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ABSTRACT: Aim-The aim of this study was to evaluate the dentinal tubule occluding ability of 10%
Strontium chloride containing desensitizing dentifrices using scanning electron microscope.

Methods — Forty-five 1mm thick dentine discs were obtained from orthodontically extracted human premolar
teeth. Each disc was then split into two halves. One half was allotted to Group-1 (Control group) and the other
half was allotted to Group-2 (Test group). GROUP 1: brushed without dentifrices. GROUP 2: brushed with
dentifrices containing 10% Strontium chloride hexahydrate. After brushing for 2 minutes twice a day, the
specimens were stored in artificial saliva. Specimens were analyzed after 7 days under SEM.

Results — The 10% strontium chloride containing desensitizing agent significantly resulted in effective dentinal
tubule occlusion. 45.28% of the dentinal tubules showed complete dentinal tubule occlusion, 11.26% showed
partial occlusion and 43.46% remained unoccluded.

Conclusion -. The inclusion of 10% strontium chloride into a toothpaste formulation may be an effective
approach to treat dentinal hypersensitivity as it showed high percentage of dentinal tubule occlusion.
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I. INTRODUCTION

Dentine hypersensitivity is a relatively common problem in periodontal practice. It may occur
spontaneously when the root becomes exposed as a result of gingival recession or pocket formation, or it may
occur after scaling and root planing and surgical procedures. Dentine hypersensitivity is a transient pain arising
from exposed dentine, typically in response to chemical, thermal, tactile or osmotic stimuli, which cannot be
explained by any other dental defect or pathology.™ It is a common problem found in many adult populations
with prevalence figures ranging from 4 to 74%. This wide variation in prevalence may be due to various
factors like chronic trauma from tooth brushing, gingival recession, erosion of enamel, anatomical factors, etc.””
Effective and long-lasting treatment of dentine hypersensitivity is thus of paramount interest to both patient and
clinician.

The hydrodynamic theory, first proposed by Gysi in 1900%! and proven by Brannstrom in 1963,
implicates a change in fluid flow through the patent dentinal tubules as a result of external stimulation, most
notably evaporative cold application. This induces a discharge of pulpal afferents of the intradental nerves,
and consequently nociceptor activation in the pulp/dentine border areal® emanating centrally as pain.

There have been two basic approaches to the treatment and prevention of dentine hypersensitivity. The
first approach is to treat the tooth with a chemical agent such as potassium nitrate or potassium chloride that
penetrates into the dentinal tubules and raises the potassium ion level. This sustained neural depolarization
reduces sensitivity by inactivating voltage-gated sodium channels, thereby blocking active potential
generation.["? A second approach is to treat the tooth with a chemical or physical agent that creates a deposition
layer and mechanically occludes dentinal tubules, which reduces sensitivity by prevention of pulpal fluid flow
e.g. potassium oxalate, ferric oxalate, strontium chloride.!

Among these, strontium chloride has been largely used for this purpose, and previously published
studies have shown that strontium chloride can effectively occlude the open tubules. Dentifrices containing 10%
strontium chloride hexahydrate as the desensitizing agent have been widely available for four decades. The
incorporation of strontium chloride in a dentifrice has enjoyed success, some trials claiming 75 - 80%
improvement.!”) According to a study done by Minkoff Mtherapeutic response to the strontium chloride as an
active agent was apparent within 2 weeks and increased continuously thereafter.
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Saliva can solubilise materials adhering to teeth and contains calcium and phosphate ions that can
interact with tooth surfaces.*"*2 Therefore, it is essential to evaluate whether desensitizing agents could
occlude dentinal tubules effectively under the circumstances similar to oral environment.™ The evidence for
the dentine occlusion effect of 10% strontium chloride containing desensitizing dentifrices under stimulated oral
environment is limited. For these reasons, selection of artificial saliva as post-treatment immersion medium to
evaluate the efficacy of these desensitizing products appears to be necessary.

Thus the aim of this study was to evaluate and compare the dentinal tubule occluding ability of 10%
Strontium chloride containing desensitizing dentifrices using scanning electron microscope.

I1. MATERIALS AND METHODS

This study was conducted at the Department of Periodontics, Government Dental College Srinagar.
Scanning electron microscopic evaluation was done at University of Kashmir.

Fifteen Premolar teeth extracted for orthodontic reasons were collected from the Department of Oral
and Maxillofacial Surgery, Government Dental College, Srinagar. All the teeth were cleaned thoroughly and
stored in 10% formalin for no longer than a month prior to their use. The exclusion criteria involved presence of
fluorosis or hypocalcification, caries, periodontal disease, wasting diseases in premolars and teeth of patients
receiving or undergoing treatment for dentinal hypersensitivity.

Forty-five dentine discs, each with a thickness of 1mm approximately, were cut perpendicular to the
long axis of the tooth just above the cementoenamel junction from the region between apical limit of
dentinoenamel junction and coronal limit of pulp chamber by means of the double sided diamond disc (Summa
Disk 0692, 3/4" Regular) attached to water-cooled air motor (SDE-M40E ) and straight handpiece (ND, ES-
30A, JAPAN ). Each disc was carefully prepared and inspected to ensure that they were free of coronal enamel
or pulpal exposures.

Each disc was then split into two equal halves using a dental chisel. One half was allotted to Group-
1(Control group) and the other half was allotted to Group-2 (Test group). Thus each group contained 45
specimens. A groove was prepared on the pulpal surface of each half of the disc for the purpose of orientation.
These dentine specimens were then mounted on 2mm thick polyvinyl plates using Cyanoacrylate adhesive (
Fewi kwik).

After preparation of the specimens, the occlusal surface of each dentine disc quadrant was sanded with
silicon carbide paper for 30 seconds to create a standard smear layer. The smear layer was subsequently
removed by dipping the specimens into 0.5M EDTA solution (pH 7.4) for 2 minutes to open dentinal tubules to
simulate the hypersensitive dentine. The etched specimens were rinsed with distilled water and kept wet.

GROUP Treatment done
1 (Control group) EDTA-etched specimens were brushed for 2 minutes twice a day
for 7 days without dentifrices
2 (Test group) EDTA- etched specimens were brushed for 2 minutes twice a day

for 7 days with dentifrices containing EDTA- etched specimens
were brushed for 2 minutes twice a day for 7 days with dentifrices
containing 10% Strontium chloride hexahydrate (Thermoseal ™).

Each specimen from Group 2 was brushed with undiluted dentifrice (approximately 1 gram). A
powered toothbrush (Oral — B Cross Action Power ', China) with bristles of medium hardness was applied to
the dentine surface at an inclination of about 90° under a constant loading (150grams) for 2 minutes. The
brushing load was measured with a top loading balance during brushing. At a time only one specimen could be
brushed. After brushing the specimens for 2 minutes, they were rinsed with distilled water and stored in artificial
saliva (pH 7.2). The composition of artificial saliva was (mMoles/L) : distilled water 700ml, Ca (OH), 1.56
mMol/L, KCI 150.00 mMol/L, HCI 36.00 mMol/L, H;PO, 0.088 mMol/L, buffer 99.7 mMol/L. This procedure
was followed twice a day for 7 days.

Dentine specimens obtained after treatment were dried in a desiccator and sputter coated with gold in a
vacuum evaporator (J.F.C. 100 JEOL). Photomicrographs of the dentine surfaces were obtained using a
scanning electron microscope (JSM-S10-A, Jeol, Japan ) at 20 kV. Each SEM photograph was assessed for the
percentage of completely occluded, partially occluded and unoccluded tubules.

SEM photomicrograph from central area of each sample was obtained at 20 kV at x1000 magnification. The
SEM photomicrographs were evaluated quantitatively. Quantitative analysis was performed by counting the
number of dentinal tubules in an area of 50p. Percentage of occluded tubules was obtained by dividing the total
number of occluded

tubules by total number of tubules in each photomicrography. This result was then multiplied by 100 to obtain
the percentage of occluded tubules for each
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photomicrography. Similarly the percentages of partially occluded and unoccluded tubules were calculated in
each photomicrograph.

Il RESULTS
Figures 1 and 2 show SEM photomicrographs (at 1000x) of the four Group specimens. SPSS (version
20.0) and Microsoft Excel software were used to carry out the statistical analysis of the data. Data was analyzed
with the help of descriptive statistics viz., means and standard deviations. Comparison of data between the
groups in terms of complete occlusion, partial occlusion and unoccluded dentinal tubules was analyzed using
one-way analysis of variance (ANOVA). p-value less than 0.05 was considered statistically significant.

FIG. 1 - SEM Photomicrograph of Group — 1 dentine specimen brushed with distilled water without dentifrice.
(*U=Unoccluded Tubule, P=Partially Occluded Tubule, C=Completely Occluded Tubule)

F1G.2- SEM Photomicrograph of Group — 2 dentine specimen brushed with dentifrices
containing 10% Strontium chloride hexahydrate. (*U=Unoccluded Tubule, P=Partially Occluded Tubule,
C=Completely Occluded Tubule)

Tables 1-3 demonstrate the mean, standard deviation and other descriptive values of all the four groups
in terms of complete occlusion, partial occlusion and unoccluded dentinal tubules respectively. On applying
ANOVA to compare the mean percentage of completely occluded dentinal tubules of all the four groups, p
value of <0.001 was obtained which was statistically highly significant (TABLE-1). Table 4 demonstrates the
comparison between the two groups in terms of complete dentinal tubule occlusion. On comparing the mean
percentage of completely occluded dentinal tubules between different groups, p value of <0.001 was obtained
which was statistically highly significant (TABLE-4).
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Table 1- COMPLETE DENTINAL TUBULE OCCLUSION IN THE 2 GROUPS.
95% Confidence
Mea Std Interval for Mean
n P p-value
No. (in rI?ewatlo Std. Error Lower Upper Range (ANOVA)
%) Bound Bound
Group1l | 45 458 1.079 0.279 3.981 5.176 2.76-6.52
C ) <0.001 (SSD)
Group2 | 45 8 ’ 0.714 0.184 44.884 45.675 | 44.19-46.89
*C : Complete occlusion, SSD : Statistically significant difference
Table 2—- PARTIAL DENTINAL TUBULE OCCLUSION IN THE 2 GROUPS.
95% Confidence
Interval for Mean
Mean Std. Std. p-value
No. (in %) Deviation | Error Lower Upper Range (ANOVA)
Bound Bound
fm“p 45 7.64 1.110 0287 | 7.027 | 8.256 6.34-10.12 <0.001
P
Group
2 45 11.26 1.321 0.341 10.527 11.990 9.29-13.89 <0.001
*P : Partial occlusion.
Table 3—- UNOCCLUDED DENTINAL TUBULES IN THE 2 GROUPS.
95% Confidence
Interval for Mean
Mean Std. p-value
No. (in %) | Deviation Std. Error Lower Upper Range (ANOVA)
Bound Bound
Group
1 45 87.78 0.949 0.245 87.254 88.306 86.26-89.92 | <0.001
U
S“’“p 45 | 4346 | 1787 0.461 42.472 44.452 40.19-45.87 | <0.001

*U :Unoccluded tubules.

Table 4 - INTER GROUP COMPARISON IN TERMS OF COMPLETE DENTINAL TUBULE
OCCLUSION
Group Comparison Mean Difference t-value p-value
<0.001
Between Group 1 and Group 2 -40.7 121.82 (SSD)

*SSD : Statistically significant difference.

IV. DISCUSSION

Life expectancy is increasing and the patients are retaining their natural teeth for a longer time due to
effective treatment strategies for caries and periodontal disease. Consequently, there is a higher risk of cervical
dentine hypersensitivity as a result of physiological gingival recession with aging.!™! Nevertheless, the cementum
in the cervical region and along the root is very thin which can be easily removed during non-surgical
periodontal therapy increasing the risk for dentinal hypersensitivity. ™

The most acceptable hydrodynamic theory postulates that the most pain provoking stimuli increase the
outward flow of the fluid in the tubules. This increased outward flow of the fluid in the tubules in turn causes
pressure change across the dentine which activates the A-delta intradental nerves at the pulp dentine border or
within the dentinal tubule resulting in pain.[*}(e1 171081

The differences in tubule diameter and the number of tubules are important. According to Poiseuille’s

law, the fluid flow is proportional to the fourth power of the radius of the tubule or dentine permeability is
[19]

proportional to the product of tubule number and diameter.  This information has important implication for
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treatment strategies, reducing the number of open tubules or decreasing the diameter is mode of reducing the
[19],[20]

hypersensitivity by many chemical compounds.

The present study evaluated the effects of 10% Strontium chloride hexahydrate on dentinal tubule
occlusion using Scanning electron microscope (SEM). GROUP 1 specimens were brushed with distilled water
without dentifrices and GROUP 2 with dentifrices containing 10% Strontium chloride hexahydrate
(Thermoseal ™). Each SEM photograph was assessed for percentage of completely occluded tubules, partially
occluded tubules and unoccluded tubules.

The Group 1 specimens showed the mean percentage of completely occluded dentinal tubules as
4.58+£1.079 % and partially occluded dentinal tubules as 7.64+1.110 %. The results of this study are in
agreement with the studies conducted by Wang Z et al. in 2010™ and Wang Z et al. in 2011 which
demonstrated that the toothbrushing with distilled water reduced the dentine permeability by leaving some
smear debris in the dentinal tubules which results in occlusion of some dentinal tubules. In the present study, the
small percentage of dentinal tubule occlusion was seen in Group 1 specimens. This may be because of the smear
layer formed by the brushing process, 222311241

The Group 2 specimens showed the mean percentage of completely occluded dentinal tubules as
45.28+0.714 % and partially occluded dentinal tubules as 11.26+£1.32 %. The results of this study are in
agreement with the studies conducted by Paes Leme AF et al. in 2004, Oberg C et al. in 2009.1%% The study by
Henry O Trowbridge et al. in 1990, showed that strontium strongly adsorbs to calcified tissues. It has been
suggested that strontium deposits are produced by an exchange with calcium in the dentine resulting in
recrystallization in the form of a strontium apatite complex.!?"?"281 Typical crystal like deposits seen in Group
2 dentine specimens may be because of synthetic silica abrasive particles™® and the tubule orifice diameter
reduction can be attributed to the precipitation of strontium chloride.

V. CONCLUSION
Thus it was concluded that 10% strontium chloride (Group 2) showed the higher percentage of dentinal
tubule occlusion as compared to the control group (Group 1). Thus this study would suggest that the inclusion of
10% strontium chloride into a toothpaste formulation may be an effective approach to treat dentinal
hypersensitivity. The future scope of this study is to determine the depth of dentinal tubule occlusion.

REFERENCES

[1]. Rees JS, Addy M. A cross-sectional study of dentine hypersensitivity. J Clin Periodontol. 2002; 29:997-1003.

[2]. West N, Addy M, Hughes J. Dentine hypersensitivity: The effects of brushing desensitizing toothpastes, their solid and liquid
phases, and detergents on dentine and acrylic: Studies in vitro. J Oral Rehabil.1998;25:885-95.

[3]. Gysi A. An attempt to explain the sensitiveness of dentine. Br J Dent Sci.1900;43:865-8.

[4]. Brannstrom M. A hydrodynamic mechanism in the transmission of pain-produced stimuli through the dentine. In: Sensory
Mechanisms in Dentine. Anderson DJ, editor. Pergamon Press, Oxford.1963.p.73-9.

[5] Matthews B, Andrew D, Wanachantararak S. Biology of the dental pulp with special reference to its vasculature and innervation. In:
Tooth wear and sensitivity. Addy M, Embery G, Edgar WM, Orchardson R, editors. Martin Dunitz, London.2000.p.39-51.

[6]. Markowitz K, Bilollo G, Kim S. Decreasing intradental nerve activity in the cat with potassium and divalent cations. Arch Oral
Biol.1991;36:1-7.

[7]. Orchardson R, Gillam D. The efficacy of potassium salts as agents for treating dentin hypersensitivity. J Orofac Pain.2000;14:9-19.

[8]. Dragolich WE, Pashley DH, Brennan WA, O’Neal RB, Horner JA,Van Dyke TE. An in vitro study of dentinal tubule occlusion by
ferric oxalate. J Periodontol.1993;64:1045-51.

[9]. Kumar VR, Shubhashini N, Seshan H, Kranti K. A clinical trial comparing a stannous fluoride based dentifrice and a strontium
chloride based dentifrice in alleviating dentinal hypersensitivity. J Int oral health 2010;2(1):37-50

[10]. Minkoff S, Axelrod S. Efficacy of strontium chloride in dental hypersensitivity. J Periodontol. 1987;58(7):470-4.

[11]. Gandolfi MG, Silvia F, Pashley DH, Gasparotto G, Carlo P. Calcium silicate coating derived from Portland cement as treatment for
hypersensitive dentine. J Dent.2008;36:565-78.

[12].  Arrais CA, Micheloni CD, Giannini M, Chan DC. Occluding effect of dentifrices on dentinal tubules. J Dent.2003;31:577-84.

[13]. Wang Z, Sa 'Y, Sauro S, Chen H, Xing W, Ma X, et al. Effect of desensitising toothpastes on dentinal tubule occlusion: A dentine
permeability measurement and SEM in vitro study. J Dent. 2010; 38: 400-10.

[14]. Sauro S, Watson TF, Thompson I. Dentine desensitization induced by prophylactic and air-polishing procedures: An in
vitro dentine permeability and confocal microscopy study. J Dent.2010;38(5):411-22.

[15]. Pashley DH. Dentin permeability, dentin sensitivity, and treatment through tubule occlusion. J Endodontics.1986;12(10):465-74.

[16].  Addy M. Dentin hypersensitivity: new prospectives on an old problem. Int Dent J. 2002; 52: 367-75.

[17].  Gillam DG. Mechanisms of stimulus transmission across dentin — A review. Periodont Abst.1995; 43(2):53-65.

[18].  Brannstrom M. The cause of post restorative sensitivity and its prevention. J Endod.1986; 12(10):475-81.

[19]. Kolker JL, Vargas MA, Armstrong SR, Dawson DV. Effects of desensitizing agents on dentin permeability and dentin tubule
occlusion. J Adhes Dent.2002;4:211-21.

[20]. Kerns DG, Scheidt MJ, Pashley DH, Horner JA, Strong SL,Van Dyke TE. Dentinal tubule occlusion and root hypersensitivity. J
Periodontol.1991; 62: 421-8.

[21]. Wang Z, Jiang T, Sauro S, Pashley DH, Toledano M, Osorio R, et al. The dentine remineralization activity of a desensitizing
bioactive-glass containing toothpaste : an in vitro study. Australian Dent J.2011;56(4):372-81.

[22].  Yoshiyama M, Noiri Y, Ozaki K, Uchida A, Ischikava Y, Ishida H. Transmission Electron Microscopic characterization of
hypersensitive human radicular dentin. J Dent Res.1990; 69(6); 1293-7.

Corresponding Author: Dr. Prabhati Gupta 41 | Page



Evaluation of dentinal tubule occlusion by 10% Strontium chloride: An SEM study

[23].

[24].
[25].

[26].
[271.
[28].

[29].

Trowbridge HO, Silver DR. A review of current approaches to in office management of tooth hypersensitivity. Dent Clin North
Am.1990; 34 (30): 561-81.

Goldstein GR, Lerner T. The effect of tooth brushing on a hybrid composite resin. J Prosthet Dent. 1991; 66: 498-500.

PaesLeme AF, dos Santos JC, Giannini M, Wada RS. Occlusion of dentinal tubules by desensitizing agents. Am J
Dent.2004;17(5):368-72.

Oberg C, Pochapski MT, Farago PV, Granado CJ, Pilatti GL, Santos FA. Evaluation of desensitizing agents on dentin permeability
and dentinal tubule occlusion: an in vitro study. Gen Dent. 2009; 57(5): 496-501.

Pearce NX, Addy M, Newcomb RG. Dentine hypersensitivity: A clinical trial to compare two strontium desensitizing tooth pastes
with a conventional fluoride tooth paste. J Peridontol.1994; 65:113-9.

Gillam DG, Bulman JS, Jackson RJ, Newman HN. Comparison of two desensitizing  dentifrices with a commercially available
fluoride dentifrice in alleviating cervical dentin sensitivity. J Periodontol.1996; 67:737-42.

Ling TYY, Gillam DG. The effectiveness of desensitizing agents for the treatment of cervical dentin sensitivity-a review.Periodont
Abstr.1996; 44(1): 5-12.

Dr. Prabhati Gupta " Evaluation of dentinal tubule occlusion by 10% Strontium chloride: An
SEM study" Quest Journals Journal of Medical and Dental Science Research 6.1 (2019): 37-42

Corresponding Author: Dr. Prabhati Gupta 42 | Page



