6 different points for each selected site: Disto-lingual/palatal, mesio-lingual/palatal
mesio-buccal, disto-buccal, mid-lingual/palatal, and mid-buccal. BOP was calculated
using the Papillary Bleeding Index (PBI) introduced by Saxer and Muhlemann in 1975 [48],
identifying four different scores, depending on the gravity of gingival papillae bleeding.
Microbial analysis was also conducted: The isolation of the sites was obtained by using
cotton rolls, subgingival samples were collected with sterile absorbable paper points
(size 60) in the deepest part of the periodontal pocket and were immediately processed in a
microbiological lab. Total bacterial loadings (TBL) were then evaluated.

The same clinician (D.L.) performed SRP treatment in all the selected sites at the
baseline measurement, using ultra sonic scalers. After SRP, PDT with ALADENT was
performed in the test sites by the same operator. The product was inserted in each pocket
with the dedicated capillary tip. The incubation of the product lasted 60 min. Each site
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was illuminated with a 630 nm led source (TL-01 Alpha Strumenti) for 7 min, with a total
light dose of 120 J/cmq (Figure 1). The tip of the illuminator was kept very close to the
site, and it was positioned perpendicular to the surface of the gingival mucosa. TBL and
PD/CAL/BOP were recorded again from both sites in each patient after 15 days and after
6 months, respectively. After treatment, all the included patients were asked to observe
adequate oral hygiene maneuvers (both in case and control sites): Teeth brushing three
times a day, daily use of dental floss, application of periodontal gel with 1% chlorhexidine.
Principal outcomes were reported using means and percentages.

Appl. Sci. 2022, 12, x FOR PEER REVIEW 4 of 12 
 

points (size 60) in the deepest part of the periodontal pocket and were immediately pro-
cessed in a microbiological lab. Total bacterial loadings (TBL) were then evaluated. 

The same clinician (D.L.) performed SRP treatment in all the selected sites at the 
baseline measurement, using ultra sonic scalers. After SRP, PDT with ALADENT was per-
formed in the test sites by the same operator. The product was inserted in each pocket 
with the dedicated capillary tip. The incubation of the product lasted 60 min. Each site 
was illuminated with a 630 nm led source (TL-01 Alpha Strumenti) for 7 min, with a total 
light dose of 120 J/cmq (Figure 1). The tip of the illuminator was kept very close to the site, 
and it was positioned perpendicular to the surface of the gingival mucosa. TBL and 
PD/CAL/BOP were recorded again from both sites in each patient after 15 days and after 
6 months, respectively. After treatment, all the included patients were asked to observe 
adequate oral hygiene maneuvers (both in case and control sites): Teeth brushing three 
times a day, daily use of dental floss, application of periodontal gel with 1% chlorhexidine. 
Principal outcomes were reported using means and percentages. 

Total bacterial loading was analyzed by performing Real-Time Polymerase Chain 
Reaction [53]. 

 
Figure 1. Aladent thermosetting gel and TL-01 630 nm led activator. 

5. Statistical Analysis 
Statistically significant results were obtained by using SPSS program and paired sim-

ple statistic T-test. 

6. Results 
6.1. Microbiological Results 

Compared to T0 (time before treatment), total bacteria loadings have a statistically 
significant reduction after 15 days of treatment with SRP (left sites) (Table 1 and Figure 2) 
(total average decrease of 27%). In the sites treated with SRP plus ALAD (right), the total 
bacterial loading was significantly reduced compared to the untreated sites (left) (total 
average decrease of 75%) (Table 2). 

6.2. Clinical Results 
Mean values of CAL and PD, recorded after SRP + ALADENT therapy, highlighted 

a higher reduction than those obtained after SRP treatment (Table 3, Figures 3–5). Before 
treatment, CAL and PD mean values of case sites were equal to 4.65 and 5.14 mm respec-
tively, while after treatment, a mean value of 2.42 and 2.87 mm was recorded for the two 
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Total bacterial loading was analyzed by performing Real-Time Polymerase Chain
Reaction [53].

5. Statistical Analysis
Statistically significant results were obtained by using SPSS program and paired simple

statistic t-test.

6. Results
6.1. Microbiological Results

Compared to T0 (time before treatment), total bacteria loadings have a statistically
significant reduction after 15 days of treatment with SRP (left sites) (Table 1 and Figure 2)
(total average decrease of 27%). In the sites treated with SRP plus ALAD (right), the total
bacterial loading was significantly reduced compared to the untreated sites (left) (total
average decrease of 75%) (Table 2).

Table 1. In right (R-SRP plus ALADENT) and left (L-SRP) sites.

Media N Standard Deviation Standard Error Media

Couple 1 TBL-0-R 159,278.2 20 113,470.1862 25,372.705
TBL-1-R 39,819.7 20 14,683.3434 3283.2954

Couple 2 TBL-0-L 184,440.1 20 98,658.8991 22,060.8005
TBL-1-L 134,641.2 20 111,791.5357 24,997.3473
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Figure 2. Total bacteria loading (TBL) before (time 0) and two weeks after treatment (time 0 + 15 days) in
right (R) (SRP) and left (L) (SRP plus ALADENT) sites.

Table 2. Total bacterial loading (TBL) reduction in the sites treated with SRP (left-L) compared to the
site treated with SRP plus ALADENT (right-R).

Media Standard Deviation Standard Error Media Sig (2-Code)

Couple 1 TBL-0-R—TBL-1-R 119,458.5 107,599.2581 24,059.9255 0.001
Couple 2 TBL-0-L—TBL-1-L 49,798.8 25,907.0034 5792.9821 0.001

6.2. Clinical Results
Mean values of CAL and PD, recorded after SRP + ALADENT therapy, highlighted

a higher reduction than those obtained after SRP treatment (Table 3, Figures 3–5). Before
treatment, CAL and PD mean values of case sites were equal to 4.65 and 5.14 mm respec-
tively, while after treatment, a mean value of 2.42 and 2.87 mm was recorded for the two
indicators. Control sites presented, at time 0, a CAL of 4.76 mm and a PD equal to 5.24 mm,
after 6 months, PD and CAL mean values were 4.73 mm and 4.08 mm respectively. With
regards to BOP (Figure 6), the majority of the cases and controls sites (70%, 28 sites out of
40) presented, before treatment, several isolated bleeding points or a single line of blood
(Score 2), while Score 1 (single discreet bleeding point) and Score 3 (interdental triangle
fills with blood shortly after probing) were found in 10% and 20% of the selected sites,
respectively. After SRP plus ALADENT treatment, 90% of the sites showed no bleeding
(Score 0), compared to the SRP treated sites, that mostly reached Score 1.

Table 3. CAL and PD values after treatment with SRP alone and SRP plus ALADENT: Results are
statistically significant at * p value < 0.01.

CAL (Mean ± SD) PD (Mean ± SD) p Value

SRP (20 sites) 4.08 ± 0.44 4.73 ± 0.34 <0.00001 *
SRP plus Aladent (20 sites) 2.42 ± 0.46 2.87 ± 0.43 <0.00001 *
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7. Discussion
Periodontal therapy is successful when it provides the decrease of the periodontal

bacteria in the subgingival area [54]. Porphyromonas gingivalis, Treponema denticola, and
Tannerella forsythia, included in the red complex bacteria, represent the main periodontal
pathogens, which can induce periodontal disease progression: Significant periodontal
tissue destruction, increasing depth of periodontal pockets and bleeding [31,55]. The
literature reported that subgingival debridement (scaling and root planning) leads to a
temporary change in the composition of subgingival microorganisms, including species
like the microflora found in healthy periodontal sites [56,57]. However, recolonization of
the periodontal sites by spirochetes and motile rods one to two months after the end of the
therapy, together with the persistence of red and orange complexes bacteria in the deepest
part of the periodontal pockets, make it clear that non-surgical periodontal treatment (SRP)
is not sufficient in contrasting chronic periodontitis [58–60].

Data obtained in our study demonstrated that the non-invasive procedure of PDT,
in association with non-surgical therapy, is effective in the treatment of periodontitis,
obtaining the deactivation and detoxification of periodontal pathogens, the decrease of
probing depth and clinical attachment loss [61,62]. Microorganism photoinactivation can
be obtained by direct or indirect mechanisms. The direct method involves high-energy
photons directly damaging vital parts of bacterial cells, while the indirect antimicrobial
PDT can be described as an oxygen-dependent photochemical reaction generated by the
activation of a PS through a light source. The combination of a non-toxic PS, visible light
with appropriate wavelength and oxygen leads to the production of highly reactive and
cytotoxic ROS (singlet oxygen), consequently destroying cells [63–68]. The randomized
controlled split-mouth clinical trial by Birang et al. [69] evaluated the role of adjunctive
PDT in patients suffering from chronic periodontitis, highlighting significant short-term
improvements (three months follow-up) in terms of bacterial count, CAL, and PD. Positive
long-term clinical effects of PDT were demonstrated in the randomized clinical trial by
Alwaeli et al. [70], in which improvement in periodontal clinical indicators (CAL, PD, BOP)
of 136 sites was recorded for at least one year. Thirty-three patients were selected in the
research by Andersen et al. [71] and divided in three groups, treated with SRP alone, PDT
alone, and SRP associated with PDT: The data proved that periodontal sites, which received
the combined therapy (scaling and root planning + PDT) showed a higher reduction of
clinical attachment loss, probing pocket depth decrease, and BOP decrease in comparison
with those treated with SRP alone.

Our in-vivo analysis evaluated the effectiveness of photodynamic therapy, performed
by the concurrent use of a novel product containing aminolaevulinic acid (ALA) and red
led irradiation against different types of bacteria involved in oral infections. Support peri-
odontal therapy alone is widely used, but data obtained in our research reported a greater
decrease of bacterial load when SRP is associated with the administration of ALADENT,
which is the sole medical device using a PS applied topically. ALADENT is easy to use
and causes no discomfort for the patient. It is administered directly into the periodontal
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pocket, drastically reducing the adverse effects that could occur during a systemic ther-
apy. ALADENT presents a bactericidal activity, reducing gingival inflammation and thus
representing an effective procedure in the treatment of periodontitis. The aminolaevulinic
acid is the precursor of protoporphyrin IX (PpIX), it is normally synthesized in mitochon-
dria, thanks to the condensation reaction between glycine and succinyl-CoA [72], but it
can also be administrated exogenously as a prodrug [51]. The ALA molecules are better
absorbed intracellularly than the PpIX, and their accumulation and photoactivation in
porphyrins (PAPs) is higher in cells with greater metabolic activity, such as tumor cells,
bacteria, and inflammatory cells [73]. ALADENT device allows, therefore, to maximize the
penetration of the PS in the bacterial membrane. The effectiveness of ALA PDT depends
on several factors: Bacteria cell wall composition, pH value, concentration, and duration
of exposure to the PS [74–76]. Our study highlighted that ALADENT cannot only be
effective in destroying pathogenic microorganisms colonizing the subgingival area but
also in significantly improving CAL, PD, and BOP after six months of follow-up. The
suppression or eradication of these microbes and the positive effect on periodontal clinical
parameters result in periodontal health improvement. Moreover, the novel ALADENT
contains the preservatives, potassium sorbate and sodium benzoate, enhancing the bacteri-
cidal effect in periodontal pockets [77,78], and it was demonstrated that the use of a red
led, irradiating ALA, allows the antimicrobic effect to be longer maintained [79]. Thanks to
its properties, the use of ALADENT enhances the control of the periodontal pockets during
the non-surgical treatment of periodontitis. It was also demonstrated that ALADENT may
significantly reduce the progression of periodontitis and the destruction of periodontal
tissues in animal models.

Besides ALADENT, the literature also presented other interesting innovative strategies
in the treatment of periodontal disease: The clinical trial by Butera et al. [80] proposed
the use of a probiotic-based toothpaste and chewing gum in addition to SRP treatment,
demonstrating that it could be a valid support option against periodontal microorganisms,
improving several clinical periodontal indexes. Another study by the same author [81]
compared the effectiveness of a chlorhexidine-based and postbiotics-based periodontal
gel used after SRP, recording a significant reduction of probing pocket depth, recession,
dental mobility, and bleeding on probing after both treatments. Probiotics were largely
recommended as complementary periodontal therapy since symbiotic bacteria are able
to decrease the level of proinflammatory cytokines, potentiating the effect of SRP [82].
Postbiotics derive from microbial fermentation and metabolic activity of microorganisms,
providing antiseptic, antioxidant, and anti-inflammatory effects [83]. Finally, beside SRP,
the adjunctive treatment with low-level laser therapy (LLLT) obtaining photobiomodulation
(PBM) was demonstrated to be more effective in reducing probing pocket depth, bleeding
on probing, and plaque index compared to the ozone therapy [84] since it promotes
gingival fibroblast proliferation and FGF-b and type-1 collagen expression, improving
healing processes through bio-stimulation.

8. Conclusions
Our study aimed at finding a more suitable protocol for clinical practice by reducing

the treatment duration and costs of materials, and that still had an effective antimicrobial
action on periodontal bacteria. This preliminary study showed that ALADENT had a
great antibacterial potential on different Gram-positive and Gram-negative bacteria in-
volved in antibiotic resistance and oral infections. Together with bacterial load reduction,
ALADENT provides the reduction of periodontal soft tissue inflammatory parameters,
such as PD, CAL, and BOP. Therefore, ALADENT can be considered as adjuvant therapy
in the management of chronic periodontitis. Besides ALADENT, also other innovative
adjuvant periodontal approaches should be further investigated (probiotics, postbiotics,
and laser therapies), in order to provide a reliable treatment option against periodontitis in
addition to traditional strategies.



Appl. Sci. 2022, 12, 3102 9 of 12

Author Contributions: Conceptualization, Writing—original draft preparation D.L.; Validation,
G.M.; Investigation, D.B.; Data curation, F.D.V. and A.P.; Methodology, M.P.; Supervision, F.C. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Haffajee, A.D.; Socransky, S.S. Microbial etiological agents of destructive periodontal diseases. Periodontology 2000 1994, 5, 78–111.

[CrossRef] [PubMed]
2. Consensus Report Periodontal Diseases: Pathogenesis and Microbial Factors. Ann. Periodontol. 1996, 1, 926–932. [CrossRef]

[PubMed]
3. Ababneh, K.T.; Abu Hwaij, Z.M.F.; Khader, Y.S. Prevalence and risk indicators of gingivitis and periodontitis in a Multi-Centre

study in North Jordan: A cross sectional study. BMC Oral Health 2012, 12, 1–8. [CrossRef] [PubMed]
4. Papapanou, P.N.; Sanz, M.; Buduneli, N.; Dietrich, T.; Feres, M.; Fine, D.H.; Flemmig, T.F.; Garcia, R.; Giannobile, W.V.;

Graziani, F.; et al. Periodontitis: Consensus report of workgroup 2 of the 2017 World Workshop on the Classification of
Periodontal and Peri-Implant Diseases and Conditions. J. Periodontol. 2018, 89, S173–S182. [CrossRef]

5. Sanz-Martín, I.; Cha, J.-K.; Yoon, S.-W.; Sanz-Sánchez, I.; Jung, U.-W. Long-term assessment of periodontal disease progression
after surgical or non-surgical treatment: A systematic review. J. Periodontal Implant Sci. 2019, 49, 60–75. [CrossRef]

6. Herrera, D.; Retamal-Valdes, B.; Alonso, B.; Feres, M. Acute periodontal lesions (periodontal abscesses and necrotizing periodontal
diseases) and endo-periodontal lesions. J. Clin. Periodontol. 2018, 45, S78–S94. [CrossRef]

7. Jepsen, S.; Caton, J.G.; Albandar, J.M.; Bissada, N.F.; Bouchard, P.; Cortellini, P.; Demirel, K.; de Sanctis, M.; Ercoli, C.; Fan, J.; et al.
Periodontal manifestations of systemic diseases and developmental and acquired conditions: Consensus report of workgroup 3 of
the 2017 World Workshop on the Classification of Periodontal and Peri-Implant Diseases and Conditions. J. Clin. Periodontol.
2018, 45, S219–S229. [CrossRef]

8. Albandar, J.M.; Susin, C.; Hughes, F.J. Manifestations of systemic diseases and conditions that affect the periodontal attachment
apparatus: Case definitions and diagnostic considerations. J. Clin. Periodontol. 2018, 45, S171–S189. [CrossRef]

9. Fine, D.H.; Patil, A.G.; Loos, B.G. Classification and diagnosis of aggressive periodontitis. J. Clin. Periodontol. 2018, 45, S95–S111.
[CrossRef]

10. Needleman, I.; Garcia, R.; Gkranias, N.; Kirkwood, K.; Kocher, T.; Di Iorio, A.; Moreno, F.; Petrie, A. Mean annual attachment,
bone level, and tooth loss: A systematic review. J. Clin. Periodontol. 2018, 45, S112–S129. [CrossRef]

11. Billings, M.; Holtfreter, B.; Papapanou, P.N.; Mitnik, G.L.; Kocher, T.; Dye, B.A. Age-dependent distribution of periodontitis in
two countries: Findings from NHANES 2009 to 2014 and SHIP-TREND 2008 to 2012. J. Clin. Periodontol. 2018, 45, S130–S148.
[CrossRef] [PubMed]

12. Caton, J.G.; Armitage, G.; Berglundh, T.; Chapple, I.L.; Jepsen, S.; Kornman, K.S.; Mealey, B.L.; Papapanou, P.N.; Sanz, M.; Tonetti, M.S.
A new classification scheme for periodontal and peri-implant diseases and conditions—Introduction and key changes from the
1999 classification. J. Clin. Periodontol. 2018, 45, S1–S8. [CrossRef] [PubMed]

13. Macín-Cabrera, S.; Sanz-Alonso, M.; Castrillón-Rivera, L.; Palma-Ramos, A.; Noguez-Méndez, N.; Quirino-Barreda, C.;
Rubio-Martíneze, A. Non-surgical periodontal treatment in patients with gingivitis and moderate periodontitis. Biochemi-
cal and microbiological response. Rev. Odontòlogica Mex. 2015, 19, e151–e160. [CrossRef]

14. Lim, G.; Janu, U.; Chiou, L.-L.; Gandhi, K.K.; Palomo, L.; John, V. Periodontal Health and Systemic Conditions. Dent. J. 2020,
8, 130. [CrossRef]

15. Loos, B.G.; Van Dyke, T.E. The role of inflammation and genetics in periodontal disease. Periodontology 2000 2020, 83, 26–39.
[CrossRef]

16. Cecoro, G.; Annunziata, M.; Iuorio, M.T.; Nastri, L.; Guida, L. Periodontitis, Low-Grade Inflammation and Systemic Health:
A Scoping Review. Medicina 2020, 56, 272. [CrossRef]

17. Armitage, C.G. Periodontal diagnoses and classification of periodontal diseases. Periodontology 2000 2004, 34, 217–229. [CrossRef]
18. Dietrich, T.; Kaye, E.K.; Nunn, M.; Van Dyke, T.; Garcia, R. Gingivitis Susceptibility and its Relation to Periodontitis in Men. J.

Dent. Res. 2006, 85, 1134–1137. [CrossRef]
19. Bartold, P.; Van Dyke, T.E. Periodontitis: A host-mediated disruption of microbial homeostasis. Unlearning learned concepts.

Periodontology 2000 2013, 62, 203–217. [CrossRef]
20. Loos, B.G.; Papantonopoulos, G.; Jepsen, S.; Laine, M.L. What is the Contribution of Genetics to Periodontal Risk? Dent. Clin. N.

Am. 2015, 59, 761–780. [CrossRef]



Appl. Sci. 2022, 12, 3102 10 of 12

21. Velde, A.A.T.; Bezema, T.; van Kampen, A.H.C.; Kraneveld, A.D.; Hart, B.A.; van Middendorp, H.; Hack, E.C.; van Montfrans,
J.M.; Belzer, C.; Jans-Beken, L.; et al. Embracing Complexity beyond Systems Medicine: A New Approach to Chronic Immune
Disorders. Front. Immunol. 2016, 7, 587. [CrossRef] [PubMed]

22. Van Der Weijden, G.; Dekkers, G.J.; Slot, D.E. Success of non-surgical periodontal therapy in adult periodontitis patients: A
retrospective analysis. Int. J. Dent. Hyg. 2019, 17, 309–317. [CrossRef] [PubMed]

23. Socransky, S.S.; Haffajee, A.D. Effect of Therapy on Periodontal Infections. J. Periodontol. 1993, 64, 754–759. [CrossRef] [PubMed]
24. Graziani, F.; Karapetsa, D.; Mardas, N.; Leow, N.; Donos, N. Surgical treatment of the residual periodontal pocket. Periodontology

2000 2017, 76, 150–163. [CrossRef] [PubMed]
25. Greenstein, G. Nonsurgical Periodontal Therapy in 2000: A literature review. J. Am. Dent. Assoc. 2000, 131, 1580–1592. [CrossRef]
26. Rams, T.E.; Slots, J. Local Drug Delivery of Antimicrobial Agents in the Periodontal Pockets. Periodontology 2000 1996, 10, 139–159.

[CrossRef]
27. Caffesse, R.G.; Mota, L.F.; Morrison, E.C. The rationale for periodontal therapy. Periodontology 2000 1995, 9, 7–13. [CrossRef]
28. Axelsson, P.; Nystrom, B.; Lindhe, J. The long-term effect of a plaque control program on tooth mortality, caries and periodontal

disease in adults. Results after 30 years of maintenance. J. Clin. Periodontol. 2004, 31, 749–757. [CrossRef]
29. Fardal, O.; Johannessen, A.C.; Linden, G. Tooth loss during maintenance following periodontal treatment in a periodontal practice

in Norway. J. Clin. Periodontol. 2004, 31, 550–555. [CrossRef]
30. Cobb, C.M. Lasers and the treatment of periodontitis: The essence and the noise. Periodontology 2000 2017, 75, 205–295. [CrossRef]
31. Staden, S.M.-V.; Holmes, H.; Hille, J. In vivo investigation of diode laser application on red complex bacteria in non-surgical

periodontal therapy: A split-mouth randomised control trial. Sci. Rep. 2020, 10, 1–14. [CrossRef]
32. Yılmaz, S.; Algan, S.; Gursoy, H.; Noyan, U.; Kuru, B.E.; Kadir, T. Evaluation of the Clinical and Antimicrobial Effects of the

Er:YAG Laser or Topical Gaseous Ozone as Adjuncts to Initial Periodontal Therapy. Photomed. Laser Surg. 2013, 31, 293–298.
[CrossRef] [PubMed]

33. Qadri, T.; Tunér, J.; Gustafsson, A. Significance of scaling and root planing with and without adjunctive use of a water-cooled
pulsed Nd:YAG laser for the treatment of periodontal inflammation. Lasers Med. Sci. 2013, 30, 797–800. [CrossRef] [PubMed]

34. Romeo, U.; Palaia, G.; Botti, R.; Leone, V.; Rocca, J.-P.; Polimeni, A. Non-surgical periodontal therapy assisted by potassium–
titanyl–phosphate laser: A pilot study. Lasers Med. Sci. 2009, 25, 891–899. [CrossRef] [PubMed]

35. Crispino, A.; Figliuzzi, M.M.; Iovane, C.; Del Giudice, T.; Lomanno, S.; Pacifico, D.; Fortunato, L.; Del Giudice, R. Effectiveness of
a diode laser in addition to non-surgical periodontal therapy: Study of intervention. Ann. Stomatol. 2015, 6, 15–20. [CrossRef]

36. Maraccini, P.A.; Wenk, J.; Boehm, A.B. Photoinactivation of Eight Health-Relevant Bacterial Species: Determining the Importance
of the Exogenous Indirect Mechanism. Environ. Sci. Technol. 2016, 50, 5050–5059. [CrossRef]

37. Schuch, A.P.; Menck, C.F.M. The genotoxic effects of DNA lesions induced by artificial UV-radiation and sunlight. J. Photochem.
Photobiol. B Biol. 2010, 99, 111–116. [CrossRef]

38. Di Stasio, D.; Romano, A.; Gentile, C.; Maio, C.; Lucchese, A.; Serpico, R.; Paparella, R.; Minervini, G.; Candotto, V.; Laino, L.
Systemic and topical photodynamic therapy (PDT) on oral mucosa lesions: An overview. J. Biol. Regul. Homeost. Agents 2018, 32,
123–126.

39. Spoto, G.; De Iuliis, V.; Petrini, M.; Flati, V.; Di Gregorio, J.; Vitale, D.; Caruso, M.; Dadorante, V.; Ciarmoli, M.; Robuffo, I.; et al.
Effect of low energy light irradiation by light emitting diode on U937 cells. J. Biol. Regul. Homeost. Agents 2017, 30, 997–1007.

40. Serini, S.M.; Cannizzaro, M.V.; Dattola, A.; Garofalo, V.; Del Duca, E.; Ventura, A.; Milani, M.; Campione, E.; Bianchi, L. The
efficacy and tolerability of 5-aminolevulinic acid 5% thermosetting gel photodynamic therapy ( PDT ) in the treatment of
mild-to-moderate acne vulgaris. A two-center, prospective assessor-blinded, proof-of-concept study. J. Cosmet. Dermatol. 2018, 18,
156–162. [CrossRef]

41. Hu, X.; Huang, Y.-Y.; Wang, Y.; Wang, X.; Hamblin, M.R. Antimicrobial Photodynamic Therapy to Control Clinically Relevant
Biofilm Infections. Front. Microbiol. 2018, 9, 1299. [CrossRef]

42. Amos-Tautua, B.M.; Songca, S.P.; Oluwafemi, O.S. Application of Porphyrins in Antibacterial Photodynamic Therapy. Molecules
2019, 24, 2456. [CrossRef] [PubMed]

43. Carrera, E.T.; Dias, H.B.; Corbi, S.C.T.; Marcantonio, R.A.; A Bernardi, A.C.; Bagnato, V.S.; Hamblin, M.R.; Rastelli, A.N.S. The
application of antimicrobial photodynamic therapy (aPDT) in dentistry: A critical review. Laser Phys. 2016, 26, 123001. [CrossRef]
[PubMed]

44. Di Stasio, D.; Romano, A.; Russo, D.; Fiori, F.; Laino, L.; Caponio, V.C.A.; Troiano, G.; Muzio, L.L.; Serpico, R.; Lucchese, A.
Photodynamic therapy using topical toluidine blue for the treatment of oral leukoplakia: A prospective case series. Photodiagnosis
Photodyn. Ther. 2020, 31, 101888. [CrossRef] [PubMed]

45. Lopez, R.F.V.; Bentley, M.V.; Delgado-Charro, M.B.; Guy, R.H. Iontophoretic delivery of 5-aminolevulinic acid (ALA): Effect of pH.
Pharm. Res. 2001, 18, 311–315. [CrossRef]

46. Moan, J.; Ma, L.-W.; Juzeniene, A.; Iani, V.; Juzenas, P.; Apricena, F.; Peng, Q. Pharmacology of protoporphyrin IX in nude mice
after application of ALA and ALA esters. Int. J. Cancer 2002, 103, 132–135. [CrossRef]

47. Zeina, B.; Greenman, J.; Corry, D.; Purcell, W. Antimicrobial photodynamic therapy: Assessment of genotoxic effects on
keratinocytes in vitro. Br. J. Dermatol. 2003, 148, 229–232. [CrossRef]

48. Konopka, K.; Goslinski, T. Photodynamic Therapy in Dentistry. J. Dent. Res. 2007, 86, 694–707. [CrossRef]



Appl. Sci. 2022, 12, 3102 11 of 12

49. Allison, R.R.; Downie, G.H.; Cuenca, R.; Hu, X.H.; Childs, C.J.H.; Sibata, C.H. Photosensitizers in clinical PDT. Photodiagnosis
Photodyn. Ther. 2004, 1, 27–42. [CrossRef]

50. Greco, G.; Di Piazza, S.; Chan, J.; Zotti, M.; Hanna, R.; Gheno, E.; Zekiy, A.O.; Pasquale, C.; De Angelis, N.; Amaroli, A. Newly
formulated 5% 5-aminolevulinic acid photodynamic therapy on Candida albicans. Photodiagnosis Photodyn. Ther. 2019, 29, 101575.
[CrossRef]

51. Radunovic, M.; Petrini, M.; Vlajic, T.; Iezzi, G.; Di Lodovico, S.; Piattelli, A.; D’Ercole, S. Effects of a novel gel containing
5-aminolevulinic acid and red LED against bacteria involved in peri-implantitis and other oral infections. J. Photochem. Photobiol.
B Biol. 2020, 205, 111826. [CrossRef] [PubMed]

52. Mdala, I.; Olsen, I.; Haffajee, A.D.; Socransky, S.S.; Thoresen, M.; De Blasio, B.F. Comparing clinical attachment level and pocket
depth for predicting periodontal disease progression in healthy sites of patients with chronic periodontitis using multi-state M
arkov models. J. Clin. Periodontol. 2014, 41, 837–845. [CrossRef] [PubMed]

53. Kubista, M.; Andrade, J.M.; Bengtsson, M.; Forootan, A.; Jonak, J.; Lind, K.; Sindelka, R.; Sjöback, R.; Sjögreen, B.; Strömbom, L.; et al.
The real-time polymerase chain reaction. Mol. Asp. Med. 2006, 27, 95–125. [CrossRef] [PubMed]

54. Kinane, D.F.; Attstrom, R.; on behalf of the European Workshop in Periodontology group B*. Advances in the pathogenesis of
periodontitiss. Group B consensus report of the fifth European workshop in periodontology. J. Clin. Periodontol. 2005, 32, 130–131.
[CrossRef]

55. Socransky, S.S.; Haffajee, A.D.; Cugini, M.A.; Smith, C.; Kent, R.L., Jr. Microbial complexes in subgingival plaque. J. Clin.
Periodontol. 1998, 25, 134–144. [CrossRef]

56. Sgolastra, F.; Severino, M.; Gatto, R.; Monaco, A. Effectiveness of diode laser as adjunctive therapy to scaling root planning in the
treatment of chronic periodontitis: A meta-analysis. Lasers Med. Sci. 2012, 28, 1393–1402. [CrossRef]

57. Rhemrev, G.E.; Timmerman, M.F.; Veldkamp, I.; Van Winkelhoff, A.J.; Van Der Velden, U. Immediate effect of instrumentation on
the subgingival microflora in deep inflamed pockets under strict plaque control. J. Clin. Periodontol. 2006, 33, 42–48. [CrossRef]

58. Umeda, M.; Takeuchi, Y.; Noguchi, K.; Huang, Y.; Koshy, G.; Ishikawa, I. Effects of nonsurgical periodontal therapy on the
microbiota. Periodontology 2000 2004, 36, 98–120. [CrossRef] [PubMed]

59. Caccianiga, G.; Rey, G.; Baldoni, M.; Caccianiga, P.; Baldoni, A.; Ceraulo, S. Periodontal Decontamination Induced by Light and
Not by Heat: Comparison between Oxygen High Level Laser Therapy (OHLLT) and LANAP. Appl. Sci. 2021, 11, 4629. [CrossRef]

60. Matuliene, G.; Pjetursson, B.E.; Salvi, G.E.; Schmidlin, K.; Brägger, U.; Zwahlen, M.; Lang, N.P. Influence of residual pockets on
progression of periodontitis and tooth loss: Results after 11 years of maintenance. J. Clin. Periodontol. 2008, 35, 685–695. [CrossRef]

61. Stájer, A.; Kajári, S.; Gajdács, M.; Musah-Eroje, A.; Baráth, Z. Utility of Photodynamic Therapy in Dentistry: Current Concepts.
Dent. J. 2020, 8, 43. [CrossRef] [PubMed]

62. Xue, D.; Tang, L.; Bai, Y.; Ding, Q.; Wang, P.; Zhao, Y. Clinical efficacy of photodynamic therapy adjunctive to scaling and root
planing in the treatment of chronic periodontitis: A systematic review and meta-analysis. Photodiagnosis Photodyn. Ther. 2017, 18,
119–127. [CrossRef] [PubMed]

63. Issa, M.C.A.; Manela-Azulay, M. Terapia fotodinâmica: Revisão da literatura e documentação iconográfica. An. Bras. Dermatol.
2010, 85, 501–511. [CrossRef] [PubMed]

64. Hayek, R.R.; Araújo, N.S.; Gioso, M.A.; Ferreira, J.; Baptista-Sobrinho, C.A.; Yamada, A.M.; Ribeiro, M.S. Comparative Study
Between the Effects of Photodynamic Therapy and Conventional Therapy on Microbial Reduction in Ligature-Induced Peri-
Implantitis in Dogs. J. Periodontol. 2005, 76, 1275–1281. [CrossRef]

65. Pfitzner, A.; Sigusch, B.W.; Albrecht, V.; Glockmann, E. Killing of Periodontopathogenic Bacteria by Photodynamic Therapy. J.
Periodontol. 2004, 75, 1343–1349. [CrossRef]

66. Rajesh, S.; Koshi, E.; Philip, K.; Mohan, A. Antimicrobial photodynamic therapy: An overview. J. Indian Soc. Periodontol. 2011, 15,
323–327. [CrossRef]

67. Romano, A.; Di Stasio, D.; Lauritano, D.; Lajolo, C.; Fiori, F.; Gentile, E.; Lucchese, A. Topical photodynamic therapy in the
treatment of benign oral mucosal lesions: A systematic review. J. Oral Pathol. Med. 2020, 50, 639–648. [CrossRef]

68. Romano, A.; Di Stasio, D.; Gentile, E.; Petruzzi, M.; Serpico, R.; Lucchese, A. The potential role of Photodynamic therapy in oral
premalignant and malignant lesions: A systematic review. J. Oral Pathol. Med. 2020, 50, 333–344. [CrossRef]

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

70. Alwaeli, H.A.; Al-Khateeb, S.N.; Al-Sadi, A. Long-term clinical effect of adjunctive antimicrobial photodynamic therapy in
periodontal treatment: A randomized clinical trial. Lasers Med. Sci. 2013, 30, 801–807. [CrossRef]

71. Andersen, R.; Loebel, N.; Hammond, D.; Wilson, M. Treatment of periodontal disease by photodisinfection compared to scaling
and root planing. J. Clin. Dent. 2007, 18, 34–38.

72. Wachowska, M.; Muchowicz, A.; Firczuk, M.; Gabrysiak, M.; Winiarska, M.; Wańczyk, M.; Bojarczuk, K.; Golab, J. Aminolevulinic
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