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LEARNING OBJECTIVES

Abstract: The 10,600-nm C02laser is both an efficient and spatially precise
photo-thermal ablation device and excellent coagulator because of the close
match between its coagulation depth and the diameters of oral soft-tissue

• Delineate the principles
of soft-tissue laser surgery, including laser light
absorption and scattering and the processes of

capillaries. The ablation of hyperplastic oral soft tissue with the flexible fiber

ablation, coagulation, and

waveguide 10,600-nm C02 laser is a minimally invasive and typically suture-

hemostasis.

free surgical modality that ensures dependable treatment. It is, in many

• Pinpoint the main advantages of soft-tissue laser

respects, superior to most of the alternative treatment options. Its excellent
hemostatic abilities and the minimal damage to adjacent healthy tissues

• Discuss and compare

make the C02laser a perfect surgical tool for treating oral soft-tissue lesions,

non-laser surgical mo-

including the inflamed operculum.

intraoral lesions.

n operculum is a flap of gingival tissue typically distal
to a molar that remains as a sequela of the eruption.1
In some cases, an operculum can lead either to pain
caused by the occlusion of the opposing maxillary
molar (in this instance, the pericoronal gingiva becomes inflamed and often ulcerated because of trauma) or by local
inflammation/ infection because of food debris and plaque accumulation between the tooth surface and the gingival flap. 1 The inflammation in the soft tissues surrounding the crown of the partially
erupted tooth is calledpericoronitis. 2•3 It typically occurs in teeth
that erupt very slowly or become impacted. When the follicle of the
tooth communicates with the oral cavity, bacterial penetration into
the follicular space instigates the infection. 2 It is generally agreed
that this process is potentiated by food debris trapped in proximity
to the operculum and occlusal trauma of the pericoronal tissues by
the opposing tooth. 2•4 Pericoronitis may be acute or chronic. Acute
pericoronitis is characterized by severe radiating pain, localized
swelling of the pericoronal tissues, purulence or drainage (hence
an unpleasant taste), trismus, regional lymphadenopathy, painful
swallowing, pyrexia, and sometimes spreading of the infection to
adjacent tissue spaces. 2 •4 The chronic form may be characterized
by dull pain or discomfort, often accompanied by bad taste, lasting
a couple of days with remission lasting several weeks or months.2•4
Stress, pregnancy, and/ or fatigue are often associated with an increased occurrence of pericoronitis. Diagnosis is done on the basis
of the symptoms and clinical presentation.

A

2

surgery for operculectomy.
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dalities for soft-tissue

Treatment
The painful and/ or inflamed/ infected operculum can be removed
by operculectomy-the surgical excision or ablation of the operculum via a wide variety of techniques: scalpel, caustic agents, radiofrequency surgery, electrosurgery, cautery, C0 2 laser, or hot-tip
diode surgery. 1·2 ·4 -6 Operculectomy, however, is also advocated as
a precaution to prevent pericoronitis. In orthodontics, operculectomy is performed to aid in molar eruption (even in the absence
of pain) and/ or to gain access to the tooth for banding or bonding
purposes.l.7•8 Convissar et al 9 and Chmura 7 both state that removing gingiva with a laser allows for immediate banding or bonding
because of its hemostatic effect.
One of the potential disadvantages of operculectomy is that it
may prove to be a temporary measure, because an operculum can
regrow, which may lead to new trauma and inflammation.3 In such
cases the removal of the offending molar may be indicated.2•3

Soft-Tissue Laser Surgery
The most valuable advantage of soft-tissue lasers over other surgical modalities,10-29 is their ability to precisely cut and efficiently
provide hemostasis.
However, not all lasers are equally efficient at both cutting and
coagulating. In order to understand how exactly lasers cut and
coagulate, one should consider the wavelength-dependent nature
oflaser light's interaction with soft tissue; namely, light absorption
and light scattering by the soft tissue.
Vo lume 36, Numb er 8
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Laser Light Absorption and Scattering by the
Soft Tissue
Figure 1 presents the modern understanding30 of how various laser
wavelengths interact with the main chromophores, or absorption
centers, in the oral soft tissue. Shown are the following three main
wavelength groups of practical dental lasers:
• circa 1,000 nm (diodes and Nd:YAG laser);
• circa 3,000 nm (Erbium lasers); and
• circa 10,000 nm (C0 2 lasers).
At Erbium and C0 2 laser wavelengths, light scattering by the soft
tissue is insignificant. 31"33 At near-infrared diode and Nd:YAG laser
wavelengths, soft-tissue light scattering dominates over absorption, 30•33 which makes these wavelengths poorly suited for precise
ablation, incision, and excision. 3' · 34

Soft-Tissue Laser Ablation
Soft-tissue laser ablation (and incision and excision) is a process of
vaporization of intra- and extracellular water heated by the laser light
within the irradiated soft tissue. 31 -33 Watervapors, rapidly steaming out
of the intensely laser-heated soft tissue, carry with them cellular ashes
and other byproducts of this fast boiling and vaporization process.
Because the absorption of the near-infrared diode and Nd:YAG
laser wavelengths (circa 1,000 nm) is weak and scattering by the
soft tissue is strong, these wavelengths are inefficient and spatially
inaccurate laser ablation devices. 31-33 Due to very strong absorption by the soft tissue, mid-infrared Erbium (circa 3,000 nm) and
infrared C0 2 laser (circa 10,000 nm) wavelengths are efficient and
spatially accurate laser ablation tools. 3 ' -33

Soft-Tissue Laser Coagulation and Hemostasis
Coagulation takes place as soft-tissue proteins denaturate in the
60°C to 100°C temperature range, leading to a significant reduction
in bleeding and oozing oflymphatic liquids on the margins of ablated
tissue during laser ablation, excision, and incision procedures. Due
to the fact that blood is carried through a system of blood vessels,
the blood vessel diameter (ranging between 21 f..Lm and 40 f..Lm, with
an average value of 31 f..Lm, based on measurements in human cadaver gingival connective tissue35) is a significant spatial parameter
that influences the efficiency of the coagulation process. Collagen
shrinks at increased temperatures, which in turn shrinks blood and
lymphatic vessel walls, causing hemostasis during laser coagulation.
For short laser pulses, the photothermal coagulation depth during
laser ablation of the soft tissue is proportional to absorption depth (or
inversely proportional to the absorption coefficient from Figure 1).
For Erbium laser wavelengths of circa 3,000 nm, optical absorption and coagulation depths are significantly smaller than gingival
blood vessel diameters. Coagulation takes place on a relatively small
spatial scale and cannot prevent bleeding from the blood vessels
severed during tissue ablation. Coagulation depth can be increased
by pulse width/ rate increase, and by pulse powerj fiuence decrease.
For diode and Nd:YAG laser wavelengths of circa 1,000 nm, optical absorption and coagulation depths are significantly greater than
blood vessel diameters. Coagulation takes place over extended
volumes-far away from the intended ablation site where no coagulation is required.
For C0 2 laser wavelengths of circa 10,000 nm, optical absorption
and coagulation depths are of the same order as gingival blood vessel
diameters. Coagulation extends just deep enough into a severed blood
vessel to stop the bleeding. Coagulation depth can be increased by an
increase in pulse width/ rate, and by reducing
pulse powerj fiuence.

Optimal Wavelength for SoftTissue Laser Surgery
Wavelengths circa 10,000 nm are > 1,000
times superior to wavelengths circa 1,000
nm for soft-tissue ablation, and > 10 times
superior to wavelengths circa 3,000 nm for
soft -tissue coagulation and hemostasis. The
wavelengths circa 10,000 nm (eg, the C0 2
laser) deliver both soft-tissue ablation and
simultaneous coagulation, which is unobtainable with either diodes (circa 1,000 nm)
or Erbium (circa 3,000 nm) wavelengths.

C0 2 Laser Soft-Tissue Surgery

Fig 1. Optical absorption coefficient spectra at different histologically relevant concentrations
of water, hemoglobin (Hb), oxyhemoglobin (Hb0 2 ), and melanin. Logarithmic scales are in use.
www.compendiumli ve. co m

The C0 2 laser photo-thermally cuts, ablates,
and coagulates the oral soft tissues. The key
to the success of the soft-tissue C0 2 laser is its
ability to cut and coagulate tissue simultaneously. The C0 2 laser treatment of inflamed
and/ or hyperplastic oral lesions, including
pericoronitis, offers several advantages
over conventional scalpel surgery, such as
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non-contact incision (which ensures no mechaillcal trauma to the tissue), reduced-to-nobleeding, a lack of need for sutures, precise
tissue removal, and minimized postoperative
pain and edema. The use of a C0 2 laser on the
oral soft tissue has no known contraindications or side effects.18 The excellent hemostatic capacity ofthe C0 2 laser is described as a
useful instrument for oral surgery in patients
with hemorrhagic disorders or undergoing
antithrombotic therapy.16-18
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the irradiated tissue and charring on the
Fig 2.
margins of the laser incision. Proper pulsing
is crucial for the appropriate application of
Fig 2. SuperPulse explained: high power, short laser-pulse duration maximizes soft-tissue
laser energy during soft-tissue laser ablation
removal rate and keeps adjacent tissue cool. Graph courtesy of LightScalpel.
31
and coagulation. The laser-irradiated tissue heats most efficiently when the duration
of the laser pulse is much shorter than the
thermal relaxation time (which is laser-wavelength and tissue-type
requires a 1-mm to 3-mm distance between the distal end of the
specific). Optimal cooling is achieved when the duration between
handpiece and the target tissue.
laser pulses is much greater than the thermal relaxation time.
The so-called "Super Pulse" design32 for C0 2 laser pulsing pa- Laser Power Density
rameters is optimized around the thermal relaxation time concept An important parameter to consider when performing a C0 2 ladiscussed above. Super Pulse ensures char-free soft-tissue ablation, ser surgery is laser power density. An analogy can be drawn here:
incision, and excision with variable depths of coagulation/ hemo- regardless of how sharp the blade is, there will be no interaction
stasis on the margins of the cut.
between the blade and the tissue unless mechanical pressure is
The Super Pulse mode (Figure 2) is made with bursts of short applied to the blade, forcing it through the tissue. For the C0 2 laser,
laser pulses with very high peak power that are spaced far enough the power density of the focused laser beam is equivalent to the meapart for efficient tissue cooling between the pulses. The Super Pulse chanical pressure that is applied to a cold steel blade-the greater
minimizes the amount of heat diffusing from the cutting/ ablation
the laser power density, the greater the rate of soft-tissue removal.
zone to the adjacent healthy tissue.

Laser Beam Spot Sizes for Cutting and Coagulation
Laser Hand pieces
Since the early days of surgical C0 2 lasers in the 1970s and 1980s,
the wide adoption of the technology had been inhibited by the articulated beam delivery system. The invention of the flexible hollowfiber C0 2 laser beam delivery system in the late 1980s changed the
paradigm for C0 2 laser surgery. The present-dayflexible-fiber C0 2
laser handpiece is light, pen-sized, disposable-free, autoclavable,
and easily switches between (1) incision with photo-coagulation; (2)
superficial ablation with photo-coagulation; and (3) photo-coagulation. There are two types of flexible-fiber C0 2 laser handpieces;
namely, tip-retainer and tip less.
Tip-retainer laser hand pieces use disposable hollow focusing tips
made ofhigh-temperature resistant aluminum-oxide ceramic with a
250-fllll spot size to allow for intrasulcular periodontal applications.
Autoclavable "tipless" handpieces closely simulate the scalpellike experience for the clinician, but with no mechanical contact
with the tissue. Achieving the designated beam spot size for cutting
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To continue the analogy with a scalpel, the size of the laser beam
focal spot defines the quality of the laser cut the same way as the
sharpness ofthe steel blade defines the quality and the ease ofthe
incision. Just as a dull blade cannot produce a quality incision, an
oversized laser beam spot cannot produce a good quality incision.
The smaller (or sharper) the focal spot ofthe beam, the narrower
and deeper the incision. For a rapid switch from cutting to just
photo-coagulation, the laser beam can be defocused by simply moving the handpiece away from the tissue by approximately 6 mm to 9
mm, and "painting" the "bleeder" for enhanced hemostasis.

Wound Healing
The excellent hemostatic ability of the C0 2 laser provides the clinician with improved visibility of the surgical field and, therefore, allows for more precise and accurate tissue remova].l 9 Due to efficient
hemostasis, intraoral surgical wounds often do not require suturing
or surgical dressing and can be left to heal by secondary intention.20
Vo lume 36, Number 8
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bined with the reduced risk of scarring, make the C0 2 laser the most
efficient surgical treatment method for operculectomy. 7•9•16 · 18 •28 •37
In order to ensure the safest and most dependable treatment, the
clinician should always rely on the basic principles of!aser surgery
physics 8 using correct laser parameters (ie, Super Pulse) and the
sharpest focal laser spot (ie, 250-flm diameter) with the ability to
rapidly defocus for enhanced coagulation and hemostasis.

Operculectomy by C0 2 Laser Ablation: Case Study
Initial Findings
The patient presented with a raised, inflamed, painful operculum
distal to the left mandibular second molar (Figure 3). The lesion was
red, edematous, and bled easily. A periodontal pocket on the distal of
the second molar was >6 mmdeep. There was no evidence of abscess.

Diagnosis and Treatment Plan
The patient had been previously treated with a scalpel. He returned
24 hours later with severe pain and a granulomatous lesion present.
The lesion was clinically diagnosed as chronic pericoronitis. It was
decided to surgically remove the inflamed pericoronal tissue using
a C0 2 laser-ablation technique.
Fig 3. Preoperative view of the inflamed operculum .

I

Significantly reduced wound contraction and scarring are among
the most important advantages ofC0 2 laser treatment. 20•21 . 23 In C0 2
laser-irradiated wounds, the healing process is characterized by a
more prominent fibroblastic proliferation, with young fibroblasts
actively producing collagen. In comparison with scalpel wounds, only
a small number of myofibroblasts (the cells responsible for wound
contraction) is found in C0 2 laser-excised wounds. 23 . 25 At 72 hours
postoperatively, a fibroserous membrane appears over the C0 2 laserirradiated wounds to replace the superficial necrotic layer of the
laser-treated area. 26 •27 An epithelial covering of the wound starts to
form from the periphery toward the center after 2 weeks, and is thinner and parakeratotic in comparison with the epithelium that forms
after scalpel resection. This could account for the excellent esthetic
outcome of all C0 2 laser treatment, with no fibrosis or scarring and
soft pliable residual tissue, while a scalpel can leave some scarring. 22
Another advantage of the C0 2 laser is minimal postoperative
swelling and edema due to the intraoperative closure of lymphatic
vessels on the margins of the CO 2 laser incision. Lymphatic vessels
r_egenerate in approximately 8 to 10 days after capillary-vessel
proliferation. 28
Decreased wound contraction combined with minimal lateral
tissue damage, less traumatic surgery, more precise control ofthe
depth of tissue damage, and excellent hemostatic ability make the
C0 2 laser a safe and efficient alternative to the conventional scalpel.
Strauss et al 8 and Deppe et al 15 compared the recovery process after
C0 2 laser surgery with that after cryosurgery or electrosurgery
and reported that the C0 2 laser healing was faster and less painful.

C0 2 Laser for Operculectomy
The inherent advantages of the CO 2 laser, such as excellent hemostasis, diminished postoperative edema, and uneventful healing comwww.compe ndiumlive.com

Surgical Laser Equipment and Settings
A flexible-fiber dental C0 2 laser with two different autoclavable
dental handpieces was used: (1) a dental angled tipless handpiece
with a 0.25-mm spot diameter; and (2) a dental angled tip-retainer
handpiece with a sterile, disposable, tapered ceramic with a 0.25mm spot diameter periodontal tip.
For ablation of the inflamed tissue, the laser was set to 4 W in
the Super Pulse mode with repeat pulsing at a 25 millisecond pulsewidth and 29-Hz repetition rate. The tip less dental handpiece was
used at a 3-mm to 5-mm nozzle-to-tissue distance.
For sulcus decontamination, the laser was set to 2 W in the
Super Pulse mode with repeat pulsing at a 15-millisecond pulsewidth and 20-Hz repetition rate. The tip-retainer dental handpiece
was used with the periodontal tip's distal end approximately 1 mm
from the base of the pocket and parallel to the surface of the tooth;
an air purge was constantly supplied through the tip and was set
to the highest flow.

CO 2 Laser Surgery
The procedure steps were as follows:
l.

2.

Anesthesia was administered by the local infiltration technique: 2% lidocaine with 1:100,000 epinephrine; a 30-gauge
needle was used.
The angled handpiece of the C0 2 laser was held perpendicular
to the target lesion (Figure 4) and the ablation of the inflamed
tissue began (Figure 5). The dental surgeon was careful to avoid
contact between the laser beam and the tooth enamel. (Note: In
this case, the inflamed tissue was located distally from the involved molar. There was no direct contact of the beam with the
tooth, as the surgeon was careful not to hit the enamel. However,
if an operculum covers part of the tooth, an adaptive tool (for
example, a wax spatula) needs to be inserted between the tissue
ARTICLE REPRINT

Septe mber 2015

COMPENDIUM

5

3.

4.

5.

6.

and the tooth to prevent possible damage. For an inexperienced
C0 2 lase r surgeon, it is important and highly recommended to
always shield the tooth during the procedure.6)
After the initial pass with the laser, the inflamed gingiva bled
slightly and the surgeon de focused the beam by increasing th e
nozzle-to-tissue distance to quickly obtain hemostasis (Figure
6). Note the excellent visualization and the clearoperatory field.
Additional tissue around the primary surgical site was superficially ablated to "feather out" the wound and make the treated
area blend with the healthy gingiva better (Figure 7).
After the removal of lesion, a periodontal tip was placed approximately l mm from the base of the pocket to decontaminate the sulcus area. Lase r energy was administered using
horizontal movements along the entire distal sulcular aspect.
Finally, the laser was de focused by moving the handpiece farther away from the surgical area and additional hemostasis was
created. No suturing or dressing was needed and the wound
was left to heal by secondary intention.

Non-Laser Surgical Treatment Modalities
Soft-tissue intraoral lesions, including pericoronitis, have been
treated with a number of non-laser surgical methods, such as
scalpel surgery (used most frequently) , cryosurgery, electrosurgery, electrocautery, radiofrequency surgery, and hot-tip
diode excision. 2•3•10

Scalpel Surgery

Surgical excision with a scalpel is the most widely used form of
treatment. Among the drawbacks of conventional scalpel surgery
is the need for intra- and postoperative bleeding management,
suturing, and the risk of postoperative edema and infection. Furthermore, Haytac and Ozcelik37 evaluated and compared patient
perceptions after frenectomy surgeries performed with the C0 2
laser and traditional scalpel techniques. They concluded that
C0 2 laser treatment provides better patient perception in terms
of postoperative pain and function than that obtained via scalpel
surgery. They also inferred that "the CO 2 laser
offers a safe, effective, acceptable, and imp resThe key to the
sive alternative" to scalpel. 37

Postoperative Instructions
The patient was dismissed with instructions to
do warm salt water rinses and mild stimulation of
the site with a rubber tip twice a day; he was also
instructed to apply topical antibiotic and vitamin
E gel twice daily directly to the area. The patient
was advised to avoid spicy, acidic, or harsh foods
or caustic mouthrinses. Although the patient was
prescribed Vicodin 7.5, he did not need pain
medications and was happy with the result. He
reported to be completely pain-free in 24 hours.

success of the
soft-tissue C0 2 laser is

Cryosurgery

Cryosurgery is a method of tissue destruction by
freezing and has become an established surgical
technique for the treatment of diverse benign
and coagulate
and malignant cutaneous lesions 12•13 and is used
tissue simultaneously.
in dentistry. 11 ·38 Although it is inexpensive, and
has been used successfully for the treatment of
various soft -tissue oral lesions, u cryosurgery is
time-consuming and has many contraindicated
conditions, for example in patients with: cryoglobulinemia; cold urticarial vasculitis; agammaglobulinemia; dysfibrinogenemia; RaynFollow-up Examination
One week after the procedure, healing had progressed well (Figure 8). aud's disease and other collagen diseases; or platelet alterations, or
are undergoing hemodialysis or immunosuppressive therapy.u·13
No swelling or inflammation was noted. There were no complaints
from the patient during the postoperative period. The 5-week follow- The possible complications include pain during freezing, edema
up visit showed beautifully healed tissue with no scarring (Figure 9). and exudation, vesicles, and bullae. Finally, cryosurgery can result
The recovery was uneventful. The gingival overgrowth did not recur. in pseudoepitheliomatous hyperplasia, postoperative infection,

its ability to cut

Fig 4. The angled handpiece of the co, laser was held perpendi cular t o the target lesion. Fig 5. The ablation of the inflamed tissue began. Fig 6.
Excellent hemostasis after the completed ablation of the inflamed gingiva.
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Radiofrequency surgery presents an advanced form of electrosurgery.39 It may also produce significant lateral heat to the
surrounding tissues and should be avoided when in close proximity to bone 40 and around pacemakers and other implantable or
wearable medical devices. Accidental contact of a radiofrequency
electrode to metal objects (such as implants, orthodontia, metal
dental tools) may turn the objects into high-power radiofrequency
antennae driven by the device's own high-power radiofrequency
energy sources (up to 100 W).

Electrocautery
The terms electrosurgery and electrocautery are often confused.
Electrocautery, also known as thermal cautery, refers to a process in which a direct or alternating current is passed through
a resistant metal wire electrode, generating heat. The heated
electrode is then applied to living tissue to achieve hemostasis
or varying degrees of tissue destructionY In electrocautery, unlike electrosurgery, the electric current does not pass through
the patient; therefore, the technique can be safely applied with
patients with pacemakers, ICDs, and deep-brain stimulators! 2
Although electrocautery has been used to perform operculectomy, there is various literature 6·43·44 advocating against it in
dentistry because of the excessive thermal necrosis and scarring as its sequelae.

Soft-Tissue Diode/ Non-Laser Thermal
Ablation and Coagulation

Fig 7. Immediate postoperative view. Additional tissue was ablated
to make the ablated area blend with the surrounding tissue better.
No suturing or dressing was required due to the hemostasis obtained
with the C0 2 laser. Fig 8. One week after the procedure, healing had
progressed well. Fig 9. The 5-week follow-up visit showed beautifully
healed tissue with no scarring .

fever, and pyogenic granuloma.13In addition, cryosurgery does not
allow control ofthe depth oftissue removal with high precision to
the extent that laser surgery does.

Electro- and Radiofrequency Surgery
The excessive heat with electrosurgery creates the potential for
scarring. The study that compared thermal damages in different
types of soft tissue with those created by electrosurgery14 concluded that the relatively narrow zone ofthermal tissue necrosis
makes C0 2 laser excision superior for histologic examination of
excised specimens than those created by electrosurgery. Abt et
al 10 point out that due to its non-contact cutting ability, C0 2 laser
surgery is faster than electrosurgery, which requires constant
cleaning of the surgical instrument. In addition, the use of electrosurgery poses a significant risk or may even prove impossible
in patients with metal orthodontic appliances. 9
www.co mpe ndi umli ve.co m

Near-infrared laser light of circa 1,000 nm in diode devices does
not ablate or cut the oral soft tissue optically. Instead, the laser
light heats up the charred distal end of the fiberglass tip to soo·c
to 900.C36via heat conduction from the hot glass, and the tip then
heats up the soft tissue. The contact with the hot charred glass tip
causes the soft tissue to burn off (ablate), while coagulating the
margins of the burn. Unlike non-contact surgical lasers (such as
C0 2 or Erbium), the ablative diodes are thermal contact, non-laser,
wavelength-independent devices.

Conclusion
The 10,600 nm C0 2 laser is a highly efficient and spatially accurate
photo-thermal ablation device and an excellent coagulator due to
the close match between coagulation depth and the diameters of
oral soft-tissue capillaries.
The ablation of hyperplastic oral soft tissue with the flexiblefiber waveguide 10,600-nm C0 2 laser is a minimally invasive,
dependable surgical modality that yields predictable results. It
often does not require sutures and typically ensures scar-free
healing. It is, in many respects, superior to most of the alternative surgical treatment options. Its extreme accuracy in cutting,
minimal thermal damage to the adjacent healthy tissue, bloodless
operating field with excellent visibility and, reportedly, relatively
minimal postoperative pain 28 •37 make the C0 2 laser an optimal
surgical solution to the removal of pericoronal gingival tissue.
The ability of the C0 2 laser to cut in a non-contact mode helps
to reduce the risks of complications typically associated with
outpatient treatment. 28
ARTICLE REPRINT
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