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Evaluation of Dentin Tubule 
Plugging Efficiencies and Effects 

on Dentin Surface Roughness 
of Dentin Desensitizing Agents, 
the Er,Cr:YSGG Laser, and Their 

Combination After Erosion-abrasion 
Cycles: An In Vitro Study

E Okur • GB Eyüboğlu

Clinical Relevance

Combined laser–DDA treatments could be more effective than DDA treatments alone for 
dentin hypersensitivity (DH) treatment, particularly in challenging oral conditions, such as 
erosion and abrasion. These applications may help obtain longer-lasting and more satisfying 
results in the treatment of DH.

SUMMARY

Objectives: The purposes of this in vitro study 
were to evaluate the tubule plugging efficiencies 
and effects on the surface roughness of dentin 
of different dentin desensitizing agents (DDAs; 
Teethmate Desensitizer, Kuraray; Gluma 
Desensitizer, Kulzer; Clinpro White Varnish, 3M 
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ESPE; Enamelast, Ultradent) and the Er,Cr:YSGG 
laser (Biolase, Waterlase), both alone and in 
combination with DDAs, after application and 
after an erosion-abrasion cycle.

Methods and Materials: For surface roughness 
examinations, superficial buccal dentin specimens 
were divided into 10 groups: the control, Teethmate 
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E36 Operative Dentistry

recession is another important reason for dentin 
exposure. Gingival recession and subsequent exposure 
of the root surface lead to the exposure of the dentinal 
tubules.7 Enamel or cementum covering dentin 
surface can disappear as a result of abrasion, attrition, 
abfraction, or erosion.5,6 The consumption of acidic 
foods and beverages, which are frequently included in 
today’s diets, can also cause enamel loss and exposure 
of dentin tissue. Gastric acid, with internal causes such 
as recurrent vomiting, regurgitation, and reflux, can 
also come into contact with teeth and expose dentin.8 
In vitro and clinical studies of DH have shown that acid 
erosion and tooth brushing can open and widen the 
dentinal tubules, resulting in the emergence of DH, an 
increase in its severity, or a decrease in the effectiveness 
of treatment.2,9,10

The most widely accepted theory for DH is the 
hydrodynamic theory suggested by Brännström and 
others.11,12 According to this theory, the fluid inside the 
dentinal tubules is affected by thermal, physical, or 
osmotic changes, and these fluid movements stimulate 
baroreceptors and cause DH.6 One of the main 
strategies for treating DH is to occlude the dentinal 
tubules and thus prevent fluid flow.13 There are many 
treatment alternatives for DH, and desensitizing agents 
with different effect mechanisms have been placed 
on the dental market.14 Dentin desensitizing agents 
(DDAs) can be applied by dentists or by patients at 
home. Today, the most commonly used DDAs by 
dentists include dentin tubule occlusive agents and 
tubule sealant agents.15 In addition, lasers have been 
used as an alternative to these agents.16

Fluoride varnish applications, which are among 
the treatments applied by dentists to treat DH, are 
widely used. Fluoride varnishes contain high fluoride 
concentrations that can create a mechanical barrier on 
exposed dentin.17 Sodium fluoride (NaF, 5%) is used 
clinically for DH treatment.18 Topical NaF applications 
allow for the deposition of calcium fluoride (CaF2) 
on the tooth surface, blocking open dentinal tubules 
and thus reducing dentin permeability.18-20 Although 
clinical studies have supported the beneficial results 
of fluoride, several clinical studies have suggested that 
fluoride has limited efficacy.21,22 The slow dissolution of 
the formed CaF2 precipitates in saliva, and the small 
size of these crystals (approximately 0.05 µm) can cause 
the barrier to become transient.4,23

The combination of NaF with chemicals such as 
tricalcium phosphate (TCP) has been developed since 
NaF application is not fully effective in occluding the 
diameter of the dentinal tubules of sensitive teeth 
and requires repeated applications. Studies have 
reported that adding TCP to fluoride increases fluoride 

Desensitizer, Gluma Desensitizer, Enamelast, Clipro 
White Varnish, Er,Cr:YSGG Laser, Teethmate 
Desensitizer-Laser, Gluma Desensitizer-Laser, 
and Enamelast-Laser, and Clinpro White Varnish-
Laser groups. Profilometric analyses and scanning 
electron microscopy (SEM) examinations were 
performed after applications and after a 5-day 
erosive-abrasive cycle. For the statistical analysis of 
surface roughness measurements, 2-way analysis 
of variance (ANOVA), 1-way ANOVA, and Tukey 
post hoc test were used.

Results: Among the treatments, only DDAs alone 
did not cause increase in surface roughness after 
application. All of the laser applications increased 
the surface roughness of dentin, and after the 
erosion-abrasion cycle, all of the test groups had 
increased surface roughness. However, SEM 
images showed that morphological changes were 
less frequently observed in all of the experimental 
groups than in the control group. In addition, all of 
the laser-DDA combinations had stronger tubule 
occlusion effects than did DDAs alone, even after 
erosion-abrasion.

Conclusions: All of the test treatments showed 
protective effects on dentin surfaces against the 
negative effects of erosion-abrasion. The addition 
of the laser to DDA applications increased tubular 
plugging efficiencies of DDAs, and the tubule plugs 
of the combination treatments were resistant to the 
erosion-abrasion cycle.

INTRODUCTION
Dentin hypersensitivity (DH) is defined as short-term 
and sharp pain arising from exposed dentin in response 
to thermal, evaporative, tactile, osmotic, or chemical 
stimuli that stops after stimulus removal and is not 
associated with other dental defects or diseases.1-3 DH 
has a reported prevalence of between 4% and 74% in 
the general population.4 The prevalence varies between 
72% and 98% among individuals with periodontal 
disease.2 It is most often found in permanent canines 
and premolars in both dental arches. The cervical 
facial region of the teeth is the most affected region.4,5

DH occurs when dentin tubules are exposed to the 
oral environment as a result of the loss of enamel and/
or root surface.5 Dentin can become exposed for various 
reasons. In some developmental tooth anomalies, 
the enamel tissue, which normally covers the dentin 
anatomically, cannot contact the cementum at the 
cervical area, so the dentin tissue is exposed.6 Gingival 
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retention in both enamel and dentin and facilitates 
remineralization.24,25 In addition, according to the 
manufacturer of a product containing 5% NaF and 
TCP, the combination causes the release of calcium and 
fluoride ions when in contact with saliva,26 and it has 
been shown to cause the partial occlusion of dentinal 
tubules and thereby decrease DH in different studies.26,27

Calcium phosphate-containing desensitizers have 
become a popular topic for biological material research 
in recent years because of their biocompatibility, 
bioactivity, and crystal structure similar to that 
of human teeth.28 Calcium phosphate-containing 
desensitizers contain tetracalcium phosphate and 
dicalcium phosphate anhydrous (DCPA), which can 
spontaneously form hydroxyapatite (HA). This type 
of desensitizer has been shown to form a calcium 
phosphate-rich layer on the dentin surface and thereby 
decrease dentin permeability. It has also been reported to 
significantly decrease DH by providing remineralization 
of early enamel lesions.29,30 Short- and long-term clinical 
studies have shown that calcium phosphate-containing 
desensitizers are effective in reducing DH.31,32

Hydroxyethyl methacrylate (HEMA) and 
glutaraldehyde-containing desensitizers block dentin 
tubules and show rapid and long-term activity. While 
HEMA physically occludes the dentinal tubules, 
glutaraldehyde causes coagulation of plasma proteins 
in the dentinal tubules. Glutaraldehyde primarily 
reacts with serum albumin in dentinal tubular fluid, 
causing albumin to precipitate. It then reacts a second 
time with albumin and results in the polymerization 
of HEMA. HEMA contributes to the formation of 
deep resin tags within dentinal tubules owing to its 
hydrophilic property.4,33 Scanning electron microscopy 
(SEM) and confocal laser scanning microscopy studies 
have shown that a desensitizer containing HEMA 
and glutaraldehyde blocked dentinal tubules through 
protein coagulation.32,34 Clinical and in vitro studies 
have shown that its success rate in reducing DH varies 
between 5% and 27%.28,32,34

With the development of laser technology, a new 
treatment option has emerged for DH. The Er,Cr:YSGG 
laser is a medium-power laser that can be used in 
soft and hard tissues without damaging the pulp and 
surrounding tissues because of the specific properties 
of its wavelength (2.78 µm). The Er,Cr:YSGG laser can 
cut enamel and dentin because of its high absorption 
in water and its strong absorption by hydroxyl radicals 
in the HA structure.35,36 This laser causes insoluble salts 
to accumulate in the dentinal tubules by evaporation of 
the dentinal tubular fluid. There have been clinical and 
in vitro studies reporting that this accumulation enables 
the occlusion of dentinal tubules and the reduction of 

DH.37-40 Considering the increase in the prevalence of 
DH in recent years, alternative treatments are needed 
that provide long-term efficacy. For this reason, the 
combined application of DDAs with lasers has been 
explored for the treatment of DH.41

Studies have shown the effectiveness of the combined 
use of DDAs and lasers in the treatment of DH.28,39 
However, it has been reported that laser applications 
can cause cracks and irregularities on dentin surfaces.28 
Moreover, factors such as erosion and abrasion can 
change the surface properties of tooth tissues, which 
can increase surface roughness.42 A significant increase 
in surface roughness causes plaque retention and 
an increase in bacterial adhesion on dental tissues, 
creating a surface prone to caries formation.42,43 Caries 
formation is one of the most important processes 
affecting the survival rate of teeth in the mouth.

A limited number of studies have investigated 
the effects of DDAs, laser application, and the 
combined application of DDAs and lasers on surface  
roughness after erosion-abrasion cycles.26,39 Moreover, 
to the authors’ knowledge, no comprehensive study 
comparing all of these agents has been conducted.

Therefore, the aim of this study was to investigate 
the effects of DDA applications with different contents 
(calcium phosphate; HEMA and glutaraldehyde; 5% 
NaF and TCP 5%) and Er,Cr:YSGG laser, which can 
cause insoluble salts to accumulate in the dentinal 
tubules via the evaporation of the dentinal tubular 
fluid and thereby enable dentinal tubule occlusion and 
DH reduction and DDA–laser combinations on dentin 
surface roughness and tubule plugging efficiency.

Null hypotheses of this study were as follows:
1.	 DDA applications, laser application, and 

combination applications to the dentin surface do 
not have significant effects on surface roughness.

2.	 DDA applications, laser application, and 
combination applications do not have significant 
effects on surface roughness after an erosion-
abrasion cycle.

METHODS AND MATERIALS
In this in vitro study, calcium phosphate-containing, 
HEMA- and glutaraldehyde-containing, 5% NaF- and 
TCP-containing, and calcium- and fluoride-releasing 
DDAs and Er,Cr:YSGG laser, which enables dentinal 
tubule occlusion and DH reduction, were applied 
separately or in combination to dentin specimens.

Power Analysis
Power analysis revealed that the minimum sample size 
required to detect a significant difference was 9 per 
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group (90 in total) assuming a type I error (alpha) of 
0.05, a power (1-beta) of 0.8, and an effect size of 2 for 
after the erosion-abrasion cycle. We used 12 specimens 
for each group.

Specimen Preparation
A total of 140 intact, permanent third molar teeth 
without caries or cracks extracted for orthodontic 
or oral reasons were used for this study. Before the 
extractions, the patients were informed that their teeth 
would be used for research purposes, and a consent 
form was read and signed by each patient. After 
extraction, soft tissue residues and bone particles on 
the teeth were removed with a periodontal curette. The 
teeth were maintained in 0.1% thymol solution before 
the experiments. The buccal surfaces of the teeth were 
cut vertically in the mesiodistal direction under water 
cooling with the aid of a low-speed precision cutting 
device (Micra Cut 125, Metkon, Bursa,Turkey) and 
0.3-mm-thick diamond discs (Diamond cut-off wheel 
B 102, ATM GMBH, Mammelzen, Germany). The 
enamel tissue was removed, and the superficial dentin 
tissue was exposed. Then the teeth were cut horizontally 
from the apex of the enamel-cementum junction to 
obtain dentin specimens, which were embedded in 
autopolymerizing acrylic resin (Imicryl, SC, Konya, 
Türkiye) for use in the experiments. Test specimens 
were sanded using 600, 800, 1200, 1500, and 2000 grit 
silicon carbide abrasive papers in a polishing machine 
(Beta Grinder Polisher, Buehler, IL, USA) with a 200-
RPM rotation speed to form a standard smear layer 
and obtain a smooth surface.

Application of DDAs, Laser, and DDA–Laser 
Combinations
Dentin specimens were maintained in 17% 
ethylenediaminetetraacetic acid (EDTA; Werax, 
Tunadent, Izmir, Turkey) solution for 5 minutes to 
open the dentinal tubules and remove the smear layer. 
The specimens were washed under running water to 
remove residue and sonicated in distilled water for 5 
minutes with an ultrasonic cleaner.

A total of 140 specimens were divided into 10 test 
groups (n=14) (control, TMD [Teethmate Desensitizer, 
Kuraray Noritake Dental Inc, Okayama, Japan], GD 
[Gluma Desensitizer, Heraeus Kulzer, GmbH & Co, 
Hanau, Germany], EN [Enamelast, Ultradent, South 
Jordan, UT, USA], CWV [Clinpro White Varnish, 
3M ESPE, St Paul, MN, USA], L [Er,Cr:YSGG 
laser, San Clemente, CA, USA], TMD-L [Teethmate 
Desensitizer–Er,Cr:YSGG laser], GD-L [Gluma 
Desensitizer–Er,Cr:YSGG laser], EN-L [Enamelast–
Er,Cr:YSGG laser], and CWV-L [Clinpro White 

Varnish–Er,Cr:YSGG laser]). Two specimens from 
each group were used for SEM analysis.

DDAs were applied to the TMD, GD, EN, and CWV 
groups according to the manufacturers’ instructions. 
Er,Cr:YSGG laser application was applied to group 
L. Er,Cr:YSGG laser application was performed at 
0.25 W, 20 Hz, and 12.5 mJ. Laser irradiation was 
performed in noncontact mode with a pulse width of 
140 µs using a 6-mm MZ6 tip with a 600-μm diameter 
operated in 0% water and 10% air. A total of 20 seconds 
of irradiation was applied vertically and horizontally 
(10 seconds each) from the 1-mm irradiation distance 
to the dentin surface.

In the TMD-L, GD-L, EN-L, and CWV-L groups, 
DDAs were first applied to the dentin specimens, 
then Er,Cr:YSGG laser application was performed. 
No applications were performed in the control group. 
Manufacturer instructions are reported in Table 1.

Erosion-Abrasion Cycle
For all of the groups, a modified 5-day erosion-abrasion 
model proposed by Scaramucci and others was used.9 
A 0.3% citric acid solution (pH≈2.45) was used to 
simulate erosion in the mouth. The specimens were 
immersed in citric acid solution at room temperature 
for 2 minutes four times per day without stirring. After 
each episode of erosion, the specimens were immersed 
for 60 minutes in artificial saliva (0.213 g/l CaCl2·2H2O, 
0.738 g/l KH2PO4, 1.114 g/l KCl, 0.381 g/l NaCl, and 
12 g/l Tris buffer; pH adjusted to 7 with KOH), rinsed 
with distilled water, and gently dried with absorbent 
paper. The erosion-abrasion cycle procedures are 
reported in Table 2.

A brushing mechanism was created with a pressure of 
2 N to brush the teeth. Tooth brushing was performed 
twice per day for 15 seconds in the middle of the 
first and last remineralization periods using electric 
brushes (Oral-B Professional, Braun, Frankfurt, 
Germany). Oral-B Sensitive (Oral-B Professional) was 
used as the brush head. Brushing was performed with 
a slurry made from Colgate Maximum Anti-caries 
Protection dentifrice and artificial saliva (1:3 w/w) 
(Colgate-Palmolive, SP, Brazil) for all of the groups. 
Total exposure time of the specimens to the dentifrice 
slurries in each brushing episode was 2 minutes. Only 
one operator performed the tooth brushing procedures. 
During the night, specimens were stored in a humid 
environment at 4°C.

Profilometric Analysis
A contact profilometer device (Marsurf PS10, 
Mahr, Göttingen, Germany) was used for surface 
roughness measurements. First, profilometric 
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analysis was performed after EDTA treatment for 
sample standardization of all of the groups. Other 
measurements were performed after DDA applications 
and at the end of the erosion-abrasion cycle. The dentin 
specimens were measured in three different areas, and 
the averages were calculated. The results are expressed 
in micrometers. The device sensor scans an area of  
1.5 mm.

SEM Evaluation
Twenty dentin specimens were prepared as one sample 
from each group and one sample from each group 

subjected to an erosion-abrasion cycle to be examined 
by SEM (EVO LS 10, Zeiss, Oberkochen, Germany). 
Dentin specimens were covered with a thin layer of 
gold film. SEM examinations were performed at 5 
kV with magnifications between 2000 × and 7500 ×. 
The effectiveness of the DDA lasers and combination 
applications on dentinal tubule occlusion was 
examined by SEM. Then the examined dentin samples 
were broken vertically, and the effects of the agents on 
the interface morphology of the dentinal tubules were 
examined.

Table 1: Manufacturer Instructions

DDAs Manufacturer Composition Lot 
Number

Application Instructions

Teethmate 
Desensitizer

Kuraray Noritake 
Dental Inc

Powder: tetracalcium 
phosphate, dicalcium 
phosphate anhydrous
Liquid: water, preservative

041154 Mix the powder and liquid (15 s) 
carefully, apply with the applicator, 
rub for 30 s, and rinse with water.

Gluma 
Desensitizer

Heraeus Kulzer 35% 2-hydroxyethyl 
methacrylate, 5% 
glutaraldehyde

K010516 Apply to clean dentin with a cotton 
pellet or brush and allow it to dwell 
for 30-60 s. Air dry and rinse.

Clinpro White 
Varnish

3M ESPE Sodium fluoride (5%), 
tricalcium phosphate, 
xylitol

NA56453 Mix according to the dosage guide 
and apply to clean and dry dentin.

Enamelast Ultradent Sodium fluoride (5%), 
xylitol

BHFSD Lightly dry area to be treated. Using 
a painting motion, apply a thin 
smooth layer to as many dry tooth 
surfaces as possible. Gently flow 
cool water over the teeth.

Er,Cr:YSGG 
laser

Biolase 18002402 A total of 20 s of irradiation was 
performed vertically and horizontally 
from the 1-mm irradiation distance to 
the dentin.

Abbreviations: DDA, dentin desensitizing agents; TCP, tricalcium phosphate.

Table 2: Erosion-Abrasion Cycle Procedures

Steps Procedures Application

1 Erosion
Remineralization
Tooth brushing
Remineralization

Citric acid (2 min)
Artificial saliva (30 min)
Exposure to artificial saliva and toothpaste slurry for 2 min; 15 s of active brushing
Artificial saliva (30 min)

2 Erosion
Remineralization

Citric acid (2 min)
Artificial saliva (60 min)

3 Step 2 repeated.

4 Step 1 repeated.

5 Kept in a humid environment at 4°C overnight.
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Statistical Analysis
SPSS for Windows 17.0 (Statistical Package for Social 
Sciences, SPSS Inc, Chicago, IL, USA) was used for 
statistical analysis. Descriptive statistics are reported as 
the mean and standard deviation. The Shapiro-Wilk 
test was used to determine whether the data conformed 
to a normal distribution. After ensuring normality, 
two-way ANOVA (group x time) was applied for 
repeat samples. One-way ANOVA and Tukey post hoc 
test were used to analyze differences between groups 
within each time frame. In addition, the t-test was used 
for paired samples while analyzing time-dependent 
changes within each group. Differences at the level of p 
< 0.05 were considered statistically significant.

RESULTS

Profilometric Analysis Results
Interactions are reported in Table 3. According to the 
interaction table, significant differences were found 
among the groups, and significant differences were 
found within the groups according to time (p<0.001).

Comparisons of Surface Roughness Among Baseline (T0), 
After Application (T1), and After the Erosion-Abrasion Cycle 
(T2) Within Groups — The mean and standard deviation 
values of surface roughness and significant differences 
within groups for all of the evaluation periods are 
shown in Table 4. For the control group, because the 
T0 and T1 surface roughness values were the same, no 
comparison was performed. There was a significant 
difference between T1 and T2 measurements (p<0.001) 
in the control group. Surface roughness increased in the 
control group after the erosion-abrasion cycle (Table 4).

While there was no significant difference between 
T0 and T1 measurements in the TMD, GD, EN, or 
CWV group (p>0.05), there were significant differences 
between T1 and T2 measurements (p<0.001), with 
surface roughness increasing after the erosion-abrasion 
cycle in these groups (Table 4).

There was a significant difference between T0 and 
T1 measurements in each of the L, TMD-L, GD-L, 
CWV-L, and EN-L groups (p<0.05; EN-L, p<0.001). 
Surface roughness values increased in all of the laser-
applied groups. In addition, the differences between 
T1 and T2 measurements were significant in these 
groups (p<0.001). Surface roughness increased after the 
erosion-abrasion cycle.

Comparisons of the Surface Roughness Among Groups After 
Application (T1) and After the Erosion-Abrasion Cycle (T2) 
— There were no statistically significant differences in 
baseline value among the groups (p>0.05). Statistical 
comparisons of T1 and T2 values among the groups 
are shown in Table 5.

After application, there was no significant difference 
in surface roughness among the TMD, DDA-only, 
and L groups (p>0.05). However, compared with the 
TMD group, the TMD-L group showed a significant 
increase in surface roughness (p<0.05). After the 
erosion-abrasion cycle, there was no significant 
difference between the control and DDA-only groups 
(p>0.05). The surface roughness values of the L and 
TMD-L groups were significantly increased compared 
to that of the TMD group after the cycle (p<0.001).

After application, there was no significant difference 
in surface roughness among the GD, DDA-only, and 
L groups (p>0.05). Group GD-L showed a significant 
increase in surface roughness compared with group GD 
after application (p<0.05). After the erosion-abrasion 
cycle, surface roughness of L and GD-L groups was 
significantly increased compared to that of the GD 
group (p<0.001).

There was no significant difference in surface 
roughness after application between the EN group and 
the DDA-only groups (p>0.05). The increases in surface 
roughness in the L (p<0.05) and EN-L (p<0.001) groups 
relative to the values in the EN group were significant. 
After the erosion-abrasion cycle, the surface roughness 
of the L and EN-L groups significantly differed from 
that of the EN group (p<0.001).

Table 3: Two-way ANOVA Within-Groups and Between-Groups Interaction Table

Source Type III Sum 
of Squares

df Mean 
Square

F Significance

Intercept 25.263 1 25.263 9209.027 p<0.001

Group 1.470 9 0.163 59.553 p<0.001

Error (Group) 0.302 110 0.003

Time 6.325 1.344 4.706 2572.677 p<0.001

Time x Group 1.590 12.096 0.131 71.850 p<0.001

Error 0.270 147.835 0.002
Abbreviation: ANOVA, analysis of variance.
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After application, the surface roughness values did 
not significantly differ between the CWV group and 
the DDA-only groups (p>0.05). Surface roughness was 
significantly increased in the CWV group compared 
with that in the L and CWV-L groups (p<0.05). After 
the erosion-abrasion cycle, the surface roughness of 
the L and CWV-L groups was significantly increased 
compared to that of the CWV (p<0.001).

The L group showed a significant increase in surface 
roughness compared with that of the EN and CWV 
groups after application (p<0.05). In addition, after 
application, surface roughness did not significantly 
differ among any of the combination groups (p>0.05).

After the erosion-abrasion cycle, group L showed a 
significant increase in surface roughness compared to 
all of the other groups except the GD-L group (p<0.001). 

Among the combined-application groups, the GD-L 
group had the highest surface roughness, and there 
were significant differences between the GD-L group 
and the CWV-L (p<0.001), EN-L (p<0.001) ,and TMD-L 
(p<0.05) groups. In addition, among the combined-
application groups (CWV-L, TMD-L, GD-L, and EN-
L), the CWV-L group had the lowest surface roughness 
(p<0.001).

SEM Results
In the SEM images, in contrast to the control group 
and the other DDA-only groups, the TMD group 
generally showed widespread tubular occlusion on 
the buccal surfaces. In the interface examinations, the 
plugs were observed to extend into the tubules. In the 

Table 4: Comparisons of the Surface Roughness of Different DDAs, Laser, and Combination Applications 
Within Groupsa

Groupb Baseline
(T0)

After Application
 (T1)

After Erosion-
Abrasion

(T2)

Within-Group 
Evaluation

Control 0.174 (0.032) A 0.174 (0.032) A 0.360 (0.021) B T1/T2 p<0.001

TMD 0.148 (0.031) A 0.154 (0.035) A 0.290 (0.031) B T1/T2 p<0.001

GD 0.147 (0.032) A 0.152 (0.030) A 0.309 (0.028) B T1/T2 p<0.001

EN 0.141 (0.038) A 0.146 (0.036) A 0.300 (0.026) B T1/T2 p<0.001

CWV 0.145 (0.028) A 0.148 (0.038) A 0.315 (0.033) B T1/T2 p<0.001

L 0.179 (0.022) A 0.197 (0.033) B 0.705 (0.068) C T0/T1 p=0.013
p<0.05

T1/T2 p<0.001

TMD-L 0.180 (0.038) A 0.209 (0.042) B 0.604 (0.078) C T0/T1 p=0.016
p<0.05

T1/T2 p<0.001

GD-L 0.176 (0.027) A 0.201 (0.028) B 0.681 (0.076) C T0/T1 p=0.034
p<0.05

T1/T2 p<0.001

EN-L 0.158 (0.031) A 0.221 (0.051) B 0.541 (0.078) C T0/T1 p<0.001
T1/T2 p<0.001

CWV-L 0.176 (0.031) A 0.201 (0.035) B 0.417 (0.045) C T0/T1 p=0.022
p<0.05

T1/T2 p<0.001
Abbreviations: CWV, Clinpro White Varnish; DDA, dentin desensitizing agents; EN, Enamelast; GD, Gluma Desensitizer; L, 
laser; TMD, Teethmate Desensitizer.
a Values with different uppercase letters within a row indicate statistically significant differences at different time intervals 
(among baseline, after application, and after erosion-abrasion cycle) within a group, as determined by Bonferroni test. The 
significance of mean differences was evaluated at the 0.05 level.
b DDA-only applications (TMD, GD, EN, and CWV) did not cause an increase in surface roughness after application (T0-T1; 
p>0.05). However, the L and combined DDA-laser applications (TMD-L, GD-L, CWV-L, and EN-L) caused increases in surface 
roughness (p<0.05; EN-L, p<0.001). After the erosion-abrasion cycle, surface roughness was increased in all of the test groups, 
and there were significant differences between T1 and T2 measurements in all groups (p<0.001).
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Table 5: Comparisons of the Surface Roughness of Different DDAs, Laser, and Combination 
Applications Among the Groupsa

Group After Application (T1)b After Erosion-Abrasion (T2)c

Control 0.174 (0.032) 0.360 (0.021)
With L  (p<0.001)

With TMD-L (p<0.001)
With GD-L (p<0.001)
With EN-L  (p<0.001)

L        0.197 (0.033)
With EN (p=0.03; p<0.05)

With CWV (p=0.04; p<0.05)

0.705 (0.068)
With TMD (p<0.001)
With GD (p<0.001)
With EN  (p<0.001)

With CWV (p<0.001)
With TMD-L (p<0.001)
With EN-L (p<0.001)

With CWV-L (p<0.001)

TMD 0.154 (0.035)
With TMD-L (p=0.13; p<0.05)

0.290 (0.031)
With TMD-L (p<0.001)

TMD-L 0.209 (0.042) 0.604 (0.078)
With GD-L  (p=0.02; p<0.05)

With CWV-L (p<0.001)

GD 0.152 (0.030)
With GD-L (p=0.44; p<0.05)

0.309 (0.028)
With GD-L (p<0.001)

GD-L 0.201 (0.028) 0.681 (0.076)
With EN-L   (p<0.001)
With CWV-L (p<0.001)

EN 0.146 (0.036)
With EN-L (p<0.001)

0.300 (0.026)
With EN-L (p<0.001)

EN-L 0.221 (0.051) 0.541(0.078)
With GD-L   (p<0.001)
With CWV-L (p<0.001)

CWV 0.148 (0.038)
With CWV-L (p=0.02; p<0.05)

0.315 (0.033)
With CWV-L (p<0.001)

CWV-L 0.201 (0.035) 0.417 (0.045)
Abbreviations: CWV, Clinpro White Varnish; DDA, dentin desensitizing agents; EN, Enamelast; GD, Gluma 
Desensitizer; L, laser; TMD, Teethmate Desensitizer.
a In the columns, significant p-values according to Bonferroni test, indicating differences among different 
groups within the same time period, are indicated.
b After application (T1), surface roughness did not increase among the DDA-only groups (p>0.05), but there 
was a significant difference between each DDA group and the corresponding DDA-laser combination group 
(TMD-TMD-L, GD-GD-L, CWV-CWV-L, p<0.05; EN-EN-L, p<0.001). In addition, there was no significant 
difference in surface roughness among all of the DDA-laser combination groups after application (p>0.05).
c After the erosion-abrasion cycle (T2), there was no significant difference among the DDA-only groups, but 
there was a significant difference between each DDA group and the corresponding DDA-laser combination 
group (p<0.001). In addition, the L group showed higher surface roughness than all other groups except the 
GD-L group (p<0.001).
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images obtained after the erosion-abrasion cycle, some 
tubule plugs had been removed, but most of the tubule 
plugs remained, and the levels of surface deterioration 
and tubular enlargement were quite low compared to 
those of the control group (Figures 1 and 2).

The SEM images of the GD group revealed a small 
number of plugs on the buccal surfaces, which did 
not completely block the tubules. In the images, most 
of the tubules were open. In the interface images, 
although plugs were observed in the dentinal tubule 
orifices, no plugs were observed extending into the 
tubules. Although open dentinal tubules were generally 
observed after the erosion-abrasion cycle, surface 
deformations and irregularities were far less common 
in the GD group than in the control group (Figures 1 
and 2).

In the SEM images of the EN and CWV groups, 
the dentin tubules were generally open on the buccal 
surfaces, but there were closed or narrowed tubules in 
some areas. In the interface images, plugs in the tubule 
orifices were observed; some of the plugs extended 
into the tubules in the EN group, and the presence of 
an occluding layer on the surface in the CWV group 
was observed. The SEM images showed that after 
the erosion-abrasion cycle, the tubules in the EN and 
CWV groups were generally open, but the levels of 
deterioration and tubular enlargement on the surfaces 
were far lower than those in the control group (Figures 
1 and 2).

In the laser-treated groups, the SEM images showed 
that the dentinal tubules were generally narrowed, with 

some occluded and open dentinal tubules also present. 
In addition, local short cracks and irregularities were 
observed on the dentin surface. On the interface 
images, there were plugs in the dentinal tubules 
and local depression areas on the surfaces. After the 
erosion-abrasion cycle, there were still plugged dentinal 
tubules, and local short cracks and irregularities were 
still observed on the dentin surface, but they were 
not more abundant than they were after application, 
and the extent of degradation and abundance of 
irregularities on the surface was lower than those in the 
control group (Figures 1 and 2).

In the SEM images of the TMD-L–treated groups, 
most of the dentinal tubules were closed and narrowed; 
rarely, open dentinal tubules were also present. In 
the interface images, some of the tubule orifices 
were obstructed, and the plugs progressed toward 
the inner surface of some dentinal tubules. After the 
erosion-abrasion cycle, closed or narrowed dentinal 
tubules were still predominant in the SEM images, 
but open dentinal tubules were also observed. Surface 
irregularities were far fewer, and degradation was much 
lower than those in the control group (Figures 2 and 3).

In the GD-L-treated group, the SEM images revealed 
closed and narrowed dentinal tubules and partially open 
dentinal tubules. In the interface images, tubule plugs 
were apparent in the tubule orifices. The SEM images 
obtained after the erosion-abrasion cycle showed that 
closed dentinal tubules remained. Surface irregularities 
and degradation were far less widespread in the GD-L 
group than in the control group (Figures 2 and 3).

Figure 1. SEM images of the DDA-only groups and laser-applied groups (the upper images were after the application, and the lower images 
were after the erosion-abrasion cycle of the same group). According to the after application (upper) images, tubules were occluded in the 
TMD group. Although there were locally tubular plugs in the GD group, no completely occluded tubules were observed. Although partially 
occluded tubules were present in the EN and CWV groups, the majority of them were open. There were mostly narrowed, partially occluded 
tubules, in addition to local cracks and irregularities in the laser group. After the erosion-abrasion cycle (lower images), irregularities on 
the surface were less frequently observed than in the control group. Arrows indicate occluded dentinal tubules. CWV, Clinpro White 
Varnish; DDA, dentin desensitizing agents; EN, Enamelast; GD, Gluma Desensitizer; L, laser; SEM, Scanning electron microscopy; TMD,  
Teethmate Desensitizer.
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In the SEM images of the EN-L and CWV-L 
groups, the dentinal tubules were generally closed, 
and plugs in the tubule orifices were observed. In the 
interface images, tubular plugs were still present on the 
interface images of both groups. In the SEM images 
of these groups after the erosion-abrasion cycle, most 
of the tubule plugs continued to occlude the dentinal 
tubules, and the extents of surface irregularities and 

degradation were far lower than those in the control 
group (Figures 2 and 3).

DISCUSSION
DH is a common condition in the general population 
and is an increasing problem, especially in developed 
countries. Although people are able to delay the loss 
of teeth by maintaining their oral hygiene, the risk of 
developing DH is increasing because of various factors.44 
Today, DH is an important problem that should be 
emphasized in dentistry because of its increasing 
prevalence, negative effects on patient quality of life, 
and the problems it poses for oral hygiene practices.

In the present study, DDAs with different contents 
(TMD, GD, CWV, EN) and the Er,Cr:YSGG laser were 
applied to dentin surfaces alone and in combination 
(TMD-L, GD-L, CWV-L, EN-L). First, surface 
roughness changes in dentin tissue and tubule plugging 
effectiveness were investigated following the application 
of DDAs on dentin surfaces alone or in combination 
with laser. Then, using the erosion-abrasion cycle 
model, the changes in the surface roughness and 
tubule plugging efficiency of all of the test groups after 
an erosion and abrasion cycle were investigated. No 
significant increase in surface roughness was observed 
in the DDA-only groups (TMD, GD, EN, CWV) 
after application compared with the baseline values 
(p>0.05), whereas in the Er,Cr:YSGG laser group (L) 
and combined-application groups, the increases in 
surface roughness from baseline to after application 
were significant (p<0.05). Therefore, our first null 
hypothesis that DDA applications, laser application, 
and combination applications to the dentin surface do 
not significantly affect surface roughness was partially 
rejected.

Examination of the SEM images revealed a 
predominance of occluded dentin tubules in the 
TMD and L groups; although open dentin tubules 
were predominant in the EN and CWV groups, there 
were also closed dentin tubules in these groups. In 
the GD group, although there were tubule plugs and 
narrowed dentin tubules, no completely closed dentin 
tubules were apparent in the images. The increases 
in surface roughness in the groups treated with the 
Er,Cr:YSGG laser (TMD-L, GD-L, EN-L, and 
CWV-L) after application were significant compared 
with the baseline values (p<0.05). However, in the SEM 
images, more occluded dentinal tubules were observed 
in the combined-application groups than in the  
DDA-only groups.

The erosion and abrasion cycle decreases the 
tubule plugging effectiveness of DDAs and causes the 
removal of tubule plugs. Therefore, it complicates 

Figure 2. Comparisons of buccal and interface SEM images after 
application for all of the groups (only DDA, laser, and combined 
groups). There were more occluded dentinal tubules in 
combined applications. Arrows indicate plugs that run inward to 
the tubules on the interface images. CWV, Clinpro White Varnish; 
DDA, dentin desensitizing agents; EN, Enamelast; GD, Gluma 
Desensitizer; L, laser; SEM, scanning electron microscopy; TMD,  
Teethmate Desensitizer.
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the effectiveness of long-term DH treatment and 
could cause the reemergence of DH by opening the 
tubules after treatment.9,10 In addition, the changes 
in roughness caused by erosion and abrasion on the 
dentin surface can increase the risk of dental caries.42,43 
For these reasons, determining how DDA-treated 
dentin is affected by erosion and abrasion could 
provide important insight into the clinical effectiveness 
of DDAs.

In the present study, the increases in surface roughness 
after the erosion-abrasion cycle compared with after 
application were statistically significant in all of the 
groups (p<0.001). The DDA only, the Er,Cr:YSGG 
laser, and their combined application could not 
prevent an increase in roughness on the dentin surface. 
Therefore, our second null hypothesis that DDA-only 
applications, laser application, and combined DDA 
laser applications do not significantly affect surface 
roughness after an erosion-abrasion cycle was rejected. 

The SEM images revealed that despite the increases 
in surface roughness after the erosion-abrasion cycle, 
the morphological changes and irregularities on the 
dentin surface were far fewer in all of the treatment 
groups than in the control group.

TMD is a calcium phosphate–based desensitizing 
agent. The advantage of TMD is that the supersaturation 
of saliva with Ca and PO4 contributes to further HA 
crystal growth in the TMD layer on the tooth surface 
over the long term.32,45 In the present study, while there 

was no significant difference in surface roughness 
between the TMD group and the control group after 
application (p>0.05), there was a significant increase 
after the erosion-abrasion cycle compared to the after-
application measurements (p<0.001). TMD could not 
prevent the increase in surface roughness on the dentin 
surface after the erosion-abrasion cycle. SEM images 
of the TMD group after application showed that the 
dentin tubules were mostly occluded, consistent with 
studies in the literature.29,46,47 In the SEM images, 
occluded dentinal tubules were more common in the 
TMD group than in the other DDA-only groups.

In an in vitro study by Ishihata and others, SEM 
images showed that all of the dentinal tubules were 
closed following TMD.48 However, in an in vitro study 
by Machado and others, TMD only partially occluded 
the dentinal tubules. In that study, SEM images after a 
5-day erosion-abrasion cycle showed that the deposits 
in the tubule orifices of the dentinal tubule had been 
removed after the cycle.47 In contrast, in the present 
study, the TMD group still exhibited closed tubules 
after the erosion-abrasion cycle. Although TMD 
could not prevent the increase in surface roughness 
after the erosion-abrasion cycle, it reduced the surface 
deformation compared to that in the control group, as 
shown in the SEM images.

The ability of TMD to maintain tubule occlusion and 
reduce the formation of irregularities on the surface 
could be attributable to the chemical composition of 

Figure 3. SEM images of the groups of lasers combined with DDAs (the upper images were after the application groups, and the lower 
images were after the erosion-abrasion cycle in the same group). It was observed that occluded dentinal tubules were the majority after 
the applications for all of the combined groups. After the erosion-abrasion cycle, fewer irregularities were observed on the surface for all of 
the combined groups compared to the control group. Arrows indicate occluded dentinal tubules. CWV, Clinpro White Varnish; DDA, dentin 
desensitizing agents; EN, Enamelast; GD, Gluma Desensitizer; L, laser; SEM, scanning electron microscopy; TMD, Teethmate Desensitizer.
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TMD. Calcium and phosphate ions dissolved from 
TTCP and DCPA are precipitated as HA during the 
setting of the material, which can form an erosion-
resistant layer depending on the solubility of the HA 
formed. In addition, the clinical efficacy of TMD 
has been supported by short- and long-term follow-
up studies under normal clinical conditions.31,32,49 
According to the findings of this study, TMD can 
maintain its tubular plugging efficacy under challenging 
clinical conditions such as erosion-abrasion.

GD is a desensitizing agent containing 5% 
glutaraldehyde and 35% HEMA. Glutaraldehyde is 
a biological fixative, and it has been suggested that it 
reacts with plasma proteins in dentin fluid and obstructs 
dentinal tubules.50 In this study, a significant increase 
was observed in the surface roughness of the GD group 
after the erosion-abrasion cycle compared with the 
values after application (p<0.001), and there was no 
significant difference from the control group (p>0.05). 
In the SEM images of the GD group, partial tubule 
plugs were apparent in the dentin tubule orifices, but 
no dentin images showed completely occluded tubules. 
In addition, occluded dentinal tubules were not seen in 
this group after the erosion-abrasion cycle.

In an in vitro study, Kolker and others detected a 
thin layer on dentin surfaces after GD was applied but 
reported that most of the dentinal tubules were opened.51 
In another in vitro study conducted to determine the 
resistance of GD to acid erosion, the application of 
an acidic solution (Coca-Cola, pH: 3.15) after GD 
application on the cervical dentin surface was reported 
to cause the complete dissolution of the GD.52 Another 
in vitro study revealed that open dentinal tubules were 
predominant in a GD group after treatment, similar 
to the pattern in the control group; however, SEM 
images revealed that the diameter of the tubules had 
narrowed. In that study, after a 5-day erosion-abrasion 
cycle, open dentinal tubules were predominant, but a 
layer covering the tubule orifices was observed. After 
the cycle, it was shown that the dentin surface with GD 
had lower dentin permeability than the control surface 
and some chemical and mechanical resistance.53

In the present study, GD application could not 
prevent the increase in surface roughness after the 
erosion-abrasion cycle. However, after the erosion-
abrasion cycle, surface deformations and irregularities, 
as observed in the SEM images, were far fewer in the 
GD group than in the control group. These findings 
suggested that GD could protect the dentin surface 
from erosion, although there were no completely 
occluded dentinal tubules in GD group. Most likely, 
the preventive effect of GD is due to the reaction of GD 
with plasma proteins in the tubules. In addition, its 

fixative effect on dentin tissue could have protected the 
dentin surface from erosion.

EN is a desensitizing agent containing 5% NaF. 
As a result of the reaction between NaF and calcium 
ions, CaF2 crystals are formed, which accumulate 
in the dentinal tubules.54 Varnishes containing high 
concentrations of fluoride are the most widely used 
desensitizing products and provide highly satisfactory 
results in the short term after application.55 The 
short-term effectiveness of fluoride varnish has been 
demonstrated in the literature, but its long-term 
results have been questioned. Saliva can dissolve CaF2 
crystals, and pain from sensitive teeth can reappear.54-56 
A 6-month clinical study showed that NaF cannot 
prevent DH in the long term and that DH can 
reappear.57 The low effectiveness of NaF in the long 
term can be attributed to its insufficient adhesion to 
dentinal tubules and the small diameter of the CaF2 
crystals formed (approximately 0.05 µm).57

In our study, the SEM images of the EN-treated 
groups showed that the dentinal tubule orifices were 
generally open, but there were closed or narrowed 
tubules in some areas. After the erosion-abrasion 
cycle, most of the tubules were open, but some closed 
tubules remained. The surface roughness of the EN-
treated specimens was not significantly different from 
that of the control group after the erosion-abrasion 
cycle (p>0.05). Although EN did not prevent the 
surface roughness increase after the erosion-abrasion 
cycle, it partially protected the surface, as evidenced 
by the SEM images showing the presence of closed 
dentin tubules and fewer irregularities in the EN group 
compared to the control group.

In a study by Alencar and others, NaF varnish was 
applied to the eroded surface, and surface roughness 
and SEM images were examined after a 3-day erosion-
abrasion cycle.8 Partial occlusions of the dentinal 
tubules were observed in the SEM images. However, 
noncontact profilometer images showed that NaF 
varnish was unable to fully protect the dentin surface 
during the erosion-abrasion cycle.5 In contrast, Garofalo 
and others reported that NaF varnish can significantly 
reduce dentin loss, although it cannot provide significant 
tubular occlusion after a 5-day erosion-abrasion cycle.26 
A similar study showed that NaF varnish failed to 
maintain tubule plugging efficacy after a 5-day erosion-
abrasion cycle.47 In our study, the fluoride varnish was 
removed from the dentin surface after being maintained 
on the dentin surface for 6 hours, in accordance with 
the manufacturer’s instructions; this removal could 
decrease the effectiveness of the varnish. In in vitro 
studies, after its application to dental hard tissues, 
varnish is commonly removed from the surface before 
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analysis. However, tubule plugs could be damaged 
during varnish removal from dentin surfaces.59,60 Since 
fluoride varnish was not removed from the tooth surface 
clinically in this manner, the protective capacity of the 
varnish might have been increased.

CWV is a varnish containing TCP and 5% NaF. 
It has a higher CaF2 precipitation potential than 
other varnishes because of the presence of calcium 
in its formula. Karlinsey and others reported that 
the addition of TCP to fluoride toothpaste increased 
fluoride retention in both enamel and dentin and 
facilitated remineralization.24 Another in vitro study 
showed that the diameters of dentinal tubules 
narrowed significantly after CWV application.27 In 
the present study, SEM images of the CWV group 
showed that although some of the dentinal tubule 
orifices were narrowed or completely occluded, most 
of them were open. The tubular plugging effectiveness 
of CWV could be reduced because of its removal 
from the dentin surface after waiting for 24 hours as 
per the manufacturer’s instructions. Although the 
surface roughness of the CWV-applied group was not 
significantly different from that of the control group 
after the erosion-abrasion cycle (p>0.05), the surface 
irregularities observed via SEM were decreased in this 
group compared to the control group. In addition, in 
the SEM images, closed dentin tubules remained after 
erosion-abrasion. These findings are similar to those 
of Garofola and others. In their study, after erosion-
abrasion cycles, closed dentinal tubules were found 
in CWV-applied samples, but the number of open 
dentinal tubules did not differ from that in the control 
group. In the profilometric examination, it was revealed 
that CWV could not protect the dentin surface against 
erosive wear, possibly because of its low adhesion to 
dentin.26 In our study, although CWV application did 
not prevent the increase in surface roughness after the 
erosion-abrasion cycle, it enabled the dentin surfaces to 
be less affected by erosion.

Different types of lasers can be used in the treatment 
of DH. The usage of Nd:YAG and CO2 lasers has 
been limited because of their thermal side effects.38,61,62 
Therefore, there has been a tendency toward the use 
of alternative laser types in the treatment of DH.63 In 
the present study, because of the specific properties 
of its wavelength (2.78 µm), a medium power type 
Er,Cr:YSGG laser that can be used in soft and hard 
tissue without damaging the pulp and surrounding 
tissues was used. The Er,Cr:YSGG laser uses not 
only existing water in tissue but also exogenic water 
for ablation. It has been reported that exogenous 
water has a greater effect than endogenous water in 
dentin ablation.35-37,64 Therefore, an Er,Cr:YSGG laser 

was used without water in this study. The results of 
a previous study showed that carbonization occurred 
even at 0.5 W when the Er,Cr:YSGG laser was used 
without water.65 Since this situation can cause a rougher 
surface, in this study, the energy settings were chosen 
to be lower than the threshold at which carbonization, 
melting, and surface roughness could occur, so 
the laser was used at 0.25 W. A rougher surface can 
promote plaque accumulation and discoloration on 
tooth surfaces and increase caries risk.

The high absorption of the Er,Cr:YSGG laser 
emission wavelength (2.78 µm) in water causes the 
accumulation of insoluble salts in the dentinal tubules 
by evaporating the tubular fluid. It has been reported 
that this accumulation enables the occlusion of dentinal 
tubules and reduction of DH.37,38 In the study by 
Gholami and others, it was shown that an Er,Cr:YSGG 
laser could dissolve peritubular dentin and partially or 
completely occlude dentinal tubules therefore reducing 
the symptoms of hypersensitivity in patients.40 In the 
SEM images in the present study, in accordance with 
the literature, the dentinal tubules of Er,Cr:YSGG 
laser-applied samples were generally closed and 
narrowed, but local short cracks and irregularities were 
present on the surface. Depression areas were observed 
on interface examinations after application. The 
profilometric analysis results indicated that the surface 
roughness increased after laser application compared 
to the baseline level (p<0.05).

SEM images of the Er,Cr:YSGG laser group after 
the erosion-abrasion cycle showed that closed dentin 
tubules were in the majority. In addition, local short 
cracks and irregularities were rarely seen on dentin 
surfaces and were no more common than they were 
after application, and degradation and irregularities 
on the surface were less common in this group than 
in the control group. In addition, after the erosion-
abrasion cycle compared to after application, there was 
a significant increase in the surface roughness values 
of the laser group (p<0.001). Additionally, after the 
erosion-abrasion cycle, the surface roughness of the 
laser group was greater than that of all of the DDA and 
combination DDA-laser groups except GD-L.

The effectiveness of laser application can be affected 
by many factors, such as laser wavelength, energy 
output, and dentin surface conditions (dry or wet 
surface). Laser application can increase surface 
roughness as well as cause dentinal tubule occlusion, 
with ablative and dissolving effects on dentin tissue. 
Therefore, cracks and irregularities can occur on the 
dentin surface. These cracks can render the dentin 
surface more susceptible to erosion and abrasion 
and cause a significant increase in surface roughness 
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after the cycle. In addition, although laser application 
increased the surface roughness of dentin surfaces 
after the cycle, dentinal tubule plugs were still widely 
observed, and the degradation and irregularities on 
the surface were far less widespread than those in the 
control group. Although the surface roughness was 
increased by laser application, the tubule plugs formed 
by the laser resisted erosion-abrasion. These findings 
show that lasers can be effective for DH treatment in 
difficult oral conditions.

In the present study, in addition to its use alone, the 
Er,Cr:YSGG laser was used in combination with DDAs, 
and tubular plugging efficiencies and surface roughness 
were investigated. Compared to those in the DDA-only 
groups, occluded dentin tubules were more abundant 
in the groups treated with DDA in combination with 
laser. In addition, in the combination DDA and laser 
groups, tubule plugging activity persisted after the 
erosion-abrasion cycle, as shown in the SEM images. 
Consistent with the literature, this study indicates 
that the combination of DDA treatment with laser 
irradiation is significantly more effective in dentinal 
tubule occlusion than DDA alone.57,66

In an in vitro study, TMD and GD in combination 
with Er:YAG was found to be more advantageous than 
laser or DDAs alone. The occlusion rates of dentinal 
tubules were higher in the DDA-laser combination 
groups. Most dentinal tubule occlusions were observed 
under laser application combined with GD. However, 
the application of GD or TMD alone did not damage 
the dentin surface, unlike laser treatment. As shown 
by atomic force microscopy  observations, the groups 
treated with DDA in combination with Er:YAG laser 
showed a very rough surface characterized by grooves, 
and prominent cracks and craters were apparent in the 
dentinal tubules.28

Different studies have suggested that laser applications 
in combination with fluoride can increase the effect of 
fluoride.57,67,68 In an in vitro study conducted to analyze 
the mechanism of the combined application of laser 
and fluoride, fluoride penetration in the root dentin 
was found to be better than that with fluoride alone 
and to inhibit demineralization.67 In another in vitro 
study, the combined use of CWV and Nd:YAG lasers 
was reported to result in a surface structure in which 
most of the dentinal tubules were occluded.27

In this study, after the erosion-abrasion cycle, the 
surface roughness values of the TMD-L, EN-L, and 
CWV-L groups were found to be significantly lower than 
those of the Er,Cr:YSGG laser-only group (p<0.001). 
The reason for this outcome might be that the layer 
formed by DDAs before laser application reduced the 
negative effects of the laser on the dentin surface.

In addition, the tubule plugs formed by the 
combined-application groups were resistant to the 
erosion-abrasion cycle, similar to those of the laser 
group, and there was less surface damage in these 
groups than in the control groups. These findings 
suggest that combined DDA-laser treatment could 
be more effective for DH treatment under different 
oral conditions than DDA treatment alone. Laser 
application increased the tubular plugging efficiency 
of DDAs. In addition, resistant tubule plugs after the 
erosion-abrasion cycle could serve as a barrier against 
bacteria, preventing bacteria adhering to the dentin 
surface from progressing to the dentin tubules.

One of the limitations of this in vitro study was 
that although the early term results of DDAs and 
laser applications were determined by both SEM 
examinations and profilometric analyses, long-term 
effects were not examined. In addition, artificial saliva 
containing calcium was used in our study. Artificial 
saliva cannot show the enzymatic and microbiological 
effects of human saliva. Human saliva can protect 
tooth surfaces against erosion and abrasion by forming 
pellicles on tooth surfaces in the oral environment. In 
addition, the use of artificial saliva could have increased 
the effects of the tested DDAs because of its calcium 
content.26

However, the different findings of in vitro studies are 
due to differences in the large number of experimental 
parameters, such as the type of DDA; the type of laser; 
the laser application parameters, with different effects 
on tissue; the pH of the acidic solution used for erosion; 
test cycle time; and other various assessment methods.

In addition, in this study, since test specimens 
obtained from teeth extracted for orthodontic purposes 
were used, the detected changes in surface roughness 
and SEM properties are likely smaller than those 
that occur in teeth with clinical DH. Dentin surfaces 
associated with clinical DH complaints and frequent 
exposure to erosion abrasion could be expected to be 
more affected and damaged than the teeth observed 
here, especially in cases in which the buffering effect 
of saliva is weak. Further damage could be expected 
on clinically sensitive dentinal surfaces and areas 
frequently exposed to erosion abrasion, particularly 
where the buffering effect of saliva is weak. Therefore, 
more comprehensive in vitro and clinical studies are 
needed to gain insight into this issue.

CONCLUSIONS
Effects of different DDAs, Er,Cr:YSGG laser, and their 
combined application on dentin surface roughness, 
their effectiveness in occluding dentin tubules, and 
the resistance of these applications to erosion-abrasion 
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cycles were investigated. After application, DDAs alone 
did not cause an increase in the surface roughness of 
dentin, whereas all other treatments led to provoked 
surface roughness. In addition, none of the applications 
could prevent an increase in surface roughness after an 
erosion-abrasion cycle. Despite the increase in surface 
roughness of all test groups, morphological changes, 
cracks, and surface irregularities on dentin surfaces 
were less apparent. In addition, laser and DDA 
treatment increased the plugging efficiency of DDAs 
resulting in tubule plugs more resistant to erosion-
abrasion cycle. The findings suggest that combined 
laser and DDA treatments could be more effective 
than DDAs alone.

Acknowledgements

This study was supported by Institutional Funding from 
Karadeniz Technical University (File No. 2019-8303). 
Furthermore, the authors sincerely thank Prof Tamer 
Tüzüner for his support in statistically analysis and all the 
helpful comments.

Regulatory Statement

This study was conducted in accordance with all the 
provisions of the local human subjects oversight committee 
guidelines and policies of the Karadeniz Technical University, 
Schoolof Medicine. The approval code issued for this study 
is 2019/60.

Conflicts of Interest

The authors of this manuscript certify that they have no 
proprietary, financial, or other personal interest of any 
nature or kind in any product, service, and/or company that 
is presented in this article.

(Accepted 29 August 2021)

REFERENCES

1.  Litonjua LA, Andreana S, Bush PJ, Tobias TS, & Cohen 
RE (2003) Noncarious cervical lesions and abfractions: A re-
evaluation Journal of American Dental Association 134(7) 845-850.

2.  Addy M (2002) Dentine hypersensitivity: New perspectives on an 
old problem International Dental Journal 52(2) 367-375.

3.  Canadian Advisory Board on Dentin Hypersensitivity (2003) 
Consensus-based recommendations for the diagnosis and 
management of dentin hypersensitivity Journal of the Canadian 
Dental Association (Tor) 69(4) 221-226.

4.  Porto ICCM, Andrade AKM, & Montes MAJR (2009) Diagnosis 
and treatment of dentinal hypersensitivity Journal of Oral Science 
51(3) 323-332.

5.  Dababneh RH, Khouri AT, & Addy M (1999) Dentine 
hypersensitivity—An enigma? A review of terminology, 

epidemiology, mechanisms, aetiology and management British 
Dental Journal 187(11) 606-611.

6.  Bartold PM (2006) Dentinal hypersensitivity: A review Australian 
Dental Journal 51(3) 212-218.

7.  Bevenius J, Lindskog S, & Hultenby K (1994) The 
micromorphology in vivo of the buccocervical region of premolar 
teeth in young adults: A replica study by scanning electron 
microscopy Acta Odontologica Scandinavica 52(6) 323-334.

8.  Zero DT & Lussi A (2005) Erosion–Chemical and biological 
factors of importance to the dental practitioner International Dental 
Journal 55(4 Supplement 1) 285-290.

9.  Scaramucci T, Borges AB, Lippert F, Frank NE, & Hara AT (2013) 
Sodium fluoride effect on erosion-abrasion under hyposalivatory 
simulating conditions Archives of Oral Biology 58(10) 1457-1463.

10.  Absi EG, Addy M, & Adams D (1992) Dentine hypersensitivity–
the effect of toothbrushing and dietary compounds on dentine 
in vitro: An SEM study Journal of Oral Rehabilitation 19(2)  
101-110.

11.  Brännström M, Johnson G, & Nordenvall KJ (1979) Transmission 
and control of dentinal pain: resin impregnation for the 
desensitization of dentin Journal of American Dental Association 
99(4) 612-618.

12.  Brännström M & Aström A (1972) The hydrodynamics of the 
dentine: Its possible relationship to dentinal pain International 
Dental Journal 2(22) 219-227.

13.  Al-Sabbagh M, Harrison E, & Thomas MV (2009) Patient-
applied treatment of dentinal hypersensitivity Dental Clinics of 
North America 53(1) 61-70.

14.  Saraç D, Külünk S, Saraç YS, & Karakaş Ö (2009) Effect of fluoride-
containing desensitizing agents on the bond strength of resin-based 
cements to dentin Journal of Applied Oral Science 17(5) 495-500.

15.  Huh JB, Kim JH, Chung MK, Lee H Yong, Choi YG, & Shim 
JS (2008) The effect of several dentin desensitizers on shear bond 
strength of adhesive resin luting cement using self-etching primer 
Journal of Dentistry 36(12) 1025-1032.

16.  Aranha ACC, Freire Pimenta LA, & Marchi GM (2009) Clinical 
evaluation of desensitizing treatments for cervical dentin 
hypersensitivity Brazilian Oral Research 23(3) 333-339.

17.  West N, Seong J, & Davies M (2014) Dentine hypersensitivity 
Monographs in Oral Science 25 108-122.

18.  Ritter AV, Dias WDL, Miguez P, Caplan DJ, & Swift EJ (2006) 
Treating cervical dentin hypersensitivity with fluoride varnish: A 
randomized clinical study Journal of American Dental Association 
137(7) 1013-1020.

19.  Hoang-Dao BT, Hoang-Tu H, Tran-Thi NN, Koubi G, Camps 
J, & About I (2009) Clinical efficiency of a natural resin fluoride 
varnish (Shellac F) in reducing dentin hypersensitivity Journal of 
Oral Rehabilitation 36(2) 124-131.

20.  Mantzourani M & Sharma D (2013) Dentine sensitivity: Past, 
present and future Journal of Dentistry 41(Supplement 4) S3-S17.

21.  Ozen T, Orhan K, Avsever H, Tunca YM, Ulker AE, & Akyol M 
(2009) Dentin hypersensitivity: A randomized clinical comparison 
of three different agents in a short-term treatment period Operative 
Dentistry 34(4) 392-398.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



E50 Operative Dentistry

22.  West NX, Seong J, & Davies M (2015) Management of dentine 
hypersensitivity: Efficacy of professionally and self-administered 
agents Journal of Clinical Periodontology 42(16) 256-302.

23.  Corona SAM, Do Nascimento TN, Catirse ABE, Lizarelli RFZ, 
Dinelli W, & Palma-Dibb RG (2003) Clinical evaluation of 
low-level laser therapy and fluoride varnish for treating cervical 
dentinal hypersensitivity Journal of Oral Rehabilitation 30(12) 
1183-1189.

24.  Karlinsey RL, Mackey AC, Walker TJ, Frederick KE, Blanken 
DD, Flaig SM, & Walker ER (2011) In vitro remineralization of 
human and bovine white-spot enamel lesions by NaF dentifrices: 
A pilot study Journal of Dentistry and Oral Hygiene 3(2) 22-29.

25.  Alamoudi SA, Pani SC, & Alomari M (2013) The effect of the 
addition of tricalcium phosphate to 5 % sodium fluoride varnishes 
on the microhardness of enamel of primary teeth International 
Journal of Dentistry 2013(486358) 1-5.

26.  Garofalo SA, Sakae LO, Machado AC, Cunha SR, Zezell DM, 
Scaramucci T, & Aranha AC (2019) In vitro effect of innovative 
desensitizing agents on dentin tubule occlusion and erosive wear 
Operative Dentistry 44(2) 168-177.

27.  Tosun S, Culha E, Aydin U, & Ozsevik AS (2016) The combined 
occluding effect of sodium fluoride varnish and Nd:YAG laser 
irradiation on dentinal tubules—A CLSM and SEM study 
Scanning 38(6) 619-624.

28.  Öncü E, Karabekiroğlu S, & Ünlü N (2017) Effects of different 
desensitizers and lasers on dentine tubules: An in-vitro analysis 
Microscopy Research and Technique 80(7) 737-744.

29.  Thanatvarakorn O, Nakashima S, Sadr A, Prasansuttiporn T, 
Thitthaweerat S, & Tagami J (2013) Effect of a calcium-phosphate 
based desensitizer on dentin surface characteristics Dental 
Materials Journal 32(4) 615-621.

30.  Chow LC (2009) Next generation calcium phosphate-based 
biomaterials Dental Materials Journal 28(1) 1-10.

31.  Eyüboglu GB & Naiboǧlu P (2020) Clinical efficacy of different 
dentin desensitizers Operative Dentistry 45(6) E317-E333.

32.  Mehta D, Gowda VS, Santosh A, Finger WJ, & Sasaki K (2014) 
Randomized controlled clinical trial on the efficacy of dentin 
desensitizing agents Acta Odontologica Scandinavica 72(8) 936-941.

33.  Duran I & Sengun A (2004) The long-term effectiveness of five 
current desensitizing products on cervical dentine sensitivity 
Journal of Oral Rehabilitation 31(4) 351-356.

34.  Ishihata H, Finger WJ, Kanehira M, Shimauchi H, & Komatsu 
M (2011) In vitro dentin permeability after application of gluma

®
 

desensitizer as aqueous solution or aqueous fumed silica 
dispersion Journal of Applied Oral Science 19(2) 146-153.

35.  Olivi G, Angiero F, Benedicenti S, Iaria G, Signore A, & Kaitsas 
V (2010) Use of the erbium, chromium : yttrium - scandium - 
gallium - garnet laser on human enamel tissues. Influence of the 
air - water spray on the laser - tissue interaction : scanning electron 
microscope evaluations Lasers in Medical Science 25 793-797.

36.  Hossain M, Nakamura Y, Yamada Y, Kimura Y, Matsumoto 
N, & Matsumoto K (1999) Effects of Er,Cr:YSGG laser effects 
of Er,Cr:YSGG laser irradiation in human enamel and dentin: 
Ablation and morphological studies Journal of Clinical Laser 
Medicine, & Surgery 17(4) 155-159.

37.  Yilmaz HG, Kurtulmus-Yilmaz S, Cengiz E, Bayindir H, & 
Aykac Y (2011) Clinical evaluation of Er,Cr:YSGG and GaAlAs 
laser therapy for treating dentine hypersensitivity: A randomized 
controlled clinical trial Journal of Dentistry 39(3) 249-254.

38.  Yilmaz HG, Cengiz E, Kurtulmus-Yilmaz S, & Leblebicioglu 
B (2011) Effectiveness of Er,Cr:YSGG laser on dentine 
hypersensitivity: A controlled clinical trial Journal of Clinical 
Periodontology 38(4) 341-346.

39.  Arantes BF, de Oliveira Mendonça L, Palma-Dibb RG, Faraoni 
JJ, de Castro DT, Geraldo-Martins VR, & Lepri CP (2019) 
Influence of Er,Cr:YSGG laser, associated or not to desensitizing 
agents, in the prevention of acid erosion in bovine root dentin 
Lasers in Medical Science 34(5) 893-900.

40.  Gholami GA, Fekrazad R, Esmaiel-Nejad A, & Kalhori KAM 
(2011) An evaluation of the occluding effects of Er;Cr:YSGG, 
Nd:YAG, CO2

 and diode lasers on dentinal tubules: A scanning 
electron microscope in vitro study Photomedicine and Laser Surgery 
29(2) 115-121.

41.  Lopes AO & Eduardo CDP (2015) Clinical evaluation of low-
power laser and a desensitizing agent on dentin hypersensitivity 
Lasers in Medical Science 30(2) 823-829.

42.  Bollen CM, Lambrechts P, & Quirynen M (1997) Comparison of 
surface roughness of oral hard materials to the threshold surface 
roughness for bacterial plaque retention: A review of the literature 
Dental Materials 13(4) 258-269.

43.  McConnell MD, Liu Y, Nowak AP, Pilch S, Masters JG, & 
Composto RJ (2010) Bacterial plaque retention on oral hard 
materials: Effect of surface roughness, surface composition, and 
physisorbed polycarboxylate Journal of Biomedical Materials Rese 
inarch - Part A 92(4) 1518-1527.

44.  Flynn J, Galloway R, & Orchardson R (1985) The incidence of 
“hypersensitive” teeth the West of Scotland teeth in Journal of 
Dentistry 13(3) 230-236.

45.  Suge T, Ishikawa K, Kawasaki A, Yoshiyama M, Asaoka 
K, & Ebisu S (1995) Duration of dentinal tubule occlusion 
formed by calcium phosphate precipitation method: In vitro 
evaluation using synthetic saliva Journal of Dental Research 74(10)  
1709-1714.

46.  Thanatvarakorn O, Nakashima S, Sadr A, Prasansuttiporn 
T, Ikeda M, & Tagami J (2013). In vitro evaluation of dentinal 
hydraulic conductance and tubule sealing by a novel calcium-
phosphate desensitizer Journal of Biomedical Materials Research - 
Part B Applied Biomaterials 101 B(2) 303-309.

47.  Machado AC, Rabelo FEM, Maximiano V, Lopes RM, Aranha 
ACC, & Scaramucci T (2019) Effect of in-office desensitizers 
containing calcium and phosphate on dentin permeability and 
tubule occlusion Journal of Dentistry 86(May) 53-59.

48.  Ishihata H, Kanehira M, Finger WJ, Takahashi H, Tomita M, 
& Sasaki K (2017) Effect of two desensitizing agents on dentin 
permeability in vitro Journal of Applied Oral Science 25(1) 34-41.

49.  Shetty R, Bhat A, Mehta D, & Finger W (2017) Effect of a 
calcium phosphate desensitizer on pre- and postcementation 
sensitivity of teeth prepared for full-coverage restorations: A 
randomized, placebo-controlled clinical study International 
Journal of Prosthodontics 30(3) 38-42.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



Okur & Eyüboğlu: Effects of Desensitizer Treatments on Dentin After Erosion-Abrasion E51

50.  Joshi S, Gowda AS, & Joshi C (2013) Comparative evaluation 
of NovaMin desensitizer and Gluma desensitizer on dentinal 
tubule occlusion: A scanning electron microscopic study Journal 
of Periodontal and Implant Science 43(6) 269-275.

51.  Kolker JL, Vargas MA, Armstrong SR, & Dawson DV (2002) 
Effect of desensitizing agents on dentin permeability and dentin 
tubule occlusion Journal of Adhesive Dentistry 4(3) 211-221.

52.  Brunton PA, Kalsi KS, Watts DC, & Wilson NHF (2000) Resistance 
of two dentin-bonding agents and a dentin densensitizer to acid 
erosion in vitro Dental Materials 16(5) 351-355.

53.  João-Souza SH, Machado AC, Lopes RM, Zezell DM, Scaramucci 
T, & Aranha ACC (2018) Effectiveness and acid/tooth brushing 
resistance of in-office desensitizing treatments—A hydraulic 
conductance study Archives of Oral Biology 9(December) 130-136.

54.  Yilmaz HG, Kurtulmus-Yilmaz S, & Cengiz E (2011) Long-term 
effect of diode laser irradiation compared to sodium fluoride 
varnish in the treatment of dentine hypersensitivity in periodontal 
maintenance patients : A randomized controlled clinical study 
Photomedicine and Laser Surgery 29(11) 721-725.

55.  Gillam DG & Orchardson R (2006) Advances in the treatment 
of root dentine sensitivity: mechanisms and treatment principles 
Endodontic Topics 13(1) 13-33.

56.  Dantas EM, Amorim FK de O, Nóbrega FJ de O, Dantas PMC, 
Vasconcelos RG, & Queiroz LMG (2016) Clinical efficacy of 
fluoride varnish and low-level laser radiation in treating dentin 
hypersensitivity Brazilian Dental Journal 27(1) 79-82.

57.  Ipci SD, Cakar G, Kuru B, & Yilmaz S (2009) Clinical evaluation 
of lasers and sodium fluoride gel in the treatment of dentine 
hypersensitivity Photomedicine and Laser Surgery 27(1) 85-91.

58.  Alencar C de M, Leite KL de F, Ortiz MIG, Magnob MB, 
Rochac GM, Silvaa CM, & Maia LC (2020) Morphological and 
chemical effects of in-office and at-home desensitising agents 
containing sodium fluoride on eroded root dentin Archives of Oral 
Biology 110(February) 104619.

59.  Borges AB, Scaramucci T, Lippert F, Zero DT, & Hara AT 
(2014) Erosion protection by calcium lactate/sodium fluoride 
rinses under different salivary flows in vitro Caries Research 48(3) 
193-199.

60.  Magalhães AC, Santos MG dos, Comar LP, Buzalaf MAR, Ganss 
C, & Schlueter N (2016) Effect of a single application of TiF 4 
varnish versus daily use of a low-concentrated TiF 4/NaF solution 
on tooth erosion prevention in vitro Caries Research 50(5) 462-470.

61.  Schwarz F, Arweiler N, Georg T, & Reich E (2002) Desensitizing 
effects of an Er:YAG laser on hypersensitive dentine: A controlled, 
prospective clinical study Journal of Clinical Periodontology 29(3) 
211-215.

62.  Birang R, Poursamimi J, Gutknecht N, Lampert F, & Mir M 
(2007) Comparative evaluation of the effects of Nd:YAG and 
Er:YAG laser in dentin hypersensitivity treatment Lasers in 
Medical Science 22(1) 21-24.

63.  Gutknecht N, Moritz A, Dercks HW, & Lampert F (1997) 
Treatment of hypersensitive teeth using neodymium:yttrium-
aluminum garnet lasers: A comparison of the use of various 
settings in an in vivo study Journal of Clinical Laser Medicine, & 
Surgery 15(4) 171-174.

64.  Hadley J, Young DA, Eversole LR, & Gornbein JA (2000) A 
laser-powered hydrokinetic system for caries removal and cavity 
preparation Journal of American Dental Association 131(June)  
777-785.

65.  Ting C-C, Fukuda M, Watanabe T, Aoki T, Sanaoka A, & 
Noguchi T (2007) Effects of Er,Cr:YSGG laser irradiation on 
the root surface: Morphologic analysis and efficiency of calculus 
removal Journal of Periodontology 78(11) 2156-2164.

66.  Tunar OL, Gürsoy H, Çakar G, Kuru B, Ipci SD, & Yılmaz S 
(2014) Evaluation of the effects of Er:YAG laser and desensitizing 
paste containing 8% arginine and calcium carbonate, and their 
combinations on human dentine tubules: A scanning electron 
microscopic analysis Photomedicine and Laser Surgery 32(10)  
540-545.

67.  Gao XL, Pan JS, & Hsu CY (2006) Laser-fluoride effect on root 
demineralization Journal of Dental Research 85(10) 919-923.

68.  Lan WH, Liu HC, & Lin CP (1999) The combined occluding 
effect of sodium fluoride varnish and Nd:YAG laser irradiation 
on human dentinal tubules Journal of Endodontics 25(6)  
424-426.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access


