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Abstract:

Introduction and objectives: positive correlation have been seen between high salivary calcium content and
periodontal disease. This study was designed to compare inorganic salivary calcium, phosphate, flow rate and
ph, of paraffin wax stimulated saliva of patients with gingivitis; mild periodontitis; moderate periodontitis;
severe periodontitis.

Methods: the present study consisted of 125 patients aged between 28-42 years and were divided into five
groups; control, gingivitis, mild periodontitis; moderate periodontitis and severe periodontitis. Plaque index,
gingival index, clinical attachment loss and orthopentomogram scores were recorded. Salivary calcium;
salivary phosphate; ph and flow rate was also observed.

Results: A statistically significant relation was seen between salivary calcium, phosphate and flow rate in
patients with gingivitis, mild periodontitis; moderate periodontitis and severe periodontitis. no statistically
significant relation was found for salivary ph levels.

Conclusion: Patients who have increased salivary parameters are more prone to risk of periodontal disease
,than those with reduced salivary parameters.
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. Introduction

Saliva was considered one of the most easily assesable yet least studied bodily ) But as shown by
recent surge in diagnostics, saliva is a promising body fluid, which could serve as a potential source for
screening various diseases including periodontal diseases i.e. gingivitis and periodontitis.Diagnosing the
subjects at risk, gives a leeway in clinical diagnosis to avoid their possible transition to diseased state. A
periodontal diagnostic tool provides pertinent information for differential diagnosis, localization of disease, and
severity of infection. These diagnostic information in turn serve as basis for treatment planning and provide a
means for accessing the effectiveness of the periodontal therapy. Current clinical diagnostic parameters that
were introduced more than five decade ago continue to function as the basic model for periodontal diagnosis in
clinical practice even today. They include probing pocket depths, bleeding on probing, clinical attachment
levels, plaque index, and radiographs that quantify alveolar bone levels. ® Albeit easy to use, cost-effective and
relatively non-invasive, clinical attachment loss evaluated by the periodontal probe measures damage from past
episodes of destruction. It requires a 2- to 3-mm threshold change before a site can be deemed as having
experienced significant breakdown. @Therefore, there is a requirement of developing new screening or
diagnostic tools which are non-invasive, reliable, economic and can be incorporated in clinical practice,
andcould be used as a risk predictor of periodontal disease. Saliva may offer the basis for a patient specific
diagnostic test for periodontitis. ©

Very less number of clinical trials has been conducted for the association between salivary calcium
levels and periodontal health. Clinical study conducted by Sewon L A reported a positive correlation
between salivary calcium and periodontal disease. Khalil reported a similar finding in his study. “® On the
contrary Kamat et al and Sudhir Shetty reported a negative correlation for the same.®” There is very limited
research in this field and hence the aim of the present study was To evaluate, if there is any correlation between
salivary calcium level and periodontal disease and whether it can be used as a screening tool for periodontal
diseases.
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Il.  Material and method
Atotal of 125 patients; 60 females and 65 males were screened for this study. Five groups; were
formed 25 individuals in each were allotted . Group 1: Healthy / Control group; Group 2: Gingivitis group;
Group 3: Mild Periodontitis group ; Group 4: Moderate Periodontitis group ; Group 5: Severe Periodontitis
group.
;I')he study protocol was in accordance with the declaration of Helsinki 1964 revised in year 2000 and 2008.
8

Inclusion criteria:

1) Subjects aged between 25 - 60 yrs.

2) Subjects who have not used any chemical plaque control aids and periodontal treatment for past 6months.
3) Subjects who have not taken antibiotic therapy for minimum of 6 months.

4) Subjects with minimum number of 20 teeth.

Exclusion criteria:

1) Subjects with history of smoking.

2) Subjects with systemic diseases like diabetes, asthma, cardio vascular disorders and bony pathology.
3) Subjects on calcium supplements.

4) Women who have attained menopause.

5) Pregnant women and lactating mother.

The periodontal health of the patients was analyzed by following parameters®*?
1. Plaque index (P.I)

2.Gingival index (G.I)

3. Clinical attachment loss (CAL)

4. Orthopentomogram findings (OPG)

Salivary parameter analysed were.
1. Salivary calcium level

2. Salivary phosphate level

3. Salivary pH

4. Salivary flow rate

The statistical analysis was done using SPSS (Statistical Package for Social Sciences) Version 15.0
statistical Analysis Software. Analysis of Variance (ANOVA): The ANOVA test was used to compare the
within group a Post-Hoc Tests (Tukey-HSD) was employed to study diffence between the groups.

I1l.  Results
Group | comprised of 25 (20%) systemically healthy patients with healthy periodontium. Group Il
comprised of 25 (20%) patients with gingivitis. Group I, 11l and IV comprised of 25 (20%) patients each with

mild, moderate and severe periodontitis respectively. The study groups were analyzed by means of ANOVA
for plaque index, gingival index & clinical attachment loss. The findings are reported as following; The mean
plaque index scores for Group | was 1.00 while for Group Il, Ill, 1V and V, the mean values were
1.84+0.37, 1.89+0.00, 2.68+0.48 and 3.00+0.00 respectively. Analysis of variance (ANOVA) revealed a
statistically significant intergroup difference (F=293.93; p<0.001). Table -1

Group | had mean gingival index (Gl) value of 1+0; while Group Il reported a mean GI of 2.48 +
1.51. In Groups I, IV and V, the mean Gl was 2.5+0.00, 2.60+0.50 and 2.72+0.46 respectively. Analysis of
variance (ANOVA) reporting a statistically significant intergroup difference (F=85.97; p<0.001). (Table —1)

Group | and 1l observed no clinical attachment loss (CAL), with a mean score of 0.00. While Group
I11; group IV and group V reported a mean CAL score of 1+0, 1.96+0.20 and 3.00+0.0 respectively. On
analyzing the CAL mean scores by ANOVA; it revealed a statistically significant intergroup difference
(F=5263.50; p<0.001). (Table-1.)

10 between group comparisons were formed and analyzed for plaque index, gingival index and clinical
attachment loss by means of Post Hoc Tukey test.

Between groups comparisons (Tukey HSD) for plaque index (PI) revealed a statistically significant
difference for all the comparisons except between Group | vs Group IlI; Group Il vs Group III; Group I vs
Group V and; Group IV vs Group V. The between groups comparisons (Tukey HSD) for Gl revealed a
statistically significant difference for all the comparisons except between Group Il vs Group Il1, and Group IV
and Group V. Also a statistically significant difference for clinical attachment loss (CAL) was observed for all
the group comparisons expect between Group | and Group Il using between groups comparisons (Tukey HSD).
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On applying analysis of variance (ANOVA) for comparing mean salivary calcium level; a mean + S.d
for Group | of 4.02 £0.32; Group Il of 4.36 +0.29; Group Il of 4.92 + 0.41; Group IV of 5.52 +0.58; and
Group V of 6.26 + 0.53 was observed. A gradual increase in salivary calcium levels was observed from healthy
(Group 1) to severe periodontitis (Group V) groups, showing a statistically significant intergroup difference
(F=104.07; p<0.001). (Table -3 & Chart -1)

Mean = S.d for salivary phosphate in group | was 17.94+ 0.64 ; group Il 18.26 + 0.43; group Il
18.27 £ 0.51; group IV 18.45 %+ 0.70 and group V 18.61 + 0.70. salivary phosphate levels were observed to
be maximum in Group Il and minimum in Group |. A statistically significant variability was observed among
groups (F=12.849; p<0.001).

(Table —3 & Chart -1)

A gradual increase in salivary pH was observed from healthy (Group 1) to severe periodontitis (Group
V) groups, , group I; 7.18 £ 0.08 ; Group II; 7.20 + 0.10; Group Il 7.24 £ 0.11 ; group IV 7.29 £ 0.12; and
group V ; 7.52 £ 0.13 ; showing a statistically significant intergroup difference (F=38.855; p<0.001). (Table — 3
& Chart -1)

The salivary flow rate was observed to be increasing gradually from Group | to Group IV, group | had
a salivary flow of 1.48 + 0.13 units ; group ii had 1.89 + 0.36 ; group iii had 2.29 £+ 0.33 ; group iv had 2.97
0.56; however, the mean value of Group V was 2.91 + 0.53; lower as compared to Group IV. There was a
Statistically significant variability (ANOVA) observed among the groups. (Table —3 & Chart -1)

Between group comparisons (Tukey HSD) revealed statistically significant intergroup differences for
salivary calcium levels; except for Group | vs Group Il. The concentration of salivary calcium was reported to
be in following order. (Table 4.)

Group I < Group Il < Group Il < Group IV < Group V

Between group comparisons for phosphate levels showed statistically significant intergroup differences
for Group I vs Group I1I; Group Il vs Group Il only . The order of mean salivary phosphate levels was :
Group Il > Group V = Group IV = Group Il > Group |

For salivary pH, no statistical significant results were obtained . though there was diffrence in mean but
it was not large enough to be of any significance ( p 0.54).

Group V =~ Group IV ~ Group Il ~ Group Il ~ Group
Comparison of mean salivary flow rates revealed statistically significant differences for all the comparisons
except that between Group | and Group II; Group Il vs Group I1I; Group IV vs Group V. The order of mean
salivary flow rates in different groups was:

Group IV ~ Group V > Group 111 > Group Il > Group I.

IV.  Disscussion

Salivary calcium have been believed to play a crucial role in homeostasis of oral environment. It
has been advocated to affect the caries profile and periodontal status of an individuals. Assessment of
Salivary calcium level has been recognized as a potential screening test for candidates with risk of
periodontitis. Legendry works of Beck and Wainwright 1934, 1937 in saliva composition ; provided some
guidelines to asses and analyze its inorganic constituents like calcium and phosphate. “**  Calcium
concentration cannot be assed as such, it depends on numerous factors. Factors such as whether secretion was
a mixture of all of the salivary gland or from a specific salivary gland; whether saliva was stimulated or
unstimulated; How much time lapsed after collection of saliva sample. Whether individuals were slow
secretors or fast secretors; How much carbon dioxide loss in sample has occurred ; Diet of the individuals and
Systemic conditions.®>?

There is multitude of views regarding the pathogenesis of periodontal disease; role of salivary
calcium had been recognized in past decades as an important factor in progession of periodontitis and over all
dental health in industrialized countries.?>?? An increase level of salivary calcium has been reported to be
closely associated with rapidly mineralizing plaque and an increased risk of developing periodontitis.

Progression of periodontitis was considered as a transition from stages of gingivitis to alveolar bone
loss ; but epidemiological studies have shown that adult population which mostly suffers from gingivitis has
relatively less generalized periodontitis transition; on the contrary individuals with healthy periodontium
sometime reports with severe isolated alveolar bone defects . This could be probably attributed to the specific
periodontogenic microorganism.®® As it was impossible to induce chronic periodontitis by subcutaneous
inoculation of specific periodontogenic pathogens the former explanation does not hold valid.*?

On the other hand placement of sub gingival ligature can induce chronic periodontitis like
disease.® This occurs as the ligature act as a nidus for plaque accumulation and calculus formation;
resulting in extension of gingival inflammation deep into connective tissue initiating periodontitis. In rapid
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plaque formers this sub gingival biofilm rapidly calcify and is difficult to remove by regular home care
methods. Sub gingival plaque behaves similarly to a sub gingival ligature in predisposing to periodontal
disease. Rapid plaque formation has been proved to promote a higher calcium content of the saliva thus
identifying cases with risk of possible periodontitis transition .

Mandel concluded in his study that high saliva concentration was found in heavy calculus former then
in slow formers .2 Sewon L A et al reported that calcium concentration of supragingival plaque was higher in
adult periodontitis patients when compared with juvenile periodontitis.®® Also high calcium concentration of
plaque is associated with low caries experience.®”

In the present study, when inorganic salivary calcium content was analyzed in patients at different
stages of periodontal disease, the results showed a statistically significant increase in calcium as compared to
contrglzggzrgc;up. These findings are in accordance with the works of Khalill et al , Sewon La etal and Endre
Kiss.™

Present study also proposed a linear increase in salivary calcium level with increase in severity of
periodontal disease. As the gingival inflammation extended deeper to involve connective tissues and alveolar
bone a significant liner increase in salivary calcium was found.

The increase salivary calcium level can be associated with increasing sub gingival calcification
potential which results in  progression of gingivitis to periodontitis. Endre Kkiss in his study concluded that
salivary calcium and phosphate concentration increase with age showing peak values around menopause.®
Salivary calcium seems to increase with age may be explained by the hypothesis which states that a decrease
in skeletal bone density, seen often in elderly people, may increase the amount of calcium in saliva. However,
this phenomenon is not completely clear and needs further studies.

There is data on salivary calcium of different study populations with decreasing bone mineral density,
such as patients with rheumatoid arthritis, heavy smokers and women in menopausal ages.?"? They all have
higher means of salivary calcium level when compared to age-matched counterparts. It is found that hormone
replacement therapy, which has a stabilizing effect on calcium content of bone, has a similar effect on salivary
calcium. Aforementioned concerned were taken care by excluding all of the risk groups.

On the contrary to the findings of present study Kamat etal and Sudhir shetty et al reported
that with increase in gingival inflammation salivary calcium level reported a decrease. "

Similar to the pattern of salivary calcium levels ; salivary phosphate level also reviled a positive
linear correlation with increase in severity of periodontal disease. Kamat et al and Sudhir shetty et al
reported a increase in phosphate level but is failed to reach any significant ; while in present study a significant
relation was achieved. ¢”

Salivary flow also reported a increase with severity of periodontal disease. While a study conducted by
Endre Kkiss reported no change in flow rate with age and showed that flow rate did not correlated with
calcium concentration; no such criteria were not evaluated in the present study. ¥

Salivary ph reported no statistically significant difference; these results were in accordance with study
of Sudhir Shetty et al.”” Salivary Ph has a crucial role in homeostasis of calcium in saliva ; ph increase favour
calcium deposition as sub gingival band of calculus and decrease in ph favours dissolution of calcium from
hydroxyappetite crystals of enamel leading to dental decay. Results of present study give evidence that
individuals with increased salivary parameters ; i.e. salivary calcium; salivary phosphate , higher ph ; high flow
and poor oral hygiene are at a higher risk of developing periodontal disease. In this individuals calcification of
sub gingival bioflim is faster while on the other side it also favour remineralisation of dental decay thus
decreasing decay process.

On examining the findings of current study it was concluded that Salivary calcium level reached a
statistically significant relation with severity of periodontal disease. Clinical attachment level and OPG score
correlated positively with increase in salivary calcium level indicating association of increase salivary calcium
with periodontal destruction .

Salivary phosphate level followed similar trend and was reported to be increasing with worsening of
cal scores and OPG scores.. Salivary Ph showed no statistically significant difference for various groups under
observation. Salivary flow rate showed increase with increae in severity of periodontal disease.

Thus to summarize it can be said that estimation of salivary calcium and phosphate levels may be used as a
screening test to identify individuals at risk of periodontitis . Larger longitudinal studies are required to
confirm and strengthen the association attained by present study .
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Chart 1. salivary parameters in various groups

Table 1: Mean Plaque Index, Gingival Index and Clinical Attachment Loss

S.No. Group Pl Gl CAL

Mean SD Mean SD Mean SD
1. | 1.00 0.00 1.00 0.00 0.00 0.00
2. 1l 1.84 0.37 2.48 0.51 0.00 0.00
3. 11 1.89 0.00 2.00 2.50 1.00 0.00
4, I\ 2.68 0.48 2.60 0.50 1.96 0.20
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[ 5. [V [ 3.00 | 0.00 | 272 | 0.46 | 3.00 [ 0.00 |

Group Group Pl Gl CAL
m ()] MD p MD p MD p

(1-3) (1-9) (1-9)

lvs 1 -0.840 <0.001 -1.480 <0.001 0.000 1.000

I 0.000 1.000 -1.000 <0.001 -1.000 <0.001

v -1.680 <0.001 -1.600 <0.001 -1.960 <0.001

\Y -2.000 <0.001 -1.720 <0.001 -3.000 <0.001

I1vs 1] 0.840 0.28 0.480 <0.001 -1.000 <0.001

v -0.840 <0.001 -0.120 0.797 -1.960 <0.001

\Y -1.160 <0.001 -0.240 0.174 -3.000 <0.001

I vs v -1.680 <0.001 -0.600 <0.001 -0.960 <0.001

\Y -2.000 0.12 -0.720 <0.001 -2.000 <0.001

IV vs \ -0.320 0.001 -0.120 0.797 -1.040 <0.001
F (ANOVA) 293.35 85.97 5263.50
“p” <0.001 <0.001 <0.001

Table 2 : Between Group comparison of PI, Gl and CAL (Tukey HSD)

Table 3: Mean salivary calcium and phosphate levels, mean salivary pH and mean salivary flow rates in
different study group.

S.No. | Gro Salivary Calcium | Salivary Phosphate Salivary pH Salivary flow rate

up (units) (units) (units)

Mean SD Mean SD Mean SD Mean SD

1. | 4.02 0.32 17.94 0.64 7.18 0.08 | 1.48 0.13
2. 1l 4.36 0.29 18.26 0.43 7.20 0.10 | 1.89 0.36
3. 11 4.92 0.41 18.27 0.51 7.24 0.11 | 2.29 0.33
4. \Y 5.52 0.58 18.45 0.70 7.29 012 | 297 0.56
5. \Y 6.26 0.53 18.61 0.70 7.52 013 | 291 0.53
F (ANOVA) 104.07 12.849 98.855 60.739
“p” <0.001 <0.001 0.02 <0.001

Table 4: Between Group comparison of physicochemical characteristics of saliva (Tukey HSD)

Group Group (J) | Ca PO, pH Flow rate
m MD p MD P MD p MD p
(1-J) (1-J) (1-J) (1-J)

Ivs 1 -0.35 0.048 -0.31 | 0.359 -0.02 0.937 -0.41 0.005
11 -0.90 <0.001 -1.17 | <0.001 | -0.06 0.241 -0.81 <0.001
[\ -1.50 <0.001 -0.51 | 0.030 -0.11 0.006 -1.49 <0.001
\ -2.25 <0.001 -0.67 | 0.002 -0.34 0.009 -1.43 <0.001

Ivs 11 -0.56 <0.001 -0.85 | <0.001 | -0.04 0.697 -0.40 0.007
[\ -1.15 <0.001 -0.19 | 0.794 -0.08 0.058 -1.08 <0.001
V -1.90 <0.001 -0.35 | 0.245 -0.32 0.03 -1.02 <0.001

11 vs v -0.60 <0.001 0.66 0.002 -0.04 0.615 -0.68 <0.001
V -1.34 <0.001 0.50 0.033 -0.28 0.02 -0.62 <0.001

IV vs Vv -0.75 <0.001 -0.16 | 0.882 -0.23 0.04 0.06 0.986
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