Assessment of salivary calcium, phosphate, magnesium, pH, and flow rate
in healthy subjects, periodontitis, and dental caries

RaAJESH K. S., ZAREENA, SHASHIKANTH HEGDE, ARUN KUMAR M. S.

Abstract

Aim: This study was conducted to estimate and compare inorganic salivary calcium, phosphate, magnesium, salivary flow rate,
and pH of unstimulated saliva and oral hygiene status of healthy subjects, subjects with periodontitis and dental caries, and
to correlate salivary calcium level with number of intact teeth. Materials and Methods: The study population consisted of 48
systemically healthy subjects in the age group of 18-55 years, which was further divided into three groups: healthy, periodontitis,
and dental caries. Oral hygiene index-simplified, probing pocket depth, clinical attachment level, the number of intact teeth,
and active carious lesions were recorded. Estimation of inorganic salivary calcium, phosphate, and magnesium was performed
spectrophotometrically using Vitros 5.1 FS. Statistical analysis was performed using the one-way analysis of variance test at
5% significance level. Results: There was a statistically significant increase in inorganic salivary calcium, phosphate, pH, flow
rate, and poor oral hygiene status in periodontitis group compared to dental caries and healthy group. Conclusion: Subjects
with increased inorganic salivary calcium, phosphate, pH, flow rate, and poor oral hygiene are at a higher risk of developing
periodontitis. Since there is increased remineralization potential, these subjects have more number of intact teeth compared to
the dental caries group.
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Introduction

Dental caries and periodontitis are the most commonly
occurring diseases affecting the humankind." Saliva acts as a
major determinant of oral environment and serves as an easily
available diagnostic and monitoring method. Saliva is a bodily
fluid secreted by major and many minor salivary glands. It
plays an important role not only in plaque formation, but
also has a lubricating effect, thereby maintaining the mucosal
integrity of oral and upper gastrointestinal surfaces.” The
salivary flow rate may be a contributing factor in the incidence
of caries, and reduction in salivary output may result in rapid
deterioration in oral health.P! Changes in salivary composition
and the flow rates may compromise the integrity of both the
soft and hard tissues in the oral cavity. Salivary flow rate,
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buffering capacity, pH, calcium, phosphate, and fluoride ion
concentrations are essential factors in the determination of
periodontal diseases and dental caries."" Acidic pH promotes
the demineralization of enamel whereas alkaline pH promotes
plaque mineralization to form calculus.®! Salivary flow rate
and composition influence the formation of calculus and
periodontal disease.®!

Studies have shown that periodontitis is associated with
increased level of calcium content in saliva and it has been
suggested that higher calcium concentration of plaque
is associated with low caries incidence.” It was found by
researchers that periodontitis-affected subjects had more
intact teeth compared to the subjects who are free of
disease. In a cross-sectional epidemiologic study, an inverse
relationship between periodontitis and dental caries was
found.® Periodontitis affected subjects have increased
intraoral mineralization capacity as their saliva may contain
many factors, which may favor mineralization. Magnesium
may also play an important role in preventing periodontal
disease as it has the unique ability to reduce inflammation
caused by bacterial toxins.”! Thus, reduced magnesium
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concentrations are associated with enhanced inflammatory
response to bacterial challenge.!"

The aim of the present study was to estimate and compare the
inorganic salivary calcium, phosphate, magnesium, salivary
flow rate, and salivary pH of unstimulated saliva and oral
hygiene status of healthy subjects, subjects with periodontitis
and dental caries, and to correlate salivary calcium level and
the number of intact teeth.

Materials and Methods

The study included subjects visiting the out-patient section
of Department of Periodontology of the Institution. Ethical
clearance for the study was obtained from the Institutional
Ethical Committee, Yenepoya University. All the participants
were provided with the verbal explanation of the nature
of the study, and informed consent was obtained. The
study was carried out from 01 October, 2014, to 25
November, 2014. The sample size was calculated at 80%
of power and 5% significance level. In this cross-sectional
study, the study population consisted of 48 systemically
healthy subjects in the age group of 18-55 years that was
further categorized into three groups comprising 16 in
each group. Group A (healthy): Healthy subjects without
chronic periodontitis with less than two active carious
lesions. Group B (periodontitis): Subjects with chronic
periodontitis having more than one tooth with probing
pocket depth (PPD) = 4 mm and with an attachment loss of
1.5 mm or more. Group C (dental caries): Subjects without
chronic periodontitis and more than two active carious
lesions on single/multiple teeth.

Subjects who had received any periodontal treatment during
the past 6 months, subjects with <20 natural teeth, with
any systemic disease, using medications affecting salivary
secretions and calcium level, pregnant, lactating women, and
smokers were excluded from the study.

A complete medical and dental history was obtained.
Periodontal examination included oral hygiene
index-simplified (OHI-S),"" PPD, and clinical attachment
loss, which were measured at four sites for all teeth except
third molar using William’s graduated periodontal probe.
A PPD = 4 mm and with an attachment loss of 1.5 mm
or more was considered as periodontitis. The number of
intact teeth and the number of carious lesions were noted.
Assessment of active and inactive caries lesions was done
based on visual and tactile criteria. It was carried out
depending on the depth of penetration and severity of the
lesions (intact surface, surface discontinuity in enamel or
manifest cavity in dentin). Explorers were used to gently
clean the tooth surface of any debris and to check for loss
of tooth structure (cavitation) and surface texture (hard or
rough/soft/leathery).!"

Collection of the saliva, measurement of salivary flow rate,
and pH

All participants were instructed not to eat or drink at
least one hour prior to the collection of saliva. Saliva was
collected between 9 and 12 AM. Prior to the collection
of saliva, subjects were asked to rinse their mouth with
water and then wait for 1-2 min for water clearance.
Unstimulated whole saliva was then collected by making
the subjects sit in the upright position with head slightly
inclined. The passively drooled saliva that was collected in
the floor of mouth was expectorated into graduated saliva
collecting vials. Three milliliter of unstimulated whole
saliva was collected and flow was expressed as ml/min. pH
was measured using a pH meter which has a reading from
0 to 14 (acidic pH < 7 and basic pH > 7 and neutral = 7).
A minor change in the pH value by one unit corresponds
to ten folds change in hydrogen ion concentration of the
solution. Saliva was centrifuged at 3000 rpm for 10 min
and the clear supernatant was obtained and subjected to
biochemical analysis with Vitros 5.1 FS.

Estimation of inorganic salivary calcium, phosphate, and
magnesium

Calcium was measured colorimetrically in Vitros 5.1 FS using
arsenazo dye IIl. Calcium forms complex with arsenazo Il dye,
which is measured spectrophotometrically at a wavelength
of 680 nm. The amount of the colored complex formed is
proportional to the calcium concentration in the sample.
Inorganic phosphate reacts with ammonium molybdate to
form ammonium phosphomolybdate, which is measured
spectrophotometrically at a wavelength of 670 nm. The
magnesium reacts with the formazan dye derivative to form
magnesium dye complex, which is measured by reflection
density at a wavelength of 630 nm.

Statistical analysis

The mean salivary calcium, phosphate, magnesium, flow rate,
and pH of unstimulated saliva, probing depth, OHI-S, the
number of intact teeth, and the number of carious lesions of
the three groups were statistically analyzed using one-way
analysis of variance. Inter-group comparison was done using
Tukey’s honestly significance difference test. A P < 0.05 was
considered statistically significant.

Results

A statistically significant difference in the mean values
of salivary calcium, phosphate, pH, and flow rate was
noted between healthy, periodontitis, and dental caries
group (P < 0.001). However, there was no statistically
significant difference in mean salivary magnesium
levels (P = 0.084) [Table 1].

Multiple comparisons and mean differences for salivary
calcium and pH among the three groups was statistically
significant (P < 0.001). The mean difference for salivary
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phosphate between healthy and periodontitis group and
dental caries and periodontitis group was statistically
significant (P < 0.001). The mean difference for the flow rate was
statistically significant for the healthy and dental caries group
and dental caries and periodontitis group (P < 0.001) [Table 2].

The mean of OHI-S, probing depth, the number of carious
lesions, and the number of intact teeth among the three groups
are summarized in Table 3. Comparison among the three
groups showed statistically significant results (P < 0.001).

Multiple comparisons and the mean difference of OHI-S among
the three groups was statistically significant (P < 0.001). The
mean difference of probing depth was statistically significant
for healthy and periodontitis group and dental caries and
periodontitis group (P < 0.001). The mean difference of
the number of carious lesions and the number of intact
teeth was statistically significant between the healthy and
dental caries group and dental caries and periodontitis
group (P < 0.001) [Table 4].

Discussion

Dental caries and periodontal disease are thought to
share common contributory factors with each other.

Epidemiological studies showing high periodontal index
scores in caries-free populations support the concept that
an inverse relationship exists between periodontal disease
and dental caries.I">) However, some studies have reported
a positive correlation between the two."*"®! In the present
study, when salivary inorganic calcium and phosphate levels
were compared among three groups, there was statistically
significant differences showing high levels of calcium and
phosphate in periodontitis group. Similar observations have
been made in earlier studies showing a positive correlation
between high salivary calcium content and periodontitis./”'°!
Therefore, higher salivary calcium levels could be a risk
factor for the development of periodontal disease.!'” Higher
calcium concentration in the plaque is associated with low
incidence of caries.!'® Salivary magnesium levels among the
three groups were not statistically significant. However, few
other studies found an association between periodontitis
and reduced magnesium level 920!

Periodontitis group showed higher pH levels when compared
to other groups. An alkaline pH is associated with increased
proteolytic activity of Porphyromonas gingivalis, the optimum
pH required for the growth being 7.5.2" Alkaline pH is
favorable for deposition of calcium phosphate, thereby
promoting plaque mineralization.!

Table 1: Comparison of mean value of inorganic salivary calcium, phosphate, magnesium, pH, and flow rate among healthy

group, periodontitis, and dental caries group

Calcium Phosphate Magnesium pH Flow rate
Groups
Mean SD Mean SD Mean SD Mean SD Mean SD
Healthy 1.86875 0.622595 10.7062 1.711323 0.513 0.1746 7.1419 0.28131 0.45 0.0894
Periodontitis 3.4 0.716473 12.3125 0.958384 0.644 0.1548 7.3994 0.15018 0.506 0.0772
Dental caries 1.275 0.240832 9.86875 1.288264 0.594 0.1611 6.5056 0.27636 0.194 0.0998

SD: Standard deviation

Table 2: Multiple comparison and mean difference of inorganic salivary calcium, phosphate, magnesium, flow rate, and pH

among healthy group, periodontitis, and dental caries group

Mean difference (I-J)

Group I* Group J*
Calcium Phosphate Magnesium Flow rate pH
Healthy Dental caries 0.59375 0.8375 -0.0813 0.2563 0.63625
Periodontitis -1.53125 -1.60625 -0.1312 -0.0563 0.89375
Dental caries Periodontitis -2.125 -2.44375 -0.05 -0.3125 0.2575

*I and J are representatives of column

Table 3: Comparison of mean value of OHI-S, PD, number of carious lesion, and number of intact teeth among healthy

group, periodontitis and dental caries group

OHI-S PD ca’:il:)r:g (Ie;sc;:)n i:rant:? f;e(::l
Mean SD Mean SD Mean SD
Healthy 0.88312 0.3284 1.76875 0.14930 0.25 0.447 29.25 1.77
Periodontitis 3.21875 0.3525 0.44462 0.88 0.806 24.75 2.793
Dental caries 1.56875 0.3497 1.81875 0.20072 4.44 1.315 27.5 1.789

OHI-S: Oral hygiene index-simplified; SD: Standard deviation; PD: Probing depth
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Table 4: Multiple comparison and mean difference of OHI-S, PD, number of carious lesion, and number of intact teeth
among healthy group, periodontitis, and dental caries group

Mean difference (I-J)

Group I* Group J*
OHI-S PD Number of carious lesion Number of intact teeth
Healthy Dental caries -0.68563 -0.05 -4.188 45
Periodontitis -2.33563 -1.37625 -0.625 1.75
Dental caries Periodontitis -1.65 -1.32625 3.563 -2.75

*I and J are representative of column. OHI-S: Oral hygiene index-simplified; PD: Probing depth

Dental caries group showed lower pH values reflecting that
acidic pH is favorable for enamel demineralization. The
frequency of acidogenic episodes may be more important
in caries progression than the degree of acidogenicity
during any one episode.?? The salivary flow rate was higher
in periodontitis group due to the inflammatory effect of
periodontal disease activity that could trigger the salivary
innervations. This salivary protection effect itself can trigger
body defense mechanism toward the inflammatory process.*!

The oral hygiene status was poor in the periodontitis group
and dental caries group. According to Axelsson and Lindhe,
the subjects who received only symptomatic treatment
without any oral hygiene instructions suffered from gingivitis,
loss of periodontal support, and recurrent carious lesion.

A higher number of the intact teeth were observed in the
healthy group compared to periodontitis group. The higher
number of the intact teeth observed in periodontitis group
may be attributed to a better remineralization capacity
associated with periodontitis. It is suggested that calculus,
a well-known predisposing factor for periodontitis, is a
consequence of a high mineralization potential in the
mouth.®l

Findings from the present study suggest that subjects who
had increased inorganic salivary calcium, phosphate, high
salivary pH, increased salivary flow rate, and poor oral
hygiene are at a higher risk of developing periodontitis.
These subjects had less dental caries with a high number of
intact teeth probably due to the increased remineralization
potential of saliva. As the salivary calcium increases, calcium
levels in the plaque also increases thereby providing calcium
for remineralization.” However, subjects with decreased
inorganic salivary calcium, phosphate, low salivary pH, and
reduced salivary flow rate are at increased risk of developing
dental caries as the plaque is more acidogenic, which may
result in demineralization of enamel.

Conclusion

From the present study, it can be concluded that subjects with
increased inorganic salivary calcium, phosphate, and poor
oral hygiene are at a higher risk of developing periodontitis.
The groups with a higher risk of periodontitis showed
increased pH and salivary flow rate. Because of increased

remineralization potential, these subjects have a high number
of intact teeth when compared to dental caries group. These
findings reemphasize physicochemical factors of saliva can
be important markers to assess the risk of periodontitis and
caries activity. However, further cross-sectional studies with
larger samples are required to extrapolate the findings.
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