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ABSTRACT

Purpose: Evaluation of the effect of diode laser and iontophoresis with aqueous
extract of Nigella sativa and fluoride-based-agent on dentin permeability.
Materials and Methods: Thirty-six lower premolars were used to prepare 72 samples
and were randomly divided into three intervention groups 24 per group; Group Al
Samples were treated with aqueous extract of Nigella sativa, Group A2 Samples were
treated with fluoride-based-agent, Group A3 Control group were left without treatment.
The main groups were subdivided into two subgroups of 12 samples, according to
surface treatments: Group B1 was treated with diode laser and Group B2 was treated
with iontophoresis. Results: Permeability results revealed that there was statistically
significant difference between the study groups with the lowest mean depth of dye
penetration values was found in group samples treated with aqueous extract of Nigella
sativa with iontophoresis. Conclusion: Aqueous extract of Nigella sativa, a fluoride-
based-agent with the application of diode laser and iontophoresis on each was effective
in reducing dentin permeability, being an aqueous extract of Nigella sativa the most
effective when using with iontophoresis.

INTRODUCTION

Dentin permeability is an unfavorable condition in the dental field.
Permeability of cervical dentin causes dentin hypersensitivity which was
considered an oral health problem, affecting 4-57% of the population.
Brannstrom’s hydrodynamic theory proved that the pain sensation is
caused by pulp nerves extremities stimulation through the occurrence

* A paper extracted from Masters thesis titled “Effect of Diode Laser and Iontophoresis with Aqueous Extract of Nigella Sativa
and Fluoride-based Agent on Dentin Permeability”

1. Dentist at Specialized Medical Centers, Ministry of Health, Egypt.

2. Professor of Operative Dentistry Department, Faculty of Dental Medicine for Girls, Al-Azhar University, Cairo, Egypt.

3. Lecturer of Operative Dentistry Department, Faculty of Dental Medicine for Girls, Al-Azhar University, Cairo, Egypt

* Corresponding author email: dr.aisha.zahran@gmail.com



(48) ADJ-for Girls, Vol. 9, No. 1

of cervical enamel lesions, due to the indirect effect
of dentinal fluid movement inside the tubules,
after the exposure of dentinal tubules to the oral
environmental . Dentin permeability is generally
measured during evaluations of the sealing ability
to desensitize materials @.

The effect of laser on dentin permeability was
assessed in several studies. Dentin minerals such as
carbonate and phosphate absorb part of the energy
when exposed to electromagnetic spectrum causing
thermochemical ablation and provoking melting
of the dentin tissue which leads to disarranging of
dentin crystals ©@. The laser has a wavelength which
when absorbed by the dentin cause a sufficient
increase in temperature to get a melting effect hence,
block the dentinal tubules. It has also been assumed
that lasers coagulate the proteins inside the dentin
structure and reduce the dentinal fluid movement .

The iontophoretic process is considered another
suggestion to reduce dentin permeability. The
iontophoretic application into tooth structure results
in the electrolysis of the calcium and phosphorous
agents that in turn produce calcium and phosphorous
ions that replace the hydroxyl group in tooth
structure. The investigators claimed that in this
way calcium and phosphorous ions are penetrating
deeper layers of the tooth structure so its efficiency
is the high and long-lasting duration ©.

To minimize fluid movement, one strategy that
has been used to overcome dentin permeability is
patent dentinal tubules occlusion ©. Using of thera-
peutic agents, such as fluoride-based-agentts and
aqueous extract of Nigella sativa with diode laser
and iontophoresis can promote the occlusion of the
dentinal tubules. Fluoride-based-agents decrease the
permeability of dentin by calcium fluoride crystals
precipitating inside the dentinal tubule. Although
fluoride’s contribution in treating dentin hypersen-
sitivity is well studied, there are still some high car-
ies cases in which fluoride inadequately manages,
so there is still a need for new strategies 79,
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Thousands of years ago, natural products have
been utilized in folk medicine for so many purpos-
es. Among them, the aqueous extract of the Nigella
sativa plant has attracted interest due to its harmless
nature and innumerable biological activities. Aque-
ous extract of Nigella sativa (Black seed) (Habatul
Baraka) plant is used for eradicating various dan-
gerous diseases. In this study, an aqueous extract of
Nigella sativa is used for reducing dentinal permea-
bility as Nigella sativa contains heavy minerals and
metals, hence it can achieve dentinal tubules oc-
clusion. Aqueous extract of Nigella sativa contains
numerous inorganic elements as calcium, phospho-
rous, sodium, potassium, and iron®. It was found
that aqueous extract of Nigella sativa’s mineral con-
tent was 4.20 % and that calcium and phosphorous
ions concentration values in 100 gm were 570 mg
and 543 mg respectively which were followed by
potassium ©.

Whatever the effect of diode laser on dentin
permeability is better than iontophoresis when used
with aqueous extract of Nigella sativa and fluoride-
based-agentt or not. Thus, the null hypothesis of
the study is that: there is no association between
diode laser and iontophoresis with aqueous extract
of Nigella sativa and fluoride-based-agent in dentin
permeability reduction. Therefore, the current study
was designed to compare the effect of diode laser
and iontophoresis using fluoride-based-agent and
aqueous extract of Nigella sativa in treating dentin
permeability.

MATERIAL AND METHODS

Preparation of Aqueous extract of Nigella sativa:

One hundred grams of seeds were ground, boiled
in 1000 ml water for 15 min, and filtered through
Whatman® qualitative filter paper No.l. Freeze
drying of the filtrate was done by using a lyophilizer
where water was removed after the freezing process
and placed under a vacuum, allowing the ice to
change directly from solid to vapor without passing
through a liquid phase . The aqueous extract was
frozen for 24 hours at -20 °C.



Effect of Diode Laser and Iontophoresis with Aqueous Extract of Nigella Sativa

Sample grouping

Thirty-one human lower premolars were used
in this study to prepare sixty-two samples for the
dentin permeability “dye penetration” test and
additional ten teeth were used to prepare ten samples
that were used for Scanning Electron Microscopic
examination (SEM). A total of seventy-two samples
were used in the study procedures which were
randomly divided into three main groups of twenty-
four per each, according to treatment agent applied:
Group A1 Samples were treated with aqueous extract
of Nigella sativa, Group A2 Samples were treated
with a fluoride-based-agentt, Group A3 Control
group were left without treatment. Group Al and
Group A2 were subdivided into two subgroups of
twelve samples, according to surface treatments that
used: B1 treated with diode laser and B2 treated with
iontophoresis. In each subgroup, ten samples were
used for dentin permeability (dye penetration test)
and two samples were used for SEM examination.

Preparation of specimens

Preparation of specimens for dentin permeability
(dye penetration) test:

Sixty-two teeth samples were used for the
dye penetration test. Each tooth was sectioned
longitudinally, in mesiodistal direction, into two
parts (buccal and lingual), Cavities 2 mm wide and
0.8 mm deep were then prepared on the cervical
region Imm coronal to the gingival line using two
round burs # 2 and #6 carbide bur on the low-speed
handpiece, with copious coolant'”. Calliper was
used to measure the diameters of the used burs.
The cervical cavity was first prepared with the
smaller bur (#2) followed by the larger one to the
same depth previously made by the first bur. Before
the treatments, the samples were treated with 37%
phosphoric acid gel for three minutes (after the
acid application, rinsing, and drying for 30 seconds
each)!"? for the smear layer removal and the dentinal
tubules opening and representing maximum dentin
permeability.

(49)

Preparation of specimens for scanning electron
microscope (SEM) examination:

Ten teeth were used for examination with SEM,
firstly, the superficial dentin and occlusal enamel got
removed by the double-faced diamond disc in the
cutting machine, causing a flat mid-coronal dentin
surface exposure, and creating a crown segment
with 5 mm-thickness “¥. Secondly, the pulp tissues
were carefully removed (without dentin walls
touching) and using deionized water to thoroughly
rinse the pulp chamber. To polish the occlusal side
of the crown segments (flat dentin side) the bulk
of the smear layer was removed, and then each
tooth thin remnant smear layer was etched with
37 % phosphoric acid gel for three minutes ( after
application of the acid, rinsing and drying for 30
seconds each) to keep the dentinal tubules patent 2.

Application of treatment agents:

Application of aqueous extract of Nigella sativa
and fluoride-based-agentts:

* lontophoresis treatment group:

The freshly prepared aqueous extract of Nigella
sativa and fluoride-based-agentt were applied to
the prepared cervical cavities and dentin surfaces
separately using fine size micro brush. Specimens
were subjected to iontophoresis at 1.5 mA output
current for three minutes and then removed using
cotton pellets .

*  Laser treatment group:

The freshly prepared aqueous extract of Nigella
sativa and fluoride-based-agentt were applied to the
prepared cervical cavities and dentin surfaces sepa-
rately using fine size micro brush. Using 980nm di-
ode laser at 0.5 w /PW (62.2 J/ cm?2) for 30 seconds
on non-contact mode, specimens were lased (4.

Assessment of Dentin permeability:

5% Evans blue dye solution was applied to the
cavities using plastic syringe and left for 20 min,
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then rinsed and air dried. Cervical dentin samples

were sectioned longitudinally (bucco-lingual
direction) through the center of the cavities using
double faced diamond disc in cutting machine. The
samples were photographed by stereomicroscope
at40 x magnification and images calculated by
micrometer. The image analysis software by image
J was used to calculate the depth of penetration

from cavity toward pulp chamber at three points %,

RESULTS

Permeability results showed that there was a
high statistically significant difference between the
study groups in both dye penetration test (table 1)
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and scanning electron microscope examination (Fig.
1A-E). Comparing the mean values of the degree
of occlusion for the tested groups in micrometer,
results revealed that the lowest mean values
(lowest dye penetration depth) (256.00+20.66)
(p<0.001) were recorded for aqueous extract of
Nigella sativa with iontophoresis group followed by
fluoride with iontophoresis group (768.33+14.72)
(p < 0.001), followed by fluoride with diode laser
(1744.44+41.26) (p<0.001) and aqueous extract
of Nigella sativa with diode laser (3362.22+93.11)
(p<0.001), while the highest mean value (highest
dye penetration depth) was recorded for the control
group (6581.00 = 39.00) (p < 0.001).

Figure (1) SEM photomicrographs of different groups A) Aqueous extract of Nigella sativa with iontophoresis, B) Fluoride-based-
agentt with iontophoresis, C) Fluoride-based-agentt with diode laser, D) Aqueous extract of Nigella sativa with diode
laser, E) control group (treated with phosphoric acid etchant gel)
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Table (1): Mean + standard deviation (SD) of dye penetration depth (um) for different groups
Material Surface treatment Mean Std. Deviation Rank p-value
Diode laser (B1) 3362.22 93.11 30.0048
Nigella sativa (A1)
Iontophoresis (B2) 256.00 20.66 5.50P
Diode laser (B1) 1744 44 41.26 21.008¢
Fluoride (A2) < 0.001*
Iontophoresis (B2) 768.33 14.72 13.50<P *
Control (A3) 6581.00 39.00 39.50%

Different superscript letters indicate a statistically significant difference within the same vertical column*;

significant (p < 0.05) ns; non-significant (p > 0.05)
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Figure (1) Bar chart showing average dentin permeability (zm)
for different group

DISCUSSION

Although, dentin permeability is essential to
enable nutrients exchange to and from the pulp
through the odontoblastic process !¥; this perme-
ability may cause dentin sensitivity. Also, dentinal
tubules have an essential role in stimuli and irritants
delivery to the pulp. The transducing mechanism of
certain stimuli of dentin is hypothesized by the hy-
drodynamic theory to be caused by the fluid flow
through the tubules, also it was found that dentin
with a larger number of open and wide dentinal tu-
bules on the surface are hypersensitive than closed
and narrow one 9.

In recent years, many research groups have at-
tempted to decrease dentin permeability by chemi-
cal agents such as sodium fluoride, arginine, and
calcium carbonate 7. There is an urgent need for a

use of herbal materials and the efficacy and safety of
herbal remedies. These agents effectively decrease
the dentin permeability to some extent superficially
with short-lived, limited depth infiltration, and their
effect diminished during teeth brushing, food chew-
ing, dissolution by saliva, or consumption of acidic
beverage '®. So using some surface treatments such
as diode laser and iontophoresis in addition to de-
sensitizing agents could be more effective for den-
tinal tubules sealing.

Aqueous extract of Nigella sativa was selected
for this study, which acts as utilizing safe and effec-
tive natural materials that can block exposed den-
tinal tubules, reduce or inhibit the flow of tubular
fluid, thus is an effective means for controlling den-
tin permeability’”. Numerous inorganic elements
such calcium, phosphorous, potassium, sodium, and
iron range from (1.79%-3.74 %) was found in Nige-
lla sativa @0

A fluorides-based agent was selected for this
study since this fluoride compound in particular
was found in several previous studies to provide an
optimal dentinal tubule occlusion with reduction
of dentin permeability ?". Fluorides decrease the
permeability, possibly by precipitation of insoluble
calcium fluoride within the tubules 2. In this study,
fluoride gel was used to determine the desensitiz-
ing effect comparable to Nigella sativa aqueous ex-
tract, as fluoride is the most commonly used effec-
tive remineralizing agent, making it the reference
material when new materials are evaluated @329,
The use of fluoride agents has been promoted
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because it increases the fluoride’s time of action in
contact with exposed dentin, thus reduction of den-
tin permeability ®>. The advent of lasers and ionto-
phoresis gave us another option on dentin perme-
ability.

The diode laser can provoke a melting effect with
the dentine inorganic component re-crystallization
resulting in dentinal tubules occlusion. Also, it has
been found that laser treatment reduces sensitivity
by the coagulation of protein of dentin organic
components that lead to dentinal tubules sealing
causing alterations on the exposed dentin surface®®.
In addition, the development of secondary dentin,
which allows physiological occlusion of the dentinal
tubules, is a bio stimulating influence 7.

On the other hand, iontophoresis was selected
for this study, as using some desensitizing materials
with iontophoresis gave the best results for dentinal
tubules occlusion comparable to using desensitiz-
ing materials alone. Iontophoresis was used to re-
duce dentin permeability in the early 1960s, thereby
treating dentin hypersensitivity. lontophoresis is a
non-invasive procedure in which medications are
delivered directly at the treatment sites with mini-
mum adverse effects®®. In the scientific literature,
evidence on the use of iontophoresis with dental
substances is still scarce. Some studies highlighted
the positive effects of the use of certain desensitiz-
ing materials with iontophoresis provided dentinal
tubule occlusion by allowing this ion to be trans-
ferred deeply to dentinal tubules ®.

Analysis of the dentin permeability using dye
diffusion in extracted premolars was deemed the
appropriate objective of this study. At comparing
the mean value of the degree of occlusion for the
tested group, the results revealed that the lowest
mean values (lowest dye penetration depth) were
recorded for aqueous extract of Nigella sativa with
iontophoresis group, it may be because the aqueous
extract of Nigella sativa has several chemical
compositions such as; volatile oil, fixed oil,
protein, carbohydrates, alkaloids, saponins, amino
and fatty acids, trace elements, heavy metals and
minerals ©% 3D, Moreover, Tontophoresis enhanced
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the penetration of those minerals deeply inside of
dentinal tubules which leads to an increased lifetime
of remineralization process and hence blocking of
dentin permeability . The highest mean value
(highest dye penetration depth) was recorded for
the control group where all the dentinal tubules
were completely opened. This result of the degree
of occlusion for the SEM observations matched the
mean depth of dye penetration test results.

CONCLUSION

Under the conditions of the present study, it is
concluded that all treatment materials used were
effective in reducing the dentin permeability;
with aqueous extract of Nigella sativa followed
by iontophoresis being the most effective. Further
treatment agents with iontophoresis could augment
the effectiveness of desensitizing agents, and all the
treatment materials produced micro-morphological
changes of the dentin surface in terms of occluding
the orifices of dentinal tubules to variable degrees.
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RECOMMENDATION

Further in vivo studies should be done to evaluate
the effect of iontophoresis on dentin hypersensitivity.
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