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Background: The erbium-doped:yttrium, aluminum, and
garnet (Er:YAG) laser is reportedly useful for periodontal ther-
apy. However, the potential thermal damage that Er:YAG laser
irradiation can produce on bone tissue has not been fully clari-
fied. The purpose of this study was to histologically examine
the effects of the Er:YAG laser on bone tissue and subsequent
wound healing compared to electrosurgery ina long-term study.

Methods: Calvarial bone from 30 rats was exposed to contact
and non-contact Er:YAG laser irradiation (115 mJ/pulse, 10 Hz)
without water coolant, or electrode contact. The treated surfaces
were analyzed by scanning electron microscopy (SEM), and the
healing process was histologically observed until 12 months
post-surgery.

Results: Contact irradiation resulted in substantial bone ab-
lation, whereas non-contact irradiation produced slight tissue
removal. Histologic and SEM analyses of the lased surface
showed no severe thermal damage, except for the production
of a superficially affected layer with a microstructured surface.
The layer did not inhibit new bone formation, and the ablated de-
fect was repaired uneventfully. Although the thickness of the
layer gradually decreased, it generally remained in the cortical
bone through the observation period. Electrosurgery produced
a large area of thermal necrosis without ablation, and the dam-
aged area was not replaced with new bone.

Conclusions: Unlike electrosurgery, Er:YAG laser irradiation
without water coolant easily ablated bone tissue, and thermal al-
teration in the treated surface was minimal. The superficially af-
fected layer did not interfere with the ensuing bone healing,
resulting in favorable repair of the defect. J Periodontol 2009;
80:82-92.
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Lasers are commonly used for oral
soft tissue procedures because of
their easy tissue ablation and

strong bactericidal and hemostatic ef-
fects. Neodymium-doped:yttrium, alu-
minum, and garnet (Nd:YAG), carbon
dioxide (CO2), and diode lasers are the
most common choices for soft tissue
management.1 However, these lasers
have the potential to produce thermal
damage to the underlying bone, partic-
ularly when applied to areas with thin
soft tissues.2,3 In addition, delayed
bone healing has been reported after
osteotomy using these lasers.4,5 Such
delays are most commonly due to the
thermal side effects produced by lasers,
e.g., the carbonized/charred layer with
necrosis on the treated bone surface that
is caused by strong heat effects during
irradiation.5,6

Electrosurgery is another generally
accepted method of soft tissue manage-
ment in periodontal surgery because of
its easy tissue incision accompanied by
strong hemostatic effects.7 Electrosur-
gery can achieve good results when cer-
tain variables, such as waveform, power,
speed of instrument movement, and
depth of tissue coagulation, are properly
selected and controlled. However, the
effects of electrosurgery seem to be rela-
tively intense, and it is difficult to limit the
thermal effects to the immediate surgical
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site. Direct contact of the electrode with the root sur-
face frequently causes severe pain in the dental pulp
when local anesthesia is insufficient. In addition, the
major concern when using electrosurgery is the po-
tential risk for damage to the root surface8 or underly-
ing osseous structures, such as the periosteum and
alveolar bone, by direct contact with the electrode
during gingival tissue management; this can lead to
necrosis and sequestration of bone tissue that results
in delayed wound healing.9-11 However, to the best
of our knowledge, detailed investigations into histo-
logic alteration and wound healing of bone tissue after
electrode contact have not been reported.

Erbium-doped:YAG (Er:YAG) lasers are increas-
ingly being accepted in the field of dentistry. The
2.94-mm wavelength of this laser coincides with a
large absorption band for water;12 therefore, this laser
is able to effectively ablate soft and hard tissues with
fewer thermal side effects to the surrounding tissues
compared to other hard lasers.13,14 The successful
application of the Er:YAG laser in caries treat-
ment15-18 led to its clinical application in periodontics.
This laser is considered one of the most promising
ones in periodontal therapy13,14 because of its favor-
able performance in periodontal soft tissue proce-
dures,19-21 as well as hard tissue treatments, such as
root surface preparation,22-27 osseous surgery,28-33

and osseous defect debridement.34-38

During soft tissue procedures, the Er:YAG laser is
occasionally used without water coolant to enhance
laser performance and tissue hemostasis. However,
laser irradiation without water cooling presents a risk
for thermal injury to the underlying bone tissue during
soft tissue surgery. Therefore, to ensure the clinical
safety of Er:YAG laser during periodontal soft tissue
procedures, a thorough analysis of the actual maxi-
mal thermal damage produced to bone tissue in a clin-
ical situation should be performed.

The purpose of this study was to investigate alter-
ations in bone tissue after Er:YAG laser irradiation
without water coolant, via scanning electron micros-
copy and histology, and to examine subsequent
wound healing over a long-term period compared to
electrosurgery, which is a conventional technique
for soft tissue procedures using a thermal effect.

MATERIALS AND METHODS

Animals and Experimental Procedures
The protocol design and animal experiment proce-
dures were approved by the ethics committee of the
Animal Research Center of Tokyo Medical and Dental
University. Thirty 10-week-old, male Wistar rats were
used in this study. After general anesthesia and skin
incision, the calvarial bone was exposed, and the peri-
osteum was gently detached.31 Calvarial bone was
exposed to Er:YAG laser irradiation under two sets

of conditions or electrode contact (Fig. 1A). A pulsed
Er:YAG laser18i¶ was used, and laser irradiation was
applied vertically in a straight line perpendicular to
the parietal bone using a straight contact tip (Fig.
1B) at an energy output of 115 mJ/pulse (panel set-
ting: 150 mJ/pulse) and 10 Hz. Contact focused irra-
diation (energy density: 40.7 J/cm2/pulse) was
performed while moving the handpiece manually with
a speed of ;1 cm per 3 seconds in a position vertical
to the bone surface. Non-contact defocused irradia-
tion (;6.6 J/cm2/pulse) was performed in the same
way, keeping the tip end 5 mm from the bone surface
using a guiding gauge. Energy output was selected
based on our previous studies30,31 and pilot experi-
ments. Electrode contact was performed on the fron-
tal bone in a similar manner as described for laser
irradiation. An electrosurgical device# with a fre-
quency of 1.2 MHz and a maximal power of 40 W
was used. The bone surface was exposed to elec-
trode contact (Fig. 1C) at an intensity setting of 5
(range, 0 to 9) in the electrocurrency mode of cutting,
which is suitable for soft tissue incision. The time of
instrumentation was ;3 seconds in all three treatment
groups. Each rat received these three treatments.

Immediately after treatment, six of 30 rats were
sacrificed. Surface changes of the bone were analyzed
by scanning electron microscope (SEM) and histo-
logic examination using three rats each. For the other
24 rats, the periosteum and the skin were replaced
and sutured after treatment. The healing process
was observed histologically at 1 and 3 days; 1 and 2
weeks; 1, 3, and 6 months; and 1 year after surgery.
Three rats were sacrificed for each observation period,
and bone samples were prepared.

Scanning Electron Microscopy
Three bone specimens were fixed, dehydrated, and
critical-point dried in liquid CO2. Then specimens
were mounted, sputter-coated with gold, and ob-
served with the SEM.** A secondary electron image
was obtained at an accelerating voltage of 20 kV
and a tilt angle of 50!.31

Histologic Examination and Histometric Analysis
Following fixation, the 27 specimens were decalcified
with Plank-Rychlo’s solution and cut in the center in
the left-to-right direction; the left half was used for his-
tologic analysis, avoiding the median suture between
the parietal bones. After dehydration, the specimens
were embedded in paraffin, and serial sections were
cut in the nose-to-neck direction; specimens were
stained with hematoxylin and eosin and subjected
to light microscopy. Photomicrographs were taken,

i Model ML22, Erwin, HOYA Photonics, Tokyo, Japan.
¶ J. Morita Manufacturing, Kyoto, Japan.
# Operer DS-M, J. Morita Manufacturing.
** Model T-20, JEOL, Tokyo, Japan.
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and histomorphometric analyses were performed by a
trained examiner, who was masked to the specific ex-
perimental conditions, using computerized image sys-
tem software.†† Five histologic sections, at ;600-mm
intervals from the center, were selected by the ex-
aminer for the evaluation, for immediately after, 2
weeks; 1, 3, and 6 months; and 1 year post-surgery,
and the following characteristics were evaluated.
Ratio of new bone formation within ablated defect of
contact irradiation site. Areas of the original bone
defect and newly formed bone were measured for
each of five sections. The area of new bone was con-
verted to a percentage relative to the area of each
original defect. The average of five original values
obtained from five sections was calculated and de-
nominated as a representative value for each rat of
each observation period. Next, three representative
values from three rats were averaged and denomi-
nated as a representative value for each observation
period.

Thickness of affected layer at contact and non-
contact irradiation sites and width of affected area
at non-contact site. The thickness of the affected
layer was determined based on the extent of hematox-
ylin staining. Measurement was performed at three
different points on the treated surface with equal inter-
vals in the contact and the non-contact irradiation site
for each section. The average of the three data points
was used as a representative value for each of five sec-
tions. The representative value for each observation
period was determined in the same way as the calcu-
lation of ratio of new bone. The width of the affected
area following non-contact irradiation was also mea-

sured for each histologic section, and
the representative value was calculated
in a similar manner.

Area of affected region and area of
tissue defect at electrode contact site.
The entire affected area, as determined
by the extent of hematoxylin staining,
including the defect area and the area
of tissue defect within the stained re-
gion, was measured for each of five sec-
tions. The representative value for each
observation period was calculated in the
same manner as for the area of the af-
fected region and the area of each de-
fect.

Statistical Analysis
The differences in new bone formation
at the contact irradiation site, the width
of the affected area at the non-contact
irradiation site, and the areas of the
affected region and the defect at the
electrocauterization site among the ob-

servation periods were subjected to one-way facto-
rial analysis of variance (ANOVA) followed by the
Dunnett post hoc test for multiple comparisons. Dif-
ferences in the thickness of the affected layer between
contact and non-contact irradiation for each observa-
tion period were analyzed by the unpaired t test, and
P <0.05 was considered statistically significant.

RESULTS

Macroscopic Observation
Contact focused Er:YAG laser irradiation without wa-
ter coolant easily ablated bone tissue without produc-
ing major carbonization and coagulation. The treated
site showed a whitish, groove-like appearance with
occasional bleeding, whereas non-contact defocused
irradiation produced a wide zone of white and yellow-
ish surface alteration with minimal tissue removal and
no bleeding. Electrode contact produced a white band
of coagulation on the bone surface without removing
any tissue or producing bleeding (Fig. 2).

SEM Observation
At theEr:YAGlaser contact irradiationsite, a sequential
crater formation was observed, resulting in a groove-
like appearance with a clear border (Fig. 3A). At high
magnification, the lased surface showed a scale-like
or flaky microstructure, without evidence of melting
(Fig. 3B). At the border of the ablation groove, thermal
changes were represented by ;10- to 20-mm-wide
zone that was dark in color (Figs. 3C and 3D).

At the non-contact site, the irradiated area became
wider and shallower, with a smoother surface texture

Figure 1.
Experimental design and contact tips. A) Schematic location of treated sites on rat calvaria.
Contact (CL) and non-contact (NL) Er:YAG laser irradiation was performed in a straight line
on the parietal bone keeping the contact handpiece vertical. Electrode contact (E) was
performed on the frontal bone in a similar manner. B) Straight Er:YAG laser contact tip
with a 600-mm diameter and 80% transmission rate, made of quartz glass, mounted on
a handpiece. C) Single-pointed electrode probe with a tip diameter of 400 mm.

†† Image-Pro Plus, version 3.0.1, Media Cybernetics, Silver Spring, MD.
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than observed at the contact site. The border between
the irradiated and the non-irradiated area was clear,
but a dark-colored zone with a width of 65 to 125
mm was observed, which was wider than that after
contact irradiation (Fig. 3E). At high magnification,
a microirregular structure, similar to that after contact
irradiation, was observed on the surface (Fig. 3F).

At the electrode contact site, changes on the trea-
ted surface were seen as a dark band without any tis-
sue ablation (Figs. 3G and 3H).

Histologic Examination
Contact Er:YAG laser irradiation. The contact irradi-
ation site exhibited a dome-shaped defect that was
514.5 – 52.9 mm wide and 173.2 – 32.4 mm deep
(n = 3 rats) (Fig. 4). An affected layer of ;10-mm
thickness, which was thermally denatured and deeply
stained by hematoxylin, was observed on the ablated
surface. No major thermal changes were noted
around the ablation defect.

At day 1 post-surgery, the bone defect was filled
with exudate composed of hemorrhage and fibrin.
At day 3, hemorrhage had increased markedly, and

accumulation of numerous erythrocytes and newly
formed small vessels were observed in the defect.
At 1 week, granulation tissue formation with less hem-
orrhage was observed in the defect. A small amount of
new woven bone was observed in a limited number of
sections. After 2 weeks, the defect was increasingly
filled with new bone, although detachment between
the laser-treated surface and new bone was observed.
After 1 month, the newly formed bone tissue within the
defect was connected to the new bone formed on the
original bone surface. The affected layer was still pres-
ent, but it was discontinuous. By 3 months, the defect
was almost completely repaired by new bone. Some
sections revealed the presence of numerous osteo-
cytes and blood vessels in the defect, representing a
high activity of bone remodeling within the defect.
At 6 months, the newly formed bone tissue still pre-
sented an active appearance. The affected layer
was still observed after 1 year.

Non-contact Er:YAG laser irradiation. The lased
area showed only a slightly concave or nearly flat sur-
face that was1,456.7 – 157.5 mm wide and58.6 – 21.9
mm deep (n = 3 rats) (Fig. 5A). No obvious heat
changes were detected under the irradiated surface,
except for the thin affected layer with a thickness
;15 mm. At day 1 post-surgery, some hemorrhage
wasobservedbetweentheperiosteumandtheaffected
layer. At day 3, increased bleeding was noted in the
periosteum. Bleeding had decreased after 1 and 2
weeks,andadiscontinuousappearanceof theaffected
layer was occasionally observed. At 3 and 6 months,
discontinuous sites in the affected layer were observed
more frequently, with new bone formation over the ir-
radiated area, depending on rat growth. After 1 year, a
large part of the affected layer remained, and it was
embedded between the old and newly formed bone.

Electrode contact. Electrode contact produced a
large hematoxylin-stained region with a semicircular
shapeand lacking tissueablation (Fig.5B).Thestained
region was 408.9 – 47.2 mm wide and 164.7 – 23.4 mm
deep (n = 3 rats). Immediately after treatment, most of
the tissue in the stained area was lost, resulting in a
large defect hole. The defect was actually an artifact
that resulted from the loss of severely damaged
bone tissue during the decalcification process of his-
tologic preparation. At day 1 post-surgery, some
hemorrhage was observed between the periosteum
and the stained region. After 1 week, bleeding was re-
duced. After 2 weeks, slight bleeding remained in the
periosteum. After 1 month, the defect hole in the
stained region tended to diminish. After 3 months,
the defect hole in the region became markedly
smaller, and the area of the stained region tended to
decrease. New bone formation was observed over
the stained region, and the region was embedded in
the bone tissue. After 6 months, the defect hole in

Figure 2.
Macroscopic view of representative treated bone surface immediately
after Er:YAG laser irradiation or electrode contact. Contact focused
Er:YAG laser irradiation (CL) without water coolant ablated bone
tissue substantially without producing major thermal damage, such as
carbonization and coagulation, and the treated site showed a
groove-like appearance with a whitish color and occasional bleeding.
Non-contact defocused irradiation (NL) produced a wide zone of white
and yellowish surface alterations with minimal tissue removal and no
bleeding. Electrode contact (E) easily produced a white band of
coagulation on the bone surface, due to strong thermal effects,
without removing any tissue or causing bleeding. F = frontal bone,
P = parietal bone. Bar = 2 mm.
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the region became minimal, al-
though the stained area remained
evident. After 1 year, the hole in
the stained region was no longer
evident, but the large stained re-
gion was generally still noted.

Histometric Examination
The thickness of the affected layer
at the contact (Fig. 6A) and non-
contact irradiation sites (Fig. 6B)
is shown in Figure 6C. At 0 days;
2 weeks; 1, 3, and 6 months; and
1 year, respectively, the thickness
was 9.5 – 0.7; 10.2 – 0.5; 10.5 –
0.7, 7.5 – 0.2, 9.1 – 0.6; and
6.9 – 1.2 mm for the contact site
and 15.0 – 0.4; 16.2 – 1.1; 14.4 –
4.5, 12.1 – 0.4, 11.7 – 1.3; and
6.5 – 1.3 mm for the non-contact
site (n = 3 rats). There was a
statistically significant difference
between the contact and non-
contact modes immediately after,
at 2 weeks, and at 3 and 6 months
after surgery (P <0.05). Over time,
the thickness of the affected layer
showed a significant change for
each irradiation mode (P =
0.0002 for contact and P =
0.0012 for non-contact; ANOVA).
The thickness decreased signifi-
cantly from immediately after to 3
or 12 months after surgery for con-
tact irradiation and from immedi-
ately after to 12 months after
surgery for non-contact irradiation
(P <0.05).

Figure 7A shows the width of
the affected area at the non-con-
tact site. The width was 1.46 –
0.07; 1.35 – 0.07; 1.51 – 0.09,
1.28 – 0.09, 1.63 – 0.07; and
1.35 – 0.05 mm (n = 3 rats) at 0
days; 2 weeks; 1, 3, and 6 months;
and1year, respectively.Thewidth
had not decreased significantly at
1 year. With regard to new bone
area at the contact irradiation site,
Figure 7B shows the ratio (% area)
of new bone formation. The ratio
was 0%; 60.9% – 24.0%; 71.7% –
20.5%, 77.7% – 15.9%, 79.0% –
19.6%; and 79.1% – 16.0% (n =
3 rats) at 0 days; 2 weeks; 1, 3,
and 6 months; and 1 year after

Figure 3.
Scanning electron micrographs of the treated bone surface. Bone surface following Er:YAG laser
contact irradiation without water coolant at low magnification shows sequential crater formation
resulting in a groove-like appearance with a clear border. A) The width of the groove was ;500 to
650 mm. At the marginal area of the ablation groove following Er:YAG laser contact irradiation at
low magnification (C) and high magnification (D), a very narrow thermal alteration zone was
observed as a dark colored zone of ;10 to 20 mm in width. At low magnification, the bone
surface following non-contact irradiation without water coolant showed a wider (1,200 to
1,500 mm in width) and shallower ablation area (E) compared to that after contact irradiation.
G) After electrocauterization, changes on the treated surface were seen as a dark band with a
width of ;250 to 450 mm that was due to thermal alteration without tissue ablation. At high
magnification, the contact (B) and the non-contact irradiation (F) surfaces showed a scale-like
or flaky microstructure without major thermal damage, such as melting, whereas the electrode
contact site (H) exhibited no structural changes. (Original magnification: A, E, and G, ·50; B, C, F,
and H; ·350; D, ·1,000; bar: A, E, and G, 250 mm; B, F, and H, 50 mm; C, 100 mm; D, 25 mm.)
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surgery, respectively. The ratio of
new bone increased significantly
with time after surgery (P
<0.0006) and reached a plateau
after 3 months. Figure 7C shows
the entire affected area at the elec-
trode contact site. The affected
area was 4.75 – 0.90; 3.87 –
1.98; 2.91 – 1.47, 3.38 – 1.13,
3.52 – 2.04; and 2.83 – 1.65
mm2 (n =3rats)at0days;2weeks;
1, 3, and 6 months; and 1 year, re-
spectively. Although the mean
area tended to decrease with time,
there was no statistically signifi-
cant difference among the obser-
vation periods. Figure 7D shows
the area of tissue defect, which
was 3.93 – 0.81; 1.32 – 0.42;
0.97 – 0.20, 0.33 – 0.08, 0.18 –
0.06; and 0.13 – 0.09 mm2 (n = 3
rats) at 0 days; 2 weeks; 1, 3, and
6months;and1year, respectively.
The defect area exhibited a statis-
tically significant decrease with
time after surgery (P <0.0001).

DISCUSSION

Periodontal treatments using an
Er:YAG laser are increasingly com-
mon because of its several advan-
tageous properties for soft and
hard tissue surgeries.14,18,20,22,26,27

However, these new applications of
the Er:YAG laser have led to a need
for a thorough and precise under-
standing of the potential damage
that laser irradiation might cause
in oral tissues. Particularly in peri-
odontics, the potential risk of this la-
ser to the underlying alveolar bone
tissue during periodontal soft tissue
applications14,19-21 should be pre-
cisely understood.

Several studies29-31 also report-
ed that the application of Er:YAG
laser with water irrigation resulted

Figure 4.
Representative photomicrographs of histologic sections of contact irradiation site. Contact Er:YAG laser irradiation without water cooling ablated bone
tissue effectively without major thermal damage. The irradiation site presented a dome-shaped defect with a thin affected layer having ;10-mm
thickness on the surface, which was deeply stained by hematoxylin. The affected layer did not inhibit new bone formation, and the bone defect
was gradually repaired by new bone. Within 3 months, the defect was filled almost completely with new bone. A discontinuous appearance of the
affected layer was occasionally observed, but the layer generally remained after 1 year and was embedded in the bone tissue. The detachment of newly
formed bone from the lased surface was an artifact resulting from histologic preparation. 0D = 0 days; 1D = 1 day; 3D = 3 days; 1W = 1 week;
2W = 2 weeks; 1M = 1 month; 3M = 3 months; 1Y = 1 year. (Hematoxylin and eosin; original magnification ·100; bar = 200 mm.)
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in excellent outcomes for bone ablation, followed by
favorable wound healing. The clinical application of
this laser to osseous surgery32 and other osseous pro-
cedures treating bone surfaces, such as diseased
granulation tissue ablation within a bone defect during
periodontal surgery14,35-37 or peri-implant sur-
gery,38,39 has been investigated. For direct and indi-
rect osseous procedures, water cooling has been
advocated as indispensable in minimizing the thermal
effects of Er:YAG laser irradiation.25,29,40 However, in
clinical situations, inadequate water irrigation may
occur during irradiation, and irradiation without water
cooling may have deleterious effects on bone tissue.
Thus, it needs to be clarified whether accidental Er:

YAG laser irradiation
without water coolant
is hazardous to bone
tissue.

In the present study,
non-contact irradiation
without water coolant
produced slight tissue
removal with the for-
mation of a thin af-
fected layer without
producing severe ther-
mal damage. The con-
tact irradiation caused
substantial removal of
bone tissue, resulting
in a deep bone defect.
Despite the increased
energy density (flu-
ence) associated with
contact focused irradia-
tion, the degree of ther-
mal alteration of the
treated bone surface
was lower compared to
non-contact irradiation,
as confirmed by histo-
logic examination. This
might have been be-
cause larger amounts
of weak energy re-
mained on the bone tis-
sue with non-contact
irradiation, without be-
ing consumed during
bone ablation.

With regard to
changeson thebonesur-
face, previous histologic
examinations28-30,41-46

revealed a similar super-
ficial, deeply stained

layer on the lased bone surface with a thickness ranging
from 4 to 15 mm following Er:YAG laser osteotomy at 5
to 141.5 J/cm2/pulse and 2 or 5 Hz without water cool-
ing. Compared to these studies, the present study
showed a comparable thickness of 10 or 15 mm after
irradiation in contact or non-contact mode. In studies
using almost the same irradiation conditions with wa-
ter spray cooling, Sasaki et al.30 and Pourzarandian
et al.29 reported that after contact irradiation, the
thickness of the affected layer was ;20 mm in non-
decalcified specimens. The lower value of 10 mm ob-
served in the present study may be due to differences
in specimen preparation, i.e., decalcified or non-
decalcified; however, the present results revealed that

Figure 5.
Representative photomicrographs of histologic sections of the non-contact irradiation site (A) and electrode contact
site (B). Non-contact irradiation minimally ablated bone tissue and the lased area showed a slightly concave
or nearly flat surface with a thin affected layer. A discontinuous appearance of the affected layer was occasionally
observed, and the thickness of the stained layer decreased significantly; however, at 1 year after surgery, a large
part of the affected layer remained and was embedded in the bone tissue. Electrocauterization produced a large
hematoxylin-stained region with a semicircular shape and lacking tissue ablation. The large defect within the
affected area was an artifact resulting from the loss of severely damaged bone tissue during the decalcification
process of histologic sample preparation. The defect in the stained region tended to become smaller with time.
After 1 year, the defect was no longer evident. However, the large stained region was still generally noted, although
the area of staining was markedly reduced. 0D = 0 days; 2W = 2 weeks; 1M = 1 month; 3M = 3 months;
1Y = 1 year. (Hematoxylin and eosin; original magnification: A, ·40; B, ·100; bar = 200 mm.)
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even with contact focused irradiation with no water
cooling, laser irradiation did not produce major thermal
changes in the bone. SEM analysis confirmed the min-
imal thermal effect of Er:YAG laser irradiation without
water coolant. No severe damage, such as melting
and carbonization, which are common findings with
Nd:YAG, CO2, and diode lasers,5,6,9,47 was observed.
Conversely, Schwarz et al.48 reported no signs of ther-
mal damage on the bone tissue following Er:YAG laser
application for implant bed preparation in an animal
study. The difference in thermal damage between that
study and the present study might be mainly due to
the difference in the use or non-use of water spray

and partly due to differences in the
other various experimental condi-
tions, such as the kind of bone tissue
(cancellous or cortical bone) and
the direction of irradiation (parallel
or vertical) to the remaining bone
surface. In addition, in that study,
the possibility that the loss of a
slightly affected layer, which had
existed immediately after irradia-
tion, occurred as a result of the in-
sertion of final diameter drills and
fixture, should be considered.

The healing of bone defects pro-
duced by contact irradiation with-
out water cooling progressed
uneventfully, resulting in the repair
of almost the entire bone defect by
new bone formation. Some stud-
ies41-46,49,50 examined the healing
process in the short-term after os-
teotomy using the Er:YAG laser.
Nelson et al.43 reported that there
was a delay in healing after Er:YAG
laser osteotomy compared to
saw osteotomy, whereas Buchelt
et al.49 reported that Er:YAG laser
osteotomy showed less callus for-
mation than saw osteotomy at 4
weeks. However, Lewandrowski
et al.41 reported that the healing
rate following Er:YAG laser irradia-
tion may be equivalent or faster
than that following bur drilling. In
addition, Pourzarandian et al.29 re-
ported that Er:YAG laser osteot-
omy using water spray may be
advantageous for initial bone heal-
ing and that the laser-treated site
exhibited faster new bone forma-
tion than the bur-treated site. Thus,
the evaluation of bone tissue heal-
ing after Er:YAG laser irradiation

has not reached a consensus because of differences
in experimental design and irradiation conditions.
However, the results of the present study showed that
Er:YAG laser bone ablation did not affect the ensuing
bone-healing process.

One major shortcoming of Er:YAG laser treatment is
the production of the thin affected layer on the lased
surface. el Montaser et al.50 described it as an amor-
phous, mineral-rich layer surrounding the Er:YAG
lased bone defect. Sasaki et al.25,30,31 reported that
the affected layer after Er:YAG laser irradiation with
water coolant was basically non-toxic, although it
showed structural alterations and minor compositional

Figure 6.
Comparison of the affected layer on the bone surface following Er:YAG laser contact and
non-contact irradiation. Representative photomicrographs of histologic sections of contact (A) and
non-contact irradiation (B) sites at high magnification. Less thermal alteration of the treated bone
surface was seen following contact irradiation than following non-contact irradiation. The thickness
of the affected layer, which was deeply stained with hematoxylin, was ;10 mm for the contact
irradiation site and 15 mm for the non-contact irradiation site. C) Histometric analysis of the
affected layer following Er:YAG laser contact and non-contact irradiation. The affected layer
produced by contact irradiation was significantly thinner than that produced by non-contact
irradiation at 0 days, 2 weeks, and 3 and 6 months (P <0.05; unpaired t test). Over time, the
thickness showed a statistically significant change for each irradiation mode (P = 0.0002 for
contact and P = 0.0012 for non-contact; one-way ANOVA), and the thickness was significantly
lower at 1 year compared to 0 days for contact and non-contact irradiation (Dunnett post hoc test).
*Statistically significant difference (P <0.05). 0D = 0 days; 2W = 2 weeks; 1M = 1 month;
3M = 3 months; 6M = 6 months; 1Y = 1 year. (Hematoxylin and eosin; original magnification
·400; bar = 100 mm.)
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changes withamajor lossoforganic componentsand a
slight loss of inorganic components. Even in the case of
irradiation without water coolant, the production of
toxic substances, such as cyanate and cyanamide,
was reported to be very low compared to the CO2

laser.25 Therefore, the affected layer produced by
Er:YAG laser irradiation is believed to be harmless with
regard to bone healing. In the present study, the af-
fected layer did not inhibit cell migration and prolifera-
tion or granulation tissue formation in the bone defect.

The direct deposition of new bone
on the lased surface was generally
observed, resulting in a favorable
repair of the defect by new bone fill-
ing. However, detachment of new
bone tissue from the affected layer
was observed. In addition, after this
layer was embedded in the cortical
bone tissue, which does not show
active bone remodeling, the layer
generally remained in the tissue, al-
though the thickness of the stained
layer decreased significantly.

Conversely, electrode contact
produced a wide range of thermal
damage, i.e., electrocauterization,
and this region generally was not
replaced by new bone. The dark re-
gion observed on SEM analysis
and the stained region observed
on histologic analysis may have
been necrotic tissue resulting from
the thermal alteration of organic
components. On histologic analy-
sis, an oval-shaped defect of vary-
ing size was generally observed
within the deeply stained region.
It is believed that these defects
are artifacts produced during the
preparation of histologic sections.
The decalcification procedure
caused the loss of the severely
damaged bone structure in which
thermal coagulation and structural
degradation of organic compo-
nents occurred. The stained area
remained in the bone tissue
through the observation period of
this study, although the size of the
defect and the area of staining in
the affected lesion gradually de-
creased, and no defect was ob-
served in the stained region at
1 year post-surgery. The reduction
of the defect area seemed to be
partially due to the in vivo recovery

of the composition and structural strength of the af-
fected and denatured bone tissue during the long-
term observation period.

CONCLUSIONS

In the present study, we used rat cortical bone to
investigate the basic effect of the Er:YAG laser. Con-
sidering the differences in the structure and metabo-
lism between rat cortical bone and human alveolar
bone, the results cannot be directly transferred to

Figure 7.
Histometric analyses of changes on the bone surface following laser irradiation and electrode
contact. A) Width of the affected area at the Er:YAG laser non-contact irradiation site. The width
showed no significant decrease at 12 months compared 0 days. B) Ratio (% area) of newly
formed bone within the ablated defect in the histologic section after Er:YAG laser contact irradiation.
The new bone formation increased significantly and reached a plateau after 3 months (P <0.0006;
one-way ANOVA). C) The entire area of the deeply stained region, including the defect area at the
electrocauterization site. The stained area tended to decrease with time, but no statistically
significant differences were noted. D) Area of the defect within the stained region at the electrode
contact site, which is an artifact produced during specimen preparation. The defect area decreased
significantly with time (P <0.0001, one-way ANOVA). *Statistically significant difference (P <0.05;
Dunnett post hoc test). 0D = 0 days; 2W = 2 weeks; 1M = 1 month; 3M = 3 months;
6M = 6 months; 1Y = 1 year.
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the influence on alveolar bone tissue in clinical
situations because alveolar bone is composed of cor-
tical and cancellous bones. The results of this study
provide limited, but important, basic knowledge
about the effect of the Er:YAG laser without water
cooling on cortical bone tissue; however, further
studies should be performed using larger animals
to clarify the more precise effects on cancellous bone
as well.

Our results showed that, unlike electrosurgery,
which produces a large area of thermal necrosis of
bone without ablation, the thermal alteration of bone
tissue produced by Er:YAG laser irradiation without
water coolant was minimal, causing virtually no severe
thermal damage to the surrounding tissue. Er:YAG
laser treatment did not interfere with the en-
suing bone-healing process, although the affected
layer on the lased surface remained in the cortical
bone 1 year after irradiation. Based on these findings
relating to the clinical use of the Er:YAG laser without
water coolant, accidental irradiation of bone tissue
during gingival or osseous surgery would not cause
severe problems, such as necrosis of bone tissue, or
delay wound healing.
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