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Abstract

Objective: The objective of our study was to determine and compare calcium and phosphate levels in unstimulated saliva in patients with varying caries intensity.
Material and methods: The study involved 109 subjects from both sexes, from 12 to 15 years of age, divided into 3 groups according to their caries intensity: group
with very low and low caries intensity, involving 31 (28.44%) subjects; group with moderate caries intensity involving 30 (27.52%) subjects; and a group with high and
very high caries intensity, involving 48 (44.04%) subjects. Saliva samples were collected with the spitting method, according to the recommendations by Navazesh.
Salivary calcium and phosphate levels were determined using the spectrophotometric methods CALCIUM ARSENAZO and PHOSPHOMOLYBDATE/UV accordingly.
Results: The average concentration of salivary phosphates was 7.86 + 3.3 mmol/L in subjects with very low and low caries intensity, 5.96+2.9 mmol/L in subjects with
moderate caries intensity, and 5.08 + 2.6 mmol/L in subjects with high and very high caries intensity. Post-hoc analysis for inter-group comparisons confirmed the sta-
tistically significant difference between groups with very low and low caries intensity and those with high and very high caries intensity (p=0.0005). The statistically sig-
nificant difference was observed in calcium concentration as per caries intensity (p<0.0001). Subjects from the group with high and very high caries intensity showed
a significantly lower level of calcium compared to the subjects from the group with very low and low caries intensity (p=0.000001), and a significantly lower level of cal-
cium compared to the subjects with moderate caries intensity (p=0.0014). There is a correlation between the salivary calcium and phosphate levels and caries intensi-
ty (R=0.353, R=0.51 respectively). Conclusion: Salivary calcium and phosphate levels were significantly lower in the subject group with high and very high caries inten-
sity, compared to the subject group with very low and low caries intensity. The intensity of caries significantly correlates with the concentration of salivary phosphates
and salivary calcium. Key words: Caries intensity, saliva, salivary calcium, saliva phosphates.

AncTpakr

Llen Ha Tpypot: LienTa Ha HawweTo uctpaxyBatbe Oelle Aa ce YTBPAM WUC MOPe HUBOTO Ha kanumym W docdaTv BO HECTUMYNMPaHa NAyHKa Kaj naumeHTy co
pa3nuyeH MHTEH3NTET Ha kapuec. Matepujan u meToam: cTpaxyBareTo Briyyn 109 uenutaHmum of ABata nona, Ha Bospact of 12 Ao 15 ropuHu, noaenenm 8o 3
TPYNV CMOPES MIHTEH3UTETOT Ha Kapyec: rpyna co MHOTY HIU30K 11 HU30K MHTEH3UTET Ha kapuec, BkiydyBajkv 31 ucnutanuk (28.44%), rpyna co CpeaeH UHTEH3NTET Ha
kapuec, Bkny4yBajiv 30 ucnutanmuy (27.52%) v rpyna cv BUCOK 1 MHOTY BUCOK MHTEH3UTET Ha kapuec, BKyyyBajku 48 ncnutanmuy (44.04%). MpumepoLTe of niyHka
Bea KoneKLMOHVpaHy Co METOAOT Ha ucnnykyBatse, cnopep nopenopakute Ha Navazesh. HusoaTa Ha canvBapeH kanLym v canveaphy docchati bea onpeaenenn
co cnektpocporometpuckute metoan CALCIUM ARSENAZO 1 PHOSPHOMOLYBDATE/UV coopseTHo. PesynTatu: MpoceyHata KOHLEHTpaLyja Ha canvBapHuTe
thocehaT bewwe 7.86 + 3.3 mmol/L kaj ucnutaHMLmMTE CO MHOTY HU3OK M HI30K MHTEH3UTET Ha kapuec, 5.96+2.9 mmol/L kaj ucnutaHuLuTe co CpeaeH NHTEHNTET Ha
kapuec, 1 5.08 + 2.6 mmol/L kaj ucnuTaHULWTE CO BUCOK I MHOTY BUCOK MHTEH3UTET Ha kapuec. Post-hoc aHanu3aTa 3a uHTeprpynHa cnopesba noTBpAM CTaTUCTUYKM
3HavajHa pasnuka NoMery rpynuTe Co MHOTY HU30K 1 HI3OK MHTEH3UTET Ha Kapuec v OHWe CO BICOK U MHOTY BUCOK MHTEH3UTET Ha kapuec (p=0.0005). Cratuctinykm
CUrHMdMKaHTHaTa pasnuka beLue NoTBpAEHa 1 3a KOHLIEHTPpALMUTE Ha KanLyyM BO OHOC Ha MHTEH3NUTETOT Ha kapuec (p<0.0001). cnutaHuuuTe of rpynata co BUCOK
11 MHOTY BUCOK MHTEH3UTET Ha kapuec Mpe3eHTMpaLLe CUrHUGMKAHTHO MOHIUCKY HBOA Ha KamnLyM BO cnopesba Co UCIUTaHNLUTE OA rpynata co MHOTY HU3OK 11 HI30K
VHTEH3NTET Ha kapuec (p=0.000001), u curHNUKaHTHO MOHMCKW HMBOA Ha KanLuym Bo cnopenba co UCTUTaHUUMTE Of rpynata Co CPedeH UHTEH3NTET Ha kapuec
(p=0.0014). MocTou KopenaLuja NOMery H1BOATa Ha canvBapeH kanuuym 1 hocdaTit u MHTEH3UTETOT Ha kapuec (R=0.353, R=0.51 coopseTHo). 3akny4ok: Hueoata
Ha canvBapeH Kanuuym 1 canueapHi ocdatin 6ea CUrHIGMKAHTHO MOHMCKY Kaj MCUTYBAHaTa rpyna Co BUCOK W MHOTY BIUCOK MHTEH3NTET Ha kapuec, BO cropeaba
CO MCMUTYBaHaTa rpyna CO MHOTY HU3OK 11 HU30K MHTEH3NTET Ha kapuec. VIHTEH3UTETOT Ha kapuec CUrHICMKaHTHO KOpenupa co KOHLEHTpaLujaTa Ha canvBapHuTe
docchat 1 canusapHuoT kanumym. KnyuHu 36opoBu: VIHTEH3UTET Ha kapuec, NyHKa, canvBapeH kanuuym, canveapHy docdary.
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Introduction

Dental caries is considered the most common disease
in people, following the common flu, and is without a
doubt a public health problem which is among the most
widely spread global diseases connected with dental
biofilm'. It is a multi-factor chronic disease of the hard
dental tissues, characterized with demineralization of the
non-organic part and destruction of the organic content of
teeth. The World Health Organization (WHO) has
defined caries as a localized post-eruptive process of
external origin, which involves softening of the hard den-
tal tissue and consequently creation of a cavity?.

The risk of occurrence of caries includes physical, bio-
logical, ecological factors, factors connected to behavior
and lifestyle, cultural and hygiene-dietary habits**.

Effective preventive measures against occurrence of
caries include inhibiting cariogenic microorganisms,
mechanical control of the dental plaque and controlled
intake of sugars, in order to reduce the amount of biofilm
and the levels of specific pathogens.5 The World Health
Organization (WHO) has reported that 60% to 90% of
school children and almost 100% of adults worldwide suf-
fer from caries. Therefore, prevention against caries plays
an indispensable role in the promotion of public health®.

Many authors have emphasized the importance of the
relation between dental biofilm and dietary sugar, as the
primary etiological factors for the incidence of dental
caries, whereas, if one of these factors is absent, caries can-
not occur™".

Literature presents convincing reasons for using sali-
va as a diagnostic fluid. As a clinical tool, it offers
numerous advantages compared to serum, mainly
because it is easy to collect, store and deliver in sufficient
amounts for further analysis". Due to the non-invasive-
ness of the saliva collection procedure, patients are less
anxious and uncomfortable, which makes it easy to
repeat the sampling and monitor the disease over time'.
Saliva is also easier to handle during diagnostic proce-
dures because it does not clot, reducing the need of addi-
tional manipulation. It greatly affects initiation, maturing
and metabolism of the dental plaques®.

Calcium and trivalent phosphate ions play an impor-
tant role in the protection of teeth against development of
caries and erosions which, together with hydroxyl ions,
maintain the mineral saturation of the saliva compared to
the minerals in the dental tissues, a fact that is highlight-
ed by numerous authors'*. The structure of the dental
enamel is predominantly composed of hydroxyapatite
which involves ions of calcium and phosphates®”. The
high concentrations of calcium and phosphates in the
saliva enable ionic exchange with the surface of the den-
tal tissues, which starts with eruption of teeth and lasts

until their maturity. This provides for remineralization of
the initial carious process, before tooth cavity occurs,
mainly due to the presence of ions of calcium and phos-
phates in the saliva®.

The demineralization of hard dental tissues occurs
when there is a non-proportional content of calcium and
phosphate minerals between the tooth and the oral envi-
ronment. In such cases, hydroxyapatite crystals of the
enamel dissolve as a result of the acids produced by
microorganisms, which leads to demineralization of the
tooth. The low level of calcium and phosphates in the
saliva affects the balance between the process of dem-
ineralization and remineralization, and the results in den-
tal caries. This also explains the importance of salivary
concentrations of calcium and phosphate ions in the
maintenance and preservation of tooth integrity against
the process of demineralization®.

Since literature data indicate a connection between
the concentration of salivary calcium and salivary phos-
phates and carious processes, the objective of our
research was to determine and compare calcium and
phosphate levels in unstimulated saliva in patients with
varying caries intensity.

Material and method

This study included 109 subjects from both sexes,
from 12 to 15 years of age, with maintained general and
oral health. The subjects were:

- pupils in the 6th and 7th grade from the primary
schools ,,Petar Pop Arsov* and ,,Dimitar Pop-
Georgiev Berovski®,

- pupils in the first year of the Medical high school
,»Dr.Panche Karagjozov* and

- patients from the PHI University Dental Clinical
Center ,,St. Panteleimon® - Clinic for Pediatric
and Preventive Dentistry and the Clinic for
Orthodontics.

We obtained permits from the school authorities, as
well as written consent from the parents for the imple-
mentation of the research.

The criteria for inclusion of the subjects were as fol-
lows:

- Children with permanent dentition, from 12 to 15
years of age (we avoided mixed dentition because
caries in primary teeth may compromise the
results),

- Children without localized or systemic disease
affecting saliva secretion,

- Permanent residents of the city of Skopje who
regularly consume local water.
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Children who couldn’t cooperate during the exami-
nation and collection of material were excluded from
this study.

The subjects were divided in three groups according
to the caries intensity, i.e. according to the DMFT index
values (WHO, Geneve, 2000) in the following manner:

- Subjects with DMFT index values between 0.0-
2.4 were categorized in the group with very low
and low caries intensity

- Subjects with DMFT index values between 2.5-
3.8 were categorized in the group with moderate
caries intensity, and

- Subjects with DMFT index values between 3.9
and over 5.6 were categorized in the group with
high and very high caries intensity.

All subjects underwent clinical, laboratory examina-
tions, survey and statistical analysis of the obtained
results.

Clinical trials

The clinical research was conducted in the afore-
mentioned institutions using a probe and dental mirror,
and we have determined the DMFT index value using
the Klein-Palmer system for every subject.

Establishment of the DMFT index, using Klein-
Palmer system®, was achieved by summarizing the total
number of decayed, extracted and restored-filled perma-
nent teeth.

DMFT = Decayed teeth + missing due to caries + filled teeth

Saliva sample collection, processing and laboratory
analyses:

The saliva sample collection, processing and labora-
tory analyses were conducted in the Biochemistry labo-
ratory at the Ss. Cyril and Methodius University in
Skopje, Faculty of Dentistry Skopje, Department of Oral
and Periodontal Diseases. According to the recommen-
dations by Navazesh*, unstimulated saliva from all sub-
jects was being collected for 10 minutes. Subjects were
instructed not to eat or drink liquids except water for 90
minutes before saliva collection.

The collected saliva was first mixed using a vortex
device (DRAGONLAB MX-S), at highest speed-2, after
which, it was centrifuged for 10 minutes, at 4000 RCF
(xg) in centrifuge (BIOBASE — High Speed Refrigerated
Centrifuge). After centrifuging, we collected 500-1000pu1
of the supernatant of the centrifuged saliva, using a
micropipette, and distributed the samples into small
plastic single use tubes (Eppendorf tubes). The
processed saliva samples were frozen at -20°C, and the

analysis of samples was conducted 15 days as of the date
of freezing at the latest.

The next phase of our study was to determine the
salivary levels of calcium and phosphates. The analyses
were made upon fast defrosting of the samples.

Salivary calcium and phosphate levels were deter-
mined spectrophotometrically using BioSystem
reagents, with the following methods accordingly: CAL-
CIUM ARSENAZO (650 nm) and PHOSPHOMOLY B-
DATE/UV (340nm).

All the materials and reagents we used had the rele-
vant degree of purity necessary for analysis.

The data were statistically processed using Statistica
SPSS v23.0 for Windows.

Results

This study included 109 subjects distributed in 3
groups according to caries intensity: a group with very
low and low caries intensity, involving 31 (28.44%) sub-
jects; a group with moderate caries intensity, involving
30 (27.52%) subjects; and a group with high and very
high caries intensity, involving 48 (44.94%) subjects.
(table 1)

Table 1. Distribution of samples according to caries
intensity

Caries intensity n (%)
P 31 (28.44)
Y 30 (27.52)
A 48 (44.04)

p ( group with very low and low caries intensity)
y (group with moderate caries intensity)
a (group with high and very high caries intensity)

Table 2 shows the descriptive parameters of the ana-
lyzed salivary biomarkers (phosphates and calcium).

The average concentration of salivary phosphate lev-
els was 7.86 £ 3.3 mmol/L, 5.96 = 2.9 mmol/L and 5.08
+ 2.6 mmol/L in the subject group with very low and low
caries intensity, the group with moderate intensity, and
the group with high and very high caries intensity,
respectively. The median value of the salivary levels was
7.98 mmol/L, 5.96 mmol/L and 4.3 mmol/L in the sub-
ject group with very low and low caries intensity, the
group with moderate intensity, and the group with high
and very high caries intensity, respectively (table 3).

Salivary calcium showed average and median values
of 1.37 £ 0.3 umol/L and 1.47 pmol/L in the group with
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Table 2. Statistical parameters of salivary markers

Parameter Descriptive statistics
mean + SD min - max median (IQR)
Phosphates (mmol/L) 6.11 £ 3.1 1.08 —14.05 |[5.22 (3.74 — 7.98)
Calcium (mmol/L) 1.22+04 0.64 — 3.46 1.21 (0.98 — 1.42)
Table 3. Values of saliva phosphates — groups according to caries intensity
Descriptive statistics -
Groups Phosphates (mmol/L) p-value
mean * SD median (IQR)
p 7.86 + 3.3 7.98 (4.95 -10.88) H=14.0 **p=0.0009
y 596 +2.9 5.96 (3.53 — 7.35) post-hoc
a 5.08 + 2.6 4.3 (3.405—5.675) | PVvsa ""p=0.0005

p ( group with very low and low caries intensity)
y (group with moderate caries intensity)
a (group with high and very high caries intensity)

H (Kruskal-Wallis test), post-hoc (Mann-Whitney test); ***p<0.0001

Table 4. Values of salivary calcium — groups according to caries intensity

Descriptive statistics -
Groups Calcium (mmol/L) p-value
mean * SD median (IQR)
p 1.37£0.3 1.47 (1.15-1.52) | H=28.6 ***p=0.00000
~ post-hoc
y 1.28+0.2 1.355 (1.21 - 1.41) D VS @ ***p=0.000001
a 1.09+04 1.055 (0.89-1.14) | yvsa **p=0.0014

p ( group with very low and low caries intensity)

y (group with moderate caries intensity)

a(group with high and very high caries intensity)

H(Kruskal-Wallis test), post-hoc (Mann-Whitney test); ***p<0.0001

Table 5. Values of salivary calcium — groups according to caries intensity

Caries intensity Spearman R t p-value
&Phosphates (mmol/L) 0.353 3.898 ***0.00017
&Calcium (mmol/L) 0.510 6.136 ***0.00000

*p<0.05, ***p<0.0001

very low and low caries intensity, respectively, 1.28 + Table 5 shows the correlation between salivary bio-
0.2 pmol/L, and 1.355 pumol/L in the group with moder- markers and caries intensity. The analysis showed that
ate caries intensity, respectively, 1.09 = 0.4umol/L, and  the intensity of caries significantly correlates with the
1.055 pumol/L in the group with high and very high caries ~ concentration of salivary phosphates (p=0.00017) and
intensity, respectively (table 4). salivary calcium (p<0.0001) (table 5).
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Discussion

Dental caries is a chronic disease which affects teeth
and is considered globally most widely spread disease in
humans. Caries occurs as a result of a complex interac-
tion between cariogenic bacteria which produce acids
and fermented carbohydrates, including many other fac-
tors of the host, such as teeth and saliva, clearly within a
particular time interval. The risk of occurrence of dental
caries involves various factors, including the high num-
ber of cariogenic bacteria, reduced saliva flow, insuffi-
cient exposure to fluorides and other remineralizing sub-
stances, as well as insufficient oral hygiene, inadequate
diet and bad socio-economic conditions’.

Our study included 109 subjects from both sexes at
the age from 12 to 15 years with maintained general and
oral health, distributed in three groups according to
caries intensity, i.e. a group with very low and low caries
intensity - 31 subjects (28.44%), a group with moderate
caries intensity - 30 subjects (27.52%), and a group with
high and very high caries intensity - 48 subjects (44.04%)
(table 1). From the provided data, we can observe that the
group with high and very high caries intensity has the
highest number of subjects.

From our data, we can observe that the mean salivary
phosphate levels were 6.11+£3.1mmol/L, with a mini-
mum of 1.08mmol/L and a maximum of 14.05 mmol/L.
The calcium salivary levels in our study were
1.22+0.4mmol/L, with a minimum of 0.64mmol/L and a
maximum of 3.46 mmol/L (table 2).

Table 3 shows the average values of salivary phos-
phates, according to the three studied groups. We can
notice that the highest level of phosphates was in the
group with very low and low caries intensity. The statis-
tical analysis results showed that caries intensity signifi-
cantly affects phosphate concentration in the saliva
(p=0.0009). The post-hoc analysis for inter-group com-
parison confirmed a statistically significant difference in
salivary phosphate levels between the group with very
low and low caries intensity and the group with high and
very high caries intensity (p=0.0005). Subjects with very
low and low caries intensity showed significantly higher
levels of phosphates compared to the subject group with
high and very high caries intensity (table 3). Our results
are consistent with the results of Stanton et al.” The sta-
tistical analysis of the results obtained from the concen-
trations of phosphates in the saliva in subjects from 12 to
15 years of age does not correspond to the study by a
group of authors who reported increased level of phos-
phates in the saliva of caries active children.19,20

From Table 4 we can conclude that the salivary cal-
cium levels are highest in the group with very low and
low caries intensity. A statistically significant difference

was confirmed in the salivary calcium levels as per
caries intensity (p<0.0001). Subjects from the group
with high and very high caries intensity showed a sig-
nificantly lower level of calcium compared to the sub-
jects from the group with very low and low caries inten-
sity (p=0.000001), and a significantly lower level of cal-
cium compared to the subjects with moderate caries
intensity (p=0.0014) (table 4). The statistical analysis of
our results regarding the calcium ion concentrations in
the saliva of our subjects corresponds to the study by
Aruna et all®, which reported increased levels of calcium
in the saliva of caries resistant children and another
study by a group of authors who discovered that persons
with higher concentrations of calcium in the saliva have
more intact teeth and are less prone to dental caries?.
However, our results do not correspond to the study by
Turtola et al.'®, and Elizarova and Petrovich®, who
reported increased concentration of calcium ions in the
saliva in children with increased caries activity.

The study conducted by Gayathri R" indicates that
the more severe the form of caries in children, the high-
er the concentration of calcium and phosphate ions in the
saliva, which does not correspond to our results.

Considering the correlation between salivary calci-
um and phosphate ions, according to the value of
Spearman’s coefficient of correlation, there is a correla-
tion between all the groups and salivary levels of calci-
um and phosphates in our study, which indicates that a
change of caries intensity leads to a change in the con-
centrations of phosphates and calcium in the saliva, and
vice versa (R=0.353, R=0.51 respectively) (table 5).

Jolly et al.” evaluated salivary calcium and phospho-
rus and found an increase in salivary calcium levels in
caries-free children and no difference in salivary phos-
phorus between ECC (early childhood caries) and
caries-free children. Similarly, Gandhy and Damle®
reported an increase in inorganic phosphate level in chil-
dren with rampant caries. The increase in salivary calci-
um levels in caries-active children could be due to the
release of calcium from demineralized tooth, thereby
increasing salivary calcium levels®. On the other hand,
few studies insisted that there was no difference in sali-
vary calcium and phosphate level in caries-free and
caries-active children™®. One of the possible explana-
tions for no difference in calcium in both the groups
could be due to the fact that saliva is a blood filtrate and
the unaltered level of calcium in children with ECC
might be due to the regulatory role of the parathyroid
hormone (PTH), maintaining its level homogeneously in
both ECC and caries-free children®*".

We should emphasize that dental caries and compli-
cations resulting thereof may cause serious problems not
only for oral health, but also for the whole organism and
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general health, and the quality of life of children and
their families. Dental caries as a disease causes pain,
psychological issues, problems with speech and con-
sumption of food, and is a common reason for children's
absences from school.

The use and analysis of saliva is not only important
for dental diseases, it also has an increased importance in
the field of medicine. Modern medicine uses salivary
samples as an alternative for bodily fluids since it is easy
to collect and has the same clinical-biochemical, phar-
macological and toxicological parameters as blood.
Recent studies have investigated the possibility to use
saliva as a potential diagnostic fluid, to determine many
components as they are determined in the blood, such as
hormones, medicines, drug, and other toxic matters’.

On that account, by using saliva as a diagnostic
medium we may predict predisposition to dental caries
and recommend its application in formulating preventive
programs in everyday dental practice.

Conclusions

The analysis of the data obtained as a result of the
established objectives of our study led us to the follow-
ing conclusions:

The concentration of Calcium ions had significantly
lower values in the subject group with high and very
high caries intensity, compared to the subject group with
moderate caries intensity and the subject group with
very low and low caries intensity. There was also signif-
icant correlation of the DMFT index with the concentra-
tion of calcium ions in the saliva, which refers to the fact
that DMFT index values increased with the reduction of
calcium concentration, and vice versa, subjects with
higher caries intensity showed lower calcium values.

The significant difference was confirmed in the
phosphate concentration as per caries intensity. Subjects
with high and very high caries intensity had significant-
ly lower level of phosphates compared to the subjects
with low and very low caries intensity. There was also
significant correlation of the DMFT index with the phos-
phates in the saliva, which refers to the fact that DMFT
index values increased with the reduction of phosphate
concentration, and vice versa, subjects with higher caries
intensity showed lower phosphate values, and vice versa.
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