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Microstructural Changes of Human Dentin Tubules after
Citric Acid Immersion of Specimens Treated with Different
Desensitising Approaches: An SEM Analysis
Ogul Leman Tunara / Bahar Eren Kurub

Purpose: This in-vitro study aimed to evaluate the effectiveness and acid resistance on dentin surfaces following
the application of a linear-oscillating device (LOD) with a hydroxyapatite-based polishing fluid, Er:YAG laser or sodium fluoride (NaF) used alone or in combinations for desensitising purposes.
Materials and Methods: Freshly extracted impacted third molars were used to obtain 120 specimens, all completely immersed in 1% citric acid for 5 min and divided randomly into 6 groups. Group I, with no treatment, served
as the control; group II: Er:YAG laser (30 Hz, 60 mJ/pulse, 10 s); group III: NaF gel; group IV: LOD; groups V and VI:
the combinations of NaF+Er:YAG and LOD+Er:YAG, respectively, were applied. Following these treatments, the effectiveness of each was evaluated in half of the specimens in each group (n = 10). The other half of the specimens
(n = 10) served for acid-resistance testing. All evaluations were made on SEM photomicrographs.
Results: The post-treatment tubule diameters and numbers were the lowest with LOD+Er:YAG, followed by
NaF+Er:YAG, LOD, Er:YAG and NaF. Paired comparisons revealed LOD+Er:YAG to be the best treatment method
(p < 0.05). After 3 h of acid immersion, all treatments revealed significant increases (p < 0.05) in both tubule number and diameter study between post-treatment and post-acid immersion values. The exception was LOD+Er:YAG.
LOD+Er:YAG showed the highest resistance to acid challenge, presenting the lowest increase in tubular diameters
and numbers followed by NaF+Er:YAG, LOD, Er:YAG and NaF.
Conclusion: Combined LOD+Er:YAG treatment revealed the highest effectiveness and acid resistance. Further clinical studies are warranted to confirm these in-vitro results.
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D

entin hypersensitivity (DH) is the most frequently encountered but underrated problem in dental practice. DH can
be described as a painful condition arising from the response to chemical, thermal, tactile, or osmotic stimuli. DH
cannot be ascribed to any other dental defect or disease exx
cept exposed dentin surfaces. The prevalence of DH varies
from 3% to 98%, and mostly affects patients in their 30s or
40s.3,4,13 The aetiology of DH is multifactorial, although the
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best-documented factors are erosion from dietary substances and gingival recession caused by periodontal disease or traumatic toothbrushing.1,15,17,22,45 According to a
consensus-based recommendation, researchers have concluded that acid erosion and gingival recession, rather than
traumatic cervical enamel loss, are the most important key
factors causing DH.12
Loss of mineralised tooth structure is called erosion and
occurs during acid attacks due to two different sources: intrinsic (e.g. gastroesophageal reflux) and extrinsic (e.g.
acidic beverages).18 With the global increase of fast-food
consumption, not only gastric problems but also the acidic
environment of the oral cavity appear to lower the pH level,
exposing and enlarging the dentinal tubules through erosive
effects. Normal toothbrushing cannot cause significant
enamel loss or gingival recession.47 On the other hand, erosion from acidic foods and drinks in combination with norr
mal toothbrushing may result in significant tooth wear on
any aspect of the tooth surface, but especially in the cervical areas, and result in DH.50 Brannström’s hydrodynamic
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Fig 1 Flow chart of the study.

theory6 is the most well-documented theory to explain DH.
According to this theory, a pain-triggering stimulus (tactile,
osmotic, or chemical) changes the fluid flow in the exposed
dentinal tubules, which causes a change of the pressure in
the pulp. This mechanoreceptor effect stimulates the pulpal
nerve endings and causes pain. In-vitro studies have shown
that teeth with hypersensitivity present a high number of
open dentinal tubules and enlarged tubular orificies.2,49
There are numerous DH treatment methods. A variety of
chemical and physical agents have been used, including
tubule occluding agents (e.g. potassium oxalate, sodium
fluoride [NaF]),42,48 protein precipitants (e.g. glutaraldehyde)31 and tubule sealants30 or lasers,16 all of which aim
at preventing dentinal fluid movement. Laser systems such
as Er:YAG, CO2, Nd:YAG, He-Ne, GaAlAs, and Er,Cr:YSGG
have been used for DH treatment for the past 4 decades.11,19,23,41,42 The Er:YAG laser can be used safely
without thermally damaging the dental hard/soft tissues
due to its thermomechanical ablation ability, patient-friendly
mechanism of action, and a wavelength that is well ab-
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sorbed in water but less so in hydroxyapatite.43 The rationale of tubule occluding agents is to block or minimise the
dentinal tubule orifices, which reduces or eliminates the
dynamic pressure changes from external stimuli. Today, the
most commonly used tubule occluding chemical agent in
dental practice is still professionally-applied NaF gel. Although many studies have been conducted with all these
agents,23,29,37 the immediate and long-term pain reduction
are still questionable and under debate.
A new-generation ultrasonic system with linear oscillation
became available around the year 2000. Its action is a nonelliptical movement of the tip. This results in minimal invasiveness for safe and comfortable mechanical, nonsurgical
periodontal therapy.8,14,20 In addition to water, the device
can be applied with an adjunctive polishing fluid containing
10-μm hydroxyapatite (HA) granules. A limited number of
studies have shown that this fluid may block DH symptoms.7 However, to the best of our knowledge, no study to
date has investigated or confirmed the potential DH desensitising effects or their longevity in an acid environment of
Oral Health & Preventive Dentistry
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this linear oscillating device (LOD) with an adjunctive polishing fluid containing 10-μm HA granules.
It has been reported that the single use of many therapeutic agents is insufficient in the elimination or control of DH,21
thus causing recurrence of the pain symptoms. For this reason, researchers have attempted to combine therapies for
improving the effectiveness and the longevity of the treatt
ment results.11,21,41 The results are promising for combined
approaches when different chemical agents and physical devices are used in combination.21,23,25,41 However, although it
is of critical importance to evaluate the resistance of the occluded dentinal tubules, only a few studies exist on the resistance to acid challenges after different treatments.27
Therefore, this multi-armed in-vitro study aimed to investigate both the tubular occlusion and thereafter the acid
resistance after the application of single and combined desensitizing procedures, including NaF gel, Er:YAG laser and
LOD applied to citric acid-opened human dentinal tubules.
The study hypothesis is that the LOD system, as a mechanical, nonsurgical treatment method, is also effective in occluding open dentinal tubules and promoting resistance to
acid attacks.

MATERIALS AND METHODS
This study was approved by the scientific committee of
Yeditepe University Faculty of Dentistry (354/09/2020) and
the ethics board of Yeditepe University (KAEK: 1425/2021).
The sample size calculation was performed based on a previous DH study.44 According to this calculation, _ was 0.05,
the power of the test (b) was 80% and the effect size (Cohen’s d) was 0.05 for the number of dentinal tubules. The
calculated sample number was found to be a minimum of 7
in each study group.

Preparation of Dentin Specimens
Sixty freshly extracted, impacted human mandibular third molars were obtained from adults aged between 24–32 years.
The extracted teeth were prepared as described in previous
studies.11,41 To obtain the 3-mm-thick experimental dentin
specimens from the extracted tooth, two horizontal cuts
were made perpendicular to the long axis of the tooth, one
of which was made through the cementoenamel junction
and the other 3 mm below the first cut. Thereafter, the obtained piece was divided into halves with a third transverse
cut, and the halves were subsequently coded. In this way, a
total of 120 specimens were obtained. The specimens were
placed on a coin-sized (19.25 mm x 2 mm) cast filled with
acrylic resin in order to transfer the codes, standardize the
working position, and facilitate the ease of application. Special care was taken ensure that the resin did not cover or
contact the cementum surface of the specimen. In the next
step, to remove the cementum layer, the specimen surfaces
were wet polished with a sequence of carbide papers (600-,
1200-, and 2000-grit) to expose the dentin. The specimens
were then placed in an ultrasonic cleaner containing distilled water and washed for 5 min.
doi: 10.3290/j.ohpd.b3464895

Experimental Groups and Treatments
The specimens were divided into 6 groups according to a
randomisation table (randomlists.com). After group assignment, specimens were completely immersed in a 1% citric
acid solution for 5 min to remove the smear layer and simulate root surfaces affected by DH, then rinsed with distilled
water and air dried. Desensitizing treatment procedures
were then performed in the test groups. The groups are
described below.
y Group I (control) (n = 20): No treatment was applied to
these specimens to represent the pre-treatment phase.
y Group II (Er:YAG) (n = 20): The specimens were irradiated with Er:YAG laser (DE-Light, Hoya ConBio; Fremont,
CA, USA) using a 60-μm–diameter chisel quartz tip at an
energy level of 60 mJ per pulse, and a repetition rate of
30 Hz, for 10 s.21 The laser beam was moved in a mesiodistal direction with the beam directed perpendicularly
to the dentin surface in non-contact mode without water
irrigation at a distance of 3–4 mm.
y Group III (NaF) (n = 20): A topical NaF gel (Enamel Pro
Gel, Premier Dental Products; Plymouth Meeting, PA,
USA) was applied to the specimens with a bonding brush
for 4 min and then gently rinsed with distilled water.11
y Group IV (LOD) (n = 20): The LOD system (Vector Paro
Pro, Dürr Dental SE; Bietigheim-Bissingen, Germany) was
applied with a straight tip (Paro probe straight tip, Dürr
Dental SE) in combination with the hydroxyapatite-based
polishing fluid (Vector Fluid Polish, Dürr Dental SE) on the
specimens. The surfaces of the specimens were traced
with a sweeping motion and the tip was kept in constant
motion over the working area. The application period was
30 s at 80% operating power.
y Group V (NaF+Er:YAG) (n = 20): Following the application
of topical NaF gel for 4 min, the specimens were gently
rinsed with distilled water and then irradiated with Er:YAG
laser at the same parameters and in the same fashion
as in Group II.
y Group VI (LOD+Er:YAG) (n = 20): Following the application of the LOD system, the specimens were then irradiated with Er:YAG laser at the same parameters and in
the same fashion as in Groups II and IV.
The first 10 specimens of the test groups were used for
evaluating the tubule occlusion, whereas the other 10 were
submitted to an acid challenge, simulating the continuation
of an acidic diet. Therefore, the groups were divided into
two subgroups, A and B, leaving 10 specimens in each for
two different evaluation purposes (Fig 1). Since a specific
sample coating is required for SEM analysis of tubule occlusion, the suitability of the specimens for the acid challenge
assessment was precluded due to this coating. Therefore,
the remaining 10 specimens in each group were used for
evaluation after the acid challenge. The specimens of subgroup A were directly prepared for tubule occlusion assessment and fixed in 2.5% glutaraldehyde, placed in 0.1M
phosphate-buffered saline (pH 7.2) for 24 h at room temperature, washed with distilled water, and air dried. For the
acid challenge, subgroup B specimens in each group were
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Table 1

Evaluation of post-treatment and acid immersion tubule diameter values
Tubule diameters (μm)
Post-treatment

Post-acid immersion

Mean ± SD

Mean ± SD

p**

Control (pretreatment)

2.40 ± 0.06

2.41 ± 0.07

0.735

Er:YAG

0.91 ± 0.24

1.18 ± 0.23

0.022ۥ

NaF

1.94 ± 0.30

2.21 ± 0.21

0.049ۥ

LOD

0.72 ± 0.18

0.97 ± 0.25

0.013ۥ

NaF+Er:YAG

0.69 ± 0.14

0.91 ± 0.15

0.013ۥ

LOD+Er:YAG

0±0

0.09 ± 0.16

0.109

0.000ۥ

0.000ۥ

*p
*Kruskal-Wallis test; **Wilcoxon signed-rank test;

Table 1a

ۥp

< 0.05.

Pair-wise comparison of the post-treatment tubule diameters

Control (pretreatment)

Control (pretreatment)

Er:YAG

0.022*

Er:YAG

NaF

1.000

0.046*

NaF

LOD

0.001*

0.415

0.007*

LOD

NaF+Er:YAG

0.000*

0.240

0.033*

0.719

NaF+Er:YAG

LOD+ERYAG

0.000*

0.018*

0.000*

0.016*

0.039*

LOD+Er:YAG

Dunn’s test, *p < 0.05.

Table 1b

Pair-wise comparison of the post-acid immersion tubule diameters

Control (pretreatment)

Control (pretreatment)

Er:YAG

0.004*

Er:YAG

NaF

1.000

0.042*

NaF

LOD

0.002*

0.330

0.039*

LOD

NaF+Er:YAG

0.000*

1.000

0.012*

1.000

NaF+Er:YAG

LOD+ERYAG

0.000*

0.013*

0.000*

0.019*

0.044*

LOD+Er:YAG

Dunn’s test, *p < 0.05.

first completely immersed in 1% citric acid for 3 h, washed
with distilled water, and then fixed in the same manner as
described above for subgroup A.

SEM Analysis and Measurements
For the SEM (JSM 6335F; JEOL-USA; Peabody, MA, USA)
analysis of the microstructural changes on dentinal surfaces, the specimens were coated with an approximately
20-nm-thick platinum layer, and photomicrographs of each
specimen were taken at 1000X and 2000X magnifications
at an accelerating voltage of 10-15 kV.
Selection of the fields for quantitative evaluation was
standardised as follows: the intersection of the two diagonal lines at the midpoint of the sample surface was located
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at 20X magnification and thereafter the intersection point
was further zoomed in on, to obtain photomicrographs
under higher magnifications of 1000X and 2000X.40
The photomicrographs were then uploaded into a software program (Image J) for accurate measurements. The
number of dentinal tubules in each specimen were counted
on the 1000X images. On the 2000X images, the diameters of the dentinal tubule orifices were determined. Only
circular tubule orifices were evaluated; elliptical tubules reflected a misleading oblique cut and were excluded to minimise measurement errors. The number and the diameter of
dentinal tubules determined on the photomicrographs were
adjusted to the actual size using the reference scale bar on
the image. All morphometric measurements for the number
Oral Health & Preventive Dentistry
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Table 2 Evaluation of post-treatment and post-acid immersion tubule numbers
Tubule numbers
Post-treatment

Post-acid immersion

Mean ± SD

Mean ± SD

p**

Control (pretreatment)

154.8 ± 9.9

153.8 ± 7.6

0.684

Er:YAG

14.8 ± 5.69

20.0 ± 5.68

0.011ۥ

NaF

56.5 ± 11.82

66.3 ± 11.78

0.008ۥ

LOD

9.9 ± 3.38

14.2 ± 2.39

0.018ۥ

NaF+Er:YAG

2.1 ± 1.66

11.9 ± 6.47

0.007ۥ

LOD+ERYAG

0±0

0.3 ± 0.48

0.083

0.000ۥ

0.000ۥ

p*

*Kruskal-Wallis Test; **Wilcoxon signed-rank test; ۥp < 0.05.

Table 2a Pair-wise comparison of the post-treatment tubule numbers
Control (pretreatment)

Control (pretreatment)

Er:YAG

0.004*

Er:YAG

NaF

0.198

0.040*

NaF

LOD

0.005*

0.452

0.021*

LOD

NaF+Er:YAG

0.000*

0.015*

0.001*

0.095

NaF+Er:YAG

LOD+ERYAG

0.001*

0.008*

0.001*

0.007*

0.301

LOD+Er:YAG

Dunn’s test, *p < 0.05.

Table 2b Pair-wise comparison of the post-acid immersion tubule numbers
Control (pretreatment)

Control (pretreatment)

Er:YAG

0.003*

Er:YAG

NaF

0.200

0.036*

NaF

LOD

0.000*

0.228

0.003*

LOD

NaF+Er:YAG

0.000*

0.176

0.002*

0.883

NaF+Er:YAG

LOD+ERYAG

0.000*

0.001*

0.001*

0.029*

0.041*

LOD+Er:YAG

Dunn’s test, *p < 0.05.

and diameters of tubules were performed by a single investigator (OLT) (ICC: 1.000; 95% CI: 1.000–1.000) (ICC:
0.999; 95% CI: 0.999–1.000).

Statistical Analysis
The data were analysed using IBM SPSS Statistics 22
(IBM; Armonk, NY, USA). A non-normal distribution was
found by the Shapiro-Wilks test. The Kruskal-Wallis test
was used for multiple comparisons of the parameters between the groups, and Dunn’s test was used to determine
pairwise significance. The Wilcoxon signed-rank test was
used for intragroup comparisons. Statistical significance
was set at p < 0.05.

doi: 10.3290/j.ohpd.b3464895

RESULTS
According to the comparisons with the pre-treatment values
(control A) as well as between the treatment groups, posttreatment tubule diameters and numbers with LOD+Er:YAG
application (0 ± 0 μm; 0 ± 0) were the lowest, followed by
NaF+Er:YAG (0.69 ± 0.14 μm; 2.10 ± 1.66), LOD (0.72 ±
0.18 μm; 9.90 ± 3.38), Er:YAG laser (0.91 ± 0.24 μm;
14.8 ± 5.69) and NaF gel (1.94 μm ± 0.30; 56.5 ± 11.82)
(Tables 1 and 2) (Figs 2 and 3). In pairwise comparisons,
LOD+Er:YAG application was found to be the best treatment
method in terms of reducing the tubule diameters
(p < 0.05). However, the pairwise comparison of reduction
in tubule numbers showed no statistically significant differr
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Tubule diameters (μm)

Fig 2 Post-treatment and post-acid
immersion tubule diameters of all
groups.

Tubule numbers

Fig 3 Post-treatment and post-acid
immersion tubule numbers of all
groups.

ence between the LOD+Er:YAG and the NaF+Er:YAG group
(Tables 1a, 2a).
After 3 h of acid immersion (post-acid immersion), all
treatments produced statistically significant changes
(p < 0.05) in both study parameters within each group between post-treatment and post-acid immersion values, representing increases in tubule diameter and number, except
for the LOD+Er:YAG group (Tables 1 and 2) (Figs 2 and 3).
In other words, there was no statistically significant differr
ence within the LOD+Er:YAG group between post-treatment
and post-acid immersion. The LOD+Er:YAG group showed
the highest resistance to acid attack, with the lowest increase in tubule diameters and numbers (0.09 ± 0.16 μm;
0.3 ± 0.48), followed by the groups of NaF+Er:YAG (0.91 ±
0.15 μm; 11.9 ± 6.47), LOD (0.97 ± 0.25 μm; 14.2 ± 2.39),
Er:YAG laser (1.18 ± 0.23 μm; 20.0 ± 5.68) and NaF gel
(2.21 ± 0.21 μm; 66.3 ± 11.78) (Tables 1b and 2b).
LOD treatment alone was found to be as effective as the
NaF+Er:YAG combination and Er:YAG laser in occluding the
tubules. There were no statistically statistical differences in
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post-treatment tubule diameters and numbers when LOD
treatment was compared with the NaF+Er:YAG combination
and Er:YAG laser alone in pairs (Tables 1a and 2a). Similarly, regarding the post-acid immersion results, LOD treatment again yielded no statistically significant differences
compared to the NaF+Er:YAG combination and Er:YAG laser
alone in terms of tubule diameters and numbers. This demonstrates that the acid resistance after LOD treatment
alone is as high as in the aforementioned groups. Representative SEM images of the groups are shown in Figs 4-14.

DISCUSSION
DH, considered a real clinical problem for periodontal patients with gingival recessions and exposed root surfaces,36 causes sharp pain and discomfort after any therr
mal, osmotic, or chemical stimulus and considerably affects
the quality of life. Moreover, the longevity of dentinal tubule
occlusion in the oral cavity is also critically important for
Oral Health & Preventive Dentistry
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Fig 4 Representative photomicrograph
of the pretreatment control (citric acid)
group (1000X).

Fig 5 Representative photomicrograph
of the Er:YAG laser group (post-treatment,
1000X).

Fig 6 Representative photomicrograph
of the Er:YAG laser group (post-acid immerr
sion, 1000X).

Fig 7 Representative photomicrograph
of the NaF group (post-treatment, 1000X).

Fig 8 Representative photomicrograph of
the NaF group (post-acid immersion, 1000X).

Fig 9 Representative photomicrograph of
the LOD group (post-treatment, 1000X).

improving the patient’s quality of life, which is deemed the
main objective of any treatment. Unfortunately, despite
many approaches, a universally accepted treatment option
to treat profound DH symptoms is lacking, and thus further
studies are needed.
The present in-vitro study, a comparative evaluation of an
ultrasonic device (LOD, specifically designed for nonsurgical
treatment) used together with a fluid containing HA vs other
methods, investigated the effects on the reduction of dentin
tubule diameter and numbers as well as the resistance of
post-treatment tubule occlusion to an acid attack. DH is a
difficult-to-manage clinical problem, characterised by a large
number of open dentinal tubules exposed to the oral environment. The treatment principle is occlusion of the tubules
to ease pain and patient discomfort.
It is known that the application of individual treatment
approaches for DH are less effective than combined modalities.11,41 Therefore, besides the single approaches such
as NaF gel, Er:YAG laser or LOD alone, combinations of
NaF+Er:YAG and LOD+Er:YAG were also included in our
multi-armed study design due to possible synergistic eff
fects. Many studies have used professionally applied NaF
products32,48 and laser treatment24 to promote dentinal
tubule occlusion and prevent dentinal fluid movement. NaF
application, an established procedure in the prevention of
doi: 10.3290/j.ohpd.b3464895

demineralisation of dental hard tissues,38,39 is associated
with the formation of a calcium fluoride-like precipitate leading to the occlusion of dentinal tubules.39 The mechanism
of tubule occlusion by dental lasers is through melting and
sealing of the open dentinal tubules. The type of laser and
the parameters used in this study were chosen based on
our previous clinical and in-vitro studies.11,21,41
The LOD system, with its uncommon working principle of
deflecting a horizontal oscillation vertically, has been discussed in recent years.7-10,34,35 Our hypothesis about the
expected possible effects of the LOD system on DH
emerged from results of the limited number of available
studies, which reported root surface characteristics and patient perceptions of low pain intensity.7-10,33 In the LOD system, effective mechanical instrumentation was achieved
with a low level of pain. The use of adjunctive HA fluid durr
ing debridement is recommended for the patient’s comfort
and for the prevention of root substance removal. Since the
LOD system was originally presented as a nonsurgical treatment method, researchers primarily evaluated the mechanical effects of nonsurgical treatment. Overall, the available
studies revealed many positive results, such as clinical improvements as well as reduced patient discomfort and pain
during instrumentation.10,20 On the other hand, the in-vitro
study by Braun et al,7 which compared the use of the de-
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Fig 10 Representative photomicrograph
of the LOD group (post-acid immersion,
1000X).

Fig 11 Representative photomicrograph
of the NaF+Er:YAG group (post-treatment,
1000X).

Fig 13 Representative photomicrograph
of the LOD+Er:YAG group (post-treatment,
1000X).

Fig 14 Representative photomicrograph
of the LOD+Er:YAG group (post-acid immerr
sion, 1000X).

vice with water vs HA-containing polishing fluid, investigated
the presence and thickness of the smear layer as well as
alterations on the root surfaces, showing a 2-μm granular
layer covering the dentin surfaces only in the HA-fluid group.
No further details were given in that study. In their in-vivo
study, Schwarz et al34 stated that root surfaces treated with
the LOD system generally exhibited a smooth, homogeneous appearance with slight superficial irregularities, lacking crater formation or damage. For this novel in-vitro study,
we compiled clinical and in-vitro/in-vivo results from the literature to construct the aim of comparing the currently
known DH treatment approaches with the LOD system, either alone or in different combinations.
Freshly extracted impacted third molars were used here,
as in other relevant studies.5,19,41 The reason for the selection of impacted teeth was to exclude the possibility of diff
ferent dentinal tubule diameters and numbers resulting
from exposure to the oral cavity, which would have led to
external interactions that might have jeopardised the standardisation of tubular integrity in the experimental specimens. The mean values and SD of diameters and numbers
of dentinal tubules in citric acid-treated specimens were
found to be 2.40 ± 0.06 μm and 154.8 ± 9.9 (control subgroup A); 2.41 ± 0.07 μm and 153.8 ± 7.6 (control subgroup B), respectively, representing the pre-treatment base-
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Fig 12 Representative photomicrograph
of the NaF+Er:YAG group (post-acid immerr
sion, 1000X).

line values. It has been reported that immersing in 1% citric
acid is the most suitable method for removing smear layer
residues without affecting the surface structure.26 It was
reported that when 1% citric acid is topically applied on a
dentin surface only for 1 min, the removal of the smear
layer and the exposition of the dentinal tubules occur in the
range of 75% to 85%.26 In this study, the cementum layer
was removed from the underlying dentin surface of the sample teeth 3 mm below the cementoenamel junction, since
DH is expected to occur in the cervical area, where dentin
may be exposed to the oral environment.28
SEM images of the microstructure of experimental specimen surfaces showed that all treatment approaches tested
in this study reduced open dentinal tubule diameters and
numbers (LOD+Er:YAG > NaF+Er:YAG > LOD > Er:YAG > Na
F). SEM images also showed that all treated dentin surfaces were prone to dissolution, allowing the dentinal tubules to re-open (LOD+Er:YAG<NaF+Er:YAG < LOD < Er:YAG
< NaF) following acid immersion. However, the LOD+Er:YAG
treatment created no open tubules after treatment. and revealed a mean tubule diameter of just 0.09 ± 0.16 μm and
a mean tubule number of 0.3 ± 0.48 when immersed in
citric acid. This study showed that the LOD+Er:YAG treatment is the most effective procedure of all those examined
here for occluding dentinal tubules as well as resisting the
Oral Health & Preventive Dentistry
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3-h acid attack followed by the applications of NaF+Er:YAG,
LOD, Er:YAG laser and NaF gel. Dentin surfaces with the
largest number of occluded tubules and greatest diameter
reduction revealed a higher resistance to acid attacks. However, the reduction in tubule numbers was not found to be
statistically significant in the pairwise comparison of
LOD+Er:YAG and NaF+Er:YAG treatments. The fact that
these 2 groups – LOD+Er:YAG and NaF+Er:YAG – were
equally effective indicates that combined approaches produce better tubule sealing than single methods alone (Tables 1a and 2a). The LOD system applied alone was found
to be as effective as when combined with NaF+Er:YAG, and
as Er:YAG laser application alone. The DH therapy with
Er:YAG laser has been well documented in recent decades.
The literature reports that the Er:YAG laser mechanism of
action in treating DH is through closure of the dentinal tubules as a result of the evaporation of the dentinal liquid
and the precipitation of organic elements and insoluble
salts onto the tubular orifices.46
The LOD system, on the other hand, generates ultrasonic
vibrations at a frequency of 25 kHz, and moves vertically
with a horizontal oscillation. Its tip without a true cutting
edge sweeps parallel to the root surface in conjunction with
an HA-containing polishing fluid. Studies showed that no
increase in root-substance removal resulted during root surr
face debridement when compared to conventional root instrumentation.8,9 Patients perceived less pain than in conventional treatments using other hand instruments and
ultrasonic devices.10 Braun et al10 stated that since the
LOD system avoids vibrations applied vertically on the root
surface and uses HA-containing polishing fluid, the formation of a smear layer on the root surface might cover the
dentinal tubules and dull any painful sensations. The authors concluded that LOD instrumentation resulted in a
granular layer covering the dentinal tubules. However, they
also discovered morphological changes on the root surfaces when the LOD polishing fluid was used with a toothbrush. It was stated that even with manual brushing only,
the fluid left a similar granular layer on the root surface
covering the dentinal tubules. Therefore, since the polishing
fluid is the key factor for sealing the dentinal tubules
throughout gentle instrumentation, the LOD system creates
an advantage either when treating individual DH symptoms
or relieving the pain and discomfort occuring during nonsurr
gical mechanical debridement.
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