293

Laser Treatment of Periodontal
and Peri-implant Disease

Donald ]. Coluzzi, Akira Aoki, and Nasim Chininforush

14.1 Introduction - 295

14.2  Nonsurgical Periodontal and Peri-implant Disease
Laser Therapy - 295

14.2.1 Description of Non-surgical Therapy — 295

14.2.2 Laser Wavelengths That Can be Used - 296

14.2.3  Adjunctive Laser Use — 297

14.24  General Protocol - 297

14.2.5 Treatment Planning - 297

14.2.6  Clinical Cases — 298

14.2.7 Considerations About Laser Use in Initial Nonsurgical
Therapy - 299

14.2.8  Acronyms for Nonsurgical Initial Periodontal and Peri-implant
Therapy - 300

14.2.9 Selected Literature Review for Lasers in Nonsurgical
Therapy - 300

14.3  Surgical Therapy for Periodontal and Peri-implant
Disease - 301

14.3.1  Description of Surgical Therapy and Laser Wavelengths That
Can be Used - 301

14.3.2  Flapless Periodontal And Peri-implant Surgery — 301

14.3.3  Osseous Periodontal Surgery Employing a Flap — 303

14.4  Antimicrobial Photodynamic Therapy in Management of
Periodontal and Peri-implant Disease - 308
14.4.1 Photodynamic Therapy — 308

14.5 Photosensitizer - 309
14.5.1 Toluidine Blue O - 309
14.5.2 Methylene Blue - 309
14.5.3 Indocyanine Green - 309
14.5.4 Curcumin - 309

© Springer International Publishing AG 2017
D.J. Coluzzi, S. Parker (eds.), Lasers in Dentistry—Current Concepts, Textbooks in Contemporary Dentistry,
DOI 10.1007/978-3-319-51944-9_14



14.6  Light Source - 309
14.7  Mechanism of Photodynamic Therapy - 310

14.8  aPDT in Periodontital and Peri-implant Disease - 311
14.8.1 Procedure-311
14.8.2 Clinical Cases - 312

14.9 Considerations During a PDT Therapy - 314

References - 314



Laser Treatment of Periodontal and Peri-implant Disease

Core Message

Therapy for periodontal and peri-implant disease continues
to evolve with new methodologies, medications, and
instrumentation added to the conventional armamentarium.
Dental lasers have been used both adjunctively and alone in
the protocol. Clinical studies and basic investigations have
shown that laser photonic energy has been a useful addition
to increase the effectiveness and outcomes of treatment of
the disease.

14.1 Introduction

The periodontium is essential for optimal oral function and
health. Any inflammation will affect both soft and hard tis-
sue and could lead to loss of those structures. Periodontal
disease is an infection whose primary etiologic factor is the
oral pathogens existing in the plaque biofilm. Initially the
gingiva will become inflamed without attachment loss, and
the disease is thus termed gingivitis. With increasing patho-
gen invasion, there will be loss of connective tissue attach-
ment as well as apical migration of the epithelial tissue with
subsequent infection and resorption of the alveolar bone.
Chronic periodontitis is a slowly progressing disease and one
of the most commonly occurring diseases in middle-aged
adults [1].

Moreover, periodontal disease has been linked with other
systemic diseases. Oral pathogens can migrate through the
inflamed and ulcerated gingival epithelium into the rest of
the body. There are suggested clinically important associa-
tions between periodontal bacteria and conditions ranging
from peripheral artery disease, liver cirrhosis, and chronic
kidney disease to other systemic disorders including cardio-
vascular, respiratory, and osteoarticular problems. These
connections highlight the importance of treating this disease
because of its implication on general medical health.
Interestingly, the reverse association is also important: the
patient’s age, smoking habits, and the presence of diabetes
can worsen chronic periodontal inflammation.

Putative periodontal pathogens, such as Aggregatibacter
actinomycetemcomitans and Porphyromonas gingivalis, have
long been considered the primary contributors to the dis-
ease. However, the red complex especially three species—
Porphyromonas  gingivalis, Tannerella  forsythia, and
Treponema denticola—are now regarded as the most patho-
genic and are prevalent in biofilm. Unfortunately, determin-
ing which organisms are important can be a daunting task:
there can be several species of pathogens in any one site;
some can be more opportunistic than others and may prolif-
erate subsequent to the initial inflammation rather than
cause it; and the patient’s immune response can vary.

Peri-implant disease shares the same etiology—pathogenic
microorganisms—and the literature is beginning to report sig-
nificant statistics that indicate many implant sites will develop
the disease [2]. For clarity, soft tissue inflammation is termed
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peri-implant mucositis, whereas implant bone loss is termed
peri-implantitis.

The general understanding is that the gold standard for
successful treatment of these diseases is gain in clinical
attachment level. The root surface should be restored to bio-
compatibility to reestablish that attachment without the pres-
ence of inflammation [3, 4]. There are however other clinical
creditable endpoints such as lack of bleeding on probing,
complete removal of root accretions, and measureable regen-
eration of bone, periodontal ligament, and cementum. Of
course, the patient’s oral hygiene improvement and reduction
of other risk factors can also be considered and are crucial for
maintenance of a stable periodontium.

This chapter will be divided into three modalities of treat-
ment utilizing lasers in nonsurgical, surgical, and antimicro-
bial photodynamic modalities. These methods are separate
therapies, but may be combined to produce the best result. A
nonsurgical protocol is the first approach, but surgery may
follow to help unresolved problems. Photo-activated medica-
tions can be a useful addition for either procedure. Since
periodontal disease can have episodic progression, one or
more of these treatments may be employed for the current
stage of the disease.

14.2 Nonsurgical Periodontal
and Peri-implant Disease Laser
Therapy

14.2.1 Description of Non-surgical Therapy

The term «nonsurgical therapy» is defined as a protocol to
remove as much calculus as possible, to disrupt or eliminate
the biofilm and accompanying microbes, and to reduce
inflammation contributing to periodontal and peri-implant
disease as initial therapy. After this phase of treatment, the
patient’s periodontal condition will be evaluated. Two possi-
bilities then exist: one, the patient will receive periodontal
maintenance, and two, a surgical procedure must be per-
formed as a next step.

During initial nonsurgical therapy, it is essential that
root/implant accretions be thoroughly removed; indeed
conventional periodontal treatment begins with calculus
and biofilm removal, using scaling instruments on the
tooth surfaces while using carbon fiber or plastic curettes
on the implant fixture. For the patient with gingivitis or
beginning peri-implant mucositis, that procedure is very
straightforward with ease of access. As the severity of the
disease increases, root/implant debridement becomes
more difficult. Studies have shown that some calculus
remains, despite careful root planing or implant debriding;
and treatment outcomes may not always be successful with
deeper pockets [5-7]. Thus surgery would be necessary to
access those areas, along with placing regenerative
materials.
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Another consideration is that conventional ultrasonic
and sonic scalers used for subgingival debridement may not
be effective to produce a bactericidal effect [8].

This initial therapy is usually performed in the general
dentist’s clinic, if immediate referral to a periodontist is not
indicated. Within that office setting, a dental hygienist may
deliver all or part of the treatment in accordance with the
scope of practice and other regulations governing his/her
license. During any therapeutic session, the patient must be
instructed in an effective oral hygiene regimen. Several
appointments may be necessary to complete the initial non-
surgical protocol, and adequate evaluation periods will deter-
mine how successful the patient compliance and the
practitioner’s efforts have been.

14.2.2 Laser Wavelengths That Can be Used

Dental lasers are generally used adjunctively for the above-
described initial nonsurgical therapy [9]. For purposes of this
section, the laser instrument described will have a minimum

output of approximately 0.5 W of average power. This is to
distinguish it from other lasers used for antimicrobial photo-
dynamic therapy, described in the next section.

Any of the commercially available dental lasers can be
utilized for nonsurgical periodontal or peri-implant disease
therapy. At this date, the generic types and nominal emis-
sion wavelengths include diode (810, 940, 980, and
1,064 nm), Nd:YAG (1,064 nm), Er,Cr:YSGG (2,780 nm),
Er:YAG (2,940 nm), and CO, (9,300 and 10,600 nm.). For
treatment of periodontal and peri-implant diseases, all of
the above wavelengths can be used for debridement of the
soft tissue side of the periodontal pocket; both erbium
wavelengths are also currently indicated for calculus
removal on the tooth structure. With the exception of
Nd:YAG, there are no general contraindications for use of
these wavelengths around implant fixtures. Studies have
shown that the high peak power emission of the Nd:YAG
laser with microsecond pulses caused melting on sand-
blasted, acid-etched, and titanium plasma-sprayed surfaces
of titanium implants [10]. The details are described in
B Table 14.1.

Precautions

_

. For periodontitis, prolonged contact with dark
colored calculus, root surface, and osseous tissue
should be avoided

For peri-implant mucositis, no implant surface
damage has been reported

o)

—_

. For periodontitis, prolonged contact with dark
colored calculus, root surface, and osseous tissue
should be avoided

. For peri-implant mucositis, the beam should be
placed parallel to the long axis of the implant
fixture so that any interaction will be minimized

N

—_

. For periodontitis, care should be used to avoid
excessive removal of cementum during calculus
removal. Water spray must be used

. For peri-implant mucositis, low average power
should be used

N

_

. For periodontitis, prolonged contact with tooth

O Table 14.1 Details of dental wavelengths used in adjunctive nonsurgical therapy
Laser Nominal Periodontal tissue target for laser photonic energy
type wavelength used in nonsurgical therapy
in nm.
Diode 810, 940, Debridement and detoxification of inflammatory
980, 1,064 tissue due to selective absorption in areas of
inflammation by soft tissue pigments and blood
components, including pigmented bacteria. Very
good hemostasis of blood in the sulcus
Nd:YAG 1,064 Same as diode
Er, 2,780 Debridement of inflammatory soft tissue due to the
Cr:YSGG 2,940 absorption in water of sulcular fluid and organic
Er:YAG components of soft tissue inflammation along with
the cellular water of pathogens
Removal of root accretions due to the primary
absorption in the water component of dental
calculus and secondarily absorbed in the mineral
component. Good hemostasis of blood in the sulcus
o, 9,300 Debridement and detoxification of inflammatory
10,600 soft tissue due to the absorption of water and

organic components of sulcular fluid and soft tissue
inflammation along with the cellular water of

pathogens.

surface should be avoided?
. For peri-implant mucositis, low average power
should be used

N

Very good hemostasis of blood in the sulcus

2Note: the potential exists for 9,300 nm CO, lasers to be used for calculus removal. Currently, there is no indication for use in this procedure



Laser Treatment of Periodontal and Peri-implant Disease

14.2.3 Adjunctive Laser Use

The general principle of adjunctive laser use for periodontal
and peri-implant disease therapy is to supplement conven-
tional instrumentation in removing or disrupting the biofilm
and calcified deposits. Conventional mechanical therapy of
periodontal pockets does not necessarily achieve complete
removal of bacterial deposits and toxins. Employing a laser
has the potential to improve therapeutic results [11].

All dental lasers produce a temperature rise in the target
tissue, which would affect the pathogens and the resulting
inflammation. In general, most non-sporulating bacteria,
including periodontopathic anaerobes, are readily deacti-
vated at temperatures of 50 °C [12]. Coagulation of the
inflamed soft tissue wall of a periodontal pocket and hemo-
stasis are both achieved at a temperature of 60 °C [13]. It
should be noted that surgical excision of soft tissue occurs at
100 °C; thus using a laser at these lower temperatures defines
a nonsurgical therapy. When erbium lasers are used for cal-
culus removal, the primary interaction occurs when the
photonic energy vaporizes the interstitial water of the miner-
alized matrix at a minimum temperature of 100 °C. However,
the rapid pulsing of those lasers used with water spray mini-
mizes any significant temperature rise in the surrounding
tissues.

Considering the microbial component, it follows that
laser irradiation would have significant potential as an
adjunct to traditional scaling instrumentation used on teeth
and implants. All of the lasers listed in @ Table 14.1 use the
photothermal effect capable of strong bactericidal and detox-
ification effects [14]. In addition, the infected soft tissue in
the pocket can be debrided; the lymphatic and blood vessels
can also be coagulated to enable healing.

14.2.4 General Protocol [15]

Following the examination and diagnosis, the clinician should
refer to the periodontal charting and perform initial nonsur-
gical therapy. A suggested protocol is:

1. Prior to any other instrumentation, laser irradiation at low
average power is used to reduce the microbial population
in the sulcus [16]. This will lower the risk of bacteremia
and reduce the aerosolized contaminants during
conventional instrumentation. When using the diode,
Nd:YAG, and CO, wavelengths, care should be taken to
avoid prolonged laser contact with subgingival calculus
and root surfaces. For implant surfaces, care should be
exercised with the Nd:YAG beam placement. When using
erbium lasers, calculus removal is occasionally performed
at the same time with the initial laser irradiation.

2. Appropriate conventional instrumentation is used to
perform calculus removal of the tooth or implant
surface. Erbium lasers can be used primarily or
adjunctively.
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3. Decontamination of the pocket epithelium is performed
with laser irradiation. The photonic energy interacts
with different components of the inflamed soft tissue to
disrupt the biofilm and microbial components. The
parameters employed produce an average power below
that used for excisional surgery, and the clinician should
refer to the laser’s operating manual to verify the average
power settings. The treatment objective is to aim the
laser beam toward the soft tissue with overlapping
strokes to ensure that the entire area of the pocket is
irradiated. The time needed for this portion of the
protocol depends on the pocket anatomy—its shape,
depth, and width. Visible debris will accumulate on the
contact tip of some lasers or will be flushed out of the
pocket with others. Decontamination is complete when
fresh bleeding emanates from the pocket.

4. To ensure coagulation and sealing of the blood capillaries
and lymphatic vessels, laser energy is used. Generally this
occurs in a short time, and the last beam placement will
be at the entrance to the pocket. In more shallow pockets,
the decontamination procedure may produce the desired
hemostasis without any additional irradiation. After the
laser is turned off, digital pressure will help readaptation
of the tissue to the tooth, especially in deeper pockets. In
more shallow pockets, the decontamination procedure
may this step will help the initial healing.

5. The patient is given postoperative and oral hygiene
instructions. There should be minimal tissue
manipulation of the treated area so that the fibrin clot is
not disrupted. Very gentle brushing and flossing should
be performed for 2 days. Spicy and crunchy foods
should be avoided for at least 1 day. Gentle rinsing with
warm salt water three times a day should soothe the
tissues in a short period of time, and only mild
discomfort should be expected. Subgingival irrigation
must be avoided.

14.2.5 Treatment Planning

The above protocol of initial therapy should be followed for
every patient manifesting periodontal or peri-implant dis-
ease. The extent of the disease will be determined during the
periodontal exam, charting, and diagnosis. When planning
treatment, several points should be considered:

= The patient’s physical limitations such as posture
or temporomandibular joint disease

= The patient’s pain sensitivity during the procedure
and medications necessary to control it, ranging
from topic and local anesthetics to sedation

= The patient’s systemic health along with any risk
factors that would affect the treatment outcome
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== The number of pockets to be treated and the
anatomy of each

= The amount and tenacity of debris and biofilm to
be disrupted/removed

= Any restorations or occlusal problems that need
attention and could compromise access or
success of the therapy

= The patient’s ability to continue adequate oral
hygiene techniques

The severity of the disease will determine the appoint-
ment schedule both for therapy and the patient’s tolerance for
treatment. Most importantly, the treatment plan must be cus-
tomized for each patient. Some cases of gingivitis may only
require full-mouth debridement and disinfection and can be
accomplished in two appointments, including polishing.
Other advanced conditions with excessive deposits and bio-
film may necessitate that only a few teeth are to be treated in
each visit.

The length of each appointment can also vary. Generally
speaking, moderate generalized disease would be treated
with hourly visits in each area of the disease. Some clinicians
divide the mouth into quadrants for therapy; others choose
to treat all of the deeper pockets first. The latter approach has
an advantage in that those pockets with more disease can be
retreated with steps 3 and 4 on subsequent appointments,
especially if some inflammation remains after the first ses-
sion. To ensure those pockets receive maximum debride-
ment, the laser can be used again during the other therapy
visits.

Locally delivered chemotherapeutic agents, such as
minocycline hydrochloride, doxycycline hyclate, and
chlorhexidine gluconate, may be placed in pockets to help
biofilm suppression. They are most effective after the biofilm

O Fig. 14.1
directed toward the soft tissue side of the sulcus. ¢ Six-month postoperative view showing no inflammation

has been disrupted by the debridement procedure. As such,
those additions should be performed after the last laser
treatment. Antimicrobial photodynamic therapy should
also be considered, as discussed in the next section of this
chapter.

The patient’s oral care skills must be continually assessed
and reinforced in this protocol. If the presence of biofilm is
not minimized, the intended healing will not progress. An
assessment appointment should be scheduled approximately
4 weeks after the completion of the initial therapy.

Following the initial nonsurgical therapy, the next
appointment 3 months later will assess both the patient’s
home care and the periodontal status. Expected outcomes are
inflammation reduction or absence, healthier tissue tone,
and reduced pocket depths without bleeding. Minimum
force should be used during probing in this period, since the
attachment apparatus is easily disrupted. Normal detailed
probing can be performed at the 6-month post therapy
appointment. Reevaluation can continue at 3-month inter-
vals, with careful assessment of how the disease is resolving.
Supportive therapy to preserve the improved clinical attach-
ment and minimum inflammation can continue. This will
probably include additional debridement and laser decon-
tamination, along with the patient’s daily oral hygiene
regimen.

14.2.6 Clinical Cases

O Figure 14.1 shows a diode laser used in a shallow-inflamed
periodontal pocket. @ Figure 14.2 depicts the adjunctive use of
an Nd:YAG laser. B Figure 14.3 shows the adjunctive use of
an Er,Cr:YSGG laser for initial treatment of periodontitis
(clinical case courtesy of Dr. Rana Al-Falaki). @ Figure 14.4
demonstrates the use of a diode laser for adjunctive treat-
ment of peri-implant mucositis.

a Preoperative view of an inflamed shallow gingival sulcus. b An 810 nm diode laser with a 300 pm bare fiber and 0.4 W CW emission
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O Fig. 14.2 a Preoperative view of a 6 mm pocket wit bleeding on
probing. b After hand and ultrasonic scaling, an Nd:YAG laser is used
with a 400 pm fiber and an average power of 1.8 W (30 mJ/pulse and

O Fig. 14.3 a Preoperative view of an 8 mm pocket with bleeding
on probing. b Preoperative radiograph of the pockets. After ultrasonic
removal of the calculus, an Er,Cr:YSGG laser was used with a 500
micron diameter radial firing tip at an average power of 1.5 W (50 mJ,
30 Hz) with a pulse duration of 60 microseconds for debridement. c

O Fig. 14.4 a Preoperative view of a 7 mm pocket with bleeding on
probing around an implant. b After careful conventional debridement
of any calculus, an 810 nm diode laser with a 400 micron tip was used

14.2.7 Considerations About Laser Use
in Initial Nonsurgical Therapy

In any laser-tissue interaction, the absorption of the photonic
energy depends on many factors, as discussed in Chap. 3. For
periodontal and peri-implant therapy, those same factors are
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60 Hz) and directed toward the soft tissue side of the pocket. c Three-
month postoperative view showing pocket depth reduction and lack
of inflammation

Seven-month postoperative probing shows significant pocket depth
reduction without bleeding on probing. d Seven-month postoperative
radiograph depicts a more stable periodontium (Clinical case courtesy
Dr. Rana Al-Falaki)

with an average power of 0.4 CW emission directed toward the soft tis-
sue and away from the implant fixture. ¢ Six-month postoperative view
showing pocket depth reduction and lack of inflammation

at work in a very limited space—the periodontal pocket and

surrounding structures. Therefore, the following points are

important:

== Each wavelength will have different interaction on the
various tissue components. For example, the
near-infrared wavelengths are easily scattered and are
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only absorbed by inflammation. Their depth of
penetration in sulcular fluid can be significant, which
means that the energy could travel beyond the intended
target tissue [17]. On the other hand, erbium lasers can
be used efficiently to remove subgingival calculus,
although it is not very selective; and cementum on the
root surface can also be removed [18].

The current literature indicates that lasers are generally
safe for treatment of peri-implant mucositis, but some
precaution should be exercised [19, 20]. As mentioned
previously, Nd:YAG laser usual emission mode
produces very short pulse durations and a very high
peak power per pulse. Those high powers have been
known to damage titanium surfaces. Erbium lasers have
the same pulse durations but produced no surface
alterations with low energy density use. Understanding
of those differences is necessary for the clinician to
choose the appropriate wavelength for beneficial
treatment.

The laser parameters must produce low average power to
minimize ablation of healthy tissue. Each laser
instrument has specific operating instructions for this
procedure with suggested settings, and these should be
used as a guide to begin the therapy.

Each laser has a specific handpiece and emission
device—for example, an optical fiber tip or a small tube.
The clinician should ensure that the laser beam is aimed
as precisely as possible toward the intended target tissue.
For example, diode photonic energy will be readily
absorbed by dark calculus causing a significant
temperature rise; so, the tip should be angled toward the
soft tissue. Likewise, when using an erbium laser for
calculus debridement, the tip should be as parallel to the
tooth axis to avoid excessive cementum removal.

As granulation tissue is removed, it may accumulate
around the laser tip or tube. Those should be checked
and cleaned often to avoid concentration of the energy in
the debris.

Proper case selection is important and continuing
evaluation must be performed. If areas of disease do not
respond to the nonsurgical approach, then subsequent
surgical therapy will be necessary.

14.2.8 Acronyms for Nonsurgical Initial
Periodontal and Peri-implant
Therapy

Clinicians may find various acronyms in the operating manu-
als of different laser instruments or in scientific literature. The
intent of these terms is the same—to provide the first phase of
treatment. Such terms as LAD/LABR (laser-assisted decon-
tamination/laser-assisted bacterial reduction), LAPT (laser-
assisted periodontal therapy), and LCPT (laser-assisted
comprehensive treatment) can give specific additional details
about the protocol. Some companies have legally protected
their acronyms:

REPaiR (regenerative Er,Cr:YSGG periodontitis
regimen) uses the company’s Er,Cr:YSGG laser for
sulcular debridement and root surface cleaning.

WPT™ (wavelength-optimized periodontal therapy) uses
the company’s Nd:YAG and Er:YAG to remove the
diseased epithelial lining and to debride the root surface
calculus, respectively.

Whichever terminology or abbreviations are used, various
laser wavelengths can add beneficial results for the treatment
of periodontal and peri-implant disease.

14.2.9 Selected Literature Review for Lasers
in Nonsurgical Therapy

The following is a sampling of the literature describing vari-
ous wavelengths used adjunctively for nonsurgical therapy:
Qadri et al. [21] showed that the adjunctive use of a
diode laser (800-980 nm) with scaling and root planing
(SRP) is more effective in treatment of moderate chronic
periodontitis than when SRP is used alone.
Lerario et al. [22] used mechanical debridement with the
adjunctive use of a diode laser (810 nm) for peri-implant
disease and demonstrated greater reduction of probing
depth and bleeding on probing than conventional
treatment.
Martelli et al. [23] showed that adding Nd:YAG laser to
conventional treatment found significant and long-term
effectiveness in improving clinical and bacteriological
measurements.
Al-Falaki et al. [24] assembled case report series and
reported pocket depth and inflammation reduction in
the nonsurgical treatment of peri-implant disease using
the Er,Cr:YSGG laser.
Schwarz et al. [25] reported that the Er:YAG therapy
resulted in significant reduction of the BOP score and
improvement of the clinical attachment gain in the
nonsurgical treatment of periodontitis.
Zhao et al. [26] in a meta-analysis highlighted a
significant attachment gain using the Er:YAG laser and
SRP when compared to SRP alone.
Yan et al. [27] in a meta-analysis showed that the Er:YAG
laser as an alternative to mechanical debridement could
provide some short-term additional benefit.

Summary: Nonsurgical Laser Therapy

In summary, the adjunctive use of lasers for initial,
nonsurgical periodontal therapy must follow specific
protocols, and the treatment must be continually
evaluated to determine if surgery is necessary. This
therapy is well accepted by patients, and it may
contribute to their improved home care. Well-designed
scientific studies are always required to support the
evolving reported benefits of the procedure.
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O Table 14.2 Details of wavelengths used in surgical therapy
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Precautions

=

. For gingival surgery or debridement of granulation
tissue, prolonged contact with dark colored calculus,
root surface, and osseous tissue should be avoided

2. For peri-implantitis, no implant surface damage has been

reported when low average power irradiation is used

—_

. For gingival surgery and granulation tissue debridement
prolonged contact with dark colored calculus, root
surface, and osseous tissue should be avoided

2. For peri-implantitis, the beam should be placed parallel

to the long axis of the implant fixture so that any

interaction will be minimized

—

. For osseous surgery and calculus removal, water spray
must be used

For peri-implantitis, low average power should be used
near the implant fixture

—_

. For osseous surgery with 9,300 nm, water spray must be

Laser Nominal Periodontal tissue target for laser photonic
type wavelength energy used in surgical therapy
innm.
Diode 810, 940, Incision and excision of gingival tissue along
980, 1,064 with hemostasis. Good absorption in
pigmented tissue and hemoglobin, likewise in
areas of acute inflammation
Nd:YAG 1,064 Same as diode
Er, 2,780 Excellent incision and excision of soft tissue
Cr:'YSGG 2,940 with minimal depth of cut due to the very high
Er:YAG absorption in the water content of that tissue. 2.
Good hemostasis.
Excellent cutting and shaving of osseous tissue
co, 9,300 Excellent incision and excision of soft tissue
10,600 due to the high absorption in the water

content of that tissue. Very good hemostasis 2.
Excellent cutting and shaving of osseous tissue

(9,300 nm wavelength ONLY)

143 Surgical Therapy for Periodontal
and Peri-implant Disease

used

For peri-implantitis, low average power should be used
near the implant fixture. Care should be taken to
minimize reflection from the metal implant toward
surrounding tissue

14.3.2 Flapless Periodontal
And Peri-implant Surgery

14.3.1 Description of Surgical Therapy and

Laser Wavelengths That Can be Used

After initial therapy is completed, periodic evaluations and
maintenance appointments follow. There can be challenges
to complete debridement and disinfection of periodontal or
peri-implant pockets which range from anatomic complexity
of the defects to the patient’s inability to maintain good oral
hygiene. Moreover, the clinical attachment level and pocket
depth produced by initial therapy may still be inadequate for
optimum health. Thus, some surgical intervention will be
occasionally necessary.

O Table 14.2 lists the details of laser wavelengths that can
be used for surgical therapy. The small diameter delivery sys-
tem including curved tips can especially aid in access to
infrabony and furcation pockets.

In this section, surgical therapy will be divided into two
sections. The first is a flapless technique and the second is the
more conventional protocol where a flap is reflected and then
repositioned.

Description of Flapless Surgery

There are two current flapless techniques that are considered
to be surgical but without employing any open flap technique
for debridement. These fulfill the concept of a minimally
invasive procedure, but could have limitations because of
limited access to the entire diseased area of the periodontium
around the root or the implant. One, termed LANAP® is an
acronym for laser-assisted new attachment procedure and
uses a proprietary Nd:YAG instrument. The other is termed
laser-assisted comprehensive pocket treatment (LCPT)
where any erbium laser can be employed.

Laser Assisted New Attachment
Procedure (LANAP®)

The LANAP® protocol entails a specific step, single ses-
sion treatment, shown in @ Fig. 14.5. After verifying the
pocket depth, the laser selectively removes the pocket’s
epithelial lining. The root surfaces are debrided with con-
ventional scaling instruments, and then blunt dissection is
performed at the osseous crest. The laser is then used to

14
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O Fig. 14.5 Graphic depiction of LANAP® using the pulsed Nd:YAG
laser. a Bone sounding to determine pocket depth. b Under local
anesthesia, typically a 360 um optic fiber delivers 3.6-4.0 W average
power at a pulse duration of 100-150 psec to selectively remove

the diseased epithelial lining of the pocket, denature pathologic
proteins, and create bacterial antisepsis. ¢ The root surface accretions
are removed with piezo ultrasonics and conventional instruments.

d Blunt dissection with a conventional dental instrument is used to
modify the osseous contour at the alveolar crest and perform intra-
marrow penetration to gain access to stem cells and growth factors.
e Using the same fiber but with a pulse duration of 550-650 psec, the

obtain hemostasis and to form a fibrin clot so that the
loose gingival tissue can be approximated back to the
tooth. Occlusal adjustments are performed and postoper-
ative instructions given. This procedure has generated
case report studies that offer histologic evidence of new
connective tissue attachment, new cementum, and new
alveolar bone [28,29]. The Nd:YAG wavelength (1,064 nm)
is usually safe when using appropriate parameters for
pocket irradiation. However, the photonic energy has
a potential of deep tissue penetrability, so care must
be taken to avoid thermal damage to the underlying
tissues.

O Figure 14.6 shows a clinical case of moderate periodon-
titis in the maxillary anterior sextant. The LANAP® protocol
is used for successful treatment (Clinical case courtesy of Dr.
Raymond Yukna)

The same company has an identical procedure for treat-
ment of peri-implant disease, termed LAPIP™ (laser-assisted
peri-implantitis protocol.) The laser emission is reduced so
that much less average power is applied around the implant
structure. The fiber is aimed as parallel as possible to the long
axis of the fixture to avoid the metal absorbing the energy
and thus overheating as well as to minimize any reflected
photons off the surface.

L L

laser energy performs hemostasis; establishes a thick, stable fibrin
clot; activates growth factors; and upregulates gene expression. f
The gingival tissue is pressed toward the tooth to secure it without
sutures. g Occlusal adjustments are performed to eliminate improper
contacts and to allow for passive eruption. h Shows anticipated
healing in an environment conducive to true regeneration of new
cementum, new periodontal ligament, and new alveolar bone
(LANAP® is a patented and registered trademark of Millennium
Dental Technologies, Inc., Cerritos, Calif., USA) (Graphic reproduced
with permission from Millennium Dental Technologies)

Laser-Assisted Comprehensive Pocket
Therapy (LCPT)

LCPT (laser-assisted comprehensive pocket therapy) uses
erbium lasers with wavelength emissions of 2,870 or 2,940 nm
[30]. As noted previously, these lasers can be used for soft
tissue and calculus removal. In addition, they are indicated
for use in contouring osseous tissue. Thus they can be useful
for debridement of both granulation tissue and bone defects
in moderate to deep periodontal pockets, depending on the
accessibility. The procedural steps are shown in @ Fig. 14.7.
After assessing the pocket, the laser and hand instrumenta-
tion is used for root surface debridement. That is followed by
removal of the epithelial and diseased connective tissue of
the lining of the gingival pocket as well as diseased osseous
tissue. The treatment objective is thorough decontamination
of the whole pocket as well as enhance of bleeding from bone
surface, including bone marrow-derived cells which are a
major source of mesenchymal stem cells. The parameters
used will not affect hemostasis in the bone; on the contrary,
the procedure should enhance bleeding which would be
advantageous for tissue regeneration. There may also be
some biostimulatory effects from the low-level laser penetra-
tion into the surrounding tissues. The next step is laser abla-
tion of the external gingival tissue at the pocket entrance. The
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O Fig. 14.6 a Clinical view

of the anterior facial region of

a patient with acute moderate
periodontitis. b Clinical view of
the lingual anterior region. ¢
Pretreatment periodontal probe
chart showing pockets and
mobility on all the anterior teeth.
Each horizontal line represents
a 2 mm increment, and the red
markings indicate bleeding on
probing. Mobility is indicated
with Roman numerals on the
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incisal view icon at the top of the
chart. The patient was treated
with the LANAP® protocol as
described in @ Fig. 14.4.d

Three-year facial postoperative
view. e Three-year lingual postop-
erative view. Note the reduction
in inflammation. f Three-year
postoperative periodontal probe
chart shows significant pocket
depth and mobility decrease

(Clinical case courtesy Dr.
Raymond Yukna)

epithelium and occasionally a layer of connective tissue are
removed. The pocket depth is automatically reduced with
this small-dimension gingivectomy, and the exposure of the
connective tissue will delay the migration of the epithelium
into the pocket while the attachment is being reestablished.
That procedure will cause some gingival recession, but the
primary benefit of pocket healing will be realized. The last
step is to ensure adequate coagulation for a stable blood clot
to seal the pocket entrance. The erbium laser is used in a non-
contact mode without water spray to achieve this.

This procedure can also be used for the treatment of peri-
implant mucositis or the initial stages of peri-implantitis.

O Figure 14.7 is a clinical case of Er:YAG (2,940 nm)
laser-assisted LCPT shown in @ Fig. 14.6. Deep pockets and
an infrabony defect are treated. There is radiographic evi-
dence of osseous healing and new attachment at 1-year post-
operatively (B Fig. 14.8).

14.3.3 Osseous Periodontal Surgery
Employing a Flap

Osseous surgery, during which bone is removed, recon-
toured, and/or reshaped, is one of the major periodontal sur-
gical procedures. Optimum bone anatomy will help establish
and maintain clinical attachment, shallow pockets, and phys-
iologic gingival architecture—all of which are critical for
long-term stability of periodontal tissue.

At the time of writing, no studies are available for the
9,300 nm wavelength, but there are manuscripts showing
that both the Er,Cr:YSGG (2780) and Er:YAG (2,940 nm)
[31, 32] wavelengths are effective in ablation of bone tissue
with minimal thermal damage. In addition, the healing
assessment of those lasers performing an osteotomy is at least
comparable to conventional instrumentation [33] and may
be advantageous for faster and improved outcomes [34, 35].
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B Fig. 14.7 A graphic depiction of LCPT (laser-assisted compre-
hensive pocket therapy) using an Er:YAG laser. a The pocket depth

is assessed. b Subgingival calculus is removed with both the laser
(utilizing a water spray) and conventional instrumentation so that the
diseased root surface is decontaminated and detoxified. c The laser is
used to remove the diseased epithelial and connective tissue lining
of the pocket. d The osseous tissue is also debrided by the laser using
a water spray to promote bleeding from the bone, and the resulting
healthy tissue is shown. e Some of the laser irradiation can offer

O Fig. 14.8 a Deep pockets are present on the lateral incisor. The one
measures 8 mm with bleeding on probing. b The radiograph shows

the vertical bony defect (black arrow). c Immediate postoperative view
showing a stable blood clot. The Er:YAG laser was used with an 600 pm
curved tip at 1.0 W average power (50 mJ/pulse at 20 Hz) with a water
spray to remove the inflamed soft tissue in the pocket and adjunctively
with a curette to debride the root surface. Then the inner epithelial
wall and the osseous defect were also debrided. The outer epithelium

o

b b1
Y 2

S TER]

biostimulation to the surrounding intrasulcular tissue. (f) The outer
epithelium and some connective tissue are removed to delay epithelial
migration into the healing pocket. This gingivectomy does produce
some gingival recession. g The laser is used in a noncontact mode
without a water spray to ensure hemostasis and to produce a stable
blood clot to protect the entrance to the pocket, as well as to stimulate
the outer surface of the periodontium. h Shows the new attachment
and pocket depth reduction (Graphic modified from Aoki et al. [30]
with permission © copyright 2015 John Wiley and Sons A/S)

was recontoured to delay gingival down growth and a stable clot was
formed. The latter procedure was performed without a water spray.

d One-year postoperative view shows good healing with a slight loss

of the gingival papilla. e The radiograph confirms the osseous defect

has filled in (black arrow) (Clinical case and details courtesy of Dr. Koji
Mizutani, and modified from citation [9] with permission © copyright
2016 John Wiley and Sons A/S)
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B Fig. 14.9 a, b After initial therapy, a 9 mm pocket with bleeding
on probing remains on the distal of the mandibular right cuspid
shown clinically and radiographically. ¢, d A flap is elevated and granu-
lation tissue fills the pocket when viewed from the buccal and lingual
aspects. e An Er:YAG laser is used with an 80 degree 400 micron tip

at 1.2 W average power (40 mJ per pulse at 30 Hz) with a saline water
spray for debridement. f, g Shows the clean vertical bone defect with
no thermal damage from the laser energy. No bone augmentation

The correct laser wavelength delivered through a small
diameter tip can offer more precision and better access than
mechanical instruments. Conventional surgical instruments
usually need a wider area of access compared to the laser with
its irradiation confined to the end of the tip. Thus more preci-
sion is possible.

Bone grafting procedures with appropriate membranes
may be used in areas where the defect cannot be properly
contoured. A laser produces minimal thermal damage result-
ing in a new osseous surface with good vascularity and a lack
of smear layer, which should aid in successful bone augmen-
tation [32].

O Figure 14.9 shows the use of an Er:YAG laser for open
flap surgery on a 9 mm deep pocket on the distal of the man-
dibular right cuspid. This pocket remained after initial ther-
apy. The flap was elevated and the laser was used to remove
the granulation tissue and debride the root surface. The osse-
ous defect was also debrided, and no grafting material was

material was placed. h The laser is used with the same parameters

to decontaminate and stimulate the gingival flap tissue. i The flap is
sutured in place. j Eight-year postoperative view showing healthy
gingival tissue with some recession. In fact, there was 7 mm of pocket
depth reduction and 5 mm of clinical attachment gain. k Eight-year
postoperative radiograph (Case photos and details modified from Aoki
et al. [30] with permission © copyright 2015 John Wiley and Sons A/S)

placed. The inner surface of the flap was irradiated for
debridement, and sutures were placed. Eight-year postopera-
tively there was significant pocket depth reduction and clini-
cal attachment gain.

O Figure 14.10 demonstrates a similar open flap proce-
dure where the Er,Cr:YSGG laser was used on a 11 mm
pocket on the mesial of the maxillary right first premolar that
did not respond to initial therapy. After raising a flap, the
laser was used to debride the root surface, the pocket epithe-
lium, and the osseous defect. No bone graft material was
placed and the flap was sutured. An 8-month analysis showed
pocket depth reduction and attachment gain with slight gin-
gival recession (clinical case courtesy of Dr. Rana Al-Falaki).

Surgical Therapy for Peri-implantitis

Debridement and detoxification of the implant surfaces
as well as the diseased tissues surrounding implant fix-
tures is the primary objective for the treatment of
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O Fig. 14.10 a Radiograph showing 11 mm pocket on the mesial of
the maxillary first premolar that remained after initial therapy. b After

the subgingival calculus was removed with ultrasonic instrumentation,
aflap is raised and the osseous defect is explored with the periodontal
probe. c Immediate postoperative view of the debrided infrabony pocket.
An Er,Cr:YSGG laser was used with a 600 micron diameter contact tip. To
remove the granulation tissue from the soft and hard tissue, an average
power of 1.5 W (50 mJ, 30 Hz) was used with 50% air and 40% water spray

peri-implantitis. Many laser wavelengths have been stud-
ied for their ability to efficiently debride implant surfaces.
The diode, carbon dioxide, and erbium instruments gen-
erally do not cause any surface damage to implants [36-
38]. The precaution is that high average power settings
can generate heat on the peri-implant tissues and/or
directly affect the titanium fixture. Thus appropriate
parameters and techniques must be employed during the
surgical session.

After debridement of the surrounding tissues and decon-
tamination of the implant itself, bone augmentation materials
and appropriate membranes can be placed in the defect to
enhance regeneration. Clearly, good bone vascularity is
important to achieve, and proper laser parameters can accom-
plish this. As mentioned, lasers should allow for beneficial
bone healing following surgery along with a biocompatible
implant fixture.

in the short pulse mode. Subsequently, the smear layer was removed
from the root surface and osseous tissue with an average power of 0.75 W
(15 mJ, 50 Hz) with 50% water and 40% air. d View of the sutured flap. e
Eight-month postoperative photo with periodontal probe, demonstrat-
ing good reattachment with slight gingival recession. f Eight-month post-
operative radiograph showing a more stable periodontal condition with
bone regeneration (Clinical case courtesy of Dr. Rana Al-Falaki)

B Figure 14.11 demonstrates how an Er,Cr:YSGG laser
for peri-implantitis therapy. After reflecting a flap, the osse-
ous defect was filled with granulation tissue, and the laser
debrided the soft and hard tissues in the area. A bone graft
and membrane were placed and the flap was sutured in place.
Six months later, the periodontal health was restored (clinical
case courtesy of Dr. Rana Al-Falaki).

B Figure 14.12 shows the use of an Er:YAG laser for
treatment of severe peri-implantitis. The implant fixture
shown had no mobility despite the significant lack of labial
supporting bone. A decision was made to attempt regenera-
tive therapy although the prognosis was extremely guarded.
The large defect contained large amounts of granulation tis-
sue along with underlying infected bone. The Er:YAG laser
debrided all of the tissues, and then bone grafting mate-
rial and a membrane were placed. The flap was sutured. A
3-month radiograph shows new bone growth with a lack of
inflammation.
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d
O Fig. 14.11 aPreoperative view of peri-implantitis around a max- power of 1.25W (25 mJ, 50 Hz) with 70% water and 50% air. Lastly, the
illary posterior implant with an 8 mm pocket. b After the flap is reflected, internal surface of the flap was decontaminated at any average power of
the extent of the defect, filled with granulation tissue, can be seen. c 0.75W (15 mJ, 50 Hz) with 50% water and 40% air. Note the good vascu-
Immediate postoperative view of the debridement therapy. An Er,Cr:-YSGG larity of the osseous tissue. d Bone grafting material is placed immediately
laser was used with a 600 micron diameter contact tip. The granulation to fill the area. e The flap is sutured in place. f Six-month postoperative
tissue was removed from the soft and hard tissue with an average power view of the healed periodontium with no inflammation (Clinical case

of 2.0 W (66 mJ, 30 Hz) with 70% water and 50% air, angling the tip away courtesy of Dr. Rana Al-Falaki)
from the implant surface. Then the implant was debrided at an average

Summary: Flapless Periodontal and Peri-Implant
Surgery

In summary, dental lasers can be used in a surgical
approach for treatment of periodontal and peri-implant
diseases with benefits such as precision and enhanced
visibility during debridement. In addition, osseous
tissue can be predictably ablated and contoured. Future
research should emphasize proper power settings and
describe the details of the protocol. Laser application
for bone ablation is becoming a very useful modality
for developing the various usages on periodontal and
implant therapy. Preventing thermal damage during
following laser treatment is critical for optimal wound
healing.
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O Fig. 14.12 a Preoperative view of a draining fistula from an area
of peri-implantitis. b The radiograph shows extensive disease includ-
ing a large area of apical bone loss (yellow circle). ¢ A flap is raised
showing the extent of the inflammatory granulation and infected
osseous tissue. d The Er:YAG laser was used with a 1,300 micron sap-
phire tip with an average power setting of 8.4 W (700 mJ per pulse
at 12 Hz) with a water spray directed at the granulation tissue. Then,
using the same tip and water spray, the parameters were changed

14.4 Antimicrobial Photodynamic Therapy
in Management of Periodontal
and Peri-implant Disease

14.4.1 Photodynamic Therapy

Photodynamic therapy (PDT) is a new approach in killing
or eliminating pathogens and uses light of a specific wave-
length to activate a nontoxic photoactive dye (photosensi-
tizer) in the presence of oxygen to produce cytotoxic
products [39, 40]. Various terms are used for PDT such as

to an average power of 3 W (150 mJ per pulse at 20 Hz) for debride-
ment of the implant surface and removal of the infected bone. e The
site was filled with a xenograft bone substitute and covered with

an absorbent bilayer membrane. f The flap was sutured. g A healing
cap was placed 2 weeks postoperatively. h The 3-month radiograph
shows good bone regeneration and stable bone tissue (Some case
details courtesy Dr. Avi Reyhanian)

photoactivated chemotherapy (PACT), photodynamic dis-
infection (PDD), light-activated disinfection (LAD), pho-
todynamic inactivation (PDI), and photoactivated
disinfection (PAD) and antimicrobial photodynamic ther-
apy (aPDT) in different studies and literature. Among these
terms, aPDT is the most accepted one for antimicrobial
purposes [41, 42].

The successful outcome of PDT critically depends on
three elements: photosensitizer, light source, and oxygen
(8 Figs. 14.1 and 14.13).
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Photosensitizer

DO Fig. 14.13  The basic elements of PDT

14.5 Photosensitizer

A photosensitizer is a chemical compound, which, when
activate by an appropriate wavelength, forms a highly reac-
tive oxygen species which results in cell death.

The photosensitizers should have some characteristics
including:
== Existing as nontoxic and chemically pure compound
== Having the ability to stain the target
Be economical and easily available
Possess a short interval between administration of the
drug and peak accumulation in the tissue
Have a short half-life
Be rapidly eliminated from normal tissue
Have activation at specific wavelength
Possess the ability to produce the huge amount of
cytotoxic products
Have the ability to act on a wide range of microorganism
(43, 44]

The most applicable photosensitizers which used in dentistry
for antimicrobial procedures are described below.

14.5.1 Toluidine Blue O

Toluidine Blue O (TBO) is a cationic blue coloring agent used
for histological staining. It can also be applied for differential
diagnosis between benign and malignant precancerous leu-
koplakia. It can be activated by wavelength of 635 nm. It can
act on both gram-positive and gram-negative bacteria due to
its physical and chemical properties and hydrophilic charac-
teristics, and it showed attraction to the mitochondria which
has negative charge. TBO can bind to LPS of the outer cell
envelope in gram-negative bacteria and the teichuronic acid
residues of the outer wall in gram-positive bacteria [45-47].
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14.5.2 Methylene Blue

Methylene blue (MB) is used for selective coloring in histol-
ogy. It is a hydrophilic compound with positive charge. This
photosensitizer can be applied for both gram-positive and
gram-negative bacteria. It can penetrate through the porin
channels in the outer membrane of gram-negative bacteria
and interacts with the anionic macromolecule lipopolysac-
charide creating MB dimmers which have role in the photo-
sensitization process. It has a peak absorption at wavelength
of 660 nm [48, 49].

1453 Indocyanine Green

Indocyanine green (ICG), a green coloring agent, has
recently been introduced as photosensitizer. The mecha-
nism of this photosensitizer is somehow different from
other ones. The effect of ICG is mainly that of photothermal
therapy (PTT) rather than photochemical reaction. This
anionic photosensitizer can be activated by 810 nm but its
absorption critically depends on the dissolving medium, the
chemical bonds of plasma proteins, and its concentration
[44, 50].

14.5.4 Curcumin

Curcumin is a yellow-orange pigment isolated from Curcuma
longa L. which is mostly used as a spice. It has some therapeu-
tic effects on liver diseases, wounds, and inflamed joints, as
well as for blood purification and microbial effects. Curcumin
has shown no toxic effects on a number of cell cultures and
animal studies. It has a broad absorption peak in the 300-
500 nm range (maximum 430 nm) and produces strong pho-
totoxic effects. Therefore, curcumin has the capability to be
used as a photosensitizer. Easy handling, low cost, and efficacy
make this photosensitizer more popular [51-53].

14.6 Light Source

In photodynamic therapy procedure, the light source coin-
cides with maximum absorption of the photosensitizer used.
The light source for aPDT can be classified into three types:
1. Broad-spectrum lamps

2. Light-emitting diode lamps (LED)

3. Lasers

Among the different sources, lasers have some characteristics
that make them superior compared to other sources.
Monochromaticity which allows the laser to interact with
photosensitizer due to matching with its peak absorption
results in elimination of unnecessary tissue heating by band-
widths not effective in PDT reaction [54, 55].

In dentistry, most of the photosensitizers are activated by
wavelengths between 630 and 700 nm. Currently, with the

14
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introduction of new photosensitizer such as ICG, infrared
wavelength like 810 nm is also used which has more penetra-
tion depth. On the other hand, blue light LED (400-500 nm)
which coincidences with curcumin can be a suitable option
due to its availability in all dental offices for curing of dental
resin composites and capability in creating free radicals more
efficiently compared to red light. LEDs are more cost effective
and compact in comparison to lasers [56, 57].

14.7 Mechanism of Photodynamic Therapy

When a photosensitizer is activated by an appropriate wave-
length, electrons are transferred from a lower level of energy
to a higher one which is called the triplet state. Then, the
energy is transferred to a biomolecule or to oxygen which
leads to the production of cytotoxic species. These products
damage the cellular plasma membrane or DNA. Both conse-
quences lead to cell death [58, 59].

The transfer of electrons in activated photosensitizer can
be done in two pathways including transfer to the neighbor-
ing molecule (type-1 reaction) or to oxygen (type-2 reaction)
to produce reactive oxygen species (ROS) like singlet oxygen
and other radicals like hydroxyl radical. Although, the two
pathways can have a role on bacterial killing, type 2 by pro-
ducing highly reactive singlet oxygen is detected as the main
pathway in killing bacteria (B Figs. 14.2 and 14.3). This
mechanism is totally different from that of antibiotics; hence,

Excited state of photosensitizer

T

the resistance of bacterial strain is not likely, due to acting on
multiple targets inside the bacteria [60, 61] (B Figs. 14.14 and
14.15).

It's important to note that antioxidant enzymes pro-
duced by bacteria may protect against some oxygen radicals
but not singlet oxygen which makes aPDT more effective
procedure. Singlet oxygen has a short lifetime in biological
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B Fig. 14.15 Two pathways in function mechanism of PDT are shown
in the flow chart
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O Fig. 14.14 The mechanism of PDT. The photosensitizer is raised
to an excited state by absorbing photonic energy and a triplet state is
created. Its energy is transferred to create either a hydroxyl radical or
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a singlet oxygen. The latter is thought to be the main toxic agent for
pathogens
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system (<0.04 ps) and a short radius of action (0.02 pm)
that make its action localized without affecting distant cells
(62, 63].

One of the main concerns during photodynamic therapy
is the photosensitivity of bacteria which seems mainly related
to the charge of the photosensitizer used. The neutral or
anionic sensitizer binds effectively to gram-positive bacteria.
It also binds to some degree to the outer membrane of gram-
negative bacteria [64]. The porous layer of peptidoglycan and
lipoteichoic acid outside the cytoplasmic membrane of gram-
positive species allow the photosensitizer to cross into the
cell. On the other hand, gram-negative bacteria have an inner
cytoplasmic membrane and an outer membrane separated by
the peptidoglycan-containing periplasm which acts as a
physical barrier between cells and its environment [65]. The
binding of negatively charged photosensitizer to gram-
negative bacteria may be improved by linking the photosen-
sitizer to a cationic molecule [66] .

The success rate of photodynamic therapies depend on
the type, dose, incubation time, and localization of the pho-
tosensitizer, the availability of oxygen, the wavelength of light
(nm), the light power density, and the light energy fluency.
Limitations of this treatment which should be taken into
account are the low-oxygenated environment and the diffu-
sion ability of the photosensitizer and light to be used [67].

14.8 aPDT in Periodontital and Peri-implant
Disease

It is now established that the application of lasers in man-
agement of periodontal diseases can offer some benefits.
Using a high-powered laser for antimicrobial purposes
raises some concerns like irreversible thermal damage to
surrounding periodontal tissues, thermal coagulation, car-
bonization, and root necrosis [68]. Therefore, aPDT was
developed, which is a noninvasive method which uses low
power to overcome these limitations. In this technique, the
bacteria are selectively targeted without damaging the
neighboring tissue [69].

14.8.1 Procedure

Assessing periodontal clinical parameters:
The clinical parameters are collected before treatment.
The record of parameters were as follows: (a) bleeding
on probing (BOP), (b) clinical attachment level
(CAL), (c) plaque index (PI), (d) probing pocket
depth (PPD), (e) full-mouth plaque score (FMPS),
and (f) full-mouth bleeding score (FMBS).

Treatment:
After educating oral hygiene instructions, the patients
receive full-mouth scaling and root planing (SRP),
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and the photosensitizer solution is applied to the
bottom of the periodontal or peri-implant pocket
and gingival sulcus with the use of syringe. Following
this, the pocket is exposed to the laser light due to
protocol moving from bottom of pocket to coronal.
Special safety glasses are provided to the patients,
operator, and dental assistant to prevent possible eye
damage by the laser irradiation. The procedure can
be repeated in the same manner for following weeks
due to treatment plan.
Bacteria can penetrate into epithelial cells and connective tis-
sue during periodontal diseases. P. gingivalis and A. actino-
mycetemcomitans can infiltrate the epithelial barrier in to
periodontal tissues in this case; aPDT can be a solution for
eliminating them [70]. Sulcular epithelium has increased
penetration of photosensitizer due to non-keratinized pat-
tern. The uptake of photosensitizer in epithelial cells is
dependent on incubation time (the interval between apply-
ing photosensitizer and laser irradiation). So, there should be
a few minutes waiting time after applying photosensitizer
before starting laser irradiation [71, 72].

Photodynamic therapy has some advantages like detoxifi-
cation of endotoxins such as lipopolysaccharides which
inhibit the production of pro-inflammatory cytokines. Also,
it can reach to deep or limited access sites without the need
for flap surgery in some cases; there is no need to anesthetize
the area, and there is no need to prescribe antibiotics. In
addition there is a low risk of bacteremia, which is useful for
at-risk patients (those with cardiovascular diseases, diabetes,
and immunosuppression) [73].

Furthermore, aPDT increases tissue blood flow in micro-
circulatory system and reduces venous congestion in gingival
tissues.

In assessing different studies, controversial results are
obtained due to the different wavelengths of laser and the
type of photosensitizer type used.

Bassir et al. assessed photo-activated disinfection using
LED and TBO as an adjunct in the management of patients
with moderate to severe chronic periodontitis. The study
concluded that at 1 and 3 months, PDT showed significant
improvements with regard to all clinical parameters com-
pared to baseline but did not have additional effects on clini-
cal parameters in patients [74].

On the other hand, Prasanth et al. in evaluation of aPDT
by methylene blue and 655 nm diode laser in management of
chronic periodontitis concluded that aPDT has an important
role in improving clinical outcomes obtained by SRP, and
single application of aPDT resulted in effective gingival
inflammation and pocket depth reduction over a period of 6
months. The group also suggested that the procedure be
repeated at frequent intervals [75].

Monzavi et al. tried to test the efficacy of adjunctive aPDT
with ICG compared with scaling and root planing (SRP)
alone in chronic periodontitis treatment (B Fig. 14.5). The
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PDT group yielded higher improvements in bleeding on
probing (BOP) and full-mouth bleeding score (FMBS) rather
than the control group after 1- and 3-month follow-up exam-
inations. After 3 months, the patients that received PDT
showed 0% of BOP score, while the control group displays
48% of BOP positive [76]. Boehm and Ciancio found that
rapid and significant uptake of ICG into periodontal
pathogens that are activated by 810 nm diode laser resulted
in significant killing of A. actinomycetemcomitans and
Porphyromonas gingivalis [77].

The effect of ICG is mainly photothermal therapy rather
than photochemical (80% photothermal and 20% photo-
chemical). In addition, the peak absorption of ICG is close to
available soft tissue diode lasers (808 nm), compared to the
peak absorption of methylene blue and toluidine blue O
which are at 660 nm and 635 nm, respectively. The higher
penetration of 810 nm diode laser compared to other wave-
lengths with an easy insertion of the fiber-optic applicator
allows an easier access into deep pockets. Besides, the photo-
thermal effects of ICG accompanied by photochemical effects
make this photosensitizer important for eradication of
pathogens in deep periodontal pockets or in the periodontal
treatment of non-reachable sites (i.e., furcation or

invaginations). Therefore, ICG with an 810 nm diode laser
can be considered as a promising candidate for adjunctive
periodontal treatment [78].

14.8.2 Clinical Cases

B Figure 14.16 illustrates the use of Toluidine Blue O for
treatment of a periodontal pocket. A LED source of photonic
energy activates the chemical.

@ Figure 14.17 depicts the use of indocyanine green for
treatment of a periodontal pocket. An 810 nm laser was used
to activate the photosynthesizer.

O Figure 14.18 illustrates the use of methylene blue for
the treatment of a periodontal pocket. A proprietary visible
red laser (632 nm) was used to activate the photosynthesizer.
Clinical case courtesy of Dr. Steven Parker.

@ Figure 14.19 shows the application of antimicrobial pho-
todynamic therapy for management of peri-implantitis in a
50-year-old woman. In this case, 7 mm pocket depth and
bleeding on probing were observed. After manual debride-
ment, the phenothiazine chloride as photosensitizer was
applied in the implant sulcus. After 3 min, the excess

O Fig. 14.16 a Application of TBO inside the pocket. b Irradiation of papilla by blunt tip of LED. c Irradiation of the pocket by intra-pocket tip of LED
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O Fig. 14.17 aClinical aspect of treatment site. b ICG was applied inside the pockets. c The view of treatment site after ICG application. d
Irradiation of pockets by diode laser at wavelength of 808 nm

E;

O Fig. 14.18 a Facial view of the periodontitis condition of the lower posttreatment view of the site. d A 1-month posttreatment photo
anterior area. b After scaling of the pockets, the methylene blue solution showing tissue health with no inflammation (Clinical case courtesy of Dr.
is applied. A visible diode laser activates the photosensitizer. c Immediate ~ Steven Parker)
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O Fig. 14.19 aFacial view of peri-implantitis of the lower right cuspid.
b The lingual view of the implant area with a discharge of exudates. c
Preoperative radiograph showing the periodontal defect. d The applica-
tion of phenothiazine chloride inside the pocket. e Facial view 31 months
later showing excellent periodontal health. f Lingual view 31 months

photosensitizer was rinsed, and diode laser (670 nm) with out-
put power of 75 mW was irradiated for 1 min. In follow-up of
8 months, pocket depth of 3 mm and absence of bleeding on
probing were observed.

Angular bony defects at both mesial and distal parts
were observed before treatment, but 8 and 19 months later,
bone gain at both sides was detected, and 31 months later,
maintenance of the bone level at mesial and distal aspects
was approved (case details provided by Dr. Chen-Ying
Wang) [9].

149 Considerations During a PDT Therapy

The effective treatment of periodontal problems must include
proper oral hygiene instructions, which consist of a combi-
nation of daily tooth brushing, interdental cleaning, and,
when necessary, use of chemotherapeutic agents [e.g.,
mouthwash]. Thus, the patient’s compliance with those
instructions is fundamental for the success of the treatment
of periodontal and peri-implant disease.

Summary: Antimicrobial Photodynamic Therapy

In summary, there are still limited data from clinical
studies with controversial results in application of PDT as
an adjunctive treatment for management of periodontitis
and peri-implantitis. In patients with chronic periodontitis,
SRP and PDT have shown higher short-term clinical
improvements like probing depth or bleeding on probing
compared to SRP alone. But in aggressive periodontitis,
there is not sufficient evidence to replace systemic
antibiotic by PDT. Also, limited evidence exists to consider
PDT as an alternative to local antibiotics in peri-implantitis.

later of the healed area. g Radiograph of the treated implant,

31 months later (Clinical case courtesy of Dr. Chen-Yeng Wang, modi-
fied from citation [9] with permission © copyright 2016 John Wiley and
Sons A/S)

Moreover, the application of some photosynthesizers like
methylene blue can stain the teeth if the appropriate concen-
tration is not used. It was suggested that MB in concentra-
tions below 100 pg/ml reduces the chance of tooth
discoloration [79]. Pourhajibagher et al. in evaluation of anti-
microbial photodynamic therapy with indocyanine green
and curcumin on human gingival fibroblast cells came to this
conclusion that to avoid cytotoxicity, the concentration of the
sensitizers and laser irradiation time are essential for
aPDT. They also observed that the optimum concentration of
ICG as photosensitizer for aPDT should be at least 1,000 pg/
ml with 30 or 60s irradiation time by 810 nm diode laser [80].

Conclusion

Clinicians continue to search for and learn about novel meth-
ods to aid in the treatment of periodontal and peri-implant
diseases. Various benefits such as pocket depth reduction,
gain of clinical attachment, and improved wound healing are
reported in the scientific studies. However, the use of the
laser for these therapies generates controversial discussion in
the literature. Nonetheless, adjunctive or alternative use of
dental lasers, both direct minimally invasive surgical or non-
surgical procedures as well as in photochemical activation,
are becoming part of the practitioner’s armamentarium.
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