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Abstract

Introduction: Saliva, a chief player in the oral cavity, is determined by its secretion rate and quality to aid either in the
development of caries, or its remineralization.® The ability for saliva to function as a source of calcium and phosphate
increases its supportive properties as it influences the precipitation or dissolution of calcium hydroxyapatite (HAP), the
principal inorganic component of dental hard tissue.

Materials & Methods: 30 healthy children, aged between 3 and 6 years old were screened and recruited for the study at
the Department of Pedodontics and Preventive Dentistry of the A.B Shetty Memorial Institute of Dental Sciences, a constit-
uent of Nitte University. The subjects were clinically examined and scored based on their decayed, missing (due to caries)
and filled surfaces (dfs) and were further categorized into two equal groups of 15.

Result: In the subjects with Early Childhood Caries (ECC), the mean calcium concentration in samples of unstimulated
saliva was 4.2383 * 0.8594 and in samples of stimulated saliva was 4.1965 * 0.6240. While, the mean inorganic phospho-
rous concentration in samples of unstimulated saliva was 3.219 * 0.8540and in samples of stimulated saliva was 3.0634
+0.5470.

Conclusion: From this study, we obtained a relationship between calcium, saliva and the caries status of children with the
calcium concentration decreasing with increase in the caries status, as well as on stimulation of saliva.
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than 72 months of age. To be exact, the AAPD defines
ECC as the presence of one or more decayed (non-cavi-
tated or cavitated), missing (due to caries), or filled tooth

1. Introduction

Despite its global decline in the past decades, Early

Childhood Caries (ECC) is still a significant problem
in many developing countries and in a few developed
nations*?. The American Academy of Pediatric Dentistry
(AAPD) was able to divide and classify early childhood
caries depending on the age and number of Decayed,
Missing or Filled tooth Surfaces (DMES) in a child of less

surfaces in any primary tooth in a child 72 months of
age or younger'. As children reach school age, they will
have an increasing incidence of carious lesions because of
change in dietary habits® and due to other factors like oral
hygiene, structure of the tooth, saliva and the presence of
plaque®.
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It is widely accepted through a number of studies®*”5?
that the etiology and pathogenesis of dental caries is
multifactorial. Saliva, a chief player in the oral cavity, is
determined by its secretion rate and quality to aid either
in the development of caries, or its remineralization®.
The lubricating and antimicrobial functions of saliva are
maintained solely by this continuous flow of unstimulated
saliva’®. While on stimulation, protective properties
increase such as salivary clearance, buffering power and
degree of saturation with respect to tooth minerals such as
calcium, phosphorous, and fluoride'. The ability for saliva
to function as a source of calcium and phosphate increases
its supportive properties as it influences the precipitation
or dissolution of calcium hydroxyapatite (HAP), the
principal inorganic component of dental hard tissue'>.

There have been numerous studies > '*'*'* carried out
to explore the relation between dental caries and flow rate
of saliva when stimulated and unstimulated, as well as the
level of concentrations of salivary constituents with the
severity of caries'>'®"”. However, this study combines the
two, and focuses specifically on the vital tooth minerals,
calcium and inorganic phosphorous, and the variation in
its level in stimulated and unstimulated saliva of children
suffering from Early Childhood Caries.

2. Materials & Methods

2.1 Sample Selection

30 healthy children, aged between 3 and 6 years old were
screened and recruited for the study at the Department
of Pedodontics and Preventive Dentistry of the A.B
Shetty Memorial Institute of Dental Sciences, a constitu-
ent of Nitte University. Children who were taking any
medication and or suffering from any systemic diseases
were excluded from the study. The ethical clearance was

obtained from the Institutional review board and the
informed consent from the selectedstudy individuals.

The subjects were clinically examined and scored
based on their decayed, missing (due to caries) and filled
surfaces (dfs)'® and were further categorized into two
equal groups of 15, as determined by American Academy
of Pediatric Dentistry' as shown in Table 1.

1. Group I: Early Childhood Caries
2. Group II: Control Group - Caries-Free

According to the AAPD®, children suffering from
Early Childhood Caries were those with the presence of
1 or more decayed (non-cavitated or cavitated lesions),
missing (due to caries), or filled tooth surfaces in any pri-
mary tooth in a child under 72 months of age.

2.2 Collection of Saliva

The subjects were instructed not to eat or drink anything
for at least 1 hour before the collection of saliva sample.
For the collection of unstimulated saliva, the subject was
seated, head slightly down and was asked not to swal-
low or move his/her tongue or lips during the period of
collection. The saliva was allowed to accumulate in the
mouth for 2 minutes and then the subject was asked to
expectorate the accumulated saliva into a clean, sterile,
ice-chilled test tube.?

Immediately after this, for the collection of stimulated
saliva, each subject was allowed to chew on a sterilized
piece of rubber band on both sides of the jaw at a con-
trolled rate for 2 minutes. Saliva collected during the first
10 seconds was discarded. The saliva was then allowed
to accumulate in the mouth and the patient was asked to
expectorate the accumulated saliva into a clean, sterile,
ice-chilled test tube. This was continued till about 2-3mL
of saliva was collected.”

Table 1. Classification & Criteria of Early Childhood Caries

AGE EARLY CHILDHOOD CARIES GROUP
CF (dfs*) ECC (dfs)  SECC (dfs)
>36months (3 years) 1to3 >4
>48months (4years) 1to4 >5
<72 months (5-6 years) l1to5 =6

“dfs — decayed (non-cavitated or cavitated lesions), missing (due to

caries) or filled tooth surfaces
CF - Caries -Free
ECC - Early Childhood Caries

SECC - Severe Early Childhood Caries
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The lid of the test tubes were closed immediately after
collection and was stored at a temperature of 4°C while
transported to the laboratory and at a temperature of
40°C until analysis®.

2.3 Laboratory Procedures-Salivary
Analysis

Analysis of the samples was done on the same day. Samples
were centrifuged at 5000 rpm for 5 minutes to remove
debris®. Each sample was then estimated for calcium and
phosphate concentrations. Estimation of these parame-
ters was done by Autoanalyzer****(Ciba Corning, USA).
Total calcium was estimated by using O-Cresolphthalein
reagent® and phosphorous concentration was estimated
by using phosphomolybdate reagent®. These values were
tabulated and subjected to statistical analysis.

2.4 Statistical Analysis

Student ¥’ test was used to compare the mean values
between stimulated and unstimulated saliva groups.
P value of 0.05 or less was considered for standard
significance.

3. Results

In the subjects with Early Childhood Caries (ECC), the
mean calcium concentration in samples of unstimulated

saliva was 4.2383 + 0.8594 and in samples of stimulated
saliva was 4.1965 + 0.6240. While, the mean inorganic
phosphorous concentration in samples of unstimulated
saliva was 3.219 + 0.8540and in samples of stimulated
saliva was 3.0634 + 0.5470.In Caries-Free (CF) subjects,
the mean calcium concentration in samples of unstimu-
lated saliva was 5.1732 + 0.7136, while in stimulated
saliva it was 5.01387 + 1.0048. And the mean inorganic
phosphorous level in samples of unstimulated saliva
was3.29413 + 0.3841 and in samples of stimulated saliva
was 4.07175 + 0.9117.

The calcium concentration levels were higher in
unstimulated saliva than in stimulated saliva for both
ECC and CF groups, but the difference was not sta-
tistically significant (P>0.05). Similarly, in the case of
inorganic phosphorous, the levels were higher in unstim-
ulated than stimulated saliva for the ECC group, proving
to be not statistically significant (P>0.05). But, vice versa
in the CF group, which was statistically significant when
subjected to statistical analysis (P<0.05). However, when
comparing both the calcium and inorganic phosphorous
levels in saliva between the ECC and CF groups, the lev-
els were higher in the CF subjects. This was proven to be
statistically significant (P<0.05) except for the difference
of phosphorous level in unstimulated saliva between the
two groups.

Mean salivary calcium and phosphorous concen-
tration values and their standard deviations of the test

Mean and Std.

Calcium (mg/dl)
Phosphorous (mg/dl)

Stimulated Saliva

Unstimulated Saliva
groups

Figure 1. Comparison of Means within Early Childhood Caries Group.
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Figure 2. Comparison of Means with Caries-Free Group.

Table 2. Mean Values and p-values of Salivary Calciumin Different Caries

Group

Calcium SAMPLE COMPARISON VALUES (mean = std. dev) p-value
GROUP Stimulated Saliva (mg/dl)  Unstimulated Saliva (mg/dl)

ECC 4.1965 £ 0.62395 4.2383 + 0.859406 0.9023
Caries-Free 5.01387 £ 1.004841 5.1732 £ 0.71355 0.688

p-value 0.05

0.025

Table 3. Mean Values and p-values of Salivary Phosphorous in Different

Caries Group

Phosphorous SAMPLE COMPARISON VALUES (mean = std. dev) p-value
GROUP Stimulated Saliva (mg/dl) Unstimulated Saliva (mg/dl)

ECC 3.0634 + 0.54696 3.219 £ 0.85389 0.633
Caries-Free 4.07175 £ 0.911698 3.29413 £ 0.384076 0.0286
p-value 0.01 0.810

groups are exhibited in Figure 1 & 2. The results of the
Student ‘t’ Test are shown in Table 2 & 3.

4. Discussion

Dental caries is a complex and dynamic process where a
myriad of factors influence and initiate the progression
of disease. Saliva, being a repository for many of these
factors through its physiochemical properties --- such as
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pH, buffering capacity, salivary flow rate, concentration
of various components like proteins, calcium and phos-
phorous --- plays a major role in the evolvement of dental
caries®.

Central amongst the constituents of saliva, calcium
and phosphorous, are most intimately related with the
integrity of dental hard tissues®. From the moment of
tooth eruption to the existence of the permanent denti-
tion, the maturation of teeth through the diffusion of these
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ions into the surface enamel increases the surface hard-
ness and resistance to caries®”. Thus, an added cause for
early childhood caries would be the deficiency in the sali-
vary level of these ions during post-eruptive maturation.

According to the study of Anderson P. et al?, it was
evaluated that the critical pH was lower in children than
in adults, therefore making them more susceptible to
caries since the thermodynamic forces for demineraliza-
tion at low oral pH were greater. With this established,
although a considerable amount of attention had been
directed towards the calcium and phosphorous levels in
saliva in relation to caries experience'>'%7* | the property
of whether the saliva when stimulated or unstimulated
has an effect on the levels of calcium and phosphorous
has not been adequately supported, especially in the case
of children. Along with this, the relationship between
mildly reduced salivary flow and caries still remains less
clear as described by the studies of Mandel", Sreebny*,
and Sweeney".

Shannon et al”observed that the concentrations of
calcium, phosphorous and magnesium in unstimulated
saliva of the parotid gland are inversely related to flow
rate in children with varied caries statuses. This study
correlates with ours as calcium and inorganic phospho-
rous levels in the subjects with early childhood caries
were higher in unstimulated saliva than in stimulated
saliva by 0.5% and 2.5% respectively. The inverse relation-
ship between the salivary flow rate and concentration of
calcium and inorganic phosphorous was demonstrated,
however when statistically proven, the difference was not
significant (p>0.05).

When Caries-Free individuals were taken into
consideration, the present study depicted an inverse
relationship with the calcium level and salivary flow rate,
with the concentration being greater in unstimulated
saliva than stimulated saliva by 1.5%. Jonsgar*® had also
estimated the calcium levels in resting and stimulated
saliva in healthy individuals, causing similar results,
as the flow of saliva increased in stimulated saliva, the
calcium content decreased. In contrary to the effect of
stimulation on the calcium level in saliva, the current
study showed an increase in inorganic phosphorous
concentration on stimulation of the saliva in Caries-Free
subjects by 10.5%, proven to be statistically significant
(p<0.05).This was disputed by studies of Patrick P.
(2003)*, Clark TJ (2004)*, and Look M. P. et al*® who
discovered that when comparing tests of stimulated
saliva to unstimulated saliva, the calcium, magnesium as
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well as phosphate were significantly higher. On the other
hand, studies of of Horton K. et al** and Al-Zahawi S.M
et al** have found no correlation between phosphorous
of saliva and dental caries, making this a controversial
factor in the diagnosis of dental caries owing to its
irregular pattern. Nevertheless, a suggestive cause for
the significant increase of inorganic phosphorous on
stimulation of saliva can be attributed to the breakdown
of organic phosphatases by salivary phosphate enzymes
resulting in increased occurrence of free phosphate ions.
** This catabolic mechanism is more common in an
alkaline environment which is directly associated with
increased salivary flow, and further reflected in calculus
formation®. With the additional parameter of calculus
formation to define the relationship between increased
inorganic phosphorous levels and increased salivary flow
rates, the contradictory results of inorganic phosphorous
in the stimulated saliva of Early Childhood Caries in the
present study, could be owned to the inverse relationship
of caries and calculus®. The above rationale can neither
be established nor nullified without further studies and
the additional parameter of general oral hygiene or
calculus levels.

Shannon et al.”’provided a basis upon which there
is an increase in the calcium and phosphorous levels in
unstimulated saliva (irrespective of the caries status) as
the decrease in the rate of flow, increasingly concentrates
the remaining constituents, such as calcium, phospho-
rous and magnesium and causes an inverse flow rate
- constituent relationship. This enables the calcium and
phosphate ions to accumulate in the saliva and either help
in the enamel tooth maturation after eruption of teeth*or
in the remineralization process which restores the sta-
bility of hydroxyapatite by replacing the missing ions in
demineralized teeth™®.

Moreover, when comparing the calcium and phos-
phorous levels in saliva between the subjects with Early
Childhood Caries and Caries-Free subjects, the lev-
els were mostly significantly higher in stimulated and
unstimulated saliva of the Caries-Free individuals
(p<0.05). Various studies '>!%172* support the inverse rela-
tionship between calcium, inorganic phosphorous and
the severity of caries. Shaw L. et al'®, had attained results
showing the mean levels of calcium and phosphorous in
saliva and plaque to be significantly higher in caries-free
than a high caries group. And Kittner D, Beetke E, and
Kotzschke R.*examined similar results in the saliva of
persons with a low caries experience.
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With the calcium and inorganic phosphorous lev-
els being more commonly increased in unstimulated
saliva, as well as in subjects with lower caries statuses,
several investigators'®*! proposed a solution - Calcium
Phosphate containing chewing gums - which would
increase the concentration of these elements in saliva that
would promote the remineralizing properties of saliva in
young subjects that are suffering from Early Childhood
Caries or those more prone to caries. By using this gum,
on stimulation of saliva, the level of calcium and phospho-
rous would be increased and would also supersaturate the
saliva with these ions and inhibit demineralization of the
tooth structure and remineralize early enamel lesions*.

The chief limitation of this study may be its small
sample size. Thus, the results of this study is preliminary
and further expansion of the study would extrapolate and
strengthen the findings.

From this study, we obtained a relationship between
calcium, saliva and the caries status of children with the
calcium concentration decreasing with increase in the
caries status, as well as on stimulation of saliva. However,
inorganic phosphorous proved to be a volatile factor is
diagnosing dental caries in children, with its inconsistent
increase and decrease in concentration with respect to the
caries status as well as flow rate of saliva. Further studies
would reinforce the basis for this inference.
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