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Abstract The erbium-doped yttrium aluminum garnet
(Er:-YAGQG) laser is currently used for periodontal soft tissue
management with favorable outcomes. However, the process
of wound healing after Er:YAG laser (ErL) treatment has not
been fully elucidated yet. The aim of this study was to inves-
tigate the gingival tissue healing after ErL ablation in compar-
ison with that after electrosurgery (EIS). Gingival defects were
created in 28 rats by ablation with ErL irradiation or EIS. The
chronological changes in wound healing were evaluated using
histological, histometrical, and immunohistochemical analy-
ses. The ErL-ablated gingival tissue revealed much less ther-
mal damage, compared to the EIS. In the EIS sites, the post-
operative tissue destruction continued due to thermal damage,
while in the ErL sites, tissue degradation was limited and the
defects were re-epithelialized early. Heat shock protein (Hsp)
72/73 expression was detected abundantly remote from the
wound in the EIS, whereas it was slightly observed in close
proximity to the wound in the ErL sites. Hsp47 expression
was observed in the entire connective tissue early in the
wound healing and was found limited in the wound area later.
This phenomenon proceeded faster in the ErL sites than in the
EIS sites. Expression of proliferating cell nuclear antigen
(PCNA) persisted in the epithelial tissue for a longer period
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in the EIS than that in the ErL. The ErL results in faster and
more favorable gingival wound healing compared to the EIS,
suggesting that the ErL is a safe and suitable tool for peri-
odontal soft tissue management.

Keywords Er:YAG laser - Electrosurgery - Wound healing -
Histology - Heat shock protein - Proliferating cell nuclear
antigen

Introduction

Lasers have been applied for periodontal tissue management
such as soft tissue surgery, periodontal pocket treatment, and
osseous surgery [1-5]. Unlike conventional periodontal treat-
ment, laser treatment has outstanding features such as easy tissue
ablation, strong bactericidal effect, and potential biostimulation
in the treated sites [1-6]. Currently, the erbium-doped yttrium
aluminum garet (Er:YAG) laser (ErL) is considered one of the
most promising lasers in periodontal therapy because of its
favorable clinical performance with less thermal damage in
periodontal soft and hard tissue treatment [1, 2, 4, 7—11].
Moreover, ErL. delivered with a fine contact tip enables precise
and delicate irradiation, which is clinically useful for rigorous
soft tissue management, such as gingivectomy, frenectomy,
removal of melanin pigmentation and metal tattoos, and crown
lengthening, with minimal bleeding [2, 11-15].

Conventionally, electrosurgery (EIS) is also frequently used
for soft tissue management in periodontal surgery [16—18]; how-
ever, it is well known that the EIS occasionally causes severe
thermal damage, delayed wound healing, and postoperative pain
to the surrounding tissues [19-22]. In spite of the widespread
usage of ErLL and EIS, the periodontal soft tissue healing follow-
ing both treatments has not been assessed in detail.

Heat shock proteins (Hsps) are a highly conserved family
of proteins, which play a role in the recovery of cells from
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stresses and injuries as intracellular chaperons to maintain
synthesis and proper conformation of proteins and to repair
damaged proteins [23, 24]. Heat shock protein 70 (Hsp72) has
a cytoprotective function, and its expression is induced by
cellular stress, including elevated temperature. Hsp72/73 pro-
tein chaperones are involved in the refolding of denatured
peptides to prevent proteolytic degradation, which is the heat
shock response as a part of an eukaryotically conserved phe-
nomenon. Hsp47 is a collagen-binding glycoprotein that sup-
ports molecular maturation of collagens [25, 26]. The Hsp47
expression increases in accordance with the increased synthe-
sis of type I collagen and proliferation of cells [27, 28].

In this study, we examined the gingival tissue healing after
ErL gingival ablation in comparison with that after EIS. The
expression of Hsp72/73, Hsp47, and proliferating cell nuclear
antigen (PCNA) was immunohistochemically analyzed for the
assessment of thermal influence as well as functional activity
and proliferation of cells during wound healing.

Materials and methods
Animals

A total of 28, 9-week-old, male Sprague-Dawley (SD) rats
were used. All animals were kept under normal laboratory
conditions and fed with standard rat chow and water ad
libitum. The protocol of this animal experiment was approved
by the Ethical Committee of Animal Research Center of
Tokyo Medical and Dental University (no. 0120051A).

Laser and electrosurgical devices

An ErL apparatus (DElight; HOYA Photonics, Fremont, CA),
which emits irradiation at a wavelength of 2.94 um, with an
energy output of 30-350 mJ/pulse, a maximum pulse repeti-
tion rate of 30 Hz, and a pulse duration of 200 us, was
employed. Energy output was monitored using a power meter
(Field Master and detector LM-P10i; Coherent Company,
USA). An electrosurgical device (Operer DS-M, J. Morita
Mfg. Corp. Kyoto, Japan) with a frequency of 1.2 MHz and
a maximal power of 40 W was used.

Experimental procedures

The operation was performed under general anesthesia with
2 % isoflurane (Forene, Abbot Scandinavia Co., Solna,
Sweden) in room air using an anesthesia unit (Univentor
400®, Univentor, Zejtun, Malta), with a small mask covering
the nose.

Periodontal soft tissue defects were prepared on the gingiva
of the maxillary first molars by ErL or EIS device. ErL irradi-
ation was performed at an energy density of 10.4 J/cm*/pulse
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and 30 Hz using an 80° curved contact tip made of quartz glass
with a diameter of 400 um and approximately 65 % laser
transmission (Fig. S1(A), upper). The energy density and pulse
rate were within the usual settings in clinical practice. As for the
EIS, an intensity setting of 4.5 (range, 0 to 9) in the cutting
mode with a thin contact probe (25 pm in diameter) was used,
which is clinically suitable for soft tissue incision (Fig. SI(A),
lower). The operating time was approximately 20—30 s without
a significant difference in both treatments.

The area from the mesiobuccal angle to the mesiopalatal
surface groove was treated. Vertically, gingival ablation was
performed until the tip end directly contacted the alveolar
bone surface, and the bottom of tissue defect was defined
right over the alveolar crest. In the mesial site of gingiva, the
approximate defect dimensions were buccolingually 2.0 mm
in length, mesiodistally 1.5 mm in width, and vertically
1.0 mm in depth. The contact tip or probe of each device
was contacted parallel or slightly oblique to the root axis
during root surface debridement. This gingival defect model
was created to simulate periodontal soft tissue procedures
such as gingivectomy as well as gingival curettage.

Histological analysis

Animals were sacrificed under anesthesia before treatment
(nontreated control), immediately after (0 h), 6 h and 1, 3, 6,
and 10 days after irradiation (four rats at each time point), and
then, the maxillae were resected and fixed in 4 % paraformal-
dehyde in 0.1 M phosphate buffer (pH 7.4) at 4 °C for 72 h.
After decalcification in a 10 % EDTA solution for approximate-
ly 4 weeks at 4 °C, the specimens were embedded in paraffin.
Sagittal sections through the buccolingual midpoint of the
mesial root of maxillary first molar were prepared at 4 pm
thickness and stained with hematoxylin—eosin (H-E) or azan.
The histological sections were observed under a light micro-
scope (BZ-8000, Keyence, Osaka, Japan). One representative
section in the buccolingual midpoint of the root was selected for
each group and was compared. The images were captured and
measured using an image system software (BZ Analyzer
Software, Keyence). In the specimens immediately after sur-
gery (0 h), dimensions of the defects prepared by ErL and EIS
were measured. The width of the top and the bottom, the depth,
and the area of the defect were determined (Fig. S1(B)).

Immunohistochemical analysis

Deparaffinized and rehydrated sections were incubated for
20 min in 0.3 % hydrogen peroxide in phosphate-buffered
saline to inactivate endogenous peroxidase. Nonspecific pro-
tein binding was blocked by incubation for 1 h with 0.5 %
normal goat serum. Then, individual sections were incubated
with one of the following antibodies: mouse anti-Hsp72/73
monoclonal antibody (diluted 1:100; Calbiochem, Darmstadt,
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Germany), mouse anti-rat Hsp47 (diluted 1:250; StressGen,
Ann Arbor, MI) for 1 h at room temperature and PCNA
(diluted 1:100, sc-56; Santa Cruz Biotechnology, Santa
Cruz, CA) over night at 4 °C. The sections were then incu-
bated with the appropriate secondary antibodies, Histofine
Simple Stain Rat MAX PO (M) (Nichirei Co, Tokyo, Japan)
for Hsp72/73 and Hsp47 for 30 min and biotinylated anti-
mouse IgG (H + L) affinity purified (Vector Laboratories, inc.,
Burlingame, CA) for PCNA for 1 h using avidin-biotinylated
peroxidase complex method with Vectastain Elite ABC Kit
(Vector Laboratories, Inc., Burlingame, CA). Finally, color
development was performed with a diaminobenzidine solu-
tion (Sigma, St. Louis, MO) and counterstained with eosin.
The stained sections were observed under a light microscope.

Histometrical analysis

Based on the extent of red- and pink-colored area surrounding
the defect in the azan staining, the thickness of the changed layer
(thermal coagulation) in the connective tissue was measured at
randomly selected ten different points with equal intervals on the
treated surface in one representative section for each rat at 0 h.
The ten data points were averaged, and the average was
denominated as the representative value of each treatment for
each rat (n=4). The thickness of the affected layer showing the
lack of expression of Hsp72/73 or Hsp47 at 6 h was determined
in the same manner. For evaluation of the re-epithelialization of
defects, the distance from the nearest end point of epithelial tissue
to cement—enamel junction (CEJ) was measured in one repre-
sentative section for each treatment in each rat at each time point
(n=4).

Statistical analysis

The changes in parameters of the defect dimensions and widths
of the changed or affected layer on the treated connective tissues
in the ErL and EIS sites were compared by unpaired Student's ¢
test. The differences in the distance from the end of epithelial
tissue to CEJ in both sites were subjected to two-way factorial
ANOVA followed by multiple comparisons among the obser-
vation period using Dunnett's post hoc test, and the difference in
the ErLL and EIS sites was subjected to unpaired Student's # test.
p<0.05 was considered to be statistically significant.

Results

Gross pathology

The ErL ablated gingival tissue effectively without major thermal
alteration. Immediately after surgery (0 h), in the ErL sites,

marginal gingival tissue showed slight carbonization and coagu-
lation, and bleeding from the gingival defect was frequently

observed (Fig. 1(b)). In the EIS sites, marginal gingival tissue
showed moderate coagulation with no bleeding (Fig. 1(h)). At
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Fig. 1 Gross pathology of gingival tissues showing wound healing follow-
ing Er:YAG laser (ErL) irradiation (a—f) or electrosurgery (EIS) (g—1).
Immediately after surgery (0 h), marginal gingiva showed slight carboniza-
tion and coagulation with bleeding in the ErL (b), whereas moderate
coagulation with no bleeding was observed in the EIS (/). At 6 h and day
1, pseudomembrane was observed in both sites (¢, d, i, j). At day 3, in the
ErL, re-epithelialization and faster progress of healing were observed (e). In
the EIS, ulcer formation with pseudomembrane was observed at day 3 (k),
and re-epithelialization was almost completed at day 6 (data not shown). At
day 10, similar wound healing was observed in both sites (f, /)
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6 h and day 1, pseudomembrane was observed on the treated
surface in both sites (Fig. 1(c, d, i, j)). In the ErL sites, re-
epithelialization was observed at day 3, and wound healing
progressed uneventfully (Fig. 1(e)); in contrast, in the EIS sites,
ulcer formation with pseudomembrane was still observed at day
3 (Fig. 1(k)), and the re-epithelialization was delayed by day 6
(data not shown). At day 10, both ErL and EIS treat-
ments showed similar wound healing without inflamma-
tion (Fig. 1(f, 1)).

Histological analysis

In the ErL sites and EIS sites at 0 h, the widths of the top and
bottom, the depth, and area of the defect were not significantly
different, and gingival defects with almost the same dimen-
sions were prepared in both treatments (Fig. S1(C)).

At 0 h, less thermal coagulation was observed in the ErL sites
compared to the EIS sites (Fig. 2(b, i), arrowheads). At 6 h,
inflammatory cells had infiltrated around the treated area in both
sites (Fig. 2(c, j)). At day 1, faster and more mature fibrin clot
formation was observed in the ErL sites than in the EIS sites
(Fig. 2(d, k)). From 6 h to day 1, in the EIS, due to thermal
damage, the epithelial layer and connective tissue collapsed, and
debris consisting of disintegrated necrotized tissue was observed
on the top of the defect, which was covered by pseudo-
membrane (Fig. 2(j, k)). Also, only in the EIS sites, the separa-
tion between epithelial layer and connective tissue was observed
at 6 h and day 1 (Fig. 2(j, k), arrowheads). By day 3, granulation
tissue formation and re-epithelialization of the defect were near-
ly completed in the ErL sites (Fig. 2(e)), while the re-
epithelialization commenced at day 3 and was completed by
day 6 in the EIS sites (Fig. 2(1, m)). At day 10, in both sites, the
wound repair was completed, except for the immature formation
of rete pegs in the epithelial layer as well as incomplete connec-
tive tissue maturation in the EIS site.

Immunohistochemical analysis
Hsp72/73 expression

At 0 h, Hsp72/73 was not observed (data not shown) in any of
experimental tissue. At 6 h and day 1, in the ErL sites, Hsp72/

Fig. 2 Histological photomicrographs of the gingival defect following ErL p>

irradiation (a—g) or EIS (h—n). Before treatment (nontreated control (C)),
there was no inflammation in the gingiva (a, /). At 0 h, much less changed
(coagulated) layer was observed on the treated connective tissue surface of the
gingival defect in the ErL (b) than in the EIS (7) (arrowheads). At day 1, faster
and more mature fibrin clot formation was observed in the ErL (d) than in the
EIS (k). In the ErL, re-epithelialization was almost complete at day 3 (e),
while in the EIS, collapse of the epithelial (arrowheads) and connective tissue
layer progressed up to day 3 (7, &, /), and re-epithelialization was delayed and
completed by day 6 (m). Inflammation of gingiva was scarce at both sites at
day 10 (g, n), but connective tissue maturation was delayed in the EIS (n). 4B
alveolar bone, D root dentin, PL periodontal ligament. (Azan stain)
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73 was very slightly or slightly detected in the fibroblasts and
blood vessels in gingival connective tissue and periodontal
ligament and was not detected or very slightly detected in the
dental pulp (Fig. 3(a—c)) as a line concentrically adjacent to
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Fig. 3 Immunohistological photomicrographs showing Hsp72/73 expres-
sion in the gingival connective tissue, periodontal ligament, and dental pulp of
Er:YAG laser (ErL) sites (a—) and electrosurgery (EIS) sites (d—f). At 6 h, in
the ErL sites, Hsp72/73 expression (arrowheads ) was very slightly or slightly
detected in the gingival connective tissue (a, b) and periodontal ligament («,
c¢) and very slightly detected or not detected in the dental pulp (a) adjacent to

the ablation defect, while in the EIS sites, intense staining was
abundantly observed in a band-like zone in gingival connec-
tive tissue, periodontal ligament, and dental pulp (Fig. 3(d—f))
remote from the treated site, concentrically. At day 3, in both
sites, Hsp72/73 expression was very slight, and it was no
longer detected at day 6 (data not shown).

Hsp47 expression

In the control, constitutive expression of Hsp47 was detected in
the fibroblasts and blood vessels, strongly in the connective tissue
adhered to the root surface, periodontal ligament, periosteum and
sparsely in subepithelial connective tissue and epithelial tissue
(basal cells) (Fig. 4(a)). At 0 h, Hsp47 expression was reduced in
the connective tissue and periodontal ligament in both treatments
(Fig. 4(b, g)). At 6 h, the expression was recovered in the
connective and epithelial tissues and periodontal ligament (data
not shown). By day 1, the expression in the connective and
epithelial tissue was detected adjacent to the defect in the ErLL
sites (Fig. 4(c), arrowheads) and remote from the defect in the
EIS sites (Fig. 4(h), arrowheads), which was later extended to the
wound area in accordance with the progression of wound
healing. At day 3, in the ErL, Hsp47 expression was detected
more broadly and intensely in the whole connective tissue
(Fig. 4(d)), whereas the expression was limited to the connective
tissue remote from the defect in the EIS (Fig. 4(i)). At days 6 and
10, in the ErL sites, the intense expression area was reduced and

EIS

the ablation defect, while in the EIS sites, intense staining was more abun-
dantly observed in a band-like zone in these tissue remote from the treated site
concentrically (d, e, f). b, c, e, f Higher magnification of Hsp72/73 expres-
sion in fibroblasts and blood vessels in the square boxes (a, d) is shown. 4B
alveolar bone, D root dentin, P dental pulp, PL periodontal ligament. (Eosin
counterstain)

limited to the wound area (Fig. 4(e, 1)), while in the EIS sites, the
expression spread and remained in the entire connective tissue
including the wound area (Fig. 4(j, k)).

PCNA expression

After treatment, PCNA expression tended to show an analo-
gous expression as Hsp47 in the connective and epithelial
tissues. Regarding the epithelial tissue, PCNA expression
was subtle before treatment. At day 1, in both sites, PCNA
expression was strongly observed in the epithelial tissue in-
cluding the basal layer (Fig. S2a, c). Atday 6, in the ErL sites,
PCNA was scarcely detected (Fig. S2b), whereas the expres-
sion still remained in the basal layer in the EIS sites (Fig. S2d),
and in the connective tissue under the epithelium, increased
PCNA expression was observed in both treatments. At day 10,
in the EIS sites, it decreased to a level equal to that of the
nontreated control.

Histometrical analysis

Thickness of the thermally changed or affected layer
in the gingival connective tissue

The thickness of the changed layer (thermal coagulation)

indicated by a pink- and red-colored area in the gingival
connective tissue surrounding the defect was significantly
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Fig.4 Immunohistological photomicrographs showing Hsp47 expression in P>

the gingival epithelial and connective tissues and periodontal ligament of the
Er:YAG laser (ErL) sites (b—f) and in the electrosurgery (EIS) sites (g—k).
Immediately after surgery (0 h), Hsp47 expression was reduced than before
treatment (nontreated control (C)) (). Initially at 6 h, Hsp47 expression was
clearly recovered in the periodontal ligament close to the defect in both sites
(data not shown). At 6 h and day 1, Hsp47 expression was detected in the
intact connective and epithelial tissue close to the ablation defect in the ErLL
sites (¢) and remote from the defect area in the EIS sites (1) (arrowheads)
(dotted line indicates the border of connective tissue), and later, it gradually
moved to the wound healing area. At day 3, in the ErL sites (), Hsp47 was
expressed more intensely in the entire connective tissue area than in the EIS
sites (7). At day 6, in the ErL,, Hsp47-expressed area narrowed and moved into
the wound area (e), and in the EIS, the expression extended into the entire
connective tissue (7). At day 10, in the ErL, Hsp47 expression was limited to
the wound area (f), whereas in the EIS, Hsp47 was still observed in the entire
connective tissue (k). AB alveolar bone, D root dentin, PL periodontal
ligament. (Eosin counterstain)

smaller in the ErL sites (21.5+£4.6 um, n=4) (Fig. 2(b)) than
that in the EIS sites (84.9+15.7 um, n=4) (p<0.01)
(Fig. 2(1)). The thickness of the affected layer showing the
lack of Hsp72/73 expression at 6 h was significantly smaller in
the ErL sites (94.0+19.5 um, n =4) than that in the EIS sites
(505.0+106.4 um, n=4) (p <0.05) (Fig. 3(a, d)). The thick-
ness of the affected layer in the connective tissue showing the
lack of immunoreactivity to Hsp47 at 6 h was significantly
smaller in the ErL sites (131.44+24.3 um, n =4) than that in the
EIS sites (540.7£99.0 pm, n=4) (p <0.01).

Re-epithelialization process

Immediately after surgery, both treatments exhibited an equal
extent of epithelial defects. At 6 h, the distance from the nearest
end of epithelial tissue to CEJ became significantly greater than
that immediately after surgery in both sites (p <0.05), and the EIS
sites showed a larger distance than the ErL sites (Fig. 5). By day
1, in the ErL sites, onset of re-epithelialization with normal
appearance of epithelium was noted adjacent to the defect, and
re-epithelialization proceeded uneventfully; however, in the EIS
sites, due to the consecutive degradation of gingival tissue after
the procedure, the distance further increased by day 1 (p <0.01),
resulting in a significantly greater difference between both sites
(p<0.05) (Figs. 2(d, k) and 5). At day 3, in the EIS sites,
commence of re-epithelialization was observed and the distance
became smaller and continued decreasing, but the re-
epithelialization was markedly delayed (Figs. 2(e, 1) and 5). At
day 10, both sites showed minimal distance. During the obser-
vation period, the distance in the ErL sites was significantly
smaller than that in the EIS sites (p <0.05) (Fig. 5).

Discussion

Previous clinical and experimental studies have demonstrated
that EIS occasionally causes postoperative pain, delayed
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wound healing, and gingival recession [20—22]. The present
study histologically and immunohistochemically demonstrat-
ed the following advantageous properties of the ErL compared
to the EIS in periodontal soft tissue surgery.

First, the ErL exhibited much less thermal damage than the
EIS. Histologically, the thermally changed layer (coagulation)
in connective tissue was 20 pum thick immediately after ErL
ablation, which was approximately one fourth of the EIS
(approximately 85 pum thickness). This finding is comparable
to a previous report that the thickness of the changed layer in
connective tissue was 10-50 pwm after pig skin incision by ErLL
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Fig. 5 Histometrical analysis of
the distance from cement-enamel

: ErL :EIS

junction to the nearest end of T o E ]
epithelial tissue following f 1

Er:YAG laser (ErL) irradiation [ * % |
and electrosurgery (ELS). The *

distance was not significantly (mm) II % | I

different immediately after — o = = =

surgery (0 h) in both sites, but in
the EIS sites, it gradually became
longer till day 1. The distance in
the ErL sites was significantly 15

shorter than that in the EIS sites
from days 1 to 10. *p<0.05;
**p<0.01, a statistically

—_—

significant difference (a two-way 1.0
factorial ANOVA followed by
Dunnett's post hoc test and
unpaired Student's 7 test)
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[8]. Secondly, the ErL treatment did not impede wound
healing in the early stage, whereas the EIS did due to poten-
tially residual thermal damage. In the EIS sites, the breakdown
of the surrounding tissues continued postoperatively, and ep-
ithelial and connective tissues gradually degenerated, and
ulcer formation persisted till day 3. In fact, in the EIS, the
distance between the CEJ and the end of the epithelial tissue
became significantly longer over time after surgery and
reached maximal at day 1, and the onset of re-
epithelialization was delayed. Thus, less thermal damage as
well as more bleeding due to the weak thermal effect of the
ErL produced more effective fibrin clot and granulation for-
mation in the ErL sites than in the EIS sites, resulting in faster
and more favorable wound healing.

Moreover, immunohistochemical analysis using Hsp ex-
pression may explain the difference in the degree of invisible
thermal influence between the ErL and EIS. Heat shock pro-
tein 72/73 (Hsp70) is the first and the most prominent protein
found in stressed cells, which plays a significant role in
rescuing stressed cells by helping damaged proteins refold or
by participating in the synthesis of new proteins [29]. In the
present study, Hsp72/73 expression was minimal in gingival
connective tissue, periodontal ligament, and dental pulp adja-
cent to the ablated area in the ErL, whereas in the EIS, it was
more clearly detected in a zone remote from the ablation
defect. Hsp72/73 expression was reported to occur at a site
with a temperature increase of approximately 5 °C [24, 30,
31], which means that the EIS produced an excessive thermal
damage in the larger area of surrounding tissues than the ErL.
Hsp47, which serves as a reliable functional marker for the
activity of connective tissue cells due to its function as a

6h 1d 3d 6d 10d

collagen-specific molecular chaperone and its expression un-
der unstressed conditions [27, 32], was also expressed in the
connective tissues adjacent to the defect in the ErL and remote
from the defect in the EIS after surgery.

Thus, the lack of immunoreactivity to antibody against
Hsp72/73 and Hsp47 clearly indicated the presence and area
of potential thermal damage in the tissues which was invisible
as cellular alterations in the usual histological analysis and
was wider than that of the histologically visible changed layer
(thermal coagulation). This finding is consistent with the
report by Yamasaki et al. [33], which demonstrated that
Hsp72/73 expression was detected after CO, laser treatment
as a band-like zone surrounding the Hsp47-free area adjacent
to the defect. Consequently, the visible and invisible thermal
alteration of the surrounding connective tissue was much less
in the ErL treatment than that in the EIS, which suggests that
the ErL. can be used more safely for periodontal treatment.
Furthermore, the minimal thermal influence to the dental pulp
following ErL treatment might explain the less painful treat-
ment by ErL during the intra- and postoperative periods [34].
Also, although Hsp72/73 and Hsp47 expressions were ob-
served remote from the treated surface in the EIS sites, post-
operative tissue degradation did not extend to the border of
these expressions, which suggests that some parts, close to the
expression sites, in the non-immunoreactive area, remained
without collagen denaturation and worked as a structural
scaffold for cell migration during wound healing [33].

The difference in progress of wound healing between the
ErL and EIS was clarified by Hsp47 expression. As wound
healing progressed, Hsp47 expression moved from the intact
connective tissue area to the wound area. This phenomenon

@ Springer



882

Lasers Med Sci (2015) 30:875-883

was observed earlier in the ErL than in the EIS. Since the
higher expression of Hsp47 indicates ongoing wound healing,
the above immunohistochemical finding demonstrates faster
healing in the ErL sites than that of the EIS. PCNA is a cell
cycle-related nuclear protein, and the cell labeling is directly
correlated with the proliferative state of the cell [35-37]. Thus,
PCNA expression in the epithelial basal cell layer indicates the
progress of re-epithelialization [38, 39]. After surgery, PCNA
expression was detected in the epithelial tissue including
the basal cell layer in both treatments, and the expres-
sion disappeared earlier in the ErL sites than in the EIS.
This finding is in accordance with the result of the histometric
analysis demonstrating early completion of re-epithelialization
in the ErL.

Taken together, the present study demonstrated that the ErLL
ablation of gingival tissue caused minimal damage to sur-
rounding tissue and exhibited faster and favorable gingival
tissue healing compared to the EIS. These results suggest that
ErL irradiation has therapeutic benefits for patients and oper-
ators and can be considered a safe and suitable tool for
periodontal soft tissue management.
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