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Core Message

The initial experimentation and early clinical practice of
laser use have been reported in the mid-1960s [1] and one
of the first initial clinical surgeries was documented in
1977 [2]. Nowadays, adjunctive laser use is defining the
standard of care for many oral surgeries, offering many
advantages for both the surgeon and the patient. The pur-
pose of this chapter is to explain those therapies and to
demonstrate those benefits.

13.1 Introduction

In 1960, Maiman published his pioneering work on the
ruby maser [3]. This was based on the theoretical state-
ments of Einstein dated in 1917 [4] and the work of
Schawlow and Townes 1958 [5]. Based on this break-
through, many groups working on different laser types
published their studies in the 1960s. Those articles led
to the development of the main laser types in use today
such as the CO, laser, the Nd:YAG laser, or the diode
laser [6-11]. Within clinical dentistry, the long sought
after goal was to replace the pain and vibration of the
drill with a laser. This quest for the drill substitute held
up the introduction of lasers in the dental field as it
took until 1989 for the Er:YAG laser [12, 13] to be
studied and then developed for practice a few years
later. At this time, lasers were in widespread use in
medicine working mainly on soft tissue. Beginning in
1990, laser therapy began to establish its place in den-
tistry.

Prior to lasers, there were three main methods of
oral surgical treatment available:
== The conventional scalpel.
== Electro surgery [12].
== Cryotherapy (in use since the mid-1970s) [13].

For treatment of dental hard tissue, there are only a few
wavelengths that may be used (Er:YAG, Er,Cr:YSGG,
CO,). However, in soft tissue surgery, up to ten different
wavelengths are applicable. The oral/maxillofacial sur-
geon has a choice of a fiber-based delivery system
(Nd:YAG, diode lasers) or a non-contact optical system
(CO,, erbium family).
= Diode lasers (445-1064 nm) are suitable for most
oral soft tissue surgery procedures, especially on pig-
mented tissue. They are small, compact instruments
whose portability can be an advantage for short pro-
cedures. They are delivered through a small diameter
flexible optical fiber with an optional tip that can
access small areas of tissue. Using a gated mode with

digitally modulated pulse width and high output
power diode laser have become very much more effi-
cient than the early generations.

= Nd:YAG (1064 nm) has similar interaction with soft
tissue although the free running pulse mode can pro-
duce very high peak powers for efficiency. Its delivery
system is the same as the diode.

== The KTP laser emits at 532 nm and can be used sim-
ilar to diode and Nd:YAG laser. Historically, the
KTP was a frequency doubled FRP Nd:YAG. Now,
the 532 nm “green” laser is a diode GaN semicon-
ductor.

= Ho:YAG laser (2100 nm) is mostly used in soft tissue
surgery. It utilizes an articulated delivery system and
non-contact application.

== The argon laser (488 nm, 514 nm) has its indications
in the use for pigmented lesions or vascular malfor-
mations.

== The carbon dioxide lasers (9300 and 10,600 nm) have
been used traditionally in oral surgery; the latter
wavelength having a very long history of clinical suc-
cess. A higher average power than diode is readily
available with very rapid tissue cutting speed, but
there is a possibility of more tissue carbonization
when used in continuous wave emission mode. A
non-contact delivery mode and the use of an articu-
lated arm makes the application of the 10,600 nm
laser more demanding.

= The Er:YAG (2940 nm) and the Er,Cr:YSGG
(2780 nm) lasers are readily absorbed in water. Their
main indication is with hard tissue (osseous) surgery.
Soft tissue surgery is also possible but much slower.
Hemostasis is not as prominent due to poor absorp-
tion in pigmented chromophores and the coolant
effect of co-axial air/water to assist in ablation site
debridement. Depending on the particular laser,
there is a choice of either contact or non-contact
mode with the tissue, using delivery tips or a tip-less
handpiece.

The main indications in selecting a laser for use in oral
surgery:

== Hemostasis.

== Maintaining a decontaminated operation field.

== Controllable penetration depth of laser-tissue inter-
action.

Minimal need for wound dressing/sutures.

Less need for local anesthetic.

Less postoperative pain.

Less wound contraction and scarring.

Uneventful wound healing.
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B Fig. 13.1 a An immediate postoperative view of an excision of
an irritation fibroma on the lower lip. An 810 nm diode was used
with a 400 pm glass fiber in contact with the tissue at 1.2 W continu-
ous wave. Fluence 149 J/cm?. b A 3-week postoperative view of the
healed area. ¢ An immediate postoperative view of an excision of an
irritation fibroma on the buccal mucosa. An Nd:YAG laser was used
with an 320 pm glass fiber in contact with the tissue at an average
power of 3 W (100 mJ, 30 Hz) Fluence 915 J/cm?. d A 3-week post-
operative view of the healed area. e An immediate postoperative
view of an excision of an irritation fibroma on the inner lip mucosa.

Hemostasis is one of the most sought-after advantages
that the laser provides. Depending on the target tissue,
the laser wavelength and emission mode selected, an
almost totally dry operation field is produced. This can
also be achieved in patients with hemorrhagic diatheses
[14]. The use of sufficiently matched energy for cutting
will produce little carbonization leaving the wound
unchanged in color and structure. This makes orienta-
tion during the procedures easier, even for the surgically
inexperienced dentist. When using the laser not only is
the wavelength important, but also parameters such as
temporal emission mode (continuous wave or pulsed),
pulse duration, emission cycle, exposure time, and the
speed of the incision [15, 16]. All this in the right pro-
portions will lead to a clean cut with little carboniza-
tion and contraction of proteins resulting in scarring
[17-20].

As mentioned, all of the dental wavelengths cur-
rently available can be used for soft tissue oral surgery.
As mentioned in » Chap. 3, the laser-tissue interaction
can vary because of the different absorption characteris-
tics of the applied incident photonic energy. However,
with careful technique and prudent choice of operating
parameters, healing from laser surgery should be
uneventful. B8 Figure 13.1a-h depicts examples of an
excisional procedure performed with four different
wavelengths.

An Er:YAG laser was used with an 600 pm glass tip in contact with
the tissue at an average power of 2.4 W (80 mJ, 30 Hz, without water
spray.) Fluence 263 J/cm?. f Two-week postoperative view of the
healed area. g An immediate postoperative view of an excision of an
irritation fibroma on the buccal mucosa. A 10,600 nm Carbon Diox-
ide laser was used with a 0.8 mm diameter hollow tubular tip that
was focused on the lesion at 5 W continuous wave. Fluence 146 J/
cm?. h Three-week postoperative view of the healed area. (Courtesy
of Dr. Donald Coluzzi)

13.2 Benign Lesions and Tumors
of the Oral Cavity

13.2.1 Leukoplakia

A color change from normally pale pink oral mucosa to
white is one of the most often discovered abnormalities
in the oral cavity. Failure to identify and recognize the
cause of this alteration can be an omission with serious
consequences since early squamous cell carcinomas may
appear in early stages as a white lesion.

Clinically, the term leukoplakia has been used differ-
ently by many authors that it now presents a “white
patch that cannot be rubbed away” [21]. As defined by
the World Health Organization, leukoplakia is “a white
patch or plaque that cannot be characterized clinically
or pathologically as any other disease” [22, 23]. As such,
leukoplakia should be used only as a clinical term; it has
no specific histopathological connotation and should
never be used as a microscopic diagnosis. Subsequently,
the World Health Organization WHO (2005) changed
the definition of leukoplakia to “A predominantly white
plaque of questionable risk having excluded (other)
known diseases or disorders that carry no increased risk
for cancer” [24].
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In clinical practice, the Malmo protocol of 1983 [25,
26] has been helpful in differentiating between poten-
tially precancerous and benign lesions. The distinction
of these is purely clinical, based on surface color and
morphological (thickness) characteristics, and does
have some bearing on the outcome or prognosis. Since
leukoplakia has been and still is an exclusion diagnosis,
it is mandatory to perform a biopsy to verify the diag-
nosis. Clinically, there are two types of leukoplakia:
homogenous and nonhomogeneous. Homogeneous
lesions are uniformly flat, thin, and exhibit shallow
cracks of the surface keratin. The risk of malignant
transformation in the homogenous type lesion is similar
to any other normal mucosa tissue, whereas nonhomo-
geneous lesions exhibit oral cancer transformation rates
ranging between 2.2% and 35%, especially when its
biopsy reveled dysplastic entities [27-30]. In the thera-
peutic treatment protocol of leukoplakia, it is manda-
tory to excise all areas of the lesion that showed surface
morphology that could warrant dysplasia. In conven-
tional surgery, a flap procedure is usually employed, and
the result can be scarring and prolonged and painful
healing. Several treatment modalities have been sug-
gested to manage this lesion including scalpel excision,
electrosurgery, cryosurgery, laser surgery, and chemo-
prevention medications. A particularly difficult group
of patients to manage are those with multiple oral,
potentially premalignant lesions in whom extensive
areas of mucosa may show signs of dysplastic change.
Widespread leukoplakias have been shown to have
higher rates of malignant transformation than more
localized lesions [31]. The introduction of laser technol-
ogy, for example, using the CO, laser, offers the option
of vaporizing the lesion and leaving it to heal with no-
to-minimal scar formation [32, 33]. However, the ability
to analyze the submitted laser-excised specimen for
pathology was soon questioned. Conventional excision
produces a serial section of the whole specimen, and
spot biopsies were criticized as insufficient. In the eyes
of traditional surgeons, the pathologic evidence was
being (literally) vaporized. Therefore, the standard of
care before ablation of an oral potentially premalignant
lesion is still to obtain an incisional biopsy for histo-
pathological assessment.

The CO, laser manifests strong absorption ability in
soft tissues, causing a superficial evaporation with mini-
mal thermal damage to the surrounding tissue and
maximum selectivity to remove targeted lesion. It works
with a non-contact mode, using a handpiece attached to
an articulating arm delivering the laser beam to the tar-
get tissue.

For procedures performed under general anesthesia,
an endotracheal intubation with a cuffed ETT tube is
recommended to be used as it provides significantly pro-

tection against ignition in comparison to conventional
PVC endotracheal tubes [33]. Saline moistened gauze
also should be used to protect the pharynx, endotra-
cheal tube, and facial skin. Preferably, no metal instru-
ments should be used during CO, lasing for safety
measure. Instead, wooden or plastic spatulas can be
used to manipulate the oral tissues when irradiated with
CO, laser.

All staff within the operating theater must wear
safety glasses for this laser wavelength. An evacuation
system must be used to remove smoke and debris from
the surgical site.

Oral potentially premalignant lesions can be man-
aged under local or general anesthetic according to
lesion size, location, and health status of the patient.

Oral leukoplakia without dysplastic histopathologi-
cal features can be removed utilizing an ablation tech-
nique. The peripheral margins of the lesion are outlined
with single mode pulse and vaporized with CO, laser in
continuous mode at 4-6 W average power, with scanning
mode covering the extension of the lesion. A second
pass may be required to achieve a complete vaporization
with adequate depth [34].

A complete resection of oral leukoplakia becomes
mandatory when incisional biopsy of such lesion
revealed dysplastic changes [34].

For lesion resection, the power levels vary between 5
and 15 W in continuous mode according to the thick-
ness and extension of the lesion. For devices offering
pulsed mode, the following parameters were suggested
to facilitate resection of hyperkeratotic lesions: a power
of 4.5 W on PW, 80 Hz, fluence of 44.78 J/cm?, and a
spot diameter of 400 pm [35].

Initially, a single pulse mode is used to outline the
resection margins, situated at least 5-10 mm beyond the
apparent clinical margin of the target Iesion.
Subsequently, the laser is adjusted to continuous mode
and the peripheral marks are connected at the submuco-
sal level. The whole specimen is then excised by under-
cutting at approximate 5 mm constant depth [34, 36].
However, when resecting mucosa overlying alveolar
bone, the undercutting depth should be shallower.

It is recommended that the resected area and all
peripheral margins should be vaporized using a defo-
cused beam to eliminate residual disease and to facilitate
hemostasis. The wound is left to heal by secondary
intention, with no need for sutures, dressing, or grafting.
Several studies demonstrated that the CO, laser offers
precise cutting ability of the oral mucosa with less bleed-
ing and scar formation in the surgery field.

All excised specimens should be preserved and fixed
in 10% formalin and sent for histopathology examina-
tion. Large biopsies must be orientated by sited sutures
to define the involved margin with the disease.
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O Fig. 13.2  Surgical and dental CO, laser handpieces used in the
oral cavity. a Straight handpieces with different focal lenses
(50/100 mm) used for resection of extended and bulk lesions. b Den-

As the wound will heal by secondary intention, post-
operative instructions include using a mouth rinse such
as chlorhexidine 0.12% and avoiding spicy and coarse
food. Tranexamic acid 5% can be used as mouthwash if
oozing happens. Augmentin antibiotic is prescribed as
1000 mg twice a day and paracetamol or ibuprofen for
pain relief as required. Complete healing and mucosal
re-epithelialization of the resected area is usually
achieved within 4-6 weeks. Follow-up sessions usually
are organized at 1, 3, and 6-month intervals thereafter.

Finally, although the CO, laser has been proven to be
the treatment of choice of oral potential premalignant
lesions, recurrence or malignant transformation is still
unavoidable [31, 35].

Recurrence of a white lesion is a serious develop-
ment. Studies show that the use of laser treatment has at
least a similar if not better outcome than the conven-
tional therapy [37-39]. In functionally sensitive regions
as the lips, a laser excision demonstrated significant
improvement in outcome [40].

Most of the studies regarding laser treatment of oral
leukoplakia were performed with the 10,600 nm carbon
dioxide wavelength. However, it is also possible in some
small lesions, especially those located in the anterior
part of the oral cavity to use a fiber-based delivery sys-
tem of an Nd:YAG laser or a diode laser, depending on
the accessibility of the lesion [41-44].

Two different types of handpieces used with CO,
laser device in the oral cavity (B Fig. 13.2).

O Figure 13.3 shows a case of leukoplakia on the
lateral border of the tongue. A 50-year-old female pre-
sented with an inconspicuous medical history except for
smoking. An Nd:YAG was used to vaporize the lesion.
Six months later, a small area has recurred.

Verrucous leukoplakia extending from the interior
aspect of the upper left mucosa to the tuberosity

tal CO, laser handpiece with multiple tips facilitating treatment of
small mucosal and gingival lesions within the oral cavity

(B Fig. 13.4). An incisional biopsy was performed
which revealed the presence of severe dysplasia. Lesion
resection was performed using the CO, laser. Exposed
alveolar bone was covered by a platelet-rich fibrin PRF
membrane which was stitched to resection margins. The
healing was uneventful, and no recurrence was detected
at 6 months postoperatively.

13.2.2 Lichen Planus

Lichen planus is a chronic inflammatory mucocutane-
ous disorder; it generally affects middle aged to elderly
females and the lesions mostly appear in the buccal
mucosa, tongue, gingiva, and vermillion border of the
lower lip [45]. Tt is a T-cell mediated autoimmune disease
in which the cytotoxic CD8+ T cells trigger apoptosis of
the basal cells of the oral epithelium. Several antigen-
specific and nonspecific inflammatory mechanisms have
been proposed to explain the accumulation and homing
of CD8+ T cells subepithelially, and the subsequent
keratinocyte apoptosis [46].

Clinically, oral lichen planus (OLP) may appear in six
forms: Reticular (Wickham striae), erosive, atrophic,
plaque-like, papular, and bullous. The reticular shape is
the most common type which is usually asymptomatic
exhibiting localized or generalized extension with no need
for treatment [47]. However, other clinical patterns such
as erosive or atrophic forms may cause variable amounts
of pain or discomfort, especially when the patient is con-
suming spicy or hot foods. Additionally, oral function
and patient’s quality of life may be affected [48].

The clinical diagnosis of OLP should be associated
with a histopathological examination to rule out the
presence of any associated sinister elements such as dys-
plasia or neoplasia [49]. The microscopic features of
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O Fig. 13.3 a A 48-year-old male with severe dysplasia located on
ventral tongue. b This procedure was performed under general anes-
thesia; however, local anesthesia was also provided to aid hemostasis
during the resection. The CO, laser was used with power levels vary-
ing from 10 to 15 W c. d, e The outlined margins were first deter-
mined using single pulse mode which served as surgical boundaries,
extending 0.5 cm beyond the apparent clinical margins of the lesion.
Subsequently, the laser was set to continuous mode, and the periph-
eral marks were connected at the submucosal level. f The whole

specimen was then resected by undercutting at approximate 5 mm
constant depth. g The surgical bed and all peripheral margins were
vaporized using a defocused beam to eliminate residual disease and
to facilitate hemostasis. The wound surface was left, without closure
or dressing, to heal by secondary intention. h The excisional speci-
men was oriented by placing multilength sutures at the margins and
fixed in 10% formalin and transferred for histopathology evaluation.
i Healing and resection field re-epithelialization was achieved within
4-6 weeks
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B Fig. 13.3 (continued)

OLP usually include plasma cells, subepithelial band-
like infiltration of lymphocytes and acanthosis [46, 50].

Bearing in mind that the risk of malignant transfor-
mation is higher in erosive and atrophic lesions, treatment
of these types should be considered mandatory. Several
treatment methods are available and topical corticoste-
roids are mostly considered the treatment of choice; in
the light of side effects such as thinning of the oral mucosa
and secondary candidiasis, it has been preferable to find
alternative pharmacological treatments, including reti-
noids and immunosuppressive agents, especially cyclo-
sporine and tacrolimus. Low level laser therapy
(photobiomodulation) and high-power (surgical) laser
may be considered as alternative tools for OPL treatment,
especially for those unresponsive lesions to traditional
pharmacological regimes [51, 52]. Surgical removal of
affected mucosa may be performed either by a scalpel or
high-power laser. Elimination of OLP with a laser offers
complete resection of the lesion usually in one session
with minimal postoperative complications such as pain,
bleeding, or scar formation. Tarasenko et al. reported in
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their randomized controlled trail the superiority of
Er:YAG and Nd:YAG on scalpel surgery in ablation of
erosive lichen planus [52]. The Er:YAG laser was applied
in a contact mode using reciprocal movements of 15 s per
cm? with the following parameters: average power: 2 W,
frequency: 10 Hz, pulse duration: 230 ps, spot size:
0.9 mm, water/air: on. The Nd: YAG laser was also applied
in a contact mode using reciprocal movements of 15 s per
cm? with the following parameters: average power: 1.5 W,
frequency: 40 Hz, pulse duration: 350 ps, spot size:
300 pm. Coagulation was achieved by applying the two
lasers with a non-contact mode using an average power
of 3 W with circular movements of unfocused beam
1-3 mm far away from the treated area. The findings of
this research showed that high-level laser intervention
exhibits a superior clinical outcome compared to the scal-
pel excision for the surgical treatment of oral erosive
lichen planus. Taking into consideration that the Er:YAG
causes less thermal damage to the oral mucosal tissue, it
has been considered as the most effective laser type in this
study at the end of the first postoperative month [45].
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O Fig. 13.4 a, b A 39-year-old male presented with a recurrent ver-
rucous leukoplakia. The lesion extends clinically from the interior
aspect of the upper left mucosa to the tuberosity. ¢—f Lesion periph-
eral outlining and resection were performed by applying CO, laser
using both dental and straight handpieces. A periosteum elevator
was used to facilitate the lesion dissecting. g, h The exposed upper

alveolar maxillary bone was covered by a PRF membrane which was
stitched to resection margins. A partial pressure denture was placed
to support the membrane and to aid hemostasis control. The healing
was uneventful, and no recurrence was detected 6 months post inter-
vention
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O Fig. 13.4 (continued)

The CO, laser (10,600 nm) manifests a high absorp-
tion in the water component of oral mucosa which
facilities a precise resection of oral mucosal lesions
with post-surgery coagulation. It also can be used in a
defocused mode enabling evaporation of superficial tis-
sues even when the lesion exhibits a large extension
thus the evaporated area will heal by secondary inten-
tion [53].

Treating of lichen planus using the CO, laser was
reported in several studies with an advantage of reduc-
ing the lesion size and pain severity. The operation is
performed after administration of local anesthesia using
defocused continuous CO, laser (10,600 nm) with power
range reported from 2 to 20 W. The lesion is irradiated
to achieve superficial vaporization with a slow gliding
motion, until the lesion is completely removed. The
ablation should not reach the connective tissue level.
Although a study suggested using CO, laser with defo-
cused continuous mode, others recommended super
pulsed mode [54-56].

OLP recurrence rate differs according to follow-up
period, lesion extension, type of OLP, and technique of
laser application and parameters used [54].

A 27-year-old male presented with pan-oral lichen
planus (B Fig. 13.5). Multiple incisional biopsies were
performed, and the histopathological report confirmed
the clinical entity of the lesions. A surgical CO, laser
(4 = 10,600 nm) was used applying a continuous defo-
cused mode with an output power of 3 W. The spot
diameter was 0.5 mm, the speed of movement was

approximately 3 mm/s, and the power density was
1527.8 W/cm?. The procedure was conducted under
local anesthesia.

The same patient presented with reticular and
atrophic-shape lichen planus on the left buccal mucosa
(8 Fig. 13.6). The lesion was vaporized using the CO,
laser defocused beam with scanning mode covering the
extension of the lesion. Similar laser parameters were
used as in the abovementioned case.

13.2.3 Fibroma

The lesion most commonly found in the oral cavity is the
fibroma. It occurs as a discrete, superficial, pedunculated
mass commonly found on the buccal mucosa. It is usually
of non-neoplastic nature and arises as a response to persis-
tent mechanical irritation such as calculi, foreign bodies,
chronic lip or check biting, overhanging margins restora-
tion, sharp spicules of bones, and overextended borders of
appliances [57, 58]. The irritation fibroma is also termed a
traumatic fibroma, peripheral fibroma, fibrous nodule,
fibroepithelial polyp, focal fibrous hyperplasia, and inflam-
matory fibrous hyperplasia [59]. It is composed of collag-
enous, fibrous connective tissue covered with keratinized
or parakeratinized squamous epithelium. In the lesion,
there can be myxomatous degeneration or pathological
weakening of the connective tissue along with bone for-
mation and in growth of fatty tissue. Affected patients
often notice the lesion only after masticating on the area
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O Fig.13.5 a A 27-year-old male presented with a symptomatic lichenoid lesion on ventral tongue. b Immediately after CO, laser vaporiza-
tion. ¢ Four weeks postoperative view showing complete healing with no sign of recurrence

O Fig. 13.6 a The same abovementioned patient exhibiting reticular and atrophic shape lichen planus lesions on the left buccal mucosa. b
Lesion ablation using CO, laser with continuous mode. ¢ Uneventful healing of the oral mucosa 3 weeks postoperatively

and then experiencing post traumatic pain and swelling.
At this point, the fibroma will have grown to at least
2-3 mm in size depending on the region and would be vis-
ible in a mirror. The lesion will generally continue to grow,
becoming a nuisance, and should be removed. When a
scalpel is used, postoperative bleeding often makes the
procedure difficult, especially if the lesion is inflamed with
increased vascularization. Moreover, suturing is often nec-
essary. Laser surgery allows both excision and hemostasis
simultaneously [20, 57].

Treatment protocol includes injection of local anes-
thesia peripherally and underneath the lesion. A tissue
forceps or a suture is used to grasp the lesion away from
its base. Employing a contact mode, laser choice of
Nd:YAG or diode laser with wavelength of 450, 810,
940, and 980 nm can be used to perform the resection

[60]. Depending on the lesion size and location, it is out-
lined about 2 mm outside its border using an initiated
320-400 pm quartz optic fiber. As the tip contacts the
base of the lesion, activate the laser to make an incision
circumscribing the lesion, then move the tip in quick
gentle 2-3 mm strokes to achieve complete resection of
the lesion. It is important while performing the cutting to
direct the tip at the base of the resected specimen and not
toward the oral mucosa. This allows a precise resection
without damaging underlying tissues. The area is left to
heal in secondary intention with no need for dressing.

O Figure 13.7 is a case of an asymptomatic fibroma
present on a 45-year-old female patient, nonsmoker,
with an inconspicuous medical history. A diode laser
performed the excisional biopsy and the tissue healed
without any scarring or residual lesion.
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DO Fig. 13.7 a Pre-operative view of a fibroma in the buccal vesti-
bule. b Immediate postoperative view of the excision. An 8§10 nm
diode laser was used with a 200 pm glass fiber in contact with the
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tissue at 30 W, 12,500 Hz, and a 9 ps pulse duration, 200 pm glass
fiber, contact mode. Average power 3.38 W. Fluence 554 J/cm?. ¢ A
4-week postoperative photo shows complete healing

DO Fig. 13.8 Traumatic fibroma left buccal mucosa in a 50-year-old
female. a Lesion secured with suture to stabilize the tissue and facili-
tate accurate estimation of the level of incision. b, ¢ Using a CO,
10,600 nm laser with non-contact, fixed focal length delivery: 1.0 W

B Figure 13.8 depicts an irritation fibroma present
inner mucosal lining of the lip of a (50-year-old female
patient with a non-contributory medical history?) A
superpulsed 10,600 nm carbon dioxide laser performed
the excision, while a suture kept tension on the lesion.
Clinical case courtesy of Prof. Steven Parker.

B Figure 13.9 is that of a 38-year-old female, non-
smoker, presented with multiple areas of fibromas. Her

CW 800 pm beam diameter X 30 s. Incisional hemostasis achieved. d
Postoperative uneventful early healing at 10 days. (Clinical case
courtesy of Prof. Steven Parker)

medical history included hypertension and cardiac dys-
rhythmia, which are drug controlled. She has a bruxism
habit which could contribute to the presence of the
lesions.

O Figure 13.10 depicts a fibroepithelial polyp local-
ized on the left buccal mucosa as a result of chronic irri-
tation. The lesion was excised using the diode laser and
complete re-epithelization was achieved after 3 weeks.
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O Fig. 13.9 a Pre-operative view of multiple fibroma lesions on the
lower right lip. b A similar view showing that the lesions are con-
tained in the keratinized portion of the tissue. ¢ An immediate post-
operative view of the excision areas. An Nd:YAG laser was used with

13.2.4 Papilloma

Several papillomatous lesions presented in the oral cav-
ity are usually related to the infection with the human
papilloma virus (HPV). These lesions include squa-
mous cell papilloma, verruca vulgaris, condyloma acu-
minatum, and focal epithelial hyperplasia. HPV is also
responsible for malignant lesions that occur in oro-
pharyngeal cancer. A papilloma presents as an arbores-
cent growth of numerous squamous epithelial finger-like
projections. Each branch contains a well-vascularized
fibrous connective tissue core. It can be seen through-
out the oral cavity with a preference on the tongue and
the periuvular region. The etiology of the lesion is gen-
erally viral and is thought to be induced by the human
papilloma virus [61, 62]. Since human papilloma viruses
infect basal cells that is the only dividing cells of the
epithelium, it is necessary to remove the entire epithe-
lial layer where the papilloma occurred. The treatment
of papillomatous lesions comprises complete excision,
including the base of the lesion with apparently free
margins to avoid recurrence. This procedure can be per-

a 320 pm glass fiber in contact with the tissue at an average power of
4 W (100 mJ, 40 Hz). Fluence 637 J/cm?. d A 4-week postoperative
photo showing complete healing with no residual lesion present

formed with a conventional scalpel, an electrosurgery,
or using a laser [63]. Diode and CO, lasers were reported
in several studies as an acceptable choice to remove a
papilloma from the oral cavity and aerodigestive tract
offering precise resection with minimal thermal damage
to surrounding tissues [64]. For small or solitary lesions,
a diode laser can be used to achieve complete resection.
For instance, diode laser of different wavelengths (450,
810-980 nm), with an average power of 2.1 W, in con-
tinuous wave mode, using 300-320 pm optical fibers has
been recommended [65, 66]. However, for multiple and
extended lesions ablation mode preferably using CO,
laser is the treatment of choice to manage these lesions
taking into consideration that several sessions be
needed to achieve complete eradication of the lesion. A
recurrence can occur even though laser treatment has
shown lower reappearance rates than conventional
therapy. However, any therapy could be limited since
the latent behavior of infection of HPV in the appar-
ently normal mucosa around papilloma which explains
the frequent recurrence after surgical removal of a vis-
ible lesion [67, 68].
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O Fig.13.10 a Fibroepithelial polyp seen on the left buccal mucosa
caused by regular biting of the check. b The 980 diode laser with 3 W
peak power and duty cycle 50% was used to excise the lesion. Com-
plete hemostasis was achieved with no need for dressing or sutures. ¢

@ Figure 13.11 is a clinical case of an oral papil-
loma. The patient is a 36-year-old male, smoker with an
inconspicuous medical history. A diode laser performed
the excision and excellent healing is anticipated.

A 14-year-old female presented with extensively dis-
tributed nodules and papules, which appeared when she
was 6 years old (B Figs. 13.12 and 13.13). The size of
the lesions ranges from 2 to 30 mm. The diagnosis of

Three weeks postoperative view showing complete healing. d The
polyp after excision was fixed in 10% formalin and sent for histopa-
thology examination

Heck’s disease was confirmed depending on clinical
characteristics, histopathological examination, and
immunohistochemical staining. Depending on the exten-
sive clinical situation, the decision was made to treat the
patient using CO, laser at wavelength: 10,600 nm, con-
tinuous mode and power of 6 W. It showed good func-
tion and aesthetic results. Five treatment sessions were
required to manage all regions in the oral cavity.
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B Fig. 13.11 a Pre-operative photo of a small oral papilloma on
the buccal mucosa. b An immediate postoperative view of the exci-
sion of the lesion. An 810 nm diode laser was used with a 200 pm

glass fiber in contact with the tissue at 30 W, 12,500 Hz, and a 9 ps
pulse duration. Average power 3.38 W. Fluence 554 J/cm?. Complete
healing is expected

O Fig. 13.12 a A l4-year-old female presented with an extensive
case of pan-oral focal epithelial hyperplasia covering most of her
lining oral mucosa. b, ¢ Immediate postoperative view of the labial
aspect of the upper lip after resection of lesions using the CO, laser

13.2.5 Lipoma

Lipomas are the most common benign tumors of the
human body. They can be solitary or in multiple clus-
ters. They vary extensively in size from minute to large

with 6 W continues mode, which minimized the time of resection and
reduced the thermal damage of the oral mucosa. d The labial aspect
of the upper lip 1 month following CO, laser intervention with no
sign of relapse or new primary lesions

growths with weight in kilograms. They occur mostly
between 40 and 50 years of age. In the oral cavity, they
appear as soft, slightly elastic, and painless lesions and
usually are noticed by the patients if they are of large
dimension. They are normally found in the buccal, sub-
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O Fig. 13.13 a The same patient exhibiting multiple papillomatous
lesions on the lining mucosa of the lower lip extending to the com-
missure in both sides. b Immediate postoperative view of the labial

mandibular, and vestibular region. The development of
a lipoma is not necessarily hereditary although heredi-
tary conditions, such as familial lipomatosis can stimu-
late its growth [69]. Genetic studies support prior
epidemiologic data in humans showing a correlation
between high mobility group proteins (HMG I-C) and
mesenchymal tumors [70]. When the patient’s complaint
is the size of the lesion, or to verify the diagnosis, the
treatment is excision. The laser’s ability to achieve
instant hemostasis offers a good view of the site, which
is important in some areas of the mouth, for example, in
direct proximity to the mental nerve [71]. While any
laser wavelength will perform the surgery, a fiber deliv-
ered laser that has better maneuverability could be an
advantage in the depth of the wound [72]. Depending on
the dimension of the lesion, sutures would be placed to
avoid food impaction. For bigger and subdermal lesions,
irradiation with the Nd:YAG laser is performed by
inserting a 600 pm optical fiber within a cannula through
a | mm incision after applying local anesthesia under-
neath the tumor. The fiber is passed through the proxi-
mal end of the clamp, in order for the fiber to be a little
longer than the cannula. The fiber is pouched no more
than 2-3 mm beyond the end of the cannula while laser
emission is activated. The recommended parameters to
be used to treat subjects in a single session using Nd: YAG
include average power 6 W, pulse repetition rate 30 Hz,
energy per pulse 200 mJ, and pulse width 100 ps [73, 74].

O Figure 13.14 is that of a 48-year-old male patient,
nonsmoker with a non-contributory medical history
presented with a slow growing mass in the mandibular
vestibule. It was beginning to annoy the patient. A diode
laser was used for an excisional biopsy and a diagnosis
of lipoma was confirmed. Sutures were placed because
of the large size of the excised tissue and the depth of
the wound. Healing proceeded uneventfully.

O Figure 13.15 is a clinical case of a lipoma on the
lateral border of the tongue. The 58-year-old male

Ly
[ NG

aspect of the lower lip after ablation of lesions using the CO, laser
with continuous mode. ¢ Uneventful healing of the oral mucosa
10 days postoperatively

patient presented because of his concern with the grow-
ing size of the tumor although it has not yet caused any
functional impairment. His hypertension and diabetes
are controlled with medication. A diode laser was used
for the excision. A 15-year postoperative photo shows
excellent healing and no recurrence.

13.2.6 Pyogenic Granuloma

Pyogenic granuloma is a vascular lesion of skin and oro-
pharyngeal mucosa. It appears as reddish overgrowth
due to mechanical, physical, chemical, or hormonal
trauma [51]. It is generally located in the anterior of the
maxilla and can be painful if it is constantly irritated.
The lesion can grow rapidly and will often bleed pro-
fusely after little or no trauma, and it has the appear-
ance of a highly vascular granulation tissue with
inflammation on histologic examination. Special vari-
ants of the pyogenic granuloma are the epulis granulo-
matosum and the granuloma gravidarum. Treatment is
not necessary except in cases of excessive bleeding or
pain and ulceration. After pregnancy, the lesion nor-
mally regresses. [1, 52]. As expected, any surgical laser
that achieves good control of bleeding may be used [45,
53]. A biopsy must be taken for histological verification
of the lesion.

Pyogenic granuloma (PG) is one of the common
inflammatory nonneoplastic vascular hyperplasias seen
in the oral cavity. It occurs in response to many factors,
for example, long-term irritation, traumas, or hormonal
factors. It often arises in the second decade of life in
young females, probably due to the effects of female
hormones [75].

Clinically, oral PG is a smooth or lobulated pedun-
culated or sessile exophytic lesion which enlarge rapidly
and easily bleeds. It is recognized as small pink to red to
purple papules depending of the persistence of the
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DO Fig. 13.14 a Pre-operative photo of a lipoma lesion in mandibu-
lar vestibule. It is soft and elastic, but firmly attached to the underly-
ing and covering tissue. There is no sign of any inflammatory process.
An 810 nm diode laser was used with a 300 pm glass fiber in contact
at 30 W, 13,000 Hz, and a 9 ps pulse duration. Average power

lesion. It is most likely to appear in the gingiva and less
common in the palate, oral mucosa, tongue, and lips
[76].

Histologically, PG comprises a highly vascular pro-
liferation that resembles granulation tissue with a dense
inflammatory infiltrate of neutrophils, plasma cells, and
lymphocytes. The surface of chronic lesions becomes
ulcerated and replaced by a thick fibrinopurulent mem-
brane showing more fibrous entities. Long-standing
PGs may progress to gingival fibromas as a result of
fibrous maturation [77].

Differential diagnosis of PG includes peripheral
giant cell granuloma, a peripheral odontogenic or ossi-
fying fibroma, and less commonly Kaposi’s sarcoma,
bacillary angiomatosis, and non-Hodgkin’s lymphoma.
Thus, biopsy is the most decisive way to confirm the
diagnosis. Radiographic findings are absent in most
cases [77].

Scaling and curettage usually are the initial treat-
ment, and the patient is instructed to improve his/her
oral hygiene. In addition, all expected irritants like for-

2.93 W. Fluence 967 J/cm?. b The excised specimen has an irregular
lobular surface, and the histologic diagnosis was that of a common
lipoma. ¢ Immediate postoperative view showing closure of the deep
wound with sutures. d One-week postoperative view depicts good
healing

eign bodies, calculus, and sharp restorations should be
eliminated [78].

Complete surgical resection of PG is considered the
treatment of choice. This could be performed using a
scalpel as a conventional treatment or preferably using
laser with indicated wavelengths [79]. The Nd:YAG,
CO,, Er:-YAG, and high-power diode laser have been
reported in several studies as a suitable tool for surgical
removal of PG offering a precise excision with minimal
bleeding [80, 81]. The wavelengths of diode 980 nm and
Nd:YAG 1064 nm laser are well absorbed by oral lesions
which exhibit a high amount of melanin and hemoglo-
bin such PG. Therefore, they consider the ideal lasers for
PG management [82].

The procedure is performed after infiltration of
local anesthesia usually with a fiber lasing in a contact
mode with average power ranging between 2 and
3.75 W. According to specifications of available laser
device, continuous/interrupted or pulse mode can be
used. The fiber tip (320-400 pm diameter) is pointed at
an acute angle of about 15°, moving it circumferen-
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B Fig. 13.15 a A pre-operative view of the swelling in the left por-
tion of tongue. b The tissue overlying the area is excised and the mass
can be seen. It is adhered deeply in the underlying tissue. ¢ An imme-
diate postoperative view of the excision area. An 810 nm diode laser
was used with a 400 pm glass fiber in contact with the tissue at 1.6 W
continuous wave. Fluence 199 J/cm?. The lesion does show some car-

bonization because of the emission mode, but the hemostasis is
excellent. d A photo of the large sized lesion. e Three-week postop-
erative photo shows healing with a substantial tissue defect. f Fif-
teen-year postoperative view of the completely healed area with no
sign of recurrence or a functional defect

B Fig. 13.16 a A discrete nodular, erythematous, sessile over-
growth covering the cervical third of the crowns #11 and #12. b
Complete removal of the lesion using 2 W super pulse CO, laser. The

tially around the base of the lesion. Whenever the
lesion starts to detach from its adjacent tissues, the
fiber tip is directed toward the base of lesion itself to
avoid cutting deeply within the tissues underneath
resected lesion. For PG located on gingiva and for aes-
thetic and functional request, the proper gingival con-
tour is better to be achieved during laser resection and
interdental papilla should be preserved when it is pos-
sible.

If PG is around an implant, then Er:YAG/
Er,Cr:YSGG lasers have the advantage of removing the
lesion with minimal thermal effects to the implant sur-
face and surrounding bone [83]. The following parame-
ters may apply safely in the field of intervention:

clinical diagnosis was a pyogenic granuloma which was confirmed
histopathologically. ¢ Three weeks postoperative view showed
uneventful healing

Er:YAG laser 2940 nm with average power: 3 W, energy
per pulse: 300 mJ, frequency: 10 Hz, short pulse, with
contact headpiece, with 50% water and 50% air, Tip
@ =1 mm) [84].

To avoid recurrence, the excision should extend down
to the periosteum. Nonetheless, recurrence rate was
reported in 8% of PGs resected with lasers in compari-
son to 15% for those undergoing conventional treat-
ments [85].

O Figure 13.16 is a healthy 48-year-old female com-
plaining of a recurrent gingival overgrowth associated
with the area of teeth 12/11. The patient manifested bad
oral hygiene with interproximal open margin restora-
tions. The lesion was about 1 cm in diameter with a ses-
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sile base. The clinical diagnosis displayed a pyogenic
granuloma. It was asymptomatic and bled easily with
light contact. The CO, laser was used to excise the lesion
offering a precise cutting with good hemostasis.

13.3 Pre-prosthetic Surgery

13.3.1 Epulis Fissurata and Pre-prosthetic
Vestibuloplasty of the Edentulous

Patient

The epulis fissuratum or denture-induced fibrous hyper-
plasia is a trauma or inflammation caused lesion in
patients with partial or full dentures [86]. Ill-fitting and
overextended dentures can irritate the mucosal tissue
and create a hyperplastic tissue flap that can develop
signs of secondary inflammation [87, 88]. Due to con-
stant irritation, the lesions can progressively grow, com-
promising the support for the denture, which in turn
causes more irritation. Often these epulis are combined
with alveolar ridge atrophy and diminished or missing
vestibular depth [89]. During conventional surgery,
hemostasis is difficult to achieve, especially for patients
with bleeding dyscrasias. Furthermore, in most cases,
suturing the incision can result in a diminished vestibu-
lar depth. Since laser surgical wounds show a reduced
number of myofibroblasts, there will be a diminished
contraction the tissue when healing by secondary inten-
sion [90, 91]. Secondary wound healing is ordinarily
uneventful and significantly less painful than with a con-
ventional surgical protocol. Therefore, excision of the
epulis fissurata should be performed with a laser to
achieve adequate hemostasis even in patients with bleed-
ing disorder. If there are very large tissue flaps, a fiber-
delivered laser can easily undercut them for excision [92].

Several dental lasers have been used with the follow-
ing recommended protocols and parameters in the treat-
ment of epulis fissuratum:

Laser CO,
Wavelength 10,600 nm
Power 5-6 W
Emission Pulsed
mode

Frequency 50 Hz
Spot size 0.9 mm
Local As needed
anesthesia

Application Firstly, a gentle tension should be applied to

technique pull the lesion away from its base and get
clean cut with clear borders, then the
clinician starts cutting the lesion with the
focused mode and finally the mode is
defocused to achieve the tissue vaporization
with keeping the tip away from the tissue for
about 6 mm during the operation, and finally
the wound will stay exposed to heal in the
second intention in the site, the excised mass
should be sent to the pathological examina-
tion to confirm the diagnosis [93]

Laser Diode

Wavelength 810 nm

Average 2W

power

Emission Pulsed

mode

Local As needed

anesthesia

Application Firstly, the lesion is grasped with Adson

technique forceps or any other helpful toothless forceps

to fix the lesion and keep it under tension
then the excision starts at the base of the
mass in order not to over cut the tissues in
the site with continuous removing and until
the lesion is detached and until we reach a
healthy connective tissue then the removed
mass should be fixed in 10% formalin and
sent to the histopathologist, neither sutures
nor dressings are needed in the site [94]

O Figure 13.17 is that of a 68-year-old female patient,
nonsmoker, presents with an ill-fitting denture and a
very painful epulis fissuratum lesion in the midline lin-
gual vestibule. Her medical history is significant for
hypertension, cardiac dysrhythmia, and Coumarin anti-
coagulant medication. A diode laser excised and con-
toured the tissue. Two weeks later, the area had healed,
facilitating a new lower full denture, correctly extended.

Vestibular depth can be very challenging with elderly
patients, and a vestibuloplasty can be planned. After los-
ing their teeth at a young age, many of these patients
show a profound progressive atrophy of the skeletal bone.
This atrophy has anatomical limitations in the mandible
due to the structure of the self-supporting bone; thus, the
patient seldom presents with less than 8 mm of residual
bone height. In the maxilla, the limitations are the nasal
cavity with an apertura piriformis and the floor of the
maxillary sinus. If the alveolar ridge is lost, the bony con-
figuration of the maxillary sinus takes over to function as
the ridge. In the anterior segment, the alveolar ridge can
recede and disappear. Considering these anatomical situ-
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O Fig. 13.17 a Pre-operative photo of an epulis fissuratum lesion
in the midline lingual vestibule. The slight bleeding is due to admin-
istration of local anesthesia. A 980 nm diode laser was used with a
320 pm quartz fiber in contact at 1.5 W, CW. b, ¢ The hypertrophic

ations, experience has shown that, in a mandible with a
residual height of approximately 10 mm, it is impossible
to expect a satisfactory prosthodontic outcome. In the
maxilla a vestibular extension in the premolar and molar
region is possible. However, the vestibule can only extend
to a certain height without compressing the residual soft
tissue, so relapse can occur. It is possible to stabilize the
wound healing by inserting a free gingival graft [95].

@ Figure 13.18 is that of a 68-year-old male with a
medical history of cardiac insufficiency, hypertension,
and nephrolithiasis, presents with insufficient vestibular
depth. A diode laser was used for a vestibular excision
and a free gingival graft was inserted. The border of the
existing denture was extended apically to aid the graft in
healing. Six months postoperatively, the vestibular
depth is now adequate.

Atrophy of the alveolar ridge leads to the appear-
ance of pre-existing frenula that can subsequently inter-
fere with the denture flange or the periodontal tissue.
Laser surgery offers benefits for frenum revision and
vestibuloplasty and suturing, such as for conventional
Z- or VY-plasty procedures, which are not necessary.

tissue is carefully dissected from the underlying tissue bed, with the
advantage of incisional hemostasis. d Immediate postoperative view.
e Excised tissue and histological confirmation of provisional diagno-
sis. f Healing at 2 weeks. (Case courtesy Prof. Steven Parker)

Gingival recession is normally located in the anterior
mandible, due to a high insertion point of the mandibu-
lar frenulum and a mis-aligned mental muscle with
mobility of the periodontal soft tissue under function.
Treatment of this recession accompanied by a malalign-
ment of the mental muscles should be carefully planned
ahead of time so that patient can care for the healing
edentulous area. The objective of the surgery is to divert
the muscle movement away from the periodontium and
establish a neutral zone in the affected anterior vestibule
[96]. One option is called the Kazanjian technique. An
incision line is made on the mucosa in the lip from canine
to canine; or, it can be extended to the premolar region,
depending on the patient’s muscle activity zone [97]. A
thin mucosal flap is prepared to the periosteum at the
mucogingival border by using a laser with a 200 pm fiber.
Then the mental muscle is excised away from the perios-
teum into the vestibule. When sufficient vestibular depth
is achieved, the mucosal flap is placed back onto the peri-
osteum, and fixed there with two or three resorbable
sutures to spread out the flap. The muscle and wound in
the lip are prone to secondary granulation. The postop-
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O Fig.13.18 a Pre-operative view of the very short maxillary ante-
rior vestibule extension, which is inadequate for a stable denture. b
An incision was made to the periosteum with 810 nm diode laser
employing a 400 pm glass fiber in contact with the tissue at 1.6 W
continuous wave. Fluence 199 J/cm?. ¢ A free gingival graft is placed,

135 J/em?. The incision’s extension was well into the gingival tissue
to eliminate the muscle pull. No sutures were placed. ¢ Postoperative
view of the revised frenum, showing completely healed tissue
(Clinical case courtesy of Dr. Charles Hoopingarner)

O Fig. 13.19 a Pre-operative view of a maxillary anterior frenum
whose attachment is embedded in the gingiva. b Immediate postop-
erative photo of the completed frenum revision. A 10,600 nm Car-
bon Dioxide laser was used in the SP mode at an average power of
1.5 W with an 800 pm beam diameter in non-contact mode. Fluence

erative outcome is generally uneventful, and patients
report minimal bleeding with tolerable discomfort which
is eased with mild oral pain medication. Some swelling
could occur. Over time, a relapse of recession can occur;
however, good oral hygiene measures can produce some
stable reattachment. If the recession persists, a connective
tissue graft can be placed to re-establish an adequate zone
of attached gingiva.

@ Figure 13.19 shows the revision of the maxillary
frenum of a 65-year-old male with no significant medi-
cal history. The maxillary anterior frenum attachment
must be revised to allow improved periodontal health
and further treatment planning for tooth restoration,
which may involve a maxillary denture. Clearly, the

R A

covering the periosteum. d An extension was placed on the denture
border for a scaffold enabling the graft material to adapt and heal. e
A 6-month postoperative view shows the new vestibular depth with
healed tissue

revised frenum would also allow an adequate extension
of the denture flange. A carbon dioxide laser in super-
pulsed mode was used for the surgery. A 2-month post-
operative photo shows total healing and a stable position
of the frenum’s attachment.

A prosthetic treatment in an edentulous patient can
be a real challenge to the dentist especially when the ves-
tibular depth is shallow, also epulis fissuratum which is a
soft tissue overgrowth related with a long-term irritation
in the site or poorly adapted or over extended denture
can make the case more complicated [98, 99].

Vestibuloplasty and removing the fibrous hyperplasia
are mainly performed by conventional scalpel but recently,
many lasers such as CO,, Er:YAG, Nd:YAG, and diode
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lasers are considered as appropriate alternative tools
because of their advantages in reducing the postoperative
complications and acceleration the healing [98, 99].

Achieving adequate vestibular depth has an essential
role to improve the retention of the complete denture
and leads to a good oral hygiene; alternatively, inade-
quate vestibular depth will produce poor plaque control,
gingival resection, and poor aesthetics, so that vestibulo-
plasty can be a necessary procedure in order to deepen
the oral vestibule and increase the keratinized gingiva
[100]. However, this may be achieved using a range of
dental lasers following the instructions based on previ-
ous research as follows:

Laser Co,

Wavelength 10,600 nm

Average 3IW

power

Emission Pulsed

mode

Focal spot 0.25 mm

size

Local As needed

anesthesia

Application The incision is horizontal across the muscle

technique attachment by moving the hand parallel to the
mucogingival junction line with pulling the lip
outward to keep it under tension, the
procedure is performed with an angled tipless
handpiece which is 1-3 mm away from the
tissue during the cutting procedure removing
layer by layer in sweeping motions, moving it
at the “hand-speed” for a few seconds until we
reach the periosteum [101]

Laser Er:YAG

Wavelength 2940 nm

Pulse energy 200 mJ

Frequency 2 Hz

Local As needed

anesthesia

Application Ablating the strong attached tissues starting

technique from the mucogingival junction and 2 mm

from the bottom of the vestibule, removing
the tissue by moving the laser tip until we
reach the ideal depth and after finishing the
procedure we can coagulate the surface with a
very long pulse defocused mode, finally the
wound will remain exposed to heal in the
second intention without any sutures [98, 102]
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Laser Diode

Wavelength 940 nm

Average 3IW

power

Emission Pulsed

mode

Local As needed

anesthesia

Application Incising the tissues using an initiated 400 pm
technique fiber tip extending all over the mucogingival

junction with a horizontal stroke parallel to the
bone relieving the muscle fibers from the
periosteum until we reach the desired depth [103]

13.4 Frenulae Revision for Children
and Adults

A frenulum attachment positioned within the attached
gingiva can lead to gingival recession and accompanying
periodontal problems. The revision of this attachment
can be easily performed with a laser. The wound is usu-
ally not sutured and the secondary intention healing
generally proceeds uneventfully [104]. This same treat-
ment method can be performed on children at any age
with no negative influence on the development of the
mucogingival complex.

Similarly, lingual frenulum the so-called Tongue-Tie
can be easily released using any available diode laser
wavelength, CO, laser, or Er:YAG/Er,Cr:YSSG laser.
Early recognition and management of an abnormal
tongue frenulum attachment, especially Type III and IV
frenula can help prevent, breast feeding difficulty, air-
way and sleep disturbance, snoring, speech, and orth-
odontic problems [105].

Midline diastema caused by a hypertrophic maxil-
lary frenulum may interfere with orthodontic therapy
and increase the possibility of post-orthodontic relapse.
If the space between the upper P central incisors is
more than 2-3 mm, frenectomy will become essential to
facilitate its closure, as it is less likely to close spontane-
ously [106].

Using laser to remove a prominent frenum is a sim-
ple, quick, and efficient method in both contact and
non-contact laser application modes. A small amount of
local anesthesia is infiltrated then the frenum is incised
using a focused beam to lyse the fibrous band. This is
accomplished by grasping the tissue with a fine » hemo-
stat or forceps at its inferior and superior attachment.
The frenum is then excised by directing the laser along
the hemostat outer levels. No sutures are need, and to
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DO Fig. 13.20 a Pre-operative photo of a mandibular anterior fre-
num causing the beginning of clinical attachment loss. b A periop-
erative view. An Er:YAG laser (2940 nm) was used with a 400 pm
contact tip at an average power of 2 W (40 mJ, 50 Hz) with a water
spray for the incision. Fluence 57 J/cm?. ¢ Another peri-operative

ensure hemostasis the bed of resected area is scanned by
defocusing the beam [107].

O Figure 13.20 depicts a mandibular anterior fre-
num of a 35-year-old female patient with no significant
medical history. The frenum inserts at the base of the
gingiva and is causing a developing loss of clinical
attachment to the anterior teeth. One-month postopera-
tively, the frenum’s attachment has been repositioned on
the mucosa to eliminate the muscle pull on the gingival
tissues.

O Figure 13.21 demonstrates the advantage of laser
soft tissue surgical management in the revision of a failed
earlier upper labial frenectomy. Anecdotal evidence pro-
vides a potential for re-insertion of resected fibrous

view showing the final incision dimensions. Subsequent to this
photo, the same laser tip and parameters were used to score the
underlying periosteum. No sutures were placed. d One-month post-
operatively, the tissue is completely healed and the frenum is attached
into the mucosal tissue. Case courtesy Dr D. Coluzzi

bands, where the underlying periosteum remains contig-
uous to the alveolar osseous tissue. Where indicated, the
use of either scalpel or suitable laser wavelength to score
the periosteum dissuades such complication and “finger-
like” multiple frond reinsertion.

O Figure 13.22 shows a clinical case of a 15-year-old
female patient undergoing orthodontic treatment pre-
sented with the anterior impinging mandibular frenu-
lum causing gingival recession. An incision for a mucosal
flap procedure was performed with a diode laser and tis-
sue was repositioned. One-year postoperatively, the
attached tissue has regenerated, and periodontal health
is restored.
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O Fig. 13.21 a The case of a 33-year-old female patient who was
referred by her general dentist for a developing periodontal problem
with her frenum. Her history involved a previous scalpel frenectomy
during teen years, that shows signs of fibrous reinsertion in the
attached gingiva. Anecdotal reasons are offered that omission to
score the periosteum during the surgical procedure may predispose
to re-insertion. b Er:YAG 2940 laser was used to dissect all fibrous

421

banding, using parameters: 1.5 W Average Power/150 mlJ
pp/10 Hz + water spray and air. Time taken 30 s. ¢ Immediate post-
operative appearance—a final pass with no water spray allows a
tenacious plasma coagulum to protect the wound. No sutures
required. d Early healing at 2 weeks. (Case courtesy Prof. Steven
Parker)
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O Fig.13.22 a A pre-operative view of gingival recession of the lower
central incisor caused by the mandibular anterior frenum’s attachment.
b An 810 diode laser was used with a 400 pm glass fiber in contact with
the tissue at 1.6 W continuous wave for an incision in the mucosa for a
flap procedure. Fluence 199 J/cm?. ¢ The flap is completed and adequate

13.5 Other Conditions

13.5.1 Vascular Lesions

Acknowledgment to Antoni J. Esparia (Former Associate
Professor at the Faculty of Medicine and Health
Sciences. University of Barcelona) For his valuable con-
tribution in this section.

Vascular Malformations

Vascular Lesions of the Oral Cavity

Vascular anomalies are a highly heterogeneous group of
congenital disorders of the blood vessels. These types of
lesions are classified as tumors and vascular malformations
(which represent a localized defect in vascular morphogen-
esis) although each anomaly is characterized by a specific
morphology, pathophysiology, and clinical behavior.
Most vascular tumors are malformations or hamar-
tomas. Thus, they do not constitute a true neoplasm, but

vestibular depth is created as shown in d. e A 1-week postoperative view
shows fibrin covering the wound as it heals by secondary intention
granulation. f A 3-week postoperative photo depicts good healing. g
One-year postoperative view shows complete healing with a healthy fre-
nal attachment revision and resolution of the gingival recession

rather a congenital anomaly characterized by increased
cell proliferation. Hemangiomas are the most common
vascular tumors. Other tumors include hemangioendo-
theliomas, hemangiopericytomas, and less commonly
angiosarcomas.

Vascular malformations, on the other hand, are the
result of the abnormal development of vascular ele-
ments during embryogenesis and fetal life, these can be
simple (capillary, arterial, lymphatic, or venous) or com-
bined (arteriovenous malformations).

Hemangiomas

Hemangiomas are usually seen in newborns or at an
early age. It is common for a regression to occur during
puberty. There are also senile hemangiomas, usually
secondary to a traumatic event. This pathology is more
frequent in women. The most common locations are
the lips, buccal mucosa, tongue, and palate. The size is
highly variable, from a few millimeters to very exten-
sive lesions, and they occur in approximately 10% of
the population. Identifiable risk factors include female
gender, prematurity, low birth weight, and fair skin
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O Fig. 13.23 Vascular abnormalities classification

[108]. Their growth is attributed to endothelial cell
hyperplasia, they are classified as “children” or “con-
genital.”

Another subclassification for hemangiomas is focal
and segmental. Focal hemangiomas are localized and
unilocular. Multifocal hemangiomatosis also exists, and
newborns with more than five lesions should undergo a
study to rule out visceral involvement [109]. Segmental
hemangiomas are more diffuse in the form of a plaque
and can lead to dysfunction and cosmetic alterations.
The extremities and face are common places of appear-
ance.

The current classification of vascular lesions can be
consulted on the website of the International Society for
the Study of Vascular Anomalies (ISSVA) [110-113]. As
a summary, we can classify the vascular anomalies as
seen in @ Fig. 13.23.

The presentation of hemangiomas is variable in
terms of size, extent, and morphology. When there is
superficial dermal involvement, the skin takes on a
raised, firm appearance with a vivid crimson color. If
the hemangioma is confined to the deeper dermis, sub-
cutaneous tissue, or muscle, the overlying skin may be
slightly raised and appear bluish in color. Hemangioma
may present with a macular, telangiectatic appear-
ance.

However, spontaneous involution may be incom-
plete, and ~15-20% of the residual lesion may remain.
In cases of complete involution, scarring, replacement
with fibrofatty tissue, tissue discoloration, and telangi-
ectasia are generally observed. A total of 65.3% of
affected patients are children. These lesions are more

common among Caucasians, who have a prevalence of
10-12% [114].

Several treatment modalities were suggested for
management of hemangiomas and vascular malforma-
tions. This will differ depending on the lesion’s type, size,
depth, and location [115]. Surgery has been the main
form of treatment for these lesions although total
removal is sometimes not possible due to the extent of
the lesion, which may involve vital structures, significant
deformity, prolonged pain, skin necrosis, nerve damage,
systemic toxicity, and hemorrhagic phenomena [116].

Other possibilities include embolization, steroid
therapy, cryosurgery, electrodessication, and laser ther-
apy. High-power density laser treatment is an alterna-
tive, becoming one of the main treatment options for
vascular lesions [117].

The mechanism of laser therapies in treating heman-
giomas is achieved by targeting intravascular oxyhemo-
globin, resulting in vascular injury. In general, laser
irradiation is indictable for the treatment of early super-
ficial hemangiomas or the superficial portion of a com-
pound hemangioma, due to the limited penetration
depth which is less than 5 mm [115]. However, Nd:YAG
laser is more suitable for larger hemangiomas measuring
up to 2 cm in depth. Percutaneous interstitial irradiation
is another treatment modality that can be used for deep
hemangiomas to avoid skin damage and to diminish
lesions effectively. It is very frequent that vascular lesions
are included between different planes, which makes it
impossible to completely remove them due to the risk of
injuring other structures. For this reason, when it is sus-
pected that their anatomical relationship may pose
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problems, a detailed study of their location must be car-
ried out. Nuclear magnetic resonance and selective
arteriography, among others, are tests that can help us
make the most appropriate therapeutic decision.

The use of different lasers for treatment of vascular
lesions has been recommended in the literature. Any
high-power density laser can be used, but it is conve-
nient to know the effect the wavelength used will have, as
well as the parameters applied on irradiated tissues. The
most commonly used lasers are Nd:YAG and infrared
diode lasers.

In the oral cavity, it is common to see isolated lesions
that can be easily removed, but on some occasions their
proximity to bone structures can hide a vascular shunt
that could complicate the intervention and even jeopar-
dize the patient’s life.

Once the topographic scope of the lesion has been
established, we can opt for different techniques; exci-
sional biopsy, transmucosal thermocoagulation, or
intralesional photocoagulation. However, before utiliz-
ing any interventional technique to manage a vascular
lesion, a precise diagnosis should be obtained to deter-
mine the extent and flow pattern of the lesion. This will
include having a thorough history of the present com-
plaint and an accurate clinical examination. The extent
and flow patterns of vascular malformations are usually
confirmed depending on the findings of color Doppler
ultrasound, MRI, or angiography.

For transmucosal thermocoagulation and intrale-
sional photocoagulation techniques, it is recommended
to infiltrate the bed of target lesions with local anesthe-
sia without adrenalin to avoid vessel contraction. This

O Fig. 13.24 Absorption
graph according to laser
wavelength for some tissue
chromophores

will facilitate a homogeneous delivery of laser to the
whole lesion.

Excisional Biopsy
In the case of excisional biopsies, any surgical laser that
can emit a sufficient power density can be used. The
most widely used lasers for this purpose are the CO,
laser, Er:YAG, Er,Cr:YSGG and diode lasers. It is essen-
tial to consider that the fiber in infrared diode lasers
must be activated to obtain the cutting effect. The emis-
sion parameters will vary depending on the laser which
will be used. The lesion is removed by cutting through
the healthy tissue that surrounds the visible lesion.
Unlike the other techniques—which will be discussed
later, histological information can be obtained from an
excisional biopsy.

Transmucosal Photothermal Coagulation

Another therapeutic option is transmucosal photother-
mal coagulation. This technique takes advantage of the
mucosa’s poor absorption of the applied laser wave-
length, so that the energy accumulates in the hemoglo-
bin contained in the vascular lesion.

This technique can be considered the least invasive
of the three techniques proposed with the use of laser.

It is of high value to know the optimum wavelength
absorbed by target tissue since this will be the basis of
the success of the treatment. 8 Figure 13.24 shows
wavelength absorption peaks of different biological
chromophores. It is important to note that it is a loga-
rithmic graph and having a good understanding is para-
mount to anticipate the behavior of laser used.
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The Nd:YAG laser is the laser of choice due to its
high penetration depth of up to 5-6 mm in tissue, also
being selectively absorbed by hemoglobin and poorly
absorbed by water, which reduces the harmful effects on
the surrounding connective tissue [118-124].

Near-infrared emitting diode lasers obtain similar
absorption to Nd: YAG lasers and can also be used for the
same purpose. Diode lasers (semiconductor lasers) have a
range of wavelengths, which are in the visible and near-
infrared spectrum. However, the 800-980 nm wavelengths
are often used to treat superficial oral vascular lesions due
to their good absorption by hemoglobin. The laser beam
penetrates deeply into the tissue, down to a depth of
4-5 mm causing coagulation in the lesion that extends
7—-10 mm because of the generated heat [125-128].

The penetration will be greater for the least absorbed
wavelength, which will provide greater safety and a
higher chance of completely eliminating the lesion. For
this indication, the fiber should always be used without
initiation.

Transmucosal photothermal coagulation (PHC)
includes delivering the laser beam through a flexible
quartz fiber, without contact between the fiber tip and
the surface of the lesion (1-4 mm in distance). Also, a
microscopic glass slide can be used to allow greater pen-
etration of the laser beam into the lesion. Continuous
wave mode can be used with a power of 2-6 W, or pulsed
wave mode with a power of 6-12 W. Sweeping move-
ments are applied from the circumference to the center
of the lesion until blanching and shrinkage of the sur-
face become clear [114, 129-133].

Transmucosal photothermal coagulation is indicated
in the treatment of small to moderate vascular lesions in
anticoagulated patients since the risk of bleeding is
greatly reduced. By using this technique, no specimen
will be available for histopathological evaluation.
Another drawback is the lack of knowledge of the lesion
being completely irradiated since the intraoperative
appearance can be confusing, which would demand car-
rying out additional treatment sessions if the lesion has
not disappeared in the following weeks.

Intralesional Photocoagulation

In some cases, the size and anatomical relationships of
the lesion make excision or transmucosal photocoagula-
tion unfeasible. Lesions that extend from the cutaneous
plane to the mucosa, crossing subcutaneous tissue and
muscle, or lesions of close proximity to the bone, can
pose a risk to the patient’s life. Accordingly, when a com-
plete removal of large or extended vascular lesions is not
achievable, partial removal or volume reduction of the
lesion may help improve the patient’s quality of life.
Intralesional photocoagulation (ILP) also called the
“interstitial technique,” depends on the direct puncture
of the lesion by a needle connected to the end of the
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fiber. It should be inserted to cover the entire thickness
of the lesion and moved in a radial pattern as photoco-
agulation is proceeded within the tissue. Continuous or
pulsed wave modes can be used with a power of
9-13 W. The endpoint of treatment is obtaining pallor
of the lesion, but the effectiveness of mentioned tech-
nique is limited when dealing with large and thick lesions
[116]. The considerations in relation to the wavelength
to be used are similar to wavelengths applied in trans-
mucosal photothermal coagulation [130, 134-138].

In order to achieve optimal results, each clinical situ-
ation must be evaluated, as well as the wavelength and
the parameters to be used. The clinician must select the
best wavelength, from those available, to design the
treatment strategy. In the same intervention, all the tech-
niques described can be used when the injury requires it.

@ Figure 13.25 depicts a clinical case of a large vas-
cular formation that was present on the lip of a 72-year-
old female patient with an inconspicuous medical
history. The patient reported that the lesion had been
slowly growing over a period of 10 years, but she was
given medical advice to not treat it. A diode laser was
used in a non-contact mode, and 4 weeks postopera-
tively, the lesion had disappeared.

@ Figure 13.26 is that of a 78-year-old patient with
a medical history consisting of hypertension, cardiac
insufficiency, and cardiac dysrhythmia was taking
Coumarin for anticoagulation therapy. A diode laser
performed an excisional biopsy, and the tissue was
determined to be a non-malignant vascular malforma-
tion. A 5-day postoperative photo shows the wound
healing satisfactorily and that is expected to continue.

O Figure 13.27 shows a 65-year-old female patient
with a medium size vascular lesion on the central part of
her lower lip. Her medical history is non-contributory.
The patient recalls biting her lip several months ago and
she is concerned about the aesthetic appearance. A carbon
dioxide laser was used for an excision. One month later,
the tissue healed. Clinical case courtesy of Dr. Rick Kava.

@ Figure 13.28 depicts a non-aesthetic hemangioma
on the lower lip of a 72-year-old female, with a non-
contributory medical history. The large lesion extends
from the vermillion border to the mucosa. A diode laser
was used in a non-contact mode to allow the laser radi-
ant energy to penetrate into the lesion. A 3-month post-
operative view shows complete healing. Clinical case
courtesy of Dr. Giuseppe laria.

@ Figure 13.29 depicts a clinical case of a large vas-
cular formation that was seen on the upper lip of a
4-year-old male patient with no remarkable medical his-
tory. The parent reported that the lesion was observed
since birth and had been slowly growing over the years.
The patient was first prescribed Propranolol 3 mg/kg
(beta-blocker) for 4 months before the laser application.
This can effectively control the proliferation of heman-
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O Fig. 13.25 a, b Two pre-operative views of a vascular malforma-
tion on the upper right lip. ¢ Immediate postoperative view. An
810 nm diode laser was used with a non-initiated 600 pm glass fiber
out of contact with the tissue at 2.5 W continuous wave. Fluence

A

128 J/em?. The laser was activated until the tissue appeared blanched,
and then the laser was turned off. d A 1-week postoperative view
shows granulation is proceeding. e Four-week postoperatively, the
area is healed and the lesion disappeared

O Fig.13.26 a Pre-operative view of a large vascular malformation
lesion on the lower lip. b An 810 nm diode laser was used with a
400 pm glass fiber in contact with 30 W, 12,500 Hz, and a 10 ps pulse

O Fig. 13.27 a Pre-operative view of the hemangioma on the cen-
tral area of the lower lip. b Immediate postoperative view of the
lesion ablation. A 10,600 nm Carbon Dioxide laser was used with an

gioma and promote its regression. The Nd:YAG laser
was used in the transmucosal photothermal coagulation
technique, in which the laser was applied in non-contact

duration. Average power 3.75 W. Fluence 928 J/cm?. ¢ A 5-day post-
operative photo shows normal wound healing

average power of 2 W in SP mode with a 400 pm non-contact tip.
Fluence 289 J/cm?. ¢ A 6-week postoperative photo showing com-
plete resolution of the vascular lesion

mode through a glass slide placed with added compres-
sion over the lesion. This will prevent the laser from pen-
etrating the lining mucosa above the lesion and help in
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O Fig. 13.28 a Pre-operative view of a hemangioma on the lower
lip from the extraoral view. b The intraoral view showing the extent
of the lesion to the inner mucosa. ¢ An 808 nm diode laser was used
with a 400 pm non-initiated fiber in non-contact, approximately
2 mm from the tissue surface. Average power 3.0 W CW. Fluence
154 J/cm?. The handpiece was in constant movement with a circular

motion, covering the extent of the lesion. No anesthesia was used,
and the patient was comfortable. d The immediate postoperative
view after 1 min shows the tissue is light gray color. Ice was applied
for 2 min to reduce edema of the surrounding tissues. e Three-month
postoperative view shows complete tissue healing. (Clinical case
courtesy of Dr. Giuseppe laria)

O Fig. 13.29 a The initial clinical appearance of a hemangioma
affecting the upper lip and philtrum. The lesion gradually increased
in size since birth. b An irradiation session, in which the transmuco-
sal photothermal coagulation technique was applied, used Nd:YAG
laser with pulse mode to facilitate vessels shrinkage inside the lesion
without damaging the superficial surface of the lesion. This was

achieved by delivering the laser in non-contact mode through a glass
slide placed with added compression over the lesion. ¢, d A complete
resolution of the vascular lip lesion after five irradiation sessions.
The patient is set to undergo a surgical intervention to correct the lip
asymmetry after puberty
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lasing the lump homogenously. Obviously, the Nd:YAG
laser was applied in pulse mode with following operat-
ing parameters: 3 W, 60 Hz, and 50 mJ. Five sessions
were required. The case requires cosmetic correction
after puberty and complete development of the lip.

The clinical appearance of multiple vascular lesions
noticed on the right buccal mucosa which were treated
previously without complete resolving (8 Fig. 13.30).
An Er,Cr:YSGG laser with the following parameters

O Fig. 13.30 a Multiple vascular lesions appearing on the buccal
mucosa. b, ¢ Lesions removal using Er:Cr:YSGG. Cutting was per-
formed about 1-2 mm outward of the lesion margin to avoid lesion

was used: 2 W (100 mJ per pulse), 20 Hz, pulse duration
140 ps with a fiber tip of 800 um, 12% water, and 12% air
for irrigation. No anesthesia was used in this procedure.
All lesions were resected in the same session and left to
heal by secondary intention. Complete re-epithelization
was achieved after 3 weeks.

A 32-year-old woman who presented with a defor-
mity in the lip/nose area on the right side of her face
(B Fig. 13.31). It was a congenital lesion that increased

penetration and incidental bleeding. d Immediate postoperative. e
Healing process after 1 week of treatment. f Three weeks post laser
application view showing uneventful healing
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B Fig.13.31 a, b A vascular lesion affecting the right upper lip pro-
ducing facial asymmetry. ¢, d Intraoral view of the lesion which mea-
sures about 2 cm in diameter. e-g The intralesional lasing technique
was used by inserting a 320 pm optical fiber within a cannula through
the lesion wall to the center of the lump, passing 2-3 mm beyond the

end of the cannula, while laser emission is activated. The 980 nm
diode laser, 1 W in continuous mode was used in this case. h Three
weeks post laser application showing significant reduction in lesion
size with no sign of scaring or discoloration
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slowly in size over time, which was prominent over the
last year. The pre-operative study showed a vascular
lesion that extended from the cutaneous plane to the
mucosa, crossing the levator labii superioris muscle, the
zygomaticus minor muscle, the risorius muscle and, par-
tially, the orbicularis oris muscle. In her previous consul-
tation visits, she had been advised against carrying out
any treatment due to the high risk of a worse unsightly
result. As there being a possibility to reduce the volume
of the lesion, the intralesional technique was performed
with the help of a 980 nm laser, | W in a CW. One car-
tridge of 0.5% articaine anesthetic solution with
1:200,000 epinephrine was infiltrated, half the amount
near the infraorbital nerve and the other half on the
anterior superior alveolar nerve. The procedure was per-
formed by inserting a 320 pm optical fiber within a can-
nula, through the lesion wall. The fiber was passed

e T
' v

O Fig. 13.32 a, b Initial clinical appearance of a hemangioma
affecting the right upper lip. The lesion showed a persistent increase
in size especially over the last year. MRI was organized to determine
the extent and the flow pattern of the lesion. ¢, d First irradiation
session. For aesthetic and function purposes, transmucosal photo-
thermal coagulation technique using Nd:YAG laser with pulse mode
was applied to facilitate vessels shrinkage inside the lesion without
damaging the superficial surface of the lesion. Immediately after

through the proximal end of the clamp no more than
2-3 mm beyond the end of the cannula while laser emis-
sion was activated. Clinical case courtesy of Prof Antoni
J. Espana.

A 14-year-old female was diagnosed with an upper
lip congenital hemangioma, exhibiting consistent
enlargement overtime (B Fig. 13.32). The patient pre-
sented complaining of her lip asymmetry. Surgical resec-
tion of the lesion was excluded as it would cause
unfavorable deformity of the lip. The transmucosal pho-
tothermal coagulation technique was used to reduce the
volume of the vascular lesion using the Nd:YAG laser
with a wavelength of 1064 nm, offering a penetration
depth of 4-6 mm by non-contact mode. The following
parameters was applied: 3 W, 50 Hz, and 60 mJ. The
laser beam was delivered using a 320 pm fiber tip and
laser irradiation was applied 2 mm away from the visible

radiation, the treated area turned off-white, with a surrounding ery-
thematous flare with a slight swelling. e, f A 2 weeks view post laser
irradiation showing a good recovery with fibrin residues. g, h A com-
plete resolution of the lip vascular lesion after seven irradiation ses-
sions. i, j The patient underwent a surgical intervention to correct the
lip asymmetry. k, 1 Six weeks post-surgery, whereby the final result
was remarkable with no sign of scaring or discoloration
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O Fig.13.32 (continued)

margins of the lesion toward its center in a spiral mode.
Treatment was repeated at an interval of 4 weeks for
seven treatment sessions. Subsequently, the patient
underwent a surgical correction to re-contour the resid-
ual deformity and hypertrophied tissues in the lip, in
order to improve cosmetics and competency.

13.5.2 Mucocele

A mucocele is considered the most common minor sali-
vary gland disorder with a high incidence rate among
older children or young adults in both genders, nonethe-
less, mucoceles have been reported in patients of all ages
[139]. It is caused by accumulation of mucus following
rupture of a salivary gland or a traumatic injury to its
duct in which the saliva spills into the oral cavity’s subepi-
thelial tissue [77]. Clinically, it appears as a round, well-
circumscribed, asymptomatic dome-like swelling that
ranges from a few millimeters to several centimeters in
size. Depending on the persistency and the amount of
mucosa accumulated inside the lesion, the outer surface
may exhibit deep blue to pinky-pale color [140]. Mucoceles
are usually painless, however, in some persistent long-
standing cases, the size of mucoceles can cause discomfort
and interfere with speech, chewing and swallowing and
even causes a concern to the patients from being sinister
lesion [141]. Although the lower lip is the most common
site for a mucocele, it is also present on the ventral tongue,
the floor of the mouth, and check mucosa [142].
According to its cause, mucoceles are classified as
retention cysts and extravasation accumulations.

Extravasation mucoceles are considered pseudo-cysts as
no epithelial lining is detected histopathologically. In
contrast, retention mucoceles are true cysts with cubic
or squamous cell epithelial linings [77]. They are less
common but more frequent among major salivary gland
ducts as a result of ductal obstruction by a calculus or
scar that interferes with the normal salivary flow causing
mucosal lump and ductal dilatation.

In some cases, extravasation mucoceles can regress
spontaneously with no sign of recurrence. Treatment is
only necessary when the patient’s function is impaired.
Several treatment modalities of mucoceles have been
described in the literature including: cryosurgery, intra-
lesion  injection  of  corticosteroid, micro-
marsupialization, conventional surgical removal, and
laser ablation [142, 143].

Excision can be performed by scalpel which can be
challenging since there is no true cystic capsule. Similarly,
a laser can also lacerate the lesion; but, with a fiber
delivery, it is possible to weld the injured and now over-
lapping wound edges together. This can conserve some
of the form of the cyst and gland without blindly dis-
secting too much tissue. In deep excisions, two or three
sutures are placed to avoid food impaction and allow
healing to occur. Patients report very little pain or loss
of function. Wound healing is by secondary intention.

Ramkumar et al. suggested using diode laser in
wavelength of 940 nm, with fiber tip 400 pm at 1.5 W in
continuous mode. The initial incision was performed on
the uppermost site of the swelling and then the lesion
was resected completely down to the muscular layer
[144].
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Choi et al. depending on available data of 164
patients found that oral mucocele recurrence is signifi-
cantly higher on the ventral tongue (50%) than on the
labial/buccal mucosa. In addition, patients aged under
30 years old exhibited a higher recurrence rate (16.0%),
compared with older individuals (aged >30 years, 4.4%).
With respect to intervention method, both surgical pro-
cedures using scalpels and those using laser showed sim-
ilar recurrence rate [145].

@ Figure 13.33 is a 16-year-old female who has a
recent history of biting her lower lip. A rounded swelling
with semi-translucent appearance suggested the devel-
opment of a mucocele. Under local anesthesia, the
lesion was surgically dissected, taking advantage of laser
hemostasis and using a diode 980 nm laser. The lesion
was removed intact, to facilitate histological examina-
tion. Early (5 days) and later (1 month) indicate unevent-

433

ful healing, attributable in part to wavelength-associated
PBM.

O Figure 13.34 is a 22-year-old patient who had a
sublingual retention cyst for more than 2 months. The
swelling appeared after a traumatic injury to the floor
of the mouth, causing a scar in the salivary gland duct
which obstructed saliva flow. The occlusal view was
negative with no sign of calcified stones. The outer sur-
face of the swelling was removed by a diode laser with
a wavelength of 810 nm and power of 2.5 W. The
patient showed a good recovery after 1 month postop-
eratively.

@ Figure 13.35 is a healthy, non-smoking 26-year-
old female, was concerned about a lump on her lower lip
that had been growing for 3 months, measuring about
5 mm in diameter. It was soft on palpation with a bluish
color, nonetheless, blanching test was negative. The

O Fig. 13.33 a Pre-operative appearance of rounded translucent
swelling lower lip in a 16-year-old female. History of recent biting
trauma. b, ¢ Using a 980 nm diode laser and 320 pm quartz fiber
1.2 W CW power parameters, together with incisional hemostasis, it

was possible to dissect the lesion. d Immediate postoperative appear-
ance. No sutures required. e, f Early (5 days) and later (1 month)
uneventful healing and complete resolution of the surgical site.
(Case courtesy Prof. Steven Parker)

O Fig. 13.34 a A well-defined retention cyst on the on the floor of the mouth expanding for more than a month. b The cyst was excised
using the 810 nm diode laser. ¢ No relapse was seen after 1 month and the operation bed showed good recovery

13
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O Fig. 13.35 a Mucocele of the right lower lip was recognized at
3 months. b The 8§10 nm diode laser with initiated 300 mic tip was
used to remove the lesion. ¢, d Excision area extended down to the

810 nm diode laser was used to excise the lesion, which
was identified as a retention cyst. The excision area was
left to heal with secondary intention with no need for
dressing or closure sutures.

13.5.3 Sialolithiasis

Sialolithasis is the occurrence of a salivary stone or
calculus and is a frequent cause of inflammatory
changes within the large salivary glands. Statistics
show that over 78% of salivary stone formation affect
the submandibular gland and 81% appear in the
parotid gland; but is a rare occurrence in the sublingual
gland, though not totally unknown [146]. Clinical
practice detects signs of stone formation in 1 out of
10,000 patients. The incidence in male patients is 2-3
times higher than in females. The greatest presence can
be found in the age range of 50-70 years, but sialiths
have been reported in children. Some reports assume a
correlation between sialolithiasis and other stone dis-
eases as urinary or biliary stones, but large multicenter
studies show no correlation at all [146, 147]. Major
salivary gland stones are usually measured between 5
and 10 mm in size. Giant sialoliths is a term used to
describe those stones exceeding 15 mm in any one
dimension [148].

The typical symptoms include a painful swelling of
the affected salivary gland which is intensified by chew-
ing and at mealtimes. The diagnosis is based on the clin-
ical symptoms, ultrasound examination, radiographic

muscular layer and the surgery bed was left to heal with secondary
intension. e Ten days postoperatively. f One-month post laser surgery
with no sign of recurrence or scaring

imaging, and endoscopic evaluation. Other symptoms
can be due to an obstruction such as one in Wharton’s
duct in the floor of the mouth resulting in an infection
of the gland. Chronic inflammation may lead over time
to an atrophic replacement of the acinar cells by scar
and fatty tissue [149]. An acute inflammation is often the
first sign of a sialolithiasis even in the presence of an
extensive calculus formation. Instead of extirpating the
gland, a different therapeutic concept has been devel-
oped nowadays which analyzes the location and size of
the stones [150]. In cases of normally small size parotid
stones, a basket extraction shows promising results. Also
extracorporeal sonographically controlled lithotripsy
plays a major role in therapy. Endoscopic techniques
can more precisely locate the stones. Although extra-
and intracorporal lithotripsy show excellent results, that
method is not often used due to accessibility and cost of
the apparatus.

A trans oral approach has been established as an
alternative; as a result, more than 90% of all subman-
dibular stones can be removed preserving the gland.
After sounding the duct to locate the stone, it is easy to
incise the tissue and locate the stone which can be mobi-
lized and removed. Following the incision using a 320—
400 pm surgical fiber, a dissecting scissors is used to
dilate the incision wound and expose the sialolith. After
the exposure, the sialolith is grasped with the mosquito
hemostat or forceps and removed from the duct. Once
the stone is retrieved, the duct is marsupialized into the
floor of the mouth with 5/0 vicryl sutures [151]. Checking
duct patency is an essential step after sialolithotomy, in
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O Fig.13.36 a A radiograph of the area showing a large sialolith in
the Warton’s duct. X-ray shows a large sialolith in the Wharton’s
duct. b A photo of the excised sialolith. An 810 nm diode laser was
used for the incision with a 200 pm glass fiber in contact with the

some cases, a micro-drainage may be placed in the duct
to avoid scar formation and blockage of the duct.
Conventional instrumentation offers no control of
bleeding and with the flow of saliva, visibility can be
extremely difficult during the surgery. A laser insures
good hemostasis and therefore a good overview of the
operation site. Sutures are not usually placed, and the
healing is uneventful healing with little scaring [152—
154]. Accordingly, several laser wavelengths have been
employed to treat sialolithiasis, including carbon diox-
ide, diode, Ho: YAG, and Nd:YAG lasers.

» Angiero et al. reported the efficacy of 810 nm
diode laser as an alternative surgical tool to remove
stones from the submandibular duct even those over
4.5 cm in size. The laser was used in continuous mode at
2.5 W power, and the beam was delivered using a 320-
pm flexible fiber [152].

@ Figure 13.36 shows a clinical case of a 48-year-old
male smoker presented with a painful swelling subman-
dibular which intensifies during chewing and eating. His
medical history includes hypertension and hyperlipid-
emia. A radiograph was taken and the diagnosis was
made as sialolithiasis. A diode laser performed the inci-
sion, and the stone was removed. No sutures were placed
and the healing is expected to be normal.

B Figure 13.37 is a 56-year-old female complained
of firm painful swelling in the right floor of the mouth.
The clinical and radiological examination confirmed the
presence of a 1 cm stone in the submandibular gland.
The 980 nm diode laser was used to create an incision
over the stone. A dissecting scissor was used to dilate the
incision wound to facilitate the stone’s removal. A
micro-drainage was placed in the duct for 3 days after
stone retrieval to avoid scar formation and blockage of
the duct. The patient was seen in 1 month time with no
sign of swelling or salivary flow disturbance.
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tissue at 30 W, 12,500 Hz, and a 9 ps pulse duration. Average power
3.38 Watts. Fluence 554 J/cm? ¢ Immediate postoperative view
shows good hemostasis. No sutures were placed and healing is
expected to be normal

13.5.4 Excessive Gingival Display (Gummy
Smile)

A smile is the most essential expression on a person’s
face. It has a vital role in facial attractiveness, and it can
positively affect the patient’s social interactions.
However, an ideal smile comes from a balance between
three mutually related main factors: teeth, gingiva, and
lips [155]. Increased interest has been shown to rectify
excessive gingival display in growing numbers of indi-
viduals. Reports demonstrate a prevalence of 7% in
males and 14% in females. Several factors may take part
in producing this aesthetic issue. For instance, delayed
tooth eruption, a short or hypermobile upper lip, gingi-
val hyperplasia, and skeletal reasons [156]. Nevertheless,
lip repositioning surgery had seen the light for the first
time by Rubinstein and Kostianovsky in 1973, and it
was considered as an effectual, safe, and predictable
approach to manage gummy smiles with an average of
2.71 mm of exposed gingiva [157]. However, gummy
smiles can be managed using several treatment
approaches. For example, orthognathic surgery, orth-
odontic intrusion, crown lengthening, botulinum toxin,
and lip repositioning. Thus, the underlying causing fac-
tor should be identified decisively in order to determine
the appropriate treatment plan accurately [158]. The
concept includes the removal of a partial-thickness
mucosal strip from the vestibular alveolar mucosa of the
internal upper lip, then suturing the apical edge of the
exposed wound to the mucogingival margin aiming to
shorten the vestibule and reduce lip movements. Whereas
various modifications were dissimilar to the original
technique, some of them described a full-thickness flap
excluding the frenum by creating a V-shape in the middle
of the flap [156].
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O Fig. 13.37 a Painful swelling associated with the right subman-
dibular gland duct. The location of the stone was confirmed radio-
graphically. b Incision was performed using the 980 nm diode laser
which helped in stone removal. Then a micro-drainage was placed
inside the duct and sutured to adjacent mucosa to enhance saliva

Laser surgery is considered as a proper alternative
tool in soft tissue oral surgeries due to its recorded
advantages in decreasing the postoperative complica-
tions and in accelerating the healing process. Putting in
mind the fact that the CO, laser is the laser of choice in
the majority of soft tissue oral surgeries, consequential
to its efficient role in providing coagulation and an

flow and prevent scar formation. ¢ 1 cm sialolith was removed from
the duct. d One-month view of the floor of the mouth showed
uneventful healing with normal saliva flow from the salivary gland
orifices

extraordinary visual surgical field during the procedure
even in the extremely vascularized tissues [159, 160].
Lip repositioning using laser surgery is an effective,
safe, and predictable approach to manage excessive gingi-
val display caused by soft tissue disorders (short upper lip
or hyperactive elevator muscles). The procedure is
explained step by stepin the related photosin @ Fig. 13.38.
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O Fig. 13.38 a A 24-year-old female presented complaining of an
excessive gingival display while smiling. b The tissue was dried prior
to marking of the incision outlines using a sterile surgical marking
pen, the margins were made 1 mm coronal to the mucogingival line
in order to achieve accurate suturing from the distal line of the sec-
ond premolar in both of the right and the left sides, in addition, a
V-shape was made in the area of the upper lip frenum. Thus, the lip
midline was punctually determined and the symmetry was well
achieved. Then the second incision was made in the labial mucosa
parallel to the first incision and 10-12 mm apical to it, the two inci-
sions were connected. ¢ A partial thickness epithelial strip was care-
fully removed utilizing 10,600 nm CO, laser with 4 W in continuous
mode, this facilitated complete resection of the strip without bleed-

ing. d A strip of mucosa removed by CO, laser demonstrates a par-
tial-thickness flap removed without bleeding. e, f A 15 blade was
used in peeling movements to encourage a slight bleeding which
helps in accelerating the wound recovery, also the margins were dis-
sected about 2 mm around to minimize tension during wound sutur-
ing. g Subsequently, the wound’s borders were sutured with
interrupted technique using 4/0 silk sutures. The first one was per-
formed in the midline in order to ensure the symmetry of the lip. h A
couple of indicative sutures in the midpoint of the canines areas in
each side, so that two windows were made in order to compare the
symmetry of the lip. Additional sutures were used in the rest of the
two regions. i Follow-up appointment illustrates the punctual mid-
line and crystal-clear lip symmetry
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B Fig. 13.38 (continued)

13.6 Conclusion

The use of lasers in oral soft tissue surgery is beneficial
for patient and surgeon. The good hemostasis provided
offers a better view of the operation site and can help to
make the procedure more straightforward and even eas-
ier for both the accomplished and the novice surgeon.
Treatment for patients with bleeding problems becomes
possible.  Wound healing is mostly uneventful.
Conventional biopsies, so necessary for histological ver-
ification, can be easily taken. Depending on the choice
of parameters, soft tissue surgery can be performed with
all available wavelengths. On some instruments, a fiber-
based delivery system facilitates accessibility in areas
with challenging anatomy, such as undercuts. All told,
for many indications laser treatment is superior to con-
ventional therapy in many instances and can help to
deliver safe and effective dental care.
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