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Abstract The aim of this study was to quantitatively evaluate
the wettability of dentin after Yb:KYW thin-disk femtosec-
ond-pulsed laser ablation by measuring the contact angle.
Different laser parameters were used including different
fluences (F), scanning speeds, and scanning line spacings.
Crowns of 15 extracted human teeth were cut longitudinally
into slices approximately 1.5-mm thick with a cutting instru-
ment. The samples were randomly divided into ten groups (n
=3/group). Samples in groups 1-8 were irradiated with a
femtosecond-pulsed laser. The dentin samples were fixed on
a stage at the focal plane, and the laser beam irradiated the
samples through a galvanometric scanning system so rectan-
gular movement could be achieved. Samples in groups 9 and
10 were prepared with grinding instruments. Following abla-
tion and preparation, the samples were examined for contact
angle with an optical contact angle measuring instrument. The
results showed that scanning speed and scanning line spacing
had little influence on the wettability of dentin following
femtosecond-pulsed laser ablation, except when F=6 J/cm®.
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For six out of the eight laser ablation groups, when a lower
fluence was used, the dentin contact angle was higher and vice
versa. Most of the dentin which had been ablated using the
femtosecond-pulsed laser had improved wettability compared
to samples prepared with the grinding instruments. This study
showed that various laser fluences, scanning speeds, and
scanning line spacings can alter dentin wettability.
Therefore, adequate parameters should be chosen to achieve
proper therapeutic benefits.
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Introduction

Since the bond between tooth structure and restorative mate-
rials significantly influences the quality and longevity of
restorative treatment, this bond is a critical factor in the overall
clinical outcome for dental patients. Much work has been
done with the goal of obtaining a permanent adhesion between
the tooth and the restorative materials. Generally, three major
factors are necessary to ensure the proper formation and
permanence of an adhesive bond: (1) establishing intimate
contact between the liquid adhesive and the solid adherend,
i.e., good wetting must take place; (2) minimizing the stress
concentrated at the interface; and (3) minimizing attack on the
interface by environmental factors [1, 2]. The majority of
researchers agree that the wettability of the enamel and dentin
surface is the most important factor for enhancing the adhe-
sion of restorative materials used in dentistry [3]. There are
three major factors that influence the wetting of a solid surface
by aliquid [1]. The first factor is the surface free energy of the
solid and the liquid. This is a function of the chemical com-
position and heterogeneity of both the liquid and the solid
surfaces. For example, the formation of the smear layer after
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grinding the tooth would influence the wetting process and
would subsequently affect the bond [4]. The second factor is
the surface topography of the adherend. It is presumed that
surface rugosity and irregularities increase wettability by in-
creasing the surface area available for bonding. However,
excessive surface roughness may lead to difficulty in the flow
of the liquid adhesive and thus produce air pockets at the
interface [5]. The third factor influencing the wettability is
the viscosity of the liquid itself [6].

In recent years, the introduction of lasers into the field as a
potential tool for oral medicine has attracted much attention
[7—-14]. Some investigators have shown that dental hard tissue
could be precisely ablated with a femtosecond-pulsed laser;
with appropriate laser and scanning parameters, collateral
damage involved could be minimal [15-23]. In previous
reports, it has been indicated that femtosecond-pulsed laser
use alters the surface roughness of dental hard tissues, depend-
ing on the parameters used [24, 25]. Since surface roughness
is a major factor that influences the wetting of a solid surface
by a liquid; the purpose of this study is to evaluate the
wettability of femtosecond-ablated dental hard tissues and
provide a basis for the usage of femtosecond-pulsed lasers in
oral clinical treatments.

Materials and methods
Sample preparation

Fifteen extracted human third molars were used in this study.
The teeth were soaked in formalin solution for 2 weeks after
extraction and sectioned into crowns and roots along the
cementum-enamel junction. The crowns were then cut longi-
tudinally into 30 slices of approximately 1.5 mm in thickness
with a cutting instrument (STX202, KEJING, Shenyang,
China). Subsequently, the dentin sheets were ground with
600-, 800-, and 1200-grit sandpaper and randomly divided
into ten groups of three. The samples were then stored in
saline solution to prevent them from drying out until the
irradiation began.

Laser ablation

Irradiation was performed with a Yb:KYW diode-pumped
solid-state thin-disk femtosecond laser (JenLas D2.fs, Jena,
Germany), which produces a wavelength of 1025 nm and
pulses of less than 400 fs. This laser system generates an
output power of up to 4 W and pulse repetition rate (f) of
30-200 kHz. A pulse repetition rate of 100 kHz was used in
this study. The laser beam was focused on the sample surfaces
through a galvanometric scanning system (GO2-YAG-12-22-
D, Beijing JCZ Technology Co., Ltd., Beijing, China) with a
focus distance of 100 mm and a focal spot diameter () of
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approximately 24 um. Eight groups (G1-G8) of samples were
treated with the laser, and the parameters used are described in
Table 1.

The dental samples were fixed on a stage in the focal plane,
and parallel lines were irradiated on samples at different
fluences (F), scanning speeds (v), and scanning line spacings
(s). In this study, the scanning speed determined the pulse
overlap within a scanning line, while the scanning line spacing
determined the pulse overlap between two scanning lines. The
pulse overlaps can be described as: pulse overlap within a
scanning line=(¢—v/f)/¢ and pulse overlap between two
scanning lines=(p—s)/ . In this study, when v=2400 mm/s,
s=24 pm; similarly, when v=1200 mm/s, s=12 um. This
ensures that the pulse overlaps within and between scanning
lines are the same. Specific fluences were obtained by tuning
the output power.

Mechanical preparation

The remaining two groups (G9 and G10) were used as the
wettability control. A turbine handpiece (BORALINA, Bien-
Air, Bienne, Switzerland) was used at a speed of 310,000 rpm.
G9 samples were ground with a diamond bur (TF-12, MANI,
Japan), and G10 samples were ground with a different dia-
mond bur (FO-20EF, MANI, Japan).

Contact angle measurement

The contact angle was assessed as a function of wettability. An
optical contact angle measuring device (OCA15EC,
DataPhysics, Germany) and sessile drop technique were used.
A 1-uL drop of deionized water was placed on each slightly
dried sample surface as the base line for each condition. The
side view of the liquid drop was captured with a video camera.
Both the left and right contact angles were recorded and each
specimen was measured three times. Statistical analysis of all
data obtained was performed using SPSS 13.0 for Windows.
One-way ANOVA or Student’s ¢ test were used to evaluate the

Table 1 Laser parameters used

Group Fluence Scanning speed Scanning line
(J/em?) (mm/s) spacing (pm)

Gl 2 2400 24

G2 4 2400 24

G3 6 2400 24

G4 8 2400 24

G5 2 1200 12

G6 4 1200 12

G7 6 1200 12

G8 8 1200 12
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influence of laser fluence, scanning speed, and scanning line
spacing on dentin wettability.

Results

The influence of laser fluence, scanning speed, and scanning
line spacing on femtosecond-pulsed laser ablated dentin wet-
tability were studied quantitatively. Mean dentin contact angle
and standard deviations of each group are described in Table 2
and Fig. 1. The representative views of the liquid drop on
laser-ablated dentin and bur-ground dentin are shown in
Fig. 2.

One-way ANOVA was carried out within G1 to G4 and G5
to G8. For G1 to G4, we found that G1 was significantly
different from the other three groups (P<0.05). No significant
differences were found between the other three groups
(P>0.05). For G5 to G8, all of the groups were significantly
different from each other (P<0.05) except when comparing
G5 to G6. When comparing the femtosecond-ablated dentin
contact angle with the same fluence but different scanning
speed and scanning line spacing, the ¢ test revealed that no
significant differences existed except when F=6 J/cm?
(P<0.05).

Compared to the contact angle of dentin samples prepared
using the diamond bur, when v=2400 mm/s and s=24 um, G9
was significantly different from all femtosecond laser-ablated
groups except when F=2 J/em®. G10 was significantly differ-
ent from G4 (P<0.05). When v=1200 and s=12 pm, G9 and
G10 were significantly different from G7 and G8 (P<0.05). No
significant difference existed between G9 and G10 (P>0.05).

Discussion

In this study, human dentin was ablated with a Yb:KYW
femtosecond-pulsed laser using different parameters. The

Table 2 Mean dentin contact angle and standard deviations for each
group

Group Mean (°) Standard deviation (°)
Gl 70.47 10.27
G2 53.98 8.12
G3 55.22 12.44
G4 47.91 19.43
G5 64.23 8.44
G6 61.47 4.78
G7 39.63 1.84
G8 48.13 1.16
G9 68.16 10.36
G10 61.15 8.59
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Fig.1 Contact angle of dentin irradiated with a femtosecond-pulsed laser

Yb*"-doped potassium tungstate KY(WOy), (KYW) is of
great interest for diode-pumped solid-state lasers in recent
years. It has a smaller quantum defect and higher absorption
and emission cross sections. Furthermore, Yb:KYW has a
broad emission bandwidth, which allows for the generation
and amplification of ultrashort pulses [26]. In 2005, M. Strassl
et.al. ablated dentin with a Yb:KYW thin-disk laser; the
cavities generated in dentin showed a high quality [27].
With the high repetition rate, this kind of laser can improve
the ablation efficiency when interacting with dental hard
tissues so that the time needed for laser treatment could be
shortened. For these reasons, Yb:KYW laser has one of the
highest potentials to be one of the future dentistry treatment
tools. The wettability of dentin was analyzed quantitatively by
measuring the contact angle. Quantitative comparisons be-
tween femtosecond pulse laser-ablated dentin and bur-
ground dentin were performed.

Wettability is an important factor for enhancing the bond-
ing between the dental substrate and restorative materials [28,
29]. Contact angle measurement is considered to be a useful
indicator of interfacial tension because it has been used as a
means of characterizing the wetting of a substrate by the fluid
phase [5, 30].

In this study, we found that the parameters of femtosecond-
pulsed laser could have an influence on the wettability of
dentin. When v=2400 mm/s, dentin ablated with the
femtosecond-pulsed laser with F=2 J/cm? had a much higher
contact angle compared to dentin ablated with the
femtosecond-pulsed laser with higher fluence. We detected
the overall trend that the dentin contact angle decreased with
increasing laser fluence. The femtosecond-pulsed laser with
the lowest fluence used in this study produced the highest
contact angle, while the laser with the highest fluence pro-
duced the lowest dentin contact angle. However, there were no
significant differences found between the three other groups.
This overall trend also held true when v=1200 mm/s, except
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Fig. 2 a Contact angle of dentin
ground with an FO-20EF dia-
mond bur, contact

angle=61.29 °. b Contact angle of
dentin irradiated with a
femtosecond-pulsed laser, F=8 J/
crn2, v=2400 mm/s, s=24 um,
contact angle=48.44 °

when F=8 J/cm?. It was hypothesized that surface roughness
may improve wettability by reducing the contact angle [31];
however, while the roughest dentin surface in our previous
study [25] was obtained with ablation from the femtosecond-
pulsed laser when F=2 J/cm?, v=2400 mmy/s, and s=24 pm,
these inputs resulted in the largest contact angle in this study.
This was consistent with some scholars who have stated that
roughness has no significant influence on surface wettability
[5, 32]. When comparing the contact angle results of dentin
samples ablated with the femtosecond-pulsed laser with the
same fluence but different scanning speed and scanning line
spacing, no significant differences were found except when F'
=6 J/cm?>. We found that the scanning speed and scanning line
spacing had no significant influence on dentin wettability;
however, the pulse overlap within and between scanning lines
was set to be the same. Further research must be carried out to
evaluate how scanning speed and scanning line spacing each
influence the dentin wettability.

When compared to the wettability of diamond bur-
prepared dentin samples, most of the femtosecond-pulsed
laser-ablated dentin samples had a lower contact angle. This
may be due to the smear layer that mechanical tools produce
[33, 34]. Pashley et al. reported that the smear layer morphol-
ogy and thickness may have a more important role in influenc-
ing the wettability than surface roughness [35] as the smear
layer tends to act as a physical barrier to the diffusion of oral
fluids and restorative materials to the pulp [5, 35]. It can also
occlude the dentinal tubules, thereby reducing the dentin
permeability. Debris produced by mechanical tools deposited
in the dentinal tubule apertures will prevent fluid from flowing
outward onto the surface. The resulting excessive dryness may
interfere with bonding between hydrophilic wetting agents
and dentin. Therefore, some researchers have recommended
the removal of the smear layer to improve bonding [36]. The
most commonly used technique to accomplish removal of the
smear layer is etching [37]. Dentin ablated with a
femtosecond-pulsed laser shows a morphology in which most
dentinal tubules remain open [25], and therefore, the outward
flow of fluid to the surface could be increased, improving
dentin wettability.
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Conclusions

Fluence of a femtosecond-pulsed laser had an effect on the
wettability of ablated dentin, while scanning speed and scan-
ning line spacing had no significant effect in this study. With
the parameters used in this study, a higher fluence appeared to
produce a dentin surface with higher contact angle, and lower
fluence seemed to lead to improved dentin wettability. Most
femtosecond-pulsed laser-ablated dentin samples had im-
proved wettability compared to the samples prepared using
mechanical instruments. Adequate parameters should be cho-
sen to achieve the proper therapeutic benefits.

Acknowledgments The authors are grateful to the National Science &
Technology Pillar Program during the 12th Five-Year Plan (grant no.
2012BAI107B04) for the financial support. The authors would like to
thank the Oral and Maxillofacial Surgery Unit of the Peking University
Hospital of Stomatology for providing the human extracted teeth used in
these experiments.

References

1. Eick JD, Johnson LN, Fromer JR, Good RJ, Neumann AW (1972)
Surface topography: its influence on wetting and adhesion in a dental
adhesive system. J Dent Res 51(3):780-788

2. Aguilar-Mendoza JA, Rosales-Leal JI, Rodr I Guez-Valverde MA,
Cabrerizo-V 1 Lchez MA (2008) Effect of acid etching on dentin
wettability and roughness: self-etching primers versus phosphoric
acid. J Biomed Mater Res B Appl Biomater 84(1):277-285

3. Eick JD, Gwinnett AJ, Pashley DH, Robinson SJ (1997) Current
concepts on adhesion to dentin. Crit Rev in Oral Biol & Med 8(3):
306-335

4. Eick JD, Wilko RA, Anderson CH, Sorensen SE (1970) Scanning
electron microscopy of cut tooth surfaces and identification of debris
by use of the electron microprobe. Journal of Dental Research 49(6)

5. Al-Omari WM, Mitchell CA, Cunningham JL (2001) Surface rough-
ness and wettability of enamel and dentine surfaces prepared with
different dental burs. J Oral Rehabil 28(7):645-650

6. Oene HV, Chang YF, Newman S (1969) The rheology of wetting by
polymer melts. J Adhes 1(1):54—68

7. Gordon TE (1966) Some effects of laser impacts on extracted teeth. J
Dent Res 45(2):372-375

8. Spitzer D, Ten Bosch J (1975) The absorption and scattering of light
in bovine and human dental enamel. Calcif Tissue Int 17(2):129



Lasers Med Sci

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Keller U, Hibst R (1989) Experimental studies of the application of
the Er: YAG laser on dental hard substances: II. Light microscopic
and SEM investigations. Lasers Surg Med 9(4):345-351

Fried D, Zuerlein M, Featherstone JD, Seka W, Duhn C, McCormack
SM (1998) IR laser ablation of dental enamel: mechanistic depen-
dence on the primary absorber. Appl Surf Sci 127:852-856
Dederich DN, Bushick RD (2004) Lasers in dentistry. Am Dent
Assoc 135(2):204-212

Rechmann P, Charland DA, Rechmann BM, Le CQ, Featherstone JD
(2013) In-vivo occlusal caries prevention by pulsed CO2 -laser and
fluoride varnish treatment-A clinical pilot study. Lasers Surg Med
45(5):302-310

Gokge B (2012) Effects of Er: YAG Laser irradiation on dental hard
tissues and all-ceramic materials: SEM evaluation. Scanning Electron
Microscopy p. 179-212

Geraldo-Martins VR, Lepri CP, Palma-Dibb RG (2012) Influence of
Er, Cr: YSGQG laser irradiation on enamel caries prevention. Lasers in
Medical Science p. 1-7

Chichkov BN, Momma C, Nolte S, Von Alvensleben F, T U
Nnermann A (1996) Femtosecond, picosecond and nanosecond laser
ablation of solids. Appl Phys A Mater Sci Process 63(2):109—115
Rubenchik AM, Da Silva LB, Feit MD, Lane SM, London RA, Perry
MD, Stuart BC, Neev J (1996) Dental tissue processing with
ultrashort-pulse laser

Momma C, Nolte S, N Chichkov B, T U Nnermann A (1997) Precise
laser ablation with ultrashort pulses. Appl Surf Sci 109:15-19
Niemz MH, Neev J (1998) Ultrashort laser pulses in dentistry:
advantages and limitations

Bello-Silva MS, Wehner M, Eduardo CP, Lampert F, Poprawe R,
Hermans M, Esteves-Oliveira M (2013) Precise ablation of dental
hard tissues with ultra-short pulsed lasers. Preliminary exploratory
investigation on adequate laser parameters. Lasers Med Sci 28(1):
171-184

Daskalova A, Bashir S, Husinsky W (2010) Morphology of ablation
craters generated by ultra-short laser pulses in dentin surfaces: AFM
and ESEM evaluation. Appl Surf Sci 257(3):1119-1124

Portillo MM, Lorenzo LM, Sanchez LJ, Peix SM, Albaladejo A,
Garcia A, Moreno PP (2012) Morphological alterations in dentine
after mechanical treatment and ultrashort pulse laser irradiation.
Lasers Med Sci 27(1):53-58

JiL, Li L, Devlin H, Liu Z, Jiao J, Whitehead D (2012) Ti:sapphire
femtosecond laser ablation of dental enamel, dentine, and cementum.
Lasers Med Sci 27(1):197-204

Schelle F, Polz S, Haloui H, Braun A, Dehn C, Frentzen M, Meister
JOR (2013) Ultrashort pulsed laser (USPL) application in dentistry:
basic investigations of ablation rates and thresholds on oral hard
tissue and restorative materials. Lasers in medical science p. 1-9

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

Liu J, Sun Y, Wang Y, Lii P (2014) Effects of Yb: KYW thin-disk
femtosecond laser ablation on enamel surface roughness. Opt &
Laser Technol 59:7-10

Liu J, Chen H, Ge W, Wang Y, Sun Y, Wang Y, LV P (2014) A
roughness study of ytterbium-doped potassium yttrium tungstate
(YB: KYW) thin-disk femtosecond ablated dentin. J of Lasers in
Med Sci 5(1):32-38

Contag K, Larionov M, Giesen A, Peters V, Mix E, Fornasiero L
(2001) Thin disk laser operation and spectroscopic characterization
of Yb-doped sesquioxides. In advanced solid-state lasers. Optical
Society of America, Seattle, Washington

Strassl M, Wieger V, Wintner E (2005) Novel approach for dental
hard tissue ablation by ultra-short laser pulses. In advanced solid-state
photonics (TOPS). Optical Society of America, Vienna, Austria
Preoteasa CT, Nabil Sultan A, Popa L, lonescu E, losif L, Ghica MV,
Preoteasa E (2011) Wettability of some dental materials.
Optoelectron And Adv Mater—Rapid Commun 5(8):874-878
Munirathinam D, Mohanaj D, Beganam M (2012) Efficacy of vari-
ous cleansing techniques on dentin wettability and its influence on
shear bond strength of a resin luting agent. J of Adv Prosthodont 4(3):
139-145

Darvell BW, Murray MD, Ladizesky NH (1987) Contact angles: a
note. J Dent 15(2):82-84

Aksoy G, Polat H, Polat M, Coskun G (2006) Effect of various
treatment and glazing (coating) techniques on the roughness and
wettability of ceramic dental restorative surfaces. Colloids Surf B:
Biointerfaces 53(2):254-259

Ayad MF, Johnston WM, Rosenstiel SF (2009) Influence of dental
rotary instruments on the roughness and wettability of human dentin
surfaces. J Prosthet Dent 102(2):81

Luengo MC, Portillo M, Sanchez JM, Peix M, Moreno P, Garcia A,
Montero J, Albaladejo A (2013) Evaluation of micromorpho-
logical changes in tooth enamel after mechanical and ultrafast
laser preparation of surface cavities. Lasers Med Sci 28(1):
267-273

Xu H, Kelly JR, Jahanmir S, Thompson VP, Rekow ED (1997)
Enamel subsurface damage due to tooth preparation with diamonds.
J Dent Res 76(10):1698-1706

Pashley DH, Tao L, Boyd L, King GE, Horner JA (1988) Scanning
electron microscopy of the substructure of smear layers in human
dentine. Arch Oral Biol 33(4):265-270

Brannstrom M, Glantz PO, Nordenvall KJ (1979) The effect of some
cleaning solutions on the morphology of dentin prepared in different
ways: an in-vivo study. ASDC J Dent Child 46(4):291-295

Ramos S, Alderete L, Farge P (2009) Dentinal tubules driven wetting
of dentin: Cassie-Baxter modelling. Eur Phys J E 30(2):187—
195

@ Springer



	Wettability of dentin after Yb:KYW thin-disk femtosecond ablation
	Abstract
	Introduction
	Materials and methods
	Sample preparation
	Laser ablation
	Mechanical preparation
	Contact angle measurement

	Results
	Discussion
	Conclusions
	References


