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Comparative Analysis of CPP-ACP, Tricalcium Phosphate,
and Hydroxyapatite on Assessment of Dentinal Tubule
Occlusion on Primary Enamel Using SEM: An In Vitro Study
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ABSTRACT

Background: Over the last few decades, fluoride in various forms has been proved to reduce caries and dentinal hypersensitivity in both the
primary and permanent dentitions. Recently, newer materials containing calcium and phosphate ions, tricalcium phosphate, and hydroxyapatite
has received much attention.

Aim: The aim of the study was to compare CPP-ACP, tricalcium phosphate, and hydroxyapatite in relation to the assessment of dentine tubule
occlusion on primary enamel using scanning electron microscope (SEM).

Materials and methods: Forty freshly extracted noncarious primary molars were randomly divided into 4 groups (I-1V) with 10 sections in each
group—group |: negative control, group Il: CPP-ACP, group lll: tricalcium phosphate, group IV: hydroxyapatite. To assess tubule occlusion, twenty
dentin sections of 2-mm thickness were obtained from the cervical third of sound primary molars. Each section was processed to simulate the
hypersensitive dentin and the test agents were brushed over the sections with an electric toothbrush and observed under a SEM for calculation
of the percentage of occluded tubules.

Results: Groups lland IV showed a greater percentage of tubule occlusion than group lll. An intergroup comparison of tubule occlusion potential
of groups Il and IV was not significant.

Conclusion: Hydroxyapatite showed significantly higher dentinal tubule occlusion when compared to CPP-ACP and tricalcium phosphate.
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INTRODUCTION

Dentine hypersensitivity refers to the transient and severe pain
arising from the stimulation of exposed dentine with cold, heat,
and mechanical pressure. Many diseases (including physiological
wear, dental erosion, enamel hypoplasia, wedge-shaped defects,
bruxism, and deep carious lesions) can lead to exposed dentine.!
This condition is described clinically as an exaggerated response
to a non-noxious stimulus and is the result of dentin tubules’
exposure due to the loss of enamel.? Its prevalence greatly varies
between 3% and 98% depending on the population, study setting,
and study design.>*

Dental erosion and early childhood caries (ECC) are being
recognized as a common condition in pediatric dentistry with
complications of tooth sensitivity, altered aesthetics, and loss of
occlusal vertical dimension. Recently the prevalence of erosion
in children has been reported to range from 10 to over 80%,’
whereas for ECC it has been reported to range from 5 to 85%
in developed countries.® Despite the increase in prevalence
of these conditions, limited literature is available in support
with regard to primary dentition. Bearing this in mind, we have
undertaken this study to find substantial evidence for treatment
of the same.

Dentin tubules’ occlusion is the most current therapeutic
approach.” Recently, good clinical results were reported with
products containing arginine/calcium carbonate, calcium sodium
phosphosilicate (NovaMin), or strontium acetate.®® Fluoride varnish
was the first Food and Drug Administration (FDA)-approved agent
for treatment of hypersensitivity, and it protects the dentin surface
by forming a protective layer of calcium fluoride.'
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Recently, introduction of newer materials such as CPP-ACP
(that is derived from bovine milk protein, casein, calcium, and
phosphate),' tricalcium phosphates (calcium phosphate system,
which is stable in aqueous environment and does not affect the
fluoride activity when added into the dentifrices)'? and Remin Pro
(hydroxyapatite that fills eroded enamel, fluoride seals dentinal
tubule and xylitol acts as an antibacterial agent) and has been
recommended for the management of dentinal hypersensitivity.'>
Therefore, considering all the factors, the aim of the present study
was to evaluate and compare CPP-ACP, tricalcium phosphate, and
hydroxyapatite on assessment of dentine tubule occlusion on
primary enamel using scanning electron microscope (SEM).
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MATERIALS AND METHODS

Forty noncarious primary molars extracted for therapeutic reasons
were selected and were thoroughly cleaned free of debris and
calculus using hand scalers and stored in 10% formalin till the time
of the commencement of study.

Assessment of Dentine Tubule Occlusion

Forty primary molars were used to prepare dentin disks of 2-mm
thickness from the coronal portion of the tooth just below the level
of the cementoenamel junction using a double-sided diamond
disk with a micromotor handpiece. These dentin disks were then
polished with silicon carbide paper of 320, 600, and 800 grit, and
were ultrasonicated in distilled water for 10 minutes to remove the
residual smear layer and then etched by immersing the specimens
in a tray containing 6% citric acid for 2 minutes to simulate dentin
hypersensitivity.

The 40 dentine specimens were divided into the four above-
mentioned groups (n = 10). The test agents were brushed over the
specimens using an electric toothbrush (Colgate 360° sonic power®)
at 20,000 strokes per minute for 2 minutes twice a day for 7 days.
The specimens were rinsed in distilled water after each brushing
session and stored in a closed container containing distilled water.
After the last brushing session, specimens were washed with
distilled water and coated (MED 010-Jeol, Japan) with a thin gold
layer, following which the specimens were analyzed in a scanning
electron microscope (DSM 840 A-Geol. Japan) operating at 10 kV
in 2,000x magnification. The area in the center of each specimen
was scanned so as to obtain tubules in a circular cross section.
Photomicrographs were taken to analyze the following study
parameters (Fig. 1).

« Number of tubules occluded per unit area.
« Number of tubules patent per unit area.

Quantitative analysis was performed by counting the numbers
of dentinal tubules at 2,000x magnification; considering a total area
of 1,600 um?, grids were applied on the photomicrograph using
CorelDraw CS3 software.

Figs 1A to D: Dentinal tubule occlusion seen in all four groups

372

REsuLTs

The results were subjected for appropriate statistical analysis; the
Kruskall-Wallis test revealed that an intergroup comparison of the
mean percentage of tubule occlusion was highly significant (p value
< 0.001) (Table 1) and Mann-Whitney U test showed that the tubule
occlusion potential was statistically significant among all groups
except for Group lland IV, which was not significant (Table 2 and Fig. 1).

Discussion

Dentin hypersensitivity that can be a potential threat to the
individual’s oral health is closely related to the exposure and patency
of dentinal tubules. Many factors may contribute to the exposure of
dentinal tubules such as occlusal wear, deep carious lesion, abrasion
due to brushing, dietary erosion, parafunctional habit, abnormal
tooth positioning, and abfractive lesions. The condition has been
treated by a number of agents, which have been claimed to reduce
pain by occluding dentinal tubules.' Desensitizing dentifrice is the
preferred treatment for hypersensitivities because tooth-brushing
is one of the easiest methods in a home-care system.

Various in vivo studies have shown a considerable decrease
in hypersensitivity when teeth were brushed with desensitizing
dentifrices.” The in vitro dentine disc dentinal tubule blockage
experiment has become the gold standard for assessment of
dentine hypersensitivity.'%'” Utilizing safe and effective biological
materials through their physical or chemical properties to block
exposed dentinal tubules, to reduce or inhibit the flow of tubular
fluid, and to avoid stimulating pulp nerve endings is thus an
effective means for controlling dentin sensitivities.'®

Human cervical dentine has reported to have 19,000 tubules
per mm? in superficial dentine. As the half way point between
the superficial dentine and the pulp is reached, the number of
tubules reached to 30,000 tubules per mm?2.'° Dentinal tubule area
was evaluated by SEM at 2,000 times magnification (total area of
1,600 um?). Quantitative analysis of dentinal tubule number could
be a prejudice due to changes in direction of dentinal tubules and
in the position of SEM samples. The presence of smear layer and
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Table 1: A comparison of difference in tubules closed

p value (Kruskall
Study groups Mean (%) SD Wallis test)
Group | 3.34 3.38 <0.001* HS
Group Il 65.33 5.95
Group Il 48.18 7.33
Group IV 71.81 5.51
*p < 0.001; HS, highly significant
Table 2: Multiple comparisons of groups
Multiple comparisons
Study groups (Mann-Whitney test)
land Il (p=0.008%) S
land IlI (p =0.008%) S
land IV (p =0.009%) S
Iland Ill (p =0.008%) S
Iland IV (p=0.15T) NS
llland IV (p =0.009%) S

*p < 0.05; S, significant
p > 0.05; NS, not significant

small analysed area could also introduce some bias. Hirayama
et al.?% reported that the tubules of primary dentin had smaller
diameters because the peritubular dentin matrix was wider than
that of permanent dentin.

Occluding dentinal tubule agents can create a barrier by
precipitating proteins and calcium/phosphate ions on surface
or within the tubule orifices. The mechanism of action of various
chemical desensitizing agents is still not well understood.?’
Most of the previous measurements of dentin permeability have
been carried out on the coronal?*?® or radicular dentin of human
permanent teeth. However, no studies have been performed on
primary teeth. Permeability is defined as the ability of a membrane
to permit solutes or solvents to pass through it.2*

The agents used in the present study used are hydroxyapatite
(Remin Pro), CPP-ACP (GC tooth mousse), and tricalcium
phosphate (Clinpro tooth créme), which significantly shown
occlusion of the dentine tubules by the above-mentioned topical
desensitizing agents.

CPP-ACP is the acronym for a complex of casein
phosphopeptides (CPPs) and amorphous calcium phosphate
(ACP), which is used as a desinsitizing agent for the present study.
Dentin surface treated with CPP-ACP showed substantial crystal-
like deposits within the tubule lumen. Nevertheless, in few zones,
the layer of amorphous calcium phosphate present on the dentin
covered the orifices of dentinal tubules (Fig. 1). When the peptide
complex binds to plaque or the tooth surface, it is said to deliver
bio-available calcium and phosphate for remineralization, resulting
in occlusion of dentin tubules.?®

In the present study, CPP-ACP showed 65.33% of tubule
occlusion when compared to TCP group with 48.18% tubule
occlusion. Contradictory to our results, a study done by Prabhakar
et al,'* stated that there was 29.51% tubule occlusion seen with
GC Ml paste plus as it had shown a weak ability to occlude dentinal
tubule when compared to NaF and Clinpro tooth créme. GC Ml paste
had almost similar composition with that of GC tooth mousse, which
was used for the present study.
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Tricalcium phosphate (TCP) has been considered as one possible
means for enhancing the levels of calcium in plaque and saliva.
Combining calcium phosphate and fluorideionsin oral care products
is problematic and can lead to the loss of bioavailable fluoride ion
due to a reaction between the calcium phosphate phase and
the fluoride ion. In an approach to overcome this incompatibility
of calcium phosphates and fluoride ions, new technologies have
been developed. This technology is functionalized tricalcium
phosphate TCP, where tricalcium phosphate particles have been
ball milled with sodium lauryl sulfate, and has been included in a
tooth cream with sodium fluoride marketed as Clinpro tooth créme
(3 M ESPE).?®

In the present study, TCP showed 48.18% of tubule occlusion
when compared to CPP-ACP (65.33%) and HA (71.81%). This SEM
observation was supported by Prabhakar et al.'"* in which Clinpro
tooth crém showed 45.74 % of tubule occlusion and similar findings
were noted in the previous study conducted by Mackey et al.?’ The
presence of fluoride concentration of 950 ppm may contribute to
the occlusion of tubules apart from calcium phosphate system.

Hydroxyapatite (HA) is one of the most biocompatible and
bioactive materials and is widely applied to coat artificial joints
and tooth roots. In the present study, hydroxyapatite (Remin Pro)
was used as desensitizing agent, which is a water-based cream,
containing hydroxyapatite, fluoride, and xylitol. Hydroxyapatite
(which is the main constituent of Remin Pro) fills the superficial
enamel lesions and the tiniest irregularities that arise from erosion.
Fluoride, which is also one of the contents of Remin Pro, gets
converted to fluorapatite when it comes in contact with saliva
and thus strengthens the tooth and renders it more resistant to
acid attacks and also it seals dentinal tubule. Xylitol reduces the
harmful effects of bacteria and their metabolic product to lactic
acid. Since HA has a crystal structure similar to human teeth,
preliminary research exploring the effects of HA in easing dentine
hypersensitivity, remineralization of early enamel lesion by adding
HA to dentifrice have been reported in recent years.?

In 2012, a study by Yuan et al."”® concluded that HA added
to ordinary dentifrice showed a significantly increased effect of
dentinal tubule occlusion, which was similar to commercially
available anti-dentin sensitive dentrifices as reported by commercial
research of such products. Similarly, in the present study,
hydroxyapatite (Remin Pro) showed highly significant dentinal
tubule occlusion when compared with CPP-ACP and tricalcium
phosphate.

Dentine tubule occlusion in an in vitro may be quite different
when compared with dynamic, complex biological system, which
usually occurs in the oral cavity in vivo. Thus, direct extrapolations
to clinical conditions must be exercised with caution because of the
obvious limitations of in vitro studies. However, there is a need for
the further long-term research under clinical conditions to prove
the efficacy of these agents.

CONCLUSION

It was concluded that all the groups showed significant dentinal
tubule occlusion; however, SEM observation revealed that dentinal
tubule occlusion was seen significantly higher in hydroxyapatite
when compared to CPP-ACP and TCP group.
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