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Effects of laser-aided circumferential supracrestal fiberotomy on
root surfaces

Ji-Won Lee?; Ki-Ho Park®; Jong-Hyuk Chungc; Su-Jung Kim¢

ABSTRACT

Objective: To evaluate and compare the effects of circumferential supracrestal fiberotomy in vivo
(using diode, CO,, and Er:YAG lasers) on the morphology and chemical composition of the root
surface.

Materials and Methods: Forty healthy premolar teeth, intended for extraction for orthodontic
reasons, were used in this study. Root surfaces were treated using different laser methods, as
follows: (1) control; (2) Er:YAG laser (2.94 um, 100 mJ, 10 Hz); (3) diode laser (808 nm, 1.2 W,
continuous wave); and (4) CO, laser (10.6 um, 3 W, continuous wave). Subsequently, the teeth
were removed and subjected to scanning electron microscopic (SEM) examination and energy
dispersive x-ray (EDX) spectrometric analysis.

Results: SEM analysis indicated that no thermal changes, including melting or carbonization, were
observed following the lasing procedures. EDX analysis showed that the laser procedures resulted
in similar mineral contents (weight % of calcium and phosphate) as compared to those in the
control group.

Conclusion: Based on these findings, we concluded that laser-aided procedures, when used at
appropriate laser settings, preserve the original morphology and chemical composition of
cementum. (Angle Orthod. 2011;81:1021-1027.)

KEY WORDS: Circumferential supracrestal fiberotomy; Lasers; Energy dispersive x-ray (EDX)

spectrometric analysis; Root surface; Scanning electron microscopic (SEM) examination

INTRODUCTION

Long-term stability is a concern in orthodontic
treatment. One of the major causes of rebound after
orthodontic tooth movement is the network of elastic
supracrestal gingival fibers. As teeth are moved to new
positions, these fibers tend to stretch, and they
remodel very slowly."® Within 4 to 6 months, the
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collagenous fiber networks within the gingiva have
normally completed their reorganization, but the elastic
supracrestal fibers remodel slowly and can still exert
forces capable of displacing a tooth 1 year after
removal of an orthodontic appliance.

To relieve the orthodontically moved tooth of the
forces exerted by the stretched fibers, circumferential
supracrestal fiberotomy (CSF) was introduced.** With
conventional CSF, performed with a scalpel blade,
intergingival, transgingival, transseptal, and semicircu-
lar fibers are transected. CSF appears to help the
tissue remodel and decreases relapse of orthodonti-
cally moved teeth. The literature indicates® that
periodontal problems, such as pocket formation, loss
of attached gingiva, and gingival recession, do not
occur after CSF.

In recent years, the use of laser irradiation has been
tested as an alternative treatment to conventional
CSF.” Laser-aided CSF (L-CSF) proved to be effective
in decreasing rates of relapse following tooth rotation.
In our previous study,” the diode laser CSF procedure
did not cause any injury to teeth or bone. Histological
studies failed to show any evidence of bone necrosis,
sequestration, or destruction. Rearrangement of the
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Table 1. List of Parameters Used for Each Laser Type

Er:-YAG Diode CO,
Wavelength, nm 2940 808 10,600
Energy, mJ/pulse 100 - -
Power, W 1.0 1.2 3.0
Pulse repetition, Hz 10 Continuous Continuous

wave wave

Contact mode In contact In contact Noncontact
Cooling system Water No No
Tip diameter, mm 1.1 0.4 1.0

fibrous structures was observed; the organizational
pattern of experimental teeth resembled that of non-
rotated teeth, in which large fiber bundles were seen
interconnected with thin fibers.

L-CSF offers numerous advantages compared with
conventional surgery by blade. One of the advantages
is accelerated wound healing due to the biostimulatory
effects of laser.® Coagulation of blood vessels and
sealing of lymphatics enable practitioners to cause
less bleeding during the procedure and to maintain a
clear and clean surgical field.® The last advantage of L-
CSF involves the sterilization of the wound during
ablation, and this makes it possible for the patient to
experience minimal swelling and lower rates of
postoperative infection.®

The lasers most commonly used in periodontics are
diode lasers, the Er:YAG laser, and the CO, laser.
Several researchers™ ' reported thermal side effects,
such as melting, cracking, or carbonization, when CO,
or Nd:YAG lasers were used directly on root surfaces.
In addition, limited information about the effects of
diode laser radiation on root surfaces currently exists.
Recent studies' have shown that this type of laser
may cause damage to periodontal hard tissues if
irradiation parameters are not suitable. The aim of this
study was to investigate the effects of CSF performed
by three types of lasers on the physical and chemical
characteristics of the human root.

MATERIALS AND METHODS

This study included 40 premolar teeth scheduled for
extraction as part of orthodontic treatment. All patients
provided informed consent. Each tooth satisfied the
following criteria: (1) absence of caries and filling
materials, (2) absence of root fractures or anatomical
abnormalities, and (3) absence of calculus deposits.
Patients had not received any periodontal treatment in
the previous 6 months. The teeth were divided into four
groups according to the laser used, as follows: (1)
control (conservative CSF), (2) Er:YAG laser, (3) diode
laser, and (4) CO, laser groups. The research protocol
was reviewed and approved by the institutional review
board of Kyung Hee University Medical Center (IRB
No. KHD IRB 2009-12).
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Figure 1. Three dental lasers used in this study. (a) Er:YAG laser
(KEY Laser, Kavo, Germany); (b) diode laser (SoftLase Pro; Zap
Lasers, Pleasant Hill, CA); and (c) CO, laser (Panalas CO5),
Panasonic, Osaka, Japan).

Laser-Aided CSF

Three dental lasers were used in this study (Table 1;
Figure 1). An Er:YAG laser (KEY laser, Kavo, Germany)
with a wavelength of 2.94 um was used at an energy
setting of 100 mJ/pulse and a pulse repetition of 10 Hz,
with a tip diameter of 1.1 mm, focused and in contact,
with water cooling. A gallium-aluminum-arsenide diode
laser (SoftLase Pro; Zap Lasers, Pleasant Hill, CA) with
a wavelength of 808 nm was used in continuous wave
mode at a power output of 1.2 W (soft tissue cutting
mode), with a 0.4-mm—diameter fiber tip. A CO, laser
(Panalas C05) , Panasonic, Japan) with a wavelength
of 10.6 um was used in continuous wave, noncontact
mode at a power output of 3 W. A metal tip of 1.0 mm in
diameter was used for the sharp incision of tissues.

Immediately before L-CSF was performed, the
sulcus depth around the tooth was measured by
probing. The maximum depth of insertion of the tip
was determined as the sum of the sulcus depth and
the biologic width (approximately 2 mm)." The laser tip
was inserted through the connective tissue attachment
just above the alveolar crest. Intrasulcular ablation was
performed around the tooth circumference with the
system configured in soft tissue cutting mode. The
laser tip was directed at an angle of 10-15° to the
radicular surface and was applied continuously in an
apico-coronal direction (Figure 2).

The working time was 5 minutes for each tooth.
Immediately after laser ablation, the teeth were extracted.
All root surfaces appeared unaltered by the extraction
procedure. After extraction, any remaining tags of the
periodontal ligament were carefully removed using a blade
(group 1) or a laser (groups 2—4). Teeth were fixed in a 2%
glutaraldehyde solution in phosphate-buffered saline.

Scanning Electron Microscopic Analysis

Fixed specimens were dehydrated through increas-
ing concentrations of ethanol for 30 minutes. After



EFFECT OF L-CSF ON ROOT SURFACES

a

1023

Figure 2. Laser-aided circumferential supracrestal fiberotomy. (a) Er:YAG laser (KEY Laser, Kavo, Germany); (b) diode laser (SoftLase Pro; Zap
Lasers, Pleasant Hill, CA); and (c) CO;, laser (Panalas C05) , Panasonic, Osaka, Japan).

dehydration in hexamethyldisiloxane for 30 minutes,
the specimens were sputter-coated with gold before
scanning electron microscopic (SEM) examination. All
specimens were then examined and photographed by
SEM on the mesial side of the root, 2 mm apical to the
cementoenamel junction, in an area with dimensions of
9 mm?. This analysis was conducted by a Stereoscan
440 microscope (Leica, Cambridge, UK). Photomicro-
graphs on the root surfaces were taken at magnifica-
tions of 200X and 2000X to obtain representative
images of each group.

Energy Dispersive X-Ray Analysis

We used energy dispersive x-ray (EDX) analysis to
evaluate the change of root surfaces treated using
different lasers. EDX is an analytical technique used
for the elemental analysis or chemical characterization
of a sample. It is one of the variants of x-ray
fluorescence spectroscopy that relies on the investi-
gation of a sample through interactions between
electromagnetic radiation and matter, analyzing x-rays
emitted by the matter in response to being bombarded
with charged particles. Its characterization capabilities
are due in large part to the fundamental principle that
each element has a unique atomic structure allowing x-
rays that are characteristic of an element’s atomic
structure to be uniquely identified. In this study,
calcium (Ca) and phosphate (P) minerals were
measured in the root surface and Ca/P ratios were
calculated.

SEM and EDX analysis were performed at the
Center for Research Facilities at Kyung-Hee University
in Korea.

Statistical Analysis

A software package (SPSS 11.0, SPSS Inc,
Chicago, lll) was used for statistical analysis. The Ca
content (Ca weight %), phosphorus content (P weight
%), and Ca/P weight ratio from the lased and control

areas were recorded and analyzed using the Kruskal-
Wallis test. Results are expressed as the mean =
standard deviation (SD), and a value of P < .05 was
considered to be significant.

RESULTS

The SEM images showed that the surface texture of
the lased root surfaces (Er:YAG, diode, and CO,
lasers) were not changed in comparison with those of
the control group. Loss of cementum was absent or
minimal, with no signs of thermal side effects such as
melting or carbonization (Figures 3 and 4).

The results of EDX analysis are shown in Table 2
and Figure 5. The results showed that the contents of
Ca (Ca weight %) in the samples of lased roots did not
show significant change in the irradiated areas
compared with the control areas (P = .301). The
content of P (P weight %) did not increase (P = .441).
No significant changes in the Ca/P weight ratio were
shown between the lased and unlased areas (P =
.546).

DISCUSSION

The results of this study indicated that CSF by
Er:YAG, diode, or CO, lasers at a power output set to
soft tissue ablation mode all preserve the original
morphology and chemical composition of the root
surface in vivo.

It is well known that the effects of laser irradiation on
tissue depend on the physical properties of the laser
energy, such as wavelength, power output, pulse
duration, spot size, and irradiation time. The resulting
effects are also dependent on the optical properties of
the irradiated tissue, such as optical density, structure,
and maximal absorption.'* Dental hard tissues are
composed of hydroxyapatite crystals, organic compo-
nents, and water.

The wavelength of an Er:YAG laser (2.94 um) is well
absorbed by water because the peak is close to the
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Figure 3. Scanning electron microscopic (SEM) photograph of a root surface. (a) Control; (b) Er:YAG laser; (c) diode laser; and (d) CO, laser

(original magnifications: a—d: 200X).

absorption coefficient of water.' The Er:-YAG laser has
an excellent capacity for ablating both soft and hard
tissues with minimal heat-related side effects. The
resulting root surface alterations have previously been
examined'' in vitro and were described as micro-
structured, with a partial loss of cementum and
sometimes dentine but with no cracks or thermal side
effects, such as the melting observed after CO, or
Nd:YAG laser irradiation. A direct relationship between
ablation depth and the energy settings used was
observed.” The mechanism of tissue damage caused
by the Er:YAG laser is probably not related to thermal
side effects but rather to the microexplosions associ-
ated with water evaporation within the cementum.'® In
our study, use of an energy setting of 100 mJ resulted
in smooth root surface morphology and no significant
changes in the chemical composition of the root
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surface. These findings are consistent with the results
of previous studies of the root surface.™

Diode lasers operate in continuous and/or pulsed
modes and are very effective for soft tissue applica-
tions, offering excellent incision, hemostasis, and
coagulation.” Root surface alterations after diode
laser irradiation have been examined both in vivo'
and in vitro.'*2° |rradiation at a power output of 1 W or
less had virtually no negative effects on the root
surface, whereas lasing at 1.5 W, 2.0 W, and 2.5 W
resulted in partial or total carbonization of root
samples. In contrast, lasing dry specimens and
specimens moistened with saline resulted in no
detectable alterations, regardless of irradiation time
and the power output applied.?® This phenomenon
might be explained by the high absorption by
hemoglobin and other pigments of the laser light at
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Figure 4. Scanning electron microscopic (SEM) photograph of a root surface. (a) Control; (b) Er:-YAG laser; (c) diode laser; and (d) CO, laser

(original magnifications: a—d: 2000X).

810 nm."™ However, in this study, CSF using diode
laser irradiation at a power output of 1.2 W did not
cause any negative thermal side effects on the root
surface. Because a laser beam is irradiated from the
end of a 0.4-mm—diameter laser tip, the sides of the tip
cannot be used for transection; therefore, an up-and-
down stroking movement is initially required. As the
diode laser tip is made of relatively low-strength fiber,
the tip could occasionally break.”

The CO; laser has a wavelength of 10.6 um and can
be used in both pulsed and continuous wave modes.
This laser is efficient in soft tissue vaporization, as
most soft tissues have high water content and because
the CO,, laser radiation is absorbed easily by water.?'-2
The scattering of laser energy toward the surround-
ing tissues is low and the layer of heat-altered tissue
that remains after vaporization is relatively thin;
however, the vaporization temperature is high and

Table 2. Percentages of Elemental lon Concentrations Found on Energy Dispersive X-Ray (EDX) Analysis After Treatment of Root Surfaces

(mean = standard deviation [SD]; n = 10)?

Content Control Er:YAG Diode CO, P
Phosphorus (P), weight % 7.70 = 1.73 9.43 + 3.07 8.45 + 1.65 7.60 + 2.80 441
Calcium (Ca), weight % 16.23 + 4.34 20.27 = 5.50 17.54 = 2.92 17.05 = 4.22 .301
Ca/P ratio 2.10 = 0.24 2.20 = 0.22 2.09 = 0.18 2.27 = 0.35 .546

@ Kruskal-Wallis test. P < .05 was considered to be significant.
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Figure 5. Percentages of elemental ion concentrations found on energy dispersive x-ray (EDX) analysis after treatment of root surfaces. (a)
Phosphorus (P) mineral values; (b) calcium (Ca) mineral values; and (c) Ca/P ratios.

the irradiated surface is carbonized easily. Heat
accumulates rapidly in the inorganic components of
hard tissues because apatite crystals, a major compo-
nent of hard tissues, absorb even more of the energy of
the CO, laser than does water.?* At the level of 5—11 W,
CO, laser—induced surface changes included cavita-
tion, globules of melted and resolidified mineral, surface
crazing, and production of a superficial char layer.?®> At
the level of 3 W, a CO, laser completely removed the
smear layer, with minimal changes in the diameter of
the dentinal tubules.?® In our study, using an energy
setting of 3 W resulted in a smooth root surface
morphology and no significant change in chemical
composition of the root surface. However, because of
the diameter of the hollow delivery tip (>1 mm) that is
required to transmit the energy beam, and given the use
of the noncontact mode, CO, lasers are difficult to use
for the CSF procedure.

When applying lasers in vivo, thermal side effects
have been a major concern. Heat generation during
laser irradiation could cause inflammation and necro-
sis of the pulp and alveolar bone. A temperature
increase of up to 5°C in the pulp has been reported®
as safe for pulpal survival. ErYAG (100 mJ/pulse,
10 Hz, 30 seconds) and diode (1.4 W, 30 seconds)
laser irradiation of the root surface induced a temper-
ature elevation of less than 5°C in the pulp chambers.'®
Exposure of bone to heating above 47°C is reported to
induce cellular damage leading to osseous resorption,
while temperature levels of >60°C result in tissue
necrosis. A diode laser (0.8-1.2 W)?® induced an
increase in bone surface temperature of 10-11°C, and
a CO, (4-8 W)* laser induced an increase of 1.4—
2.1°C when the overlying soft tissues were irradiated.
Thus, laser irradiation at the level of soft tissue incision
is unlikely to cause thermal side effects on the pulp or
alveolar bone. However, for confirmation, further
histological or cytological studies are needed.

EDX is an analytical technique used for the
elemental analysis or chemical characterization of a
sample. In recent years, several studies®3' have
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reported chemical changes of the root surface after
laser irradiation. The quantities of Ca and P increased
significantly after Er:-YAG laser (120 mJ/pulse, 10 Hz)
irradiation and decreased after Nd:YAG laser (1.5 W,
10 Hz) irradiation.® After Er,Cr:YSGG laser (1.5 W,
10 Hz) irradiation, decreased P levels and increased
Ca levels were observed.®' In our study, after Er:-YAG
laser (100 mJ/pulse, 10 Hz), diode laser (1.2 W,
continuous wave), and CO, laser (3.0 W, continuous
wave) irradiation there were no significant changes in
the quantities of Ca and P. Analysis by EDX is an
appropriate method, as a result of our study design,
with which to measure levels of the minerals, which are
important for root structure and to providing a proper
surface for repair of the periodontal attachment.

CONCLUSION

« Within the limits of this study, the in vivo results
indicate that laser-aided CSF procedures, when
used at appropriate settings, preserve the original
morphology and chemical composition of cementum.
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