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Abstract: Causes of the progression of periodontitis such as an imbalance between the immune
response by the host by the release of inflammatory mediators in the response of the oral pathogenic
dysbiotic biofilm have been identified. New insights on specific cell signaling pathways that appear
during periodontitis have attracted the attention of researchers in the study of new personalised ap-
proaches for the treatment of periodontitis. The gold standard of non-surgical therapy of periodontitis
involves the removal of supra and subgingival biofilm through professional scaling and root planing
(SRP) and oral hygiene instructions. In order to improve periodontal clinical outcomes and overcome
the limitations of traditional SRP, additional adjuvants have been developed in recent decades, includ-
ing local or systemic antibiotics, antiseptics, probiotics, anti-inflammatory and anti-resorptive drugs
and host modulation therapies. This review is aimed to update the current and recent evolution of
therapies of management of periodontitis based on the adjunctive and target therapies. Moreover,
we discuss the advances in host modulation of periodontitis and the impact of targeting epigenetic
mechanisms approaches for a personalised therapeutic success in the management of periodontitis.
In conclusion, the future goal in periodontology will be to combine and personalise the periodontal
treatments to the colonising microbial profile and to the specific response of the individual patient.
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1. Introduction

Periodontitis is a disease with an infectious aetiology characterised by inflammation
of the supporting tissues of a tooth that can lead, if not properly treated, to the destruction
of both periodontal tissues and alveolar bone, and, in the long term, cause tooth loss [1].

However, periodontitis’s onset and subsequent progression also occur as a host’s
unbalanced immune reaction to a dysbiotic organised biofilm. Among dysbiotic biofilms,
the periodontopathogenic bacteria produce metabolites and enzymes that determine the
alteration and destruction of parts of the extracellular matrix, including the collagen; and
the increase of the permeability of the cellular membranes of the host in order to determine
a subsequent tissue invasion which increases periodontal damage over time [1,2]. All this
induces the host immune response leading to site-specific local inflammation of the tissue
and increased immune cell response [2]. Among the main known periodontal pathogens,
there are bacteria such as Actinobacillus actinomycetemcomitans and Porphyromonas gingivalis
(P.gingivalis), which produce multiple factors underlying the tissue damage found during
periodontitis such as peptidoglycans, various integrins and outer membrane proteins,
lipopolysaccharide and cellular superficial fimbriae degradation connective tissue [3–7].
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Once these pathogenic bacteria trigger immune and inflammatory processes, the body
induces leukocytes, fibroblasts or other inflammatory cells to release various substances in
order to protect tissues from infection, including metalloproteinases, cytokines, transglu-
taminases, prostaglandins and proteolytic enzymes [8]. Proteases cause the degradation of
collagen in periodontal tissues and, therefore, can create incursions for further infiltration
of leukocytes [9]. Despite the production and release of several inflammatory mediators,
tissue destruction occurs mainly due to an imbalance between the matrix metalloproteinase
level and their endogenous inhibitors [10]. Subsequently, throughout the stimulation of
some pro-inflammatory cytokines, such as including interleukin (IL)-1b, IL-6, tumor necro-
sis factor, and (TNF)-a, the inflammatory infiltrate from the periodontal tissues starts the
tissue and alveolar bone destruction [7,10–14]. The inflammatory-related mediators can
control the release of ligand-receptor factor Kappa B (NF-KB), RANKL and osteoprotegerin,
which stimulate osteoclastic activity by inducing alveolar bone destruction [15].

Host modulation therapy is among the most widely used approaches to halting the
progression of periodontitis and alveolar bone loss. This uses pharmacological therapies and
conventional periodontal treatment to ameliorate the destructive aspects of the host inflam-
matory response by inhibiting microbial growth or modulating the host response [16–18],
through reduction of the production of metalloproteinases or related inflammatory cy-
tokines [19]. Several classes of anti-inflammatory drugs have been tested, including metal-
loproteinase inhibitors (doxycycline) [20] and NSAIDs (flurbiprofen) [21], but these have
numerous limitations in clinical use [22].

In recent years, a better understanding of the pathways of inflammatory cells that
result in the release of tissue-destroying proteins has led to an analysis of the possibility
of developing new therapies for the long-term success of periodontitis [23], but there
is still a long way to go before they are routinely used in clinical practice. Numerous
studies have attempted to describe the main bacterial species that determine the tissue
damage of periodontitis, which species are influenced by specific therapies, and what are
the innovative therapeutic effects of reducing the bacterial and inflammatory mediators
released during periodontitis, but there are still several aspects to be explored further.

The objectives of this review were to analyse and update the present knowledge of
the conventional and adjunctive therapies for periodontitis. Furthermore, we discussed
the impact of innovative and target therapies of periodontitis for long-term therapeutic
success based on the latest scientific evidence. The data included in this review have been
collected through a free literature search by three independent authors.

2. Conventional Therapies of Periodontitis: Endpoint, Strategies and Limitations
2.1. Endpoints

The success of periodontitis therapy, both in the short- and long term, depends on
the effect of physical disintegration of the supra and subgingival periodontal pathogens
presented in the biofilm [24]. The initial causal therapy mainly consisted of oral hygiene
instruction and professional scaling and root planing (SRP). Both the supra- and subgingival
pathogens and calculus are mechanically disrupted, with combined and synergic effects
induced by periodontal debridement and domiciliary oral hygiene instructions [25]. In
this regard, the gold standard of non-surgical therapy of periodontitis is represented by
the SRP performed by both hand and ultrasonic instruments alone, with a demonstrated
microbial and clinical effectiveness in the short-term period [26,27] (Figure 1).

It has been previously shown that the mechanical disruption of supra- and subgingival
biofilm by the non-surgical periodontal therapy performed by SRP alone can reduce the
plaque index (PI) and the bleeding on probing (BOP) in around 45% of periodontal sites [28].
On this regard, following non-surgical periodontal therapy, a reduction in the probing
depth (PD) has been demonstrated in a range of 1.29 mm for periodontal pockets with an
initial PD of 3–4 mm and of 2.2 mm for the pockets ranged 5–6 mm and an improvement
in the clinical attachment level (CAL) in a range of 0.5–2 mm [29,30].
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Figure 1. Clinical and Rx images of a patient with periodontitis.

The classic approach to periodontal disease may well change in the future. In fact, over
the last few years, the concept of personalised dentistry has become increasingly popular,
thanks to a broader knowledge of the characteristics of the oral microbiome and proteome.
This has been made possible by the increased awareness that saliva and the crevicular
fluid (GCF) represent an inexhaustible source of information, so the application of various
“OMIC” approaches has made it possible to obtain information on the composition of the
oral microbiome, the salivary proteome and the functional profile of the innate immune
response. Despite the large amount of information obtained and the development of
relevant microbial and biochemical information databases, this has not translated into new
strategies for diagnosis, treatment, and follow-up, as there is a need for further longitudinal
studies. This can only be achieved through meaningful and routine screening of changes
in the microbiome, proteome or metabolome in health and disease, through the point-
of-care (POC) technique. It is a minimally invasive and rapid technique that includes
small-scale laboratory molecular assays integrated on a cartridge that could be performed
during routine visits, yielding a wealth of information useful for the development of
targeted therapies [31].

2.2. Strategies

Conventional strategies in the treatment of periodontitis can be classified by a non-
surgical or surgical approach. The non-surgical procedure requires from one week to four or
six appointments for 3–6 weeks [32,33]. The path through different therapeutic periodontal
debridement sessions allows to obtain a meticulous treatment of a limited number of teeth
together with a combined patient’s domiciliary plaque control. Conversely, the possible
re-infection of recently treated periodontal sites caused by the entrainment of bacteria
located in non-dental sites (tongue, mucosa, saliva) has been suggested [32,34]. During
the last decades, a different approach was demonstrated to the non-surgical periodontal
therapy performed with SRP alone. “Full mouth disinfection” (FMD), is a protocol aimed to
treat the full mouth in order to reduce the periodontal pathogens in all periodontal pockets
and also to prevent the transmission of bacteria from a periodontal site to another [35].
FMD includes, in addition to SRP, is performed in one or two appointments for a maximum
of 24 h and can consist of the use of chlorhexidine. The one-stage full-mouth debridement
approach was also proposed, performed in a single 1 h session, and involving the exclusive
use of an ultrasound device with excellent points [36]. However, there is no proven
indication that full mouth disinfection protocol offers supplementary benefits compared to
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the multi-staged non-surgical periodontal approach. Both therapeutic approaches are valid,
and there were demonstrated only small differences between the two therapies; therefore,
the choice of the strategy should be taken on the specific cases at the patient’s level [37].

2.3. Limitations

Only 10–15 bacterial species, among the over 700 present in the oral biofilm, have
been related to the beginning and evolution of periodontitis dysbiosis [38]. Despite the
high composition of the oral biofilm, the traditional periodontal therapy is non-specific,
as it consists mainly of the mechanical disruption of the supra- and subgingival biofilms.
However, SRP alone is sufficient to determine positive results in the long-term in some pa-
tients with a mild form of periodontitis [39]; nevertheless, a significant percentage of pocket
sites may not have a good response in periodontal patients. This can be partly explained
due to the inherent limitations of mechanical debridement, including the problematic
access to deep and winding pockets, furcations, and vertical defects. Furthermore, therapy
performed by SRP alone can represent limited effects on some periodontal pathogens, such
as bacteria of the red complex of Socransky [40] and does not allow the elimination of
periodontopathogens in non-native oral microflora (e.g., oral mucosa, tongue) [41]. SRP
alone can also determine some minor side effects, such as gingival recession and dentinal
hypersensitivity [42]. These limitations in therapy can be partially overcome through the
use of a series of alternative technologies [43]. For these reasons, additional adjuvants,
which includes local or systemic antibiotics, antiseptics, probiotics, and host modulation
therapies, have been developed in the last few decades.

3. Microbial Modulation of Periodontitis

Almost all forms of periodontitis are determined by the presence of a pathogen biofilm
located into the periodontal pocket, which can require therapy to modulate the microbial
biofilm. In general, oral infections caused by periodontal pathogens are tricky to modulate
with antibiotics, particularly if the biofilm is not mechanically removed [44]. Therefore,
according to the current consensus, correct antimicrobial therapy should be led by an
accurate periodontal debridement that destroys the supra and subgingival biofilm [45].
Adjuvant antimicrobial therapies are both administered at a local and systemic level. The
advantages and limits of local and systemic antimicrobials are presented in Table 1.

Table 1. Potential of antimicrobials in periodontology.

Characteristics Local Administration Systemic Administration

Distribution Narrow range of effectiveness Wide

Concentration Good topic concentration, bad effectiveness far from local Variables in different body districts

Therapeutic potential Better locally More effective in reaching all microbes

Issues Local reinfections Systemic side effects

Limitations Limited to treated sites Requires good patient compliance

The potential advantage of the systemic dispensation of antimicrobials is the possibility
of reducing all periodontopathogens present in the mouth and those located in other sites
such as the tonsils and dorsum of the tongue. Nevertheless, this approach necessitates
a strong collaboration by the patient and could determine undesirable side effects at a
systemic level that could cause the onset of bacterial resistance [46]. On the contrary, local
administration of antimicrobials does not request particular compliance of the patient and
allows the application of the active principle directly at the local infection site at a high
intensity that not be achieved systemically [46].

3.1. Chlorhexidine

Antiseptic solutions are often used for the control of biofilms, especially pathogenic
ones, during the active phases of periodontal treatment. A recent review of the literature
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found a similar result in the comparison between chlorhexidine irrigation associated with
SRP and SRP alone [47]. Chlorhexidine (CHX) gluconate is an antiseptic, antifungal and
bactericidal chemical agent that acts successfully on both Gram-positive and -negative
periodontopathogens. It also has a bacteriostatic effect that determines the inhibition of
bacterial proliferation [48]. This bisbiguanide antiseptic is also used as a slow local release
system available in the form of gel, paint or chip. In order to increase the effectiveness
of non-surgical periodontal therapy, the concept of chemomechanical treatment based on
sequential SRP and the additional subgingival administration of 35% of CHX paint [49]
and subgingival positioning of a biodegradable CHX chip was introduced [50].

In the last few decades, several clinical studies have demonstrated that a CHX chip
used after SRP is an effective protocol that allows the active reduction of periodontitis for
about 6–9 months [51]. The use of CHX in the form of mouthwash has produced better
clinical and microbial results compared with SRP alone or SRP associated with professional
plaque control [52] or SRP associated with placebo [53]. However, the adverse effects of
CHX, such as brown tooth and mucosal staining, altered taste perception, and augmented
calculus deposition should be taken into account [54].

3.2. Antibiotics

Some clinical studies suggest the hypothesis that in specific clinical situations, includ-
ing particular forms of active and rapidly evolving periodontitis, in the presence of deep
pockets or with particular pathological profiles, the additional use of systemic antimicro-
bials associated with SRP may determine clinically relevant advantages in the medium and
long term.

The combined use of amoxicillin and metronidazole for periodontitis was initially
introduced to counteract Aggregatibacter actinomycetemcomitans (A. actinomicetemcomitans)
on periodontal tissues [55], although subsequent studies have also shown a role for several
other pathogens during the active phases of periodontitis [56]. Furthermore, not only a low
prevalence of A. actinomicetemcomitans during periodontitis has been demonstrated [57],
but moreover, it has been shown that the use of amoxicillin and metronidazole in addition
to SRP is associated with adverse effects, including systemic resistance to antibiotics, and
also could not be valid against other periodontopathogenic bacteria, especially P. gingivalis
and other periodontopathogens, after 3–6 months of therapy [35].

Regarding the use of topical antibiotics in periodontics, some studies have shown
limited usefulness to sites refractory to traditional therapy with SRP alone or in patients
with localised lesions [58]. Antibiotics used topically (e.g., chips, gels, topical solutions),
compared with antibiotics systemically, lead to fewer adverse events, including bacterial
resistance, and are better tolerated by the patient [59]. The use of local antibiotics has been
suggested, in some studies, as an alternative for surgical therapy [60], but at the same
time, a real long-term efficacy of local applications has not been demonstrated, and some
commercial products have been withdrawn from the market [61].

The most effective antimicrobial agents, such as tetracycline fibers, slow-release doxy-
cycline, and minocycline, resulted in an average PD reduction of between 0.5 and 0.7 mm;
while less effective agents such as CHX and metronidazole determined an average PD
gain of 0.1–0.4 mm [62]. Some randomised controlled trials with a follow-up ≤ 6 months
demonstrated a moderate increase in the CAL level of 0.40 mm using CHX chips, a mean
percentage of 0.64 mm for doxycycline gel, and 0.24 mm microspheres of minocycline [63].
However, a precise evaluation of the usefulness of topical antimicrobials for routine clinical
use is prevented by significant limitations and high acquisition costs [47,59]. More specifi-
cally, a 3-rear RCT study showed that the adjunctive use of locally delivered doxycycline
gel determined positive short-term effects on BOP, PD and CAL, but repeated annual ap-
plications were not useful compared to SRP alone in maintenance patients [64]. The results
of a recent study suggested that nanostructured doxycycline gel (nDOX) compared to con-
ventional doxycycline gel and placebo used as an adjunct to SRP determined a significant
PD and CAL reduction; however, these observations are limited to the short term [65].
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Research is currently focusing on different therapeutic strategies to limit the use
of antibiotics, especially systemic antibiotics, to extremely severe cases of periodontitis.
Among the strategies being explored are antiviral strategies against leucotoxin (LtxA),
which is produced by A. actinomycetemcomitans strains [66]. This toxin specifically kills
human white blood cells, reducing the host’s ability to respond to infection [67]. Underlying
this antivirulence strategy is the idea that by inhibiting the activity of this particular toxin,
the virulence of the bacteria would be reduced, resulting in a decrease in the severity
of the infection. Obvious advantages include slower development of resistance due to
reduced selective pressure (compared to antibiotics) and targeted treatment that would
not impact on the healthy microbiota. However, further studies and research are needed
before this therapy can be used in clinical practice [66]. Several studies have pointed
the role of Aggregatibacter actinomycetemcomitans in the development of periodontitis with
rapid progression of attachment loss (AL) in adolescents, as they observed that subjects
with a highly virulent clone of A. actinomycetemcomitans, called genotype JP2, have a
pronounced risk for disease progression [67–70]. Therefore, therapies targeting specific
virulence factors, such as the one against LtxA could have an important preventive effect
in these individuals [68].

3.3. Antimicrobial Proteins

Peptides and antimicrobial proteins are classes of host defense particles that act in
order to reduce the proportions and augmentation of oral bacteria and similar pathogens.
These compounds have aroused huge attention in periodontal innate immunity medicine
and as an alternative resource of typical antimicrobials (e.g., antibiotics) during the
last decade [71].

Several antimicrobial peptides such as tissue-specific human beta-defensins (hBD)-3
and cathelicidin antimicrobial peptides (LL)-37 have been analysed against different types
and different strains of oral periodontal pathogens [72]. Regarding main peptides involved
against periodontitis, Streptococcus gordonii subtype M5 and 10,558 presents a full range
susceptibility against P. gingivalis. On the other hand, LL-37 has been shown to be poorly
sensitive against P. gingivalis, while hBD3 has been proven to possess a high susceptibility
in some in vitro periodontitis models in which gingival epithelial cells were exposed to
periodontal bacteria [72].

More than twenty systemic genetic diseases have been identified as associated with
periodontitis related to alterations in the expression of the antimicrobial peptide similarly
to periodontitis, which may have the same characteristics of augmented susceptibility to
periodontal pathogen infections [73].

Several reports have analysed other antimicrobial peptides associated such as lacto-
ferrin and mucin-7, both associated with periodontitis. Among these, mucin-7 (MG2)
and lactoferrin have been shown to decrease significantly three times in subjects with
periodontitis compared to healthy controls, thus suggesting antimicrobial properties of
these peptides [74].

3.4. Probiotics

The term “probiotic” was defined in 2005 as a set of live microorganisms that, given in
adequate quantities, confer benefits to the host [75]. There are likely to be slight changes in
the definition of this term in the literature, which may be due to the new criteria of evalua-
tion and new discoveries. For example, some reports have shown that certain inactivated
microorganisms or the derivatives of their components have potentially beneficial effects
on health, expanding the concept of probiotics as a therapeutic use [76].

In periodontology, probiotic strains have been evaluated in addition to SRP and have
been demonstrated to interfere with bacterial recolonisation [77]. Most of the studies
on probiotics have analysed Lactobacillus-derived products such as ones that contain Lac-
tobacillus reuteri. A recent meta-analysis has demonstrated that the use of probiotics in
periodontal therapy determined a CAL gain of 0.42 mm and PD reduction of 0.18 mm in
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moderate pockets and 0.67 mm in deep pockets after periodontal therapy [78]. Moreover,
continuous intake of probiotics has been provided with the best favourable results when
used, in periodontal treatment, as an adjuvant to SRP, even if the heterogeneity in the
design of the analysed studies does not allow one to draw any important conclusions,
especially as concerns clinical utility in the long term [79].

3.5. Lasers

In the last century, lasers have been introduced for the treatment of several diseases in
the medical field. A laser device can produce electromagnetic radiations with a specific
wavelength and a low radiation beam that determines important tissues effects (Figure 2).
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Figure 2. Classification of lasers according to penetration depth in tissue. CO2, carbon dioxide; CW, continuous wave;
Er,Cr:YSGG, erbium, chromium-doped yttrium-scandium-gallium-garnet; Er:YAG, erbium-doped yttrium-aluminium-
garnet; Nd:YAG, neodymium-doped yttrium-aluminium-garnet. Adapted from Aoki et al. [80], Copyright 2015 Akira
Aoki et al.

Medical lasers cause broad effects on soft and hard tissues, such as vaporisation,
microbial ablation destruction, blood hemostasis, and biological influences, such as tissue
biostimulation and biological responses, with beneficial therapeutic outcomes. Therefore,
the use of lasers should be considered helpful for the treatment of various infectious and
inflammatory disorders, including periodontal and peri-implant diseases [80,81].

More specifically, laser therapy has been used against periodontal and peri-implant
bacteria through many effects, mainly bactericidal and detoxification effects on the gingi-
val biofilm [82].

Various lasers have been used in the therapy of periodontitis, such as erbium-doped
yttrium-aluminium-garnet (Er:YAG) laser (2.940 nm) and erbium, chromium-doped yttrium-
scandium-gallium-garnet laser (Er,Cr:YSGG, 2.780 nm), that can be used on periodontal
hard and soft tissues, as well as on peri-implant surfaces during periodontal and peri-
implant diseases [81] (Table 2).
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Table 2. Lasers used for the treatment of oral and periodontal diseases.

Laser Type Dental Procedure

Nd:YAG

Soft tissue surgery (ablating, incising, excising, coagulating)

Treatment of aphthous ulcers

Sulcular debridement

New attachment procedure (LANAP; cementum-mediated periodontal
ligament, new attachment to the root surface in the absence of long

junctional epithelium)

Er:YAG

Soft tissue surgery (ablating, incising, excising, coagulating)

Treatment of aphthous ulcers

Sulcular debridement

Cutting, contouring and resection of bone tissues

Osseous crown lengthening, osteoplasty

Removal subgingival calculus

Carbon dioxide

Soft tissue surgery (ablating, incising, excising, coagulating)

Treatment of aphthous ulcers

Sulcular debridement

Coagulation of extraction sites

New attachment procedure (LANAP; cementum-mediated periodontal
ligament, new attachment to the root surface in the absence of long

junctional epithelium)

Diode

Soft tissue surgery (ablating, incising, excising, coagulating)

Treatment of aphthous ulcers

Sulcular debridement

Coagulation of extraction sites

Removal of highly inflamed edematous fibers of the pocket and from
junctional epithelium

Osseous crown lengthening, osteoplasty

Removal subgingival calculus

Er,Cr:YSGG

Soft tissue surgery (ablating, incising, excising, coagulating)

Treatment of aphthous ulcers

Sulcular debridement

Cutting, contouring and resection of bone tissues

Root decontamination

Removal subgingival calculus

Removal of highly inflamed edematous fibers of the pocket and from
junctional epithelium

Most surgical lasers when operated with certain power settings can produce a pho-
tothermal impact on the tissues, causing soft tissue thermal effects such as tissue evapora-
tion. Specifically, Er:YAG and CO2 lasers cause photothermal effects like direct evaporation
of soft tissues [83].

However, the primary function of the main function of most surgical lasers is the
bactericidal effect obtained by their photothermal effects. The phenomena resulting in
bacterial inactivation or destruction happen during the evaporation or denaturation phases
of the laser irradiation [84]. Consequently, the advantageous bactericidal outcomes of laser
therapy allow obtaining a state of disinfection useful during surgery [85]. For example,
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Nd:YAG lasers have been shown to possess selective absorption in pigments, effective
in killing some of biofilms such as those of P. gingivalis in periodontitis models [84]. Fur-
thermore, lasers can reduce the release of toxic substances, such as lipopolysaccharide
endotoxins [86]. Thanks to these additional effects of decontamination and detoxification,
lasers can promote better wound healing when compared to conventional therapies used
in periodontal pockets.

Moreover, it can be argued that irradiation of the root surface by a laser may determine
a microbe-inhibiting effect on the adhesion and colonisation of oral bacteria, an important
stage in the stability of healing of the periodontal pocket [82].

It is also hypothesised that, following laser therapy, the effects of photobiomodulation
are simultaneously determined, including the stimulation of proliferation and differenti-
ation of cell tissues and the anti-inflammatory influences, and that this should promote
tissue healing. However, the photobiomodulation effect induced by laser therapy on
wound healing is not still well understood and has been demonstrated to vary between
different types of lasers.

Yamasaki et al. [87] stated that the low-level laser therapy induced by CO2 laser
led to the heat shock protein expression with different intensities and patterns to those
expressed after surgery performed with the scalpel. In fact, on the day following laser
application therapy, growth in the percentage of connective tissue cells marked with
bromodeoxyuridine in the laser wound was demonstrated compared to the wound healing
of traditional surgery, with a more quickly wound repair process induced by the laser
therapy than through conventional surgery.

It seems that another significant effect induced by lasers through a low pulsed emission
(especially with the CO2 laser) is the coagulation process that produces an acceleration in
the repair process and also that promotes the progression remodelling of gingival tissues
with a good influence on wound healing [88].

However, at present, clinical trials aimed at analysing the effectiveness of lasers on
periodontal and tissue regeneration are still limited. Given these promising pivotal results,
further research is needed to clarify better the possible useful effects of lasers on soft tissue
wound healing.

3.6. Desiccant Agents

Given the key role of biofilms in the development of periodontitis, some additional
treatments were developed to improve the effectiveness of SRP in subjects with periodonti-
tis by selectively reducing periodontal pathogens.

Microorganisms in biofilms live in an extracellular polymeric substance (EPS) matrix
composed of proteins, polysaccharides, and DNA that can adhere on both root surfaces
or material surfaces (e.g., implants) [89]. The presence of EPS allows oral bacteria to
survive and protects them, at the same time, from the degrading action of any antimicrobial
agents that are unable to reach the bacteria present at the subgingival level [90]. For these
reasons, some strategies have been developed in the last few decades, such as the local
delivery agents.

In dentistry, a type of local delivery agent, a desiccant agent, has been employed
for the treatment of oral aphthous stomatitis [91]. Successively, a further generation of
desiccant had been developed in order to be applied in periodontal pockets. A desiccant
agent is a liquid or gel blend containing a mixture of sulphonic and sulfuric acids [92]. The
desiccant agents include aqueous mixture solutions of concentrated hydroxybenzenesul-
fonic and hydroxymethoxybenzenesulphonic and sulfuric acid that present a hygroscopic
surface and a denaturing action. The sulfate group present in the desiccant mixture has
a particular internal polar structure and oxygen atoms on the external surface, present-
ing a solid negative surface superficial charge. This feature allows this solution, thanks
to their high effect, to constrain the water of the matrix of the oral bacterial biofilm, to
adhere and detach, quickly destroy the biofilm, and eradicate it from the gingival surface
and the root surface [93]. Encouraging results have been reported in a pivotal study by
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Bracke et al. [92], which demonstrated that the additional use of desiccant in the SRP
was effective for reducing the mean levels of some periodontal clinical mediators after
periodontal therapy. Moreover, in a further RCT study with a split-mouth protocol, the
desiccant agent associated with SRP performed with ultrasonic and hand instruments was
demonstrated to be efficacious in disrupting the biofilm and in reducing the microbial and
inflammatory mediators when used in combination to SRP [94].

On this regard, a molecular report aimed at detecting the activity of the main peri-
odontal bacteria such as P. gingivalis, T. forsythia, and T. denticola after 2 weeks of active
periodontal therapy found a significant decrease in about 99% for bacteria of the red
complex and 96% in the percentage of the total bacterial count after treatment with the
adjunctive use of a desiccant agent plus SRP [95]. In accordance, another research reported
favourable results of the desiccant solutions useful in the elimination of pathogenic biofilm
on the peri-implant surfaces [96].

3.7. Anti-Inflammatory Drugs and Bisphosphonates

Different cell types in the periodontium (neutrophils, macrophages, fibroblasts and
epithelial cells) in response to bacterial lipopolysaccharide release prostaglandins, po-
tent pro-inflammatory mediators that are relevant for the progression of periodontal
disease; for example, prostaglandin E2 is known to induce osteoclastic bone resorption [97].
Various studies showed that both topical and systemic non-steroidal anti-inflammatory
drugs (NSAIDs) short-term application induced a reduction of gingival bleeding, whereas
long-term intake promoted an improvement in terms of bone loss [98–101]. However a
systematic review has pointed out some important limitations in their use for periodontitis:
lacking of long-term observational studies, and systemic side effects (mainly gastrointesti-
nal and cardiotoxic) [102].

Bisphosphonates are drugs capable of inhibiting bone resorption and are mainly used
in patients with osteoporosis or bone metastases. The main side effect is osteonecrosis of
the jaws, which is more common in patients taking intravenous bisphosphonates [103,104].
The anti-resorptive properties of bisphosphonates have been of interest among researchers
on periodontal disease as an adjunctive therapy for the possible benefits that have been
observed in animal and human studies [105–107]. However, although there may be the
possibility that bisphosphonates can alter the severity of periodontal disease, their use is
still debated both for the risk of osteonecrosis and for the potential equivocal data related
to the fact that osteoporosis could influence the progression of periodontitis [106,108].

3.8. Other Adjunctive Therapies for Periodontitis

Statins are drugs used to lower cholesterol levels, but they also have anti-inflammatory
properties that may be of interest in the management of periodontal disease. Large cohort
studies adjusted for confounding factors have however shown little or no evidence on the
potential beneficial effects of statins [109,110]. In contrast, improvements in periodontal
parameters were reported in a smaller study, not adjusted for all possible confounders [111].
However, more recent studies have reported beneficial effects in the additional topical
use of statins + SRP [112–115]. However, further studies are needed to confirm or not the
possible use of statins as adjuvant therapy in periodontitis.

Metformin is a hypoglycaemic drug that inhibits hepatic gluconeogenesis and de-
creases peripheral insulin resistance. It has been shown that it is able to stimulate osteoblas-
tic differentiation and bone formation [116,117]. Doses of 50 mg/kg induced a reduction
of inflammation, oxidative stress and bone loss in induced periodontitis rats [117]. In
humans local application of 1% metformin gel into the periodontal pockets induced an
improvement in PD, CAL and intrabody defects reduction compared to placebo in adjunct
to SRP [118]. Two recent meta-analysis concluded that the use of adjunctive metformin to
SRP may induce additional benefits in the treatment of periodontal disease [119,120].

Omega-3 polyunsaturated fatty acids (PUFAs) have anti-inflammatory properties
that have been studied in several diseases, including periodontal disease [121]. An RCT
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study demonstrated that SRP associated with dietary supplementation of omega-3 PUFAs
(300 mg/die for twelve weeks) significantly reduced gingival inflammation, PD and CAL
compared to SRP and placebo in patients with moderate-severe periodontitis [122]. In
contrast, another group showed that omega-3 PUFAs dietary supplementation (+ SRP)
induced a reduction of salivary TNF-α but without significant impact on periodontal
clinical parameters in patients with periodontitis [123]. Further studies are needed to
clarify their possible role in the treatment of periodontitis.

4. Conclusions

The treatment of periodontal disease in its various forms has evolved over the past
century, initially on an empirical basis and then on an increasing number of studies based
on scientific evidence. In periodontology, it has been recognised that the removal of supra
and subgingival plaque deposits and tartar had a favourable influence on periodontal
tissues. The biofilm removal, both through periodontal therapy using SRP and thorough
home oral hygiene, has become the milestone of modern periodontal treatment.

However, it has been shown that changing the proportions of periodontopathogenic
bacteria (especially the red and orange Socransky complex bacteria) and the speed of
recolonisation of the biofilm is regulated and improved by the use of additional agents to
traditional mechanical procedures. The addition of chemotherapeutic agents administered
systemically or locally, measured by clinical, microbial, and inflammatory outcomes has
been demonstrated to possess good results; however, in the short and mid-term.

In light of the scientific evidence analysed in this review, it is also clear that the subjects
affected by periodontal diseases differ from each other in the composition and proportion of
sub-gingival microorganisms (especially those that are most periodontal pathogens). This
is because periodontal pathogens present in biofilms are colonised by different pathogenic
species, which are influenced by various environmental factors. It can be assumed that the
variances in the clinical, microbiological, and inflammatory response are important both
for the host’s ability to react to the infection of periodontal bacteria and for the “cluster”
typology of the supra and subgingival biofilm, species that are deposited on the periodontal
tissues with particular specific pathways. Furthermore, such evidence suggests that each
subject responds differently to equal periodontal treatment, and these studies are still
unclear on the reason. Certainly, the goal of future research in periodontology will be to
combine and prepare a periodontal treatment, personalising it to the colonising microbial
profile and to the specific response of the individual patient.

The future of health care will surely be based on better prevention of disease and
personalisation of the single therapy. Only through regular preventive care and periodic
periodontal visits with the relative risk factors reduction (e.g., smoking, diabetes, car-
diovascular disease prevention, etc.) at a patient-level can prevent the development of
periodontitis and, at the same time, will reduce both from a perspective of economic and
biological saving for the patient.

A better understanding of the epigenetic modification of periodontal tissues that
interact with the dysbiotic biofilm, perhaps through the analysis of transgenerational
genomic modifications, will be one of the fundamental steps better to understand the
aetiology, development and progression of periodontitis.

The next challenge will be to carry out integrated studies that will combine basic and
clinical research knowledge to explore in a combined way therapeutic paths that will surely
have a synergistic therapeutic impact in the long-term therapy of periodontitis.
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