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Introduction
Tooth sensitivity is one of the most disturbing clinical conditions; 

the terms Dentin Sensitivity or Dentinal Hypersensitivity have been 
used to describe this condition. Dentinal hypersensitivity was defined 
as short, sharp pain arising from exposed dentin in response to 
thermal, evaporative, tactile, electrical, osmotic or chemical stimuli.1 
It is generally involves facial surfaces of the teeth near cervical border 
and most commonly in canines and premolars.1 It could be caused 
by either enamel or cemental loss. Enamel loss is a result of occlusal 
wear, dietary erosion, and improper tooth brushing technique, 
abfraction and parafunctional habits. Moreover, gingival recession, 
periodontal disease, root planning and periodontal surgery may cause 
cemental loss.2−4 Many theories were proposed to explain the causes 
of dentinal hypersensitivity. One of the most accepted theories is 
The Hydrodynamic Theory by Brännström.5 It states that the fluid 
flow within the dentinal tubules can excite a painful stimulus.5 
Cold causes a rapid increase in this flow which may be interpreted 
as pain by the patient when there dentinal tubules are exposed.6 
Although various treatment methods of dentin hypersensitivity are 
mentioned in literature, they must meet certain criteria in order to be 
efficient. These methods should be easy to apply, have a permanent 
effect, must act rapidly, neither irritate the pulp nor cause tooth 

discoloration nor should be cost effective. Treatment options include 
desensitizing by blocking pulpal sensory nerves or occluding the 
open dentinal tubules.2 The potassium nitrate desensitizing products 
have the ability to work by blocking the synapse between nerve cells, 
reducing nerve activation, and the related pain. On the other hand, 
many agents have been known to occlude dentinal tubules such as 
Sodium fluoride, potassium oxalate and Calcium phosphate. Also 
varnishes, cements, adhesive materials and lasers have been known 
to occlude the dentinal tubules.2 There are many types of lasers 
used in dentistry, which have been divided into hard lasers and soft 
or cold lasers. Hard lasers are Carbon dioxide (CO2), Neodymium 
Yttrium Aluminum Garnet (Nd: YAG), and Er: YAG. These lasers 
can be applied for hard and soft tissue but they have the potential 
to damage the pulp along with their high cost. On the other hand, 
Soft or cold lasers which were based on the semiconductor diode 
devices that deliver laser in non-thermal mean termed as low-level 
laser therapy (LLLT) or biostimulation.7 Lasers in general have many 
implications on dental specialties, Aesthetic gingival re-contouring 
and crown lengthening in periodontal treatments, photodynamic 
therapy for malignancies, exposure of unerupted and partially erupted 
teeth in orthodontic treatments, removal of inflamed, hypertrophic 
tissue, miscellaneous tissue removal in oral medicine. They also, 
showed a significant development in hard tissue treatment like Cavity 
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Abstract

Aim: To evaluate and compare the effect of Er.Cr.YSGG Laser in sustained dentinal tubules 
occlusion with different treatment methods used on exposed dentin surface at different time 
intervals using scanning electron microscopy (SEM). 

Material and methods: 26 natural posterior teeth were sectioned, prepared and embedded 
in acrylic resin. Samples were polished to remove the enamel layer and randomly divided 
into 5 groups: Group A- negative control group (n=4), Group B- Desensitizing toothpaste 
(Colgate Sensitive Pro-relief, Colgate), Group 3- Desenstizing Paste (MI paste, GC), 
Group D- Desensitizing varnish (VivaSens®, IvoclarVivadent) , Group E- Er.Cr.YSGG 
laser (Waterlase®, Biolase Inc.). Each group was treated according to the manufacturer 
instructions and subjected to aging process. Dentin occluded surfaces were examined 
using (SEM). Micrographs were taken in three intervals; immediately after treatment, after 
two weeks, and after one month. Qualitative assessment was done for the micrographs to 
evaluate the surface characteristics. 

Results: The immediate SEM micrographs of showed complete obliteration of most of 
the dentinal tubules in all treatments used. Micrographs taken after two weeks showed 
sustained occluded dentinal tubules only in the toothpaste group and Er.Cr.YSGG Laser 
group. Lastly, after one-month the Er.Cr.YSGG Laser group had the only dentinal tubules 
that remained completely occluded or at least constricted.

Conclusion: Er.Cr.YSGG laser showed constant results in occluding dentinal tubules over 
a period of one month. 

Clinical significance: Lasers have been found to be effective for long term relief from 
dentinal hypersensitivity.

Keywords: tooth sensitivity, dentinal tubules, dentinal hypersensitivity, desensitizing 
agents, Er.Cr.YSGG laser
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preparation, caries, and restorative material removal in addition to 
treatment of dentinal hypersensitivity.7 Erbium. Chromium: Yttrium-
scandium-gallium-garnet laser (Waterlase®) (©BIOLASE, Inc., 
USA) is the type of laser used in this study. It is a class 4 laser with 
a 2780 nm wavelength. This laser has both advantages on the care 
provider and recipient. Er.Cr:YSSG (Waterlase®) laser is painless 
and the treatment could be provided without using local anesthesia. 
In addition, it is convenient, safe and precise.7,8 Er.Cr:YSSG laser 
(Waterlase®) has multiple indications; in hard tissues it is used for 
caries removal, enameloplasty, hard tissue surface roughening or 
etching and bone surgical procedures. While in soft tissues, it can 
be used in procedures associated with pulpal tissues, excisional 
or incisional biopsies, exposure of un erupted teeth, gingivectomy, 
gingivoplasty and Frenectomy.9 Therefore, the availability of this 
type of laser in the dental clinic will serve the patient on many levels. 
However, in the literature there is not enough information about 
the effect of Erbium. Chromium: Yttrium-scandium-gallium-garnet 
lasers and their ability to reduce dentin sensitivity in comparison with 
other available clinical solutions of dentine hypersensitivity over a 
period of time. The objectives of this study were to evaluate the effect 
of Er.Cr.YSGG Laser (Waterlase®) in sustained dentinal tubules 
occlusion and compare the effect of different treatment methods 
used on exposed dentin surface using Scanning electron microscopy 
(SEM) after different time intervals using SEM.

Materials and methods
Twenty-six posterior human teeth were used in this study. The 

teeth were extracted for orthodontic reasons. Samples were washed 
thoroughly after extraction and stored in dark glass container of 
1% thymol solution at 4°C till use. Roots were cut below the root 
furcation and removed using ISOEMT 2000 PRECISION SAW 
(BUEHLER 41, Waukegan Road, Lake Bluff, IL, USA). Teeth crowns 
were sectioned again mesio-distally to use both buccal and lingual 
surfaces for the experiment. Sectioned samples were mounted in 
acrylic self-cured resin where either buccal or lingual surface facing 
upward with the pulpal surfaces are embedded in the resin. Sample 
surfaces were subjected to different grits of abrasive disks to remove 
the enamel layer and expose the dentin (AUTOMATA Grinding and 
Polishing unit, JEANWIRTZ Gmbh & Co. Charlottestrabe Dusseldorf 
W. Germany). Grinding started with continuous air-water irrigation 
using 320-grit, 400-grit disks respectively. Then the samples were 
polished by 600-grit disk for 30 seconds each. The grinded samples 
were placed in Ultrasonicator (SONICER, Yoshida Dental Mfg 

Co Ltd, Osaka, Japan) filled with distilled water for 15 minutes to 
remove the enamel debris. Then, the specimens were examined 
under light microscope (STEREO 80 Wildefield Microscope, SWIFT 
instrument inc, USA) to ensure complete enamel removal. Then 
each surface was etched by ethylenediaminetetraacetic acid (EDTA) 
(EDTA SOLUTION, Prevest Denpro, India) for one minute to ensure 
complete removal of the smear layer. Finally, the samples were 
randomly divided into four groups according to different management 
of dentin hypersensitivity and an extra negative control group. Group 
A- negative control group which remained without any intervention 
(n=4), Group B- Desensitizing varnish (VivaSens®, Ivoclar Vivadent, 
Schaan, Liechtenstein) (n=12), Group C- Desenstizing Paste (MI 
paste, GC America Inc., USA) (n=12), Group D- Desensitizing 
toothpaste (Colgate Sensitive Pro-relief, Colgate, USA) (n=12), 
Group E- Er.Cr.YSGG laser (Waterlase®, Biolase Inc., USA) 
(n=12). All the materials used in this study were applied according 
to their manufacturer’s instruction. Laser used has a wavelength of 
2.780 nm with a power of 0.25 W and 30 Hz frequency. The laser tip 
(Mz5, 6mm length) was applied perpendicular to the tooth surface 
and moved slowly along all surfaces of the tooth for 30s with 5mm 
distance from the surface. Each experimental group was randomly 
subdivided into three groups (n=4) to record three different time 
intervals: immediately after the treatment, after two weeks and finally 
after one-month. The dentin-occluded surfaces were scanned with 
scanning electron microscope (SEM) (JEOL JSM-6360LV) using 
20kv in 1500-fold magnification and the dimension of the picture side 
was 10ųm. The reason behind subdividing each experimental group is 
because the samples will be damaged after preparation for scanning 
electron microscope (SEM) and cannot be used further in the study. 
The group description, material used, and their method of application 
were fully described in Table 1. The specimens were immersed 
in 250 ml artificial saliva (prepared as described by Cavalli et al.10 
during the experiment at 37°C and kept in an incubator (Memmert 
universal oven, Germany). Saliva solution was changed weekly. 
Surface characteristics and the occlusion of the dentinal tubules were 
evaluated using SEM micrographs. These micrographs were ranked 
according to four descriptive categories adopted from Al-Saud et al.11 

with some modification. These categories include: 0=the dentinal 
tubules were mostly occluded; the dentinal surface is partially covered 
with film or precipitation or shows some surface alterations. 1=the 
dentinal tubules are mostly occluded; the dentinal surface is devoid of 
film or precipitate. 2=the dentinal tubules are partially occluded and 
dentinal orifices are slightly smaller, with little or no debris. 3=all the 
dentinal tubules are widely opened with little or no debris.

Table 1 The experimental groups

Group Material Composition Action Mechanism Method of Use 

A (n=4) Negative control 

B (n=12) Colgate Sensitive Pro-relief® toothpaste Arginine (Bicarbonate), 
Calcium carbonate. 

Arginine activates bacteria 
that neutralize acids and 
calcium, along with saliva 
to restore missing enamel. 

Apply with finger for 1 
minute then leave it for 
30 minutes daily for 2 
weeks. 

C (n=12) MI Paste, GC® Recaldent (CPP-ACP) 
calcium and phosphate. 

A special milk derived 
phosphopeptide that binds 
calcium and phosphate to 
tooth surface. 

Apply with finger for 4 
minutes the leave it for 
30 minutes daily. 

D (n=12) VivaSense® desensitizing varnish 

Liquid varnish containing 
potassium fluoride, 
polyethylene glycol 
dimethacrylate, and 
other methacrylates. 

Precipitation of calcium 
ions, potassium fluoride 
and proteins in the dentinal 
fluids. 

One drop applied by 
microbrush for 10 
seconds then reapplies 
after one week. 
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Group Material Composition Action Mechanism Method of Use 

E (n=12) Waterlase® Laser Er.Cr:YSGG laser 

Energized water molecules 
vaporize, causing a 
biological ablation of hard 
and soft tissue. Melting of 
the peritubular dentin. 

Wavelength= 2.780. 
Tip size= Mz5, 6mm 
length. Power= 0.25 W. 
Frequency= 30Hz. Mode: 
H. Air and water % = 
0%. Distance to target= 
5mm. The laser tip was 
applied perpendicular to 
the tooth surface and 
moved slowly along all 
surfaces of the tooth 
for 30s. 

Table Continued...

 Results
Dentin surfaces showed different amounts of dentinal tubules 

occlusion with different methodology used and time. All the tested 
material showed an effect on the dentinal tubules patency to a 
different degree. The micromorphlogical ranking of all the groups are 
demonstrated in (Table 2).

Table 2 The micrographical ranking of all the groups

Treatment 
Categories 

 total 
0 1 2 3 

Vivasense Immediate 3 0 1 0 4 

2-weeks 0 0 4 0 4 

One-month 0 0 0 4 4 

MI Paste Immediate 3 0 0 1 4 

2-weeks 0 4 0 0 4 

One-month 0 0 0 4 4 

Colgate toothpaste Immediate 3 0 1 0 4 

2-weeks 0 0 3 1 4 

One-month 0 0 4 0 4 

Waterlase Immediate 0 4 0 0 4 

2-weeks 0 4 0 0 4 

One-month 0 4 0 0 4 

Immediate results

SEM micrographs of the negative control (Group A) showed fully 
opened dentinal tubules (Figure 1). The VivaSense ® group (Group B) 
showed complete coverage of dentinal tubules with the resin material 
without any morphological changes (Figure 2). Dentin samples 
treated with MI paste (Group C) (Figure 3) revealed some dentinal 
tubules coverage with the treated paste material that precipitates 
on the dentin tubules with other tubules remained fully opened and 
unaffected. Same presentation was found in the Colgate ® toothpaste 
group (Group D) (Figure 4) where the majority of the dentinal 
tubules were fully opened and unaffected. However, there was some 
coverage of the dentinal tubules opening with the paste material. All 
dentin samples treated with Waterlase® (Group E) (Figure 5) showed 
complete occluding and obliteration of most of the dentinal tubules 
with few surface precipitate. The other remaining tubules exhibited 
some alterations and constriction of their diameter.

Figure 1 SEM micrograph of the negative control sample showing fully 
opened dentinal tubules. 

Figure 2 SEM micrograph of dentine samples treated with VivaSense showing 
complete dentinal tubules coverage with resin material (A). 

Figure 3 SEM micrograph of dentine samples treated with MI Paste showing 
some of the dentinal tubules coverage with MI Paste material (A) and other 
fully opened unaffected dentinal tubules (B). 

Figure 4 SEM micrograph of dentine samples treated with Colgate toothpaste 
showing fully open unaffected dentinal tubules (A) and some dentinal tubules 
obliteration with the paste material (B). 
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Figure 5 SEM micrograph of dentine samples treated with Waterlase showing 
completely occluded dentinal tubules (A) and partially occluded dentinal 
tubules (B). 

Two-week results

SEM micrographs of the VivaSense ® group (Group B) showed 
partially occluded dentinal tubules and dentinal tubules diameter were 
narrower with little or no debris. However, the occluding effect was 
less than what have been seen in the immediate application results 
of the same group (Figure 6). Dentin samples treated with MI Paste 
(Group C) shows constricted dentinal tubules with some of them are 
completely obliterated with dentin-like material without any paste 
precipitate remains on the surface (Figure 7). On the other hand, 
the Colgate ® toothpaste group (Group D) showed more open and 
unaffected dentinal tubules (Figure 8). Finally, the Waterlase® group 
(Group E) showed completely occluded dentinal tubules with only 
few remained slightly opened (Figure 9).

Figure 6 SEM micrograph of dentine samples treated with VivaSense after 
2-weeks. 

Figure 7 SEM micrograph of dentine samples treated with MI Paste after 
2-weeks showing reduced constricted dentinal tubules opening (A). 

Figure 8 SEM micrograph of dentine samples treated with Colgate toothpaste 
after 2-weeks showing fully opens unaffected dentinal tubules (A). 

Figure 9 SEM micrograph of dentine samples treated with Waterlase after 
2-weeks showing completely occluded dentinal tubules. 

One-month results

SEM micrographs showed widely opened dentinal tubules in dentin 
samples treated with VivaSense ® (Group B) and MI Paste (Group 
C) without the presence of any resin or paste precipitate (Figures 
10&11). Colgate ® toothpaste group (Group D) showed occluded 
dentinal tubules with paste precipitates on the surface (Figure 12). 
Lastly, samples irradiated with Waterlase® (Group D) demonstrated 
that most dentinal tubules remained completely occluded or at least 
constricted (Figure 13).

Figure 10 SEM micrograph of dentine samples treated with VivaSense after 
one month showing widely open dentinal tubules orifices. 

Figure 11 SEM micrograph of dentine samples treated with MI Paste after 
one month showing widely open dentinal tubules orifices. 
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Figure 12 SEM micrograph of dentine samples treated with Colgate 
toothpaste after one month showing slightly constricted dentinal tubules 
orifices (A) with some paste precipitate (B). 

Figure 13 SEM micrograph of dentine samples treated with Waterlase after 
one month showing constricted dentinal tubule orifice (A) and completely 
occluded dentinal tubules (B). 

Discussion
Dentinal hypersensitivity could be decreased by minimizing the 

fluid movements inside the dentinal tubules which in turn disturbs 
the stimuli transmission to the odontoblastic process.5 Many methods 
can be applied for occluding dentinal tubules, first by sealing the 
dentin surface or by occluding within their orifices or occluding in 
the subsurface dentin within their tubules.2,3 In this study, different 
treatment modalities of dentinal hypersensitivity were experienced 
and examined in different time intervals, immediately, after two 
weeks, and one month using SEM. All the samples were prepared 
by etching the dentin surface with 0.5 ml EDTA before treatment. 
This important step is to make sure that any other materials or smear 
layer, smear plugs were removed from prepared surface dentin that 
can cause confusion with treatment materials. Sensitive dentin always 
has open wide tubules, so the etching process aimed to stimulate the 
open tubules of the sensitive dentin.12 Among the treatment methods 
used, the only method sustained the occluded dentinal tubules over 
the tested period of time is the Er.Cr.YSGG laser (Waterlase®) group. 
This comes in agreement with several studies.7−17 Raichur et al.18 
compared diode laser, stannous fluoride gel, and potassium nitrate gel 
in the treatment of dentinal hypersensitivity over a period of 6 months. 
Among all tested groups, only the laser group sustained occluded 
dentinal tubules throughout this period.18 The energy emitted from 
Er.Cr:YSGG laser has 5 to 100 pulses per second. It released from 
the tip of the hand-piece along with a fine water spray. Laser photons 
energize water molecules within the target tissue and from the spray 
on the tissue surface. Energized water molecules vaporize, causing a 
biological and cool ablation of hard and soft tissue. This action will 
cause melting of the peritubular dentin and can occlude dentinal tubules 

totally or partially, therefore these melting processes reduce patients’ 
hypersensitivity and sustain the occluded tubules.19 Bela et al.13 found 
that Er:YAG laser does not affected the compositional structure of the 
mineral content of the tubules.13 VivaSense® desensitizing varnish, 
covered the dentinal tubules without changing the morphology in 
the immediate results of this study. This comes in agreement with 
Al-Saud et al.11 were this varnish showed an effect in occluding 
immediately the dentinal tubules. VivaSense® is a film like varnish. 
A tight block of the dentinal tubules is achieved by precipitation of 
calcium ions, potassium fluoride and proteins in the dentinal fluids.20 
Although this method of treatment was effective immediately, the 
two weeks and one month result for this group showed that few or 
no resin precipitate presented and dentinal tubules were partially 
occluded. This might be due to the washed out effect of this varnish. 
This deterioration has been stated in previous studies.1−18 MI paste 
and Colgate sensitive pro-relief® toothpaste groups showed opened 
dentinal tubules in the SEM micrographs when tested immediately. 
MI paste is a special milk derived phosphopeptide that binds calcium 
and phosphate to tooth surface. It is water based sugar free cream that 
is applied to the tooth surface or oral cavity. MI paste with recaldent 
casein phosphopeptides and amorphous calcium phosphate (CPP-
ACP) improve fluoride uptake as well as soothing sensitive surfaces.21 
While Colgate Sensitive Pro-relief ® toothpaste positively charged 
arginine molecules bind to the negatively charged surface of dentin. 
They help attract calcium to form a calcium-rich mineral layer on the 
dentin surface, which occludes tubules. The occlusion protects dentin 
fluid from exposure to external stimuli, thus stopping fluid movement 
in the tubules. This blocking of the fluid movement removes the 
cause of pain and discomfort.22 After two weeks, the dentin samples 
treated with MI Paste showed constricted dentinal tubules with some 
of them are completely obliterated with dentin-like material without 
any paste precipitate remains on the surface. The opposite was seen 
with the Colgate® toothpaste group where there were more open 
and unaffected dentinal tubules. Failure of these materials to sustain 
occluded dentinal tubules was also noted in other studies. Palazon et 
al.17 studied the immediate and short-term effects of laser neodymium-
doped yttrium aluminum garnet (Nd:YAG) irradiation and different 
in-office desensitizing treatment on dentin tubule occlusion. They 
found that only laser irradiation was capable of immediately sealing 
the dentinal tubules; however, none of the other treatments showed 
efficacy in maintaining tubule occlusion after the chemical and 
mechanical challenges. This in-vitro study has limitations as the oral 
environment differs from the laboratory conditions. The brushing 
technique of the patent, type of toothbrush used, chewing hard food 
and oral habits may affect the results of the desensitizing treatment 
used over time. Further studies are recommended to calculate the 
depth of occlusion for dentinal tubules in each method and its ability 
to sustain for more than 6 months in the oral cavity environment.

Conclusion
Er.Cr.YSGG laser (Waterlase®) affected the dentinal tubules 

patency, it resulted in occlusion or narrowing of the open dentinal 
tubules to a various degrees over the different time periods. 
Vivasense® desensitizing varnish showed complete coverage of 
the dentinal tubules by resin material as an immediate result but it 
deteriorated with time.
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