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Abstract

Introduction: The present study compared the effects of erbium-doped yttrium aluminium garnet
(Er:-YAG) laser and hand instrumentation on the attachment of human gingival fibroblast (HGF)
cells to periodontally involved root surfaces.

Methods: A total of 40 tooth specimens were collected and treated in four distinct groups: scaled
and root planed with hand instruments, scaled with Er:YAG laser, treated with a combination
of hand instruments and Er:YAG laser and non-treated control group. The attachment and
proliferation rate of HGF were assessed using MTT assay and scanning electron microscope
(SEM) examination was used for cell morphological evaluation.

Results: The MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5 diphenyl tetrazolium bromide) assay
showed significant decrease in HGF cell viability in both hand instruments only and combination
treated teeth specimens compared to control specimens (P<0.05), 24 hours after cell seeding.
However, at time 48, the cell viability of attached cells in these 2 treated groups was almost
similar to control. In contrast, at 24 and 48 hours after cell seeding, viability of attached cells
was higher than control in Er:YAG laser treated only specimens (P<0.05). According to SEM
study, the laser treated specimens showed more surface roughness.

Conclusion: Er:YAG laser increased attachment and proliferation of HGF cells in comparison to
the hand instruments method.
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Introduction its ability to obtain excellent tissue ablation, detoxification

Periodontitis is one of the most prevalent diseases, lead-
ing to severe loss of supporting periodontal tissues.! A
primary goal of non-surgical periodontal therapy can be
defined as thorough removal of bacterial deposits to pre-
vent disease progression.? Scaling and root planing (SRP)
are commonly used for root debridement’ and usually ac-
complished by hand instruments and ultrasonic scalers.!
Though, bacterial deposits are not always completely re-
moved by conventional mechanical instruments and the
formation of a smear layer containing bacteria, bacterial
endotoxins and diseased root cementum after mechani-
cal treatment may hinder reattachment of cells to the root
surface.” Recently, laser therapy has been proposed as an
adjunctive treatment to root surface debridement due to

and strong bactericidal effects."® Among all lasers applied
in dentistry, erbium yttrium aluminum garnet (Er:YAG)
laser has been considered as the most promising laser
for periodontal therapy. Based on many studies, Er:YAG
laser used for scaling can effectively remove subgingival
calculus without leading to any thermal alterations, such
as carbonization, melting, or cracking, which are usually
observed following carbon dioxide (CO2) and neodym-
ium-doped yttrium aluminium garnet (Nd:YAG) laser
irradiation.'"*

In the present study, the effects of Er:YAG Laser and hand
instrumentation methods on human gingival fibroblast
(HGF) cells attachment to treated root surfaces and sub-
sequently on morphology, viability and proliferation of

Please cite this article as follows: Talebi-Ardakani MR, Torshabi M, Karami E, et al. Comparison of Er:YAG laser and hand instrumentation
on the attachment of cultured human gingival fibroblasts to periodontally involved root surfaces. / Lasers Med Sci. 2017;8(Suppl 1):S51-S55.

doi:10.15171/jlms.2017.s10.


http://crossmark.crossref.org/dialog/?doi=10.15171/jlms.2017.s10&domain=pdf&date_stamp=2017-08-29
http://dx.doi.org/10.15171/jlms.2017.s10
http://journals.sbmu.ac.ir/jlms

Talebi-Ardakani et al

attached cells were compared.

Materials and Methods

Specimen Collection and Preparation

A total of 20 periodontally-involved single-rooted teeth
with no signs of caries were collected following teeth ex-
traction. The teeth were gently cleaned and then kept in
normal saline solution at room temperature. The crowns
and apical parts of the roots were cut off perpendicular
to the long axis of the teeth, and the roots were further
sectioned longitudinally in a bucco-lingual plane using
a diamond disk running at low speed with sterile water
coolant.

A total of 40 specimens were prepared and sterilized with
ethanol 70% and UV radiation (20 minutes for each side).
Then, they were washed with phosphate buffered saline
(BPS) several times. The specimens were randomly di-
vided into 4 groups: (1) 10 specimens were washed with
sterile saline solution (control group), (2) 10 specimens
were scaled and root planned with hand instruments
(Gracey Curette, Hu-Friedy Co. Ltd., Chicago, IL), (3) 10
specimens were treated with Er:YAG laser (Smart 2940D
Plus, Deka, Calenzana, Italy) with a wavelength of 2.94
um, used at 450 mJ/pulse at 10 Hz equivalent to the en-
ergy densities of 94 J/cm?® per pulse. The tip of the hand-
piece (N30202) was applied perpendicularly to the root
surface under water irrigation, and (4) final 10 specimens
were treated with both method (instrumental and laser
treatment). Irradiation for the last group was performed
immediately after scaling with an energy level of 80 for
30 seconds.

Cell Culture

The HGF cell line was obtained from the National Cell
Bank of Iran (NCBI code: C-165) (Pasteur Institute, Teh-
ran). The cells were grown in Dulbecco’s modified Eagle
medium (DMEM) complemented with 10% fetal bovine
serum (FBS) and 1% antibiotic-antimycotic (Gibco, UK)
in 5% CO, at 37°C incubator. The sterilized specimens
were placed in wells of 48-well culture plates (SPL, Korea)
and then HGF cells were seeded on them at a density of 2
x 10* cells/specimen.

MTT Assay

The MTT test was employed in this study to quantitative-
ly assess viable cell attachment and proliferation. After 24
and 48 hours incubation, the specimens were transferred
to new plates and were gently rinsed twice with sterile
PBS solution and were incubated with fresh culture medi-
um containing 10% MTT dye solution (0.5 mg/mL stock
solution) (Sigma-Aldrich, Germany) for 3 hours at 37°C.
After completing incubation, the medium of each well
was aspirated and replaced with the same volume of di-
methyl sulfoxide (DMSO) solvent and further incubated
for 30 minutes in room temperature (gentle shaking) to
dissolve purple formazan crystals. Then 100 uL of purple
solution in each well were transferred to each well of a 96-
well plate (6 repetitions), and the optical density (OD) of

each well was measured using an Elisa reader instrument
(Anthos 2020, Austria) at 570 and 620 nm wavelength.

Scanning Electron Microscopy

For qualitative evaluation of cell morphology and attach-
ment, 24 hours after cell seeding on the surface of the
tooth specimens, the considered specimens were rinsed
with PBS and then fixed in 2.5% glutaraldehyde solution
(Merck, Germany) for 24 hours at 4°C. After removal of
glutaraldehyde and several rinsing with distilled water,
1% osmium solution (TAAB, UK) was added (2 hours
incubation at room temperature). The specimens were
washed with distilled water and then dehydrated through
a graded series of ethanol (30%, 50%, 70%, 80%, 90%, and
100% for at least 15 minutes per step). Finally, gold was
sputtered on the samples before scanning electron mi-
croscopy (SEM) (KYKY-EM3200, Beijing, China).

Statistical Analysis

The quantitative experiments were repeated 2 times and
the results were presented as mean * standard devia-
tion (SD). Differences between groups were analyzed by
GraphPad Prism (V.6.01) (GraphPad software Inc., La
Jolla, USA) using one-way analysis of variance (ANOVA)
followed by a post hoc Turkey test. A P value <0.05 was
considered significant and determined by an asterisk in
the corresponding figures.

Results

Effect of Root Surface Treatments on the Viability and
Proliferation of HGF Cells

The number of metabolically viable cells attached to treat-
ed-tooth surfaces was evaluated with MTT assay after 24
(initial attachment) and 48 (proliferation) hours of cul-
ture and compared to untreated tooth surfaces (control).
As seen in Figure 1A, both scaled Gracey curette (hand
instrumentation treatment) (54.5+3.1%) and scaled Grac-
ey curette in combination with Er:YAG laser (45.6£9.5%)
treated surfaces (no significant differences between 2
different groups) exhibited a significantly lower viability
percentage of attached cells compared to control group
(viability 100%), 24 hours after cell seeding on teeth sur-
faces. Conversely, statistically significant increase in vi-
able attached cells was detected in Er:YAG laser treated
surfaces (138+25.7%) compared to control (100%) and
also compared to both scaled Gracey curette and scaled
Gracey curette in combination with Er:YAG laser treated
surfaces.

As seen in Figure 1B (48 hours after cell seeding on teeth
surfaces) the Er:YAG laser treated surfaces revealed a sig-
nificant increased cell viability (197.1+44.6%) compared
to control (100%), scaled Gracey curette (87.6+7.9%,
no significant differences compared to control) and
scaled Gracey curette in combination with Er:YAG la-
ser (109.7+24.8%, no significant differences compared
to control) treated surfaces. No statistically significant
differences in cell viability was observed between scaled
Gracey curette and scaled Gracey curette in combination
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Figure 1. The effect of scaled Gracey curette (hand instrumentation
treatment) only, scaled Gracey curette in combination with Er:YAG
laser and Er:YAG laser only treatment on viability of attached HGF
cells at 24 hours (A) and 48 hours (B) after attachment, compared to
control group (non-treated teeth surfaces, viability 100%). The time-
dependent increase in cell viability and proliferation is also indicated
(C) (*P<0.05).

with Er:YAG laser.

Furthermore, time-dependent increase (48 hours after
cell attachment on root surfaces compared to 24-hours at-
tachment) in cell viability and proliferation was observed
in all three treated groups (Figure 1C).

Effect of Root Surface Treatments on the Morphology of
HGF Attached Cells

The SEM micrographs (x260-640 magnification) of at-
tached HGF cells on treated and non-treated root sur-
faces are seen in Figure 2. The morphology of fibroblast
cells was normal in all groups. The specimens treated by
Er:YAG laser irradiation presented the most irregular
surfaces (roughness). The scaled Gracey curette treated
surfaces exhibited a rough topography with a significant
number of attached fibroblasts.

Discussion

One of the most important objectives of periodontal
treatment is connective tissue attachment on root sur-
faces previously damaged by periodontitis. The elimina-
tion of subgingival microbiota and bacterial endotoxins
from root surfaces is necessary for migration and attach-
ment of fibroblasts and it is often impossible to achieve
by mechanical instrumentation.”'>'® Several studies have
indicated that Co,, Nd:YAG and Er:YAG lasers could in-
crease the efficiency of root debridement and detoxifica-
tion.”7** CO, and Nd:YAG lasers have been effectively
applied for oral soft tissue surgical procedures,?** where-

Lasers ]
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Figure 2. Scanning electron microscopic pictures of HGF cells, 24
hours after attachment on root surfaces: control non-treated (A),
scaled Gracey curette treated (B), combination of scaled Gracey
curette and Er:YAG laser treated (C), Er:YAG laser treated (D).

as the Er:YAG laser can be used to ablate hard tissue con-
veniently and precisely.'*!7*

In this study, we examined the attachment and prolifer-
ation of HGF to root surface after Er:YAG debridement.
Er:YAG laser treatment resulted in a high surface rough-
ness which probably enhance adhesion of fibroblasts. Our
results are in agreement with the study by Bolortuya.”
Surface topography is an important factor in the adhesion
of fibroblast cells® and some previous studies reported
that fibroblasts were more likely to attach to rough-sur-
faced than to smooth-surfaced specimens.”” This surface
alteration obtained by the Er:YAG laser irradiation proba-
bly exposes chemical root substances that are highly selec-
tive for chemotaxis of fibroblasts.” Also, it seems that the
microstructure of the surface irradiated by laser would be
useful for blood clot and fibrin adhesion on the root sur-
face and result in increased initial cell and tissue attach-
ment.”* However, some studies reported that fibroblasts
favor smooth textured surfaces.”"** Furthermore, Schwarz
et al showed that periodontally infected root surfaces hin-
der the adherence of periodontal ligament (PDL) fibro-
blasts and Er:YAG laser treatment with effective elimina-
tion of subgingival calculus and infected cementum, cre-
ated a biocompatible surface for new cell reattachment.*
Similar to our results, several studies indicate more rapid
adhesion and proliferation of fibroblasts on lased surfaces
compared with mechanically instrumented surfaces.*
However, Maruyama et al demonstrated that Er:YAG la-
ser-treated surface tended to inhibit the primary attach-
ment of PDL cells.*® This dissimilarity is probably due to
differences in laser parameters and experimental design.
Increasing power and density is related to surface irregu-
larities when using different laser modalities.” Feist et al
investigated the human gingival fibroblasts adhesion and
proliferation on periodontally diseased root surfaces irra-
diated by Er:YAG laser. The surfaces treated with 100 mJ/
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pulse Er:YAG laser irradiation indicated slower adhesion 9. Aleo JJ, De Renzis FA, Farber PA, Varboncoeur AP.

and proliferation of cells than surfaces irradiated with 60 The presence and biologic activity of cementum-bound
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melted minerals and cavitation defects,”” which prevent lzlz)ozzzsgg;al periodontal therapy. Periodontol 2000.
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. . . 14. Schwarz E Putz N, Georg T, Reich E. Effect of an Er:YAG
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> ) ) ) parison. Lasers in surgery and medicine.
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