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Abstract

The healthy status of the periodontal pocket and gingiva is mandatory for tooth survival, as well as,
systemic health in general. Only 10% of the global adult population appears to be resistant to it, whereas
10-15% is highly sensitive. Due to the limitations of Scaling and Root Planing (SRP), the researches
have focused to utilize additional therapies to enhance the conventional treatments in periodontitis
and periimplantitis. Utilization of appropriate laser wavelengths with suitable protocols can probably
improve the periodontal status for a more extended period and limit the use of antibiotics.
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Abbreviations: SRP: Scaling and Root Planing; BoP: Bleeding on Probing; PD: Pocket Depth; PBM:
Photobiomodulation; aPDT: Antimicrobial Photodynamic Therapy; PS: Photosensitizer; SPC: Supportive
Periodontal Care

Introduction

The healthy status of the periodontal pocket and gingiva is mandatory for tooth and
implant survival and systemic health in general [1,2]. The primary differentiation between
clinically healthy and diseased periodontium is spontaneous or provoked by bleeding on
probing. Periodontal disease is now believed to be caused by an excessive host immune-
inflammatory response as a factor caused by pocket dysbiosis. The composition of
microorganisms in the oral cavity ecosystem is one of the most sophisticated in the human
body. It contains approximately 700 microorganisms in saliva, gingival fluid, biofilm and
gingival pockets’. Some of them belong to the normal oral flora, and others are conditionally
pathogenic, but pathogenic also can be found there. The protective mechanisms of the human
organism have a considerable effect on the virulence of the conditionally pathogenic and
pathogenic microorganisms in each habitat. The impact of the progression and severity of
periodontitis is due to habits like smoking, drugs etc., and general health like diabetes etc.,
stress, and socioeconomic conditions [3-5]. In order to transition from early plaque-induced
gingivitis to stabilized gingivitis and then to periodontitis, it is necessary to shift the immune-
inflammatory response from an adequate, controlling, even relatively high biomass of the
plaque into an excessive and uncontrolled biofilm pocket. Uncontrolled inflammation in the
tissues leads to structural and functional changes in the biofilm. This is characterized by a
decrease in Lacto- and Bifidobacteria content there [6]. That disruption of the relationship
between bacteria in a healthy, average gingival pocket and pathogenic or potentially
pathogenic bacterial flora leads to the development of dysbacteriosis. The primary role in that
process belongs to Porphyromonas gingivalis, Treponema denticola, Tannerella forsythensis
(red-complex), Fusobacterium spp., and other microorganisms and probably viruses [5-
10]. Periimplantitis is characterized by inflammatory lesions in peri-implant tissues and
associated loss of supporting bone [4]. Peri-implant mucositis is the first step to developing
peri-implantitis, and the management of it is considered a preventive measure for the onset
of periimplantitis [10-12].
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While periimplantitis and Periodontitis share many clinical
features, structural differences, such as epithelial attachment
as opposed to periodontal ligament fibers, and the absence of
blood vessels in the supporting tissues between implants and
teeth, can influence the host’s response to infection. Compared to
normal, Aggregatibacter actinomycetemcommitans and Prevotella
intermedia were more frequently identified when periimplantitis
was diagnosed in healthy tissues surrounding the implant [6].
The peri-implant biofilm microbiota seems to be similar to the
subgingival biofilm in Periodontitis but differs between implants
placed in edentulous patients and partially edentulous patients.
This second ones has more pathogenic peri-implant microflora than
edentulous ones [1,13]. Also, the implant design, implant material
used and roughness of the surface, lack of control of bacterial biofilm
and history of Periodontitis and also improper postoperative care
and no recall phase, poor patient compliance, smoking and cement
left in the pocket, as well as improperly planned and manufactured
prosthetic construction may facilitate biofilm formation [3,14].

Discussion

Periodontitis and periimplantitis can be managed with non-
surgical and surgical procedures, but the second ones need additive
bone material grafting due to tissue remodelling during the healing
phase. Flapless treatment is more gentle for tissues and can boost
natural healing processes but requires more knowledge, supportive
technics and equipment. After the non-surgical pocket periodontal
procedure, we must remember that biofilm recolonization occurs
three weeks after each mechanotherapy: scaling root planing or
periodebridement. The recolonization can come from the saliva,
supragingival dental plaque, mucosal surfaces or digestive system,
and another person [15]. Periodontal bacteria affect the success
or failure of the colonization process and, thus, maintenance of
the host’s health or illness. A patient’s response to bacteria is
based on the host genotype, which is considered an additional risk
factor for periodontal disease. This situation significantly affects
the course of the disease progression and determines the quality
and strength of the immune response [1,4,5,13]. Non-surgical
treatment of Periodontitis is Scaling and Root Planning (SRP), the
standard mechanical instrumentation for bacterial debridement of
the pocket. This can be achieved either; with manual or mechanical
curettes or by ultrasound or sound instruments. In the era of
increased antibiotic resistance, scientists’ efforts are aimed at
finding technologies and procedures that would allow limiting
their use in all possible cases. The answer to this need is certainly
the possibility of using broadly understood laser therapy in the
treatment of periodontal diseases in order to reduce the amount
of bacteria in pathological pockets and restore the immune balance
in the pocket while allowing the healing phase to be accelerated
and enhanced moreover to release muscle stress and pain after the
therapy used.

One of the main variables used to evaluate the severity
and progress of Periodontitis; likewise, the clinical success of
periodontal therapy is Bleeding on Probing (BoP), and another one

is periodontal Pocket Depth (PD). In non-surgical treatment, the
baseline of treatment is SRP (manual or mechanical, long enough
to remove most of the biofilm-about 30sec per tooth surface is
recommended), which can be supported with local or general
antibiotics supplements or some the use of lasers [4,9-12,16,17-21].
Pockets 3-4mm deep can be easily treated with mechanotherapy
and air-polishing; it is highly effective and safe [17], but periodontal
pockets with a depth 25, 6mm are considered ,critical” and present
a risk factor for both the progression of periodontal disease, tooth
loss and periimplantitis next to adjacent teeth [4,5,18]. These
deep pockets are difficult to access for SRP in the form of curettes
or mechanical units. Subgingival use of sandblasting is also not
recommended in the case of inflamed tissues, as it may cause
tissue emphysema [19] when you perform it without due diligence.
These and other limitations lead to using different wavelength
lasers in closed pocket therapy as an alternative in combined
SRP+laser treatment [20-24]. Mechanical instrumentation of
periodontal tissues is a gold standard in dentistry but followed
by diode laser application leads to complete removal of pocket
epithelium compared with conventional SRP. Wide methodological
heterogeneity makes the literature on the clinical effects of laser
treatment in Periodontitis, both as monotherapy and adjunct to
non-surgical therapy, challenging to interpret. It may be due to
the errors in the methodology of research works, as many of them
used split-mouth blindness to compare. This will not work because
saliva is the means of transport for, among other things, periodontal
pathogens from the pocket to the pocket. The same will be true of
testing the effect of decontamination of only two or a few pockets,
while not all of them have been decontaminated [7,25].

Another problem is with complete laser procedure
documentation; sometimes, it is not duplicatable, which is why
it is a need for further research. There seem to be two schools of
thought about the advantage of Energy (fluence-J/cm?) versus
power (intensity, irradiance-W/cm?) for an effective dose; the
correct dose must also include two other intrinsic, critical variables,
namely time treatment and biological context. The diversity in the
mechanisms is related to the current paradigms of periodontal
biofilm behaviour, tissue response to laser therapy is dependent
on tissue type (melanin is the primary chromophore for 800nm-
980nm dental diode lasers), and health (inflammation tissue has
more chromophores for the laser beam light-haemoglobin, peptides
and also water). The successful therapeutic treatment window
is mandatory for the result to be specific to the target tissue,
biofilm composition, laser wavelength, and laser energy delivered
[26,27]. Beam profile and its emission mode (pulse, super pulse or
continuous), pulse shape, and emission cycle play an essential role
in the expected effect that needs to be carefully vetted for specific
clinical use concerning the appropriate biological molecular
interactions. Inside the periodontal pocket for non-surgical therapy,
we use a diode near-infrared laser with a wavelength between
800nm-980nm for coagulating gingivae (epithelial ablation
inside the pocket) as an adjunct to SRP. Additionally, it results in
complete removal of the inflamed epithelium and decreases the
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amount of pro-inflammatory agents [9,12,28-36]. Appropriate
laser wavelengths, with suitable protocols, probably can improve
the periodontal status for a more extended period and likely limit

< /

The sweeping movement
of the laser fiber inside
the penodontal pocket
[Yelow arrow]

the use of antibiotics. The diode use (non-surgical treatment) as
an adjunct to the conventional treatment has proven to reduce the
bacterial load in the pocket [37] (Figure 1).

The laser fiber inside
the percdontal pockel

Figure 1: Diode tip in periodontal pocket decontamination procedure.

The photothermal properties of diode laser photonic energy
facilitate ablation of the graduation tissue and inflamed periodontal
tissue (sulcular debridement) and coagulation simultaneously,
which can be achieved at 60°C, leading to protein denaturation and
reduction in the proinflammatory cytokines [20,26]. As the diode
laser family is predominantly absorbed by mainly haemoglobin and

The diode laser in dentistry is utilized to treat diseased inflamed
tissue, causing a significant bacterial reduction and removal of
the inflammatory products, resulting in optimal haemostasis. A
flexible fiber delivery system of the diodes allows easy access into
the pocket, and the clinician controls the direction of the fiber in
the pocket; therefore, it is safe. Traditional methods like curettes
and ultrasonic devices used during maintenance are responsible
for irreversible hard tissue damages ensuing from the repeated
mechanical scraping of tooth surfaces or unproper handling. In
order to achieve the intended result, we have to deliver the exact
number of photons with dedicated energy transfer in one of them
to the target tissue and then repeat it once or multiple times. To
obtain this, we have to follow specific rules leading to the optimal

pigmented bacteria and poorly absorbed by hydroxyapatite in teeth
and bone, it is considered a safe and suitable treatment modality in
sulcular debridement [38,39]. The photonic energy of an ablative
diode laser in the diseased periodontal pocket results in various
beneficial effects [35,37,40-45].

absorption of laser light by the target tissue and choose the laser
wavelength, emission mode, time of exposure, distance from the
tip, its angulation towards the surface, and tissue composition and
given thickness. In Periodontitis, the heat generated by the laser
beam can additionally deactivate some bacterial enzymes leading
to their apoptosis via photothermal effect [26,36,40,46,47]. In
addition, the inflamed socket soft tissue can be debrided induced
by laser beam coagulation at 60° Celsius; in this process, the blood
vessels and lymphatic connections can be coagulated to enable
healing. As a result, of the limitations of the current non-surgical
treatment strategies, which are regarded as the conventional line of
treatment in the management of Periodontitis, several adjunctive
therapies have been proposed in (Table 1).

Table 1: Periodontitis is caused by disturbances between the host’s immune response and bacteria in the tooth’s
biofilm, therefore in the maintenance phase we use preparations and behaviors that support and modulate the immune

response (some of them are recommended by EFP*).

Preparations and Behaviors

Effect on the Body

Modulators

LDD-Doxycycline 20mg 2x daily for 3 months

NSAIDS non-steroidal anti-inflammatory drugs

Have anti-inflammatory properties

Regulate the functions of the immune system cells

Prostaglandin PGE2 inhibitor
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Diet

Rich in vitamins D and C and their supplementation

Limiting fats and simple sugars

Preparations modifying bone metabolism

Omega-3 polyunsaturated fatty acids-reduce pro-inflammatory particles
(eicosanoids, reactive oxygen species, pro-inflammatory cytokines)

Oral Probiotics

Containing Streptococcus salivarius and Lactobacillus reuteri (conversion
of dysbiosis to eubiosis)

Source: *EFP European Federal of Periodontology.

Some of the periopathogenes are sensitive to the temperature
of about 50 °C, for example, A.a.,, because of photocoagulation
which occurs in moderate temperatures of 45-65 °C. Brown/black
pigmented anaerobes like Porphyromonas spp., Prevotella spp., and
Tonnerella spp. are also susceptible to diode laser photoablation
due to pigmentation. That treatment is performed mainly with the
“hot tip” technique. Diode laser (810nm,940nm,980nm) tip can be
activated to “hot tip” to achieve higher temperature, but in this case,
it should be used by more trained doctors who can understand
the requirements for this kind of procedure with such significant
hit transfer in the pocket tissue to avoid overheating of tissue
and destruction. These wavelengths generate a photothermal
phenomenon with ablation and additionally haemostasis due to
microvessels construction inside the pocket. Some part of the
light is absorbed superficially, but some are reemitted as longer
wavelengths with more superficial penetration, which causes the
complete removal of the contaminated by intracellular periodontal
pathogens gingival epithelium [32,34,37,45-49].

You can also provide decontamination without tip activation
with the same diode lasers. The tip diameter for all periodontal
procedures with diodes is 300, 320 or 400nm regarding the
equipment. The desired clinical effect can be achieved when
brown/black anaerobic bacteria absorb the photonic energy
of a specific laser wavelength. Quick transfer of the photonic
energy results in the destruction of the biological target and
generates photomechanical (photoacoustic) effects, which can
disrupt superficially surrounding tissue [26,49]. This procedure
also has a cleansing effect by removing inflammatory products
and reducing inflammatory markers so it can increase cell
proliferation and lymphatic circulation, improving a periodontal
attachment (regenerative effect). You are reducing the volume
of Aggregatibacter actinomycetemcomitans (A.a) (periodontal
pocket violet complex) and Porphyromonas gingivalis (Pg) (red-
complex), which can easily penetrate the gingival epithelium
without damaging the underlying connective tissues (bactericidal
activity), which are the primary pathogens in Periodontitis. In soft
tissue, you can also expect postoperative pain relief with the quasi
Photobiomodulation (PBM) effect [21,26,36].

Another additional to SRP therapy which can improve the
results in periodontal treatment (in opposite to AAP guidelines
published in 2015 with changes in 2018 for the treatment of
Periodontitis) [1] can be the Antimicrobial Photodynamic Therapy
(aPDT). It is a low dose, non-thermal light treatment with the final
in the form of destruction of a biological target. aPDT reaction

occurs when a settled concentration of the photosensitizer dye
the microorganisms for a predictable time and a compatible
wavelength with proper emission mode, power output, energy,
fluence and irradiance into the pocket without distance is utilized.
Antimicrobial photodynamic therapy involves light activating the
Photosensitizer (PS) dye in the presence of molecular oxygen in
tissue or liquid to elicit cell death. It can be noticed that multiple
sessions 1,7,21 day seems to be better than a single session to
achieve the best results. A.a is highly sensitive to TBO and MB (blue
dyes). For this kind of treatment aPDT, you can use 660nm laser
with phenotiazine chloride 10mg/mL or Methylene blue, 670-
690nm with Toluidine blue or Phenothiazine chloride [40] and 810
with indocyan green for herpes virus [27].

Diode laser with hydrogen peroxide produce
decontamination inside the pockets is the utilization of the 940nm
or 980nm laser just after mechanical therapy SRP. The irradiation
with a laser beam aims to enhance the efficacy of disinfection
of the root surface against the biofilm and delay the epithelial
migration to the bottom of the pocket, simultaneously providing
deepithelialization inside the periodontal pocket. The laser

irradiation during the procedure coagulates the blood, which may

can

lead to better pocket wound healing. It will delay the reattachment
of the junctional epithelium. Moreover, the laser irradiation
provokes the release of collagen and fibrin inside this tissue after
six hours of radiation, increasing the bonding of the pocket soft
tissue to the freshly cleaned root surface [28,29].

Since the increase in surface roughness and surface free energy
facilitates biofilm formation on the dental implant and abutment
surface, the cloud reactions on the exposed implant surface
and the implant-abutment configuration’s design features also
play a significant role in biofilm formation [49-51]. For implant
surface decontamination, as we have similar pathogens like in
periodontitis, so probably, we can utilize the same protocols, but
we should be careful with the implant surface temperature because
diode lasers heat it; if this elevation exceeds about 47 °C, we can
damage the surrounding bone structure losing the ability to repair
tissue around the implant [38,39].

Erbium lasers (ErCr: YSGG 2780nm and Er: YAG 2940nm)
appear to give better decontamination results in the treatment
of periodontitis and periimplantitis because they can be used to
remove biofilm from the root or implant surface without damaging
them. The laser beam acts on the surface is precise and does not
penetratethe surroundingtissues. Their photonicenergy canbeused
in contact or non-contact mode to provide treatment. Due to their
high water absorption, erbium lasers induce sudden photothermal
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evaporation of the water contained in the mineralized biofilm, bone
and hydroxyapatite, leading to micro-explosions and tissue ablation
[33]. Calculus can be easily removed due to the exact parameters
settled at the laser with a specific wavelength without damaging
the surrounding tissue. With Er:YAG to limit undesired removal of
root tissues, a combination of pulsed emission at frequency >10Hz
and low energy (40-100m]/pulse, energy density 10-20]/cm?) is
recommended [31,51]. The long-term clinical efficacy of Er:YAG
laser is also associated with its ability to eliminate periodontal
bacteria and their endotoxins [9,23,31,42,44]. This property
may positively influence immuno-microbial balance and reduce
inflammation in the periodontium. Contrary to root photoablation,
supragingival laser scaling on enamel is contraindicated since
complete removal of tartar without affecting the enamel with
this wavelength is almost impossible [44,52]. Er, Cr:YSGG laser is
similar because its primer target is water, then hydroxyl ions (OH")
and secondary minerals. This wavelength has a penetration depth
of 2,28um, which is why it can be safely used on the root surface
[31,53-55]. Due to the differences between absorption in water
and hydroxyapatite, we should modify the settings on Er,Cr: YSGG
compared to Er:YAG. (in the literature: RFPT tip, 1,5-1,75W, 30-
50Hz, 30-60%water, 60% air, 60us) [53,55].

Erbium lasers are often used for perimucositis and
periimplantitis treatment; as for the first one, it can be a perfect
solution due to the precise photo vaporisation process of the
inflamed soft tissue and biofilm. On the contrary, in flapless
procedures with periimplantitis, we can expect some difficulties
due to the technical limitations. Laser light is transported to the
infected pocket via the tip. The optical fiber is at the end obliquely
cut to redirect the laser light to the side because we want it to act on
the walls of the pocket (radial faring tip RFT), the root canal or its
infected surface. Despite the beam divergence, we cannot transmit
electromagnetic energy into the deeply concave surfaces such as
the threads of the infected implants. That’s why we should consider
surgical access during this kind of treatment instead. Erbium lasers
are often used for perimucositis and periimplantitis treatment;
as for the first one, it can be a perfect solution due to the precise
photo vaporisation process of the inflamed soft tissue and biofilm;
on the contrary, in flapless procedures with Periimplantitis, we can
expect some difficulties due to the technical limitations. Even with
Nd: YAG, we can utilize LANAP, which is an effective procedure in
periodontitis; we still lack evidence for photoablation usefulness
with that wavelength. The target chromophore for this laser is
mainly melanin and other pigments, but it is not an absorber in
water, so the penetration depth in soft tissue is deep [24,56]. It
is helpful for 0,3-0,8mm soft tissue cut with excellent hemostasis
and perfects quick healing time. In non-surgical periodontal
treatment, we do not have enough data and research even that it
has significant potential for decontamination in deeper layers of
soft tissue without damaging the surface. Nd: YAG lasers are used
to treat periimplantitis, but the impact of the beam described in
the literature may or may not damage the surface (implant surface
fusion) [57] with appropriate laser settings and selected tips

[56,58].

Each periodontal treatment needs to be supported and
controlled after. During the appointment, we have to check the
periodontal status, BoP, and PD at six points at each tooth with
furcation status and the implant. We have to consider the prosthetic
parts and contamination on them as risk factors for the future.
Supportive Periodontal care (SPC) is mandatory to the patient.
Periodontal risk assessment is a good tool for the healed teeth
tissue; the BoP should be below 10%, and the PD (pocket depth)
should be less than 3mm or 4mm in the absence of bleeding in
this place. With implants we have to be sure what is the shape
of the transgingival status, so it is difficult to point out the exact
correct deep. Bleeding on probing during the maintenance phase
increases the risk of losing a specific site attachment 2-3 times.
Lack of bleeding proves the stability of the periodontal tissues. In
the presence of pockets >4mm with concomitant bleeding in the
maintenance phase examination, there is a risk of further loss of
connective tissue attachment [14,25,32,36,42,45,59].

Conclusion

Utilization of different laser wavelengths in Periodontitis and
Periimplantitis can significantly improve the periodontal tissue
status for longer time with proper maintenance.
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