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Abstract

Trace- and macro-chemical elements are crucial for cellular physiological functioning, and their alterations in biological
fluids might be associated with an underlying pathological state. Hence, this study aimed to examine and summarize the
published literature concerning the application of salivary ionomics for caries diagnosis. An extensive search of studies was
conducted using PubMed, EMBASE, Web of Science, and Scopus, without any language and year restriction for answering
the following PECO question: “In subjects (i.e., children, adolescents, or adults) with good systematic health, are there any
variations in the salivary concentrations of trace- or macro-elements between caries-free (CF) individuals and caries-active
(CA) subjects?” A modified version of the QUADOMICS tool was used to assess the quality of the included studies. The
Review Manager Version 5.4.1. was used for data analyses. The analysis of salivary chemical elements that significantly dif-
fered between CF and CA subjects was also performed. Thirty-four studies were included, involving 2299 CA and 1669 CF
subjects, having an age range from 3 to 64 years in over 16 countries. The meta-analysis revealed a statistically significant
difference (p <0.05) in the salivary levels of calcium, phosphorus, chloride, magnesium, potassium, sodium, and zinc between
CA and CF subjects, suggesting higher levels of calcium, phosphorus, potassium, and sodium in CF subjects while higher
levels of chloride, magnesium, and zinc in CA patients. Half of the included studies (17/34) were considered high quality,
while the remaining half were considered medium quality. Only zinc and chloride ions were found to be higher significantly
and consistent in CF and CA subjects, respectively. Conflicting outcomes were observed for all other salivary chemical ele-
ments including aluminum, bromine, calcium, copper, fluoride, iron, potassium, magnesium, manganese, sodium, ammonia,
nitrite, nitrate, phosphorus, lead, selenium, and sulfate ions.
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Introduction

Dental caries is a dynamic, multifactorial, sugar-driven, and
biofilm-modulated oral condition that leads to the phasic
demineralization and remineralization of tooth hard tissues
[1]. The equilibrium between protective and pathological
determinants affects the beginning and progression of the
disease [2]. This interaction between the determinants estab-
lishes the categorization of persons and groups into caries
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susceptible classes, permitting an increasingly tailored pro-
cedure to care [3]. Caries can develop throughout life, both
in permanent and primary dentitions, and can deteriorate
the tooth crown and, later in life, exposed root surfaces [4].
The prevalence of caries is considered to have hiked recently
in children aged between 2 and 5 years globally, making
this age group a global priority action area [1]. Caries is a
preventable, however, unevenly distributed condition having
significant quality-of-life and economic burdens [5]. Hence,
the early diagnosis and prevention of caries is imperative
considering the disease as a serious health problem that
affects a large population of adults and children worldwide
[6].

Salivary diagnostics has remarkable potential as an efficient
approach for the early diagnosis, prognostication, and moni-
toring of the post-therapy status of several oral and systemic
conditions [7-9]. Saliva is a complex body fluid containing an
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entire library of biomolecules including microbiota, metabo-
lites, proteins, microRNA, mRNA, DNA, and ions [10]. The
several benefits of saliva as a clinical tool over tissues and
serum include: (a) association with levels in the blood; (b)
greater sensitivity; (c) easy transportation and storage; (d) cost-
effectiveness; (e) good cooperation with subjects; (f) smaller
sample quantity; and (g) non-invasive sample collection [7].
Hence, the saliva represents a promising source to discover and
validate biomarkers [11]. Although several clinical utilities of
salivary diagnostics are available presently, the deficiency of
definite biomarkers for caries and user-friendly, inexpensive,
and portable approaches still prevent salivary diagnostics from
being entirely clinically translated.

The ionome is defined as “the mineral nutrient and trace
element constituents of an organism, representing the inor-
ganic ingredient of cellular and organismal systems” [12].
Ionomics, the study of the ionome, deals with the simultane-
ous and quantitative measurement of the elemental composi-
tion of living organisms and alterations in this composition
as a result of genetic modifications, developmental state, and
physiological stimuli [12]. Some elements, known as macro-
elements, are imperative for human life, and they are required
in greater amounts, since they modulate vital biological pro-
cesses including enzymatic catalysis, cellular signaling, and
hormone production (for instance sodium, potassium, calcium,
and magnesium). Other elements, called trace elements, are
needed in minute amounts including iodine, selenium, iron,
and zinc [13]. Over the past few years, lonomics has been used
to study human pathological and physiological states [14, 15].
The disturbance of equilibrium in these elements has been
persistently correlated with human conditions including peri-
odontitis [16], cancer [17], neurodegenerative diseases [18],
diabetes mellitus [19], and caries [20].

Recently, research trends have been aimed toward the
investigation of salivary ionomics regarding dental caries
considering that the imbalance of macro-elements, as well as
trace elements, could be associated with the process of car-
ies development and/or progression. To the authors’ knowl-
edge, no systematic review has been performed till today,
hence the current review aimed to summarize the published
literature concerning the application of salivary ionomics for
caries diagnosis. Furthermore, a methodological evaluation
of the included articles’ quality was conducted for assessing
the risk of bias (RoB) and favoring the standardization of
future studies related to the field.

Materials and methods
Study protocol and registration

The protocol of this systematic review was registered with
the Open Science Framework (OSF) Registries (https://
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doi.org/10.17605/0SF.IO/FD27X). This systematic review
was performed as per the Cochrane Handbook and reported
following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guideline princi-
ples [21, 22].

Focused question

The focused question was devised utilizing the principle of
Population (P), Exposure (E), the appropriate Comparator
or Control (C), and the Outcome of interest (O): “In subjects
(i.e., children, adolescents, or adults) with good systematic
health, are there any variations in the salivary concentra-
tions of trace- or macro-elements between caries-free (CF)
individuals and caries-active (CA) subjects?”.

Population (P): Systematically healthy individuals.

Exposure (E): Subjects with a confirmed diagnosis of
caries.

Control/Comparison (C): Individuals without any cari-
ous lesion.

Outcome of interest (O): Variations in the salivary con-
centration of trace- or macro-elements between CF and CA
subjects.

Inclusion and exclusion criteria

Original human research having an observational meth-
odological design (i.e., cohort, case—control, and cross-
sectional) reporting data regarding salivary chemical ele-
ments. Both retrospective and prospective investigations
were included. The study was deemed eligible if it used
any of the following indices for the detection of caries: (a)
the Nyvad system; (b) the Ekstrand—Ricketts—Kidd system;
(c) the International Caries Detection and Assessment Sys-
tem (ICDAS); and (d) the Decayed, Missing, Filled Teeth
(DMFT)/Decayed, Missing, Filled Surfaces (DMFS) indices.

The exclusion criteria comprised: (a) articles having
no control group (CF subjects); and (b) literature reviews,
clinical case reports, letters to editors, animal studies, and
in vitro studies.

Information sources and screening procedure

Two authors (A.A.A. and F.A.) independently conducted a
thorough and independent search in four electronic databases
(i.e., Google Scholar, Web of Science, Scopus, and PubMed/
MEDLINE), without any language and year restriction. All
searches were undertaken from the earliest date available
until 31 September 2022. Moreover, a manual search was
performed for screening the bibliographies of the included
articles for relevant studies. Any disagreement was resolved
by discussion.
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Keywords, MeSH terms, and other free terms regard-
ing the “dental caries” and “ionomics” were utilized with
Boolean operators (AND, OR) to combine searches. The
search methodology included suitable alterations in the key-
words and followed the syntax rules of the individual search
engine. Supplementary Table 1 depicts the different com-
binations of terms/keywords used for the literature search.
A reference management software (EndNote X6; Thomson
Reuter) was used to import the obtained studies, which were
consequently screened for removing the duplicates. Authors
of the included articles were contacted in case of any clari-
fication or missing data.

Study selection

Independent and thorough screening of the titles and
abstracts was conducted by two authors (A.A.A. and F.A.).
The full texts of the potentially eligible articles were down-
loaded for independent evaluation by the same authors. After
analyzing the full text, the reason to exclude the articles was
noted. In case of disagreement, a third investigator (M.K.A.)
was consulted.

Data extraction and data items

After formulating a data collection form, a pilot study was
conducted to test the data extraction. The critical data from
the included articles were collected by two authors (A.A.A.
and F.A.). Data extraction consisted of the following items:
(1) pre-sampling methods, i.e., restriction and timing; (2)
saliva collection method, i.e., saliva type, amount, and sam-
pling time; (3) pre-analytical methods, i.e., sample storage,
sample preparation, and detection method; (4) sample size;
including case and control groups; (5) age range of the sub-
jects; (6) caries index used; and (7) salivary concentration
of the mineral(s) examined in CA and CF subjects. In the
case of a study that compared the CF and CA subjects with
and without any particular medical condition (i.e., diabetes
mellitus), only the data of the systematically healthy subjects
were gathered.

Quality assessment and risk of bias in the included
studies

The quality assessment and the RoB in the included stud-
ies were performed independently by two authors (A.A.A.
and F.A.) as part of the data extraction procedure utilizing
a modified version of the NIH Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies and
the QUADOMICS tool [11, 23]. This tool, formulated to
assess quality issues regarding omics investigations, con-
tains thirteen items particularly addressed to assess the
research question, study cohort, exposure, outcomes, and

statistics. Each item was assigned either 1 or O point, and
subsequently, articles were rated on the basis of their total
score. The interpretation of the final scores was as follow:
0-3 =very low quality; 4-6=1ow quality; 7-10=medium
quality; and > 11 =high quality.

Data synthesis strategy

The Review Manager (Version 5.4.1, The Cochrane Col-
laboration, 2020) was used to conduct the meta-analysis.
For each study, the standardized mean difference (SMD) and
95% confidence interval (CI) were recorded to show the vari-
ations in salivary concentrations of different ions between
CA and CF subjects. To assess the pooled SMD significance,
the Z test was employed; and a p < 0.05 was considered sta-
tistically significant. For assessing the heterogeneity, the I
statistic and Cochrane Q test were applied. The investigation
of publication bias was carried out through a funnel plot
utilizing the Egger’s and Begg’s tests.

The salivary concentration of chemical element(s) was
originally reported as median (minimum-maximum),
median (interquartile range [IQR]), or mean + standard devi-
ation (SD). The authors attempted to convert the salivary
concentration of individual chemical elements to mean +SD
utilizing the same unit of measurement (mg/L) for allowing
comparisons. When data were recorded as median (mini-
mum-maximum) or median (IQR), the respective mean and
SD were recorded as per the procedure described by Hozo
and colleagues [24]. Moreover, we have presented an analy-
sis of salivary chemical elements that significantly differed
between CF and CA subjects.

Results
Screening process outcomes

Figure 1 shows the PRISMA flowchart of the article selec-
tion procedure. After searching all four electronic search
engines complemented with manual searching and removing
duplicate studies, 971 studies were found. After evaluating
titles and abstracts together with full texts, 59 studies were
evaluated for eligibility. Then, 25 studies were excluded
due to the following reasons: (a) studies which had differ-
ent aims than the present study (n = 10) [25-34]; (b) studies
which used the biological sample fluid other than saliva (i.e.,
blood) (n=09) [35-43]; (c) studies which failed to mention
any caries detection method (n=03) [44-46]; (d) studies
which did not contain any control group (n=02) [47, 48];
and (3) study published in Chinese language (n=01) [49].
Finally, 34 studies were included in the present systematic
review [20, 50-82].

@ Springer



Odontology (2024) 112:27-50

Additional articles identified

via other sources
(n=14)

Articles excluded with reasons (n=25):
Different aim (n=10)

* Used blood as sample fluid (n=09)
* No caries detection method used (n=03)
* No control group (n=02)

Published in Chinese language (n=01)

30

_ Articles identified via

8 different databases

S (n=1843)

k=)

g

=

Articles after duplicates

removed
n=971)

on

3

L] Articles excluded Articles screened
(0=912) (m=971)

2z

3 Full-text studies evaluated for

o6 o g g0

= eligibility
(n=59)

B Articles included in

= qualitative synthesis

§ (n=34)

Fig. 1 Flow chart of literature search and selection criteria adapted from the PRISMA

General characteristics of the included studies

Table 1 depicts the general characteristics of the included
studies. Ten studies were conducted in India [50, 52, 53, 62,
63, 65, 73, 74, 76, 77], followed by Brazil (n=3) [20, 61,
79], Iran (n=13) [59, 75, 81], Iraq (n=3) [54, 64, 66], China
(n=2) [57, 60], Israel (n=2) [72, 78], the USA (n=2) [58,
82], while Colombia [68], Denmark [55], Finland [70], Italy
[51], Japan [71], Kosovo [56], Romania [80], Turkey [69],
and Ukraine [67] contributed to one study each. A total of
3968 subjects (range: 28 [78]-527 [71]) were recruited in
the included studies, out of which 2299 were CA and 1669
were CF, having an age range from 3 [20, 52, 53, 75, 81]
to 64 [65] years for the participants of both study groups.
Four studies compared the concentration of different salivary
chemical elements between CF and CA subjects with and
without conditions including dental erosion [55], periodon-
titis [63], diabetes mellitus [65], and familial dysautonomia
[78].

Table 2 summarizes the pre-sampling, saliva collection,
and pre-analytical methods. around 44% (15/34) of the
included studies did not mention details about pre-sampling
methods, while only 44% (15/34) studies reported saliva col-
lection timings. Non-stimulated saliva was collected as the
sample biological medium in around 59% (20/34) of the
studies, followed by stimulated saliva (21%; 7/34), mixed
saliva (18%; 6/33), while 1 study failed to report the type
of saliva collected [53]. The amount of saliva collected
among the included studies ranged between 50 uL and
20 mL, while nearly 1/3" of the included studies (11/34)
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did not report the amount of saliva collected. Around half
of the included studies (53%; 18/34) performed saliva col-
lection procedure between 08:00 a.m. and 12:00 p.m., one
study collected saliva between 01:00 and 03:00 p.m., while
the other half of the included studies did not report time of
saliva collection. Around 56% (19/34) of the studies reported
sample preparation methods, and a wide range of variation
was noticed regarding sample storage temperature, i.e., 4 C,
— 18 °C — 20 °C, — 80 C. The identification approaches
were primarily based on the salivary chemical element being
investigated. Atomic absorption spectrophotometry was the
most utilized detection method and was employed for the
identification of several salivary chemical elements includ-
ing calcium, chloride, copper, iron, potassium, magnesium,
manganese, sodium, lead, phosphate, and zinc. All the
included studies performed targeted analysis (i.e., identified
particular salivary chemical elements), while no study con-
ducted untargeted analysis (maximizing discovery of sali-
vary chemical element[s] using a broad-spectrum analysis).

Across the 34 included studies, the analysis of 19 dif-
ferent salivary chemical elements was performed including
aluminum, bromine, calcium, chloride, copper, fluoride,
iron, potassium, magnesium, manganese, sodium, ammo-
nia, nitrite, nitrate, phosphorus, lead, selenium, sulfate, and
zinc. The most frequently analyzed elements was calcium
(n=19), followed by phosphorus (n=16), copper (n=_8),
potassium (n=38), fluoride (n=7), iron (n="7), sodium
(n=17), zinc (n=06), and chloride (n=6) (Table 3). Inter-
estingly, the diagnostic accuracy of these elements was not
measured in any included study.
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Table 1 General characteristics

of the included studies
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Study Country Sample size (n) Control/Case Age range

Poletto et al. [20] Brazil 120 CF: 60 36-72 months
CA: 60

Duggal et al. [50] India 272 LC: 91 4-7 years
MC: 90 12-16 years
HC: 91

Borella et al. [51] Italy 126 CF: 42 18-33 years
MC: 42
HC: 42

Sekhri et al. [52] India 60 CF: 30 3-15 years
CA: 30

Kotian and Gurunathan [53] India 60 CF: 30 3-6 years
CA: 30

Hussein et al. [54] Iraq 60 CF: 30 4-5 years
CA: 30

Bardow et al. [55] Denmark 170 CF: 85 47+ 15 years
CA: 85

Sejdini et al. [56] Kosovo 106 LC: 25 1213 years
MC: 47
HC: 34

Zhang et al. [57] China 331 CF: 166 4-6 years
CA: 165

Shannon [58] USA 366 CF: 213 17-23 years
CA: 153

Mollaasadollah et al. [59] Iran 47 CF: 22 6-12 years
CA: 25

Zhou et al. [60] China 43 CF: 22 24-56 years
CA: 21

de Oliveira Buche et al. [61] Brazil 186 CF: 55 11-14 years
CA: 131

Pandey et al. [62] India 120 CF: 60 7-15 years
CA: 60

Rajesh et al. [63] India 32 CF: 16 18-55 years
CA: 16

Abbas et al. [64] Iraq 77 CF: 39 37-72 months
CA: 38

UK et al. [65] India 96 CF: 48 20-64 years
CA: 48

Kadoum and Salih [66] Iraq 60 CF: 30 4-5 years
CA: 30

Bilyschuk et al. [67] Ukraine 48 CF: 24 7-12 years
CA: 24

Angarita-Diaz et al. [68] Colombia 33 CF: 12 6-12 years
CA: 21

Tulunoglu et al. [69] Turkey 80 CF: 40 7-15 years
CA: 40

Turtola [70] Finland 113 LC: 32 19-27 years
MC: 21
HC: 60

Watanabe et al. [71] Japan 527 CF: 122 6-12 years
CA: 405

Gedalia et al. [72] Israel 58 CF: 29 20-38 years
CA: 29

Rajkumaar and Mathew [73] India 120 CF: 60 4 years
CA: 60

Zahir and Sarkar [74] India 30 CF: 10 NR
MC: 10
HC: 10
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Table 1 (continued)

Study Country Sample size (n) Control/Case Age range

Shahrabi et al. [75] Iran 75 CF: 25 3-5 years
MC: 25
HC: 25

Vijayaprasad et al. [76] India 75 CF: 25 5-13 years
CA: 50

Kaur et al. [77] India 60 CF: 30 4-6 years
CA: 30

Mass et al. [78] Israel 28 CF: 15 5-17 years
CA: 13

de Oliveira [79] Brazil 92 CF: 27 11-14 years
CA: 65

Oancea et al. [80] Romania 120 CF: 60 4-7 years
CA: 60

Bagherian and Asadikaram [81] Iran 90 CF: 45 36-70 months
CA: 45

Dodds et al. [82] USA 87 CF: 49 18-30 years
CA: 38

CF caries-free, CA caries-active, LC low-caries, MC moderate-caries, HC high-caries

Changes in salivary elemental profiles in caries
and healthy subjects

According to Fig. 2, a consistent and significantly
higher trend was revealed by zinc and chloride in CF
and CA subjects in 4 varying studies each, respectively.
The salivary concentrations of zinc ranged between
0.0586+0.0122 mg/L and 123.3+17.9 mg/L in CF and
between 0.049 +0.017 mg/L and 1.7+0.7 mg/L in CA
subjects, whereas the salivary levels of chloride ranged
between 193.7+98.2 mg/L and 1126 +222.5 mg/L in CF
and 263.5+142.4 mg/L and 1181.5+222.5 mg/L in CA
subjects.

Controversial outcomes were observed for all other
salivary chemical elements. For salivary calcium, phos-
phorus, and copper, 11/13, 5/7, and 3/5 reports revealed
significantly higher trends in CF individuals, respectively,
whereas inverse tendency (i.e., higher salivary levels in CA
patients) was observed in the remaining studies. The salivary
concentrations of calcium, phosphorus, and copper ranged
between 2.342 +0.698 mg/L and 357.7 +43.82 mg/L,
4.197 £ 0.468 mg/L and 738 252 mg/L, and
0.0038 +0.0041 mg/L and 0.53 +£0.15 mg/L in CF
individuals, respectively, whereas their salivary lev-
els in CA subjects ranged between 4.828 +0.660 mg/L
and 267.5+19.63 mg/L, 2.795+0.641 mg/L and
673.2+91.8 mg/L, and 0.002 +0.0027 mg/L and
0.35+0.10 mg/L, respectively. For salivary iron, fluo-
ride, sodium, and potassium, 5/7, 3/5, 3/4, and 2/3 reports
demonstrated significantly higher trends in CA patients,
respectively, whereas inverse tendency (i.e., higher sali-
vary levels in CF subjects) was noticed in the remaining
studies. The salivary levels of iron, fluoride, sodium, and
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potassium ranged between 0.0034 +0.0079 mg/L and
5.84+3.21 mg/L, 0.011+0.010 mg/L and 30 +20 mg/L,
79.36 +38.88 mg/L and 3420+ 1620 mg/L, and
94.6 +48.3 mg/L and 1070 + 205 mg/L in CF individuals,
respectively, whereas their salivary levels in CA subjects
ranged between 0.0058 +0.0012 mg/L and 8.61 +1.10 mg/L,
0.0042 +0.0023 mg/L and 0.27 +£0.01 mg/L,
106.24 + 68.25 mg/L and 2520+ 1620 mg/L, and
123.7+39.2 mg/L and 8000 + 170 mg/L, respectively.
Conflicting outcomes were observed regarding magnesium,
whose salivary concentrations were greater in CF subjects
according to one study, while another report revealed the
higher salivary levels of magnesium in CA patients. Sali-
vary levels of magnesium ranged between 3.15 +2.40 mg/L.
and 21.6 +12.6 mg/L in CF subjects, and between
3.86+2.12 mg/L and 21.6 + 12.6 mg/L in CA subjects.
Since the analysis of other ions, including manganese, lead,
ammonium, sulfate, bromide, nitrite, and nitrate, was per-
formed in one study each, hence, their comparison was not
possible. However, the salivary concentration of manganese,
lead, ammonium, sulfate, and bromide ions, was revealed
to be higher in CA patients than in CF subjects, while the
salivary levels of nitrate and nitrate ions were found to be
greater in CF subjects than CA patients.

Quality assessment

Table 4 depicts the outcomes of the methodological qual-
ity evaluation utilizing the QUADOMICS method. Only
6 studies (18%) were considered high quality, while the
remaining 28 studies (82%) were graded as high quality.
The least reported items in the included studies were: (a)
intermediate/uninterpretable test outcomes reported (0%);
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Table 2 Methods of saliva collection procedures and sample analysis across the included studies

Study and Pre-sampling methods Saliva collection method Pre-analytical methods
Country Restrictions Timing Saliva type Amount Sampling tim-  Sample storage Sample  Detection method
ing prepara-
tion
Poletto et al. No tooth brush- The morning of WUS 50 uL 08:00-11:00 -20°C Yes Total Reflection
[20] ing collection (a.m.) X-Ray Fluores-
cence

Duggal et al. NR NR \WASK) 8 mL NR NR Yes Atomic Absorp-

[50] tion Spectropho-
tometer (Zn, Cu,
Fe, and Mn)

Orion Fluoride
Electrode cou-
pled to an Orion
Ion Analyzer
(Fluoride)

Borella et al. No food intake 12 h before \WVASK 3mL Early morning  NR Yes Atomic Absorp-

[51] Tooth brush- tion Spectropho-
ing without tometer (Ca and
toothpaste Mg)

Graphite atomic
absorption
spectrometry
(Cu and Zn)

Sekhri et al. [52] No eating or 2 h before WUS 5mL NR 4°C Yes Induced Couple

drinking Plasma Spectro-
(except water) photometer
Kotian and NR NR NR NR NR NR NR Chemilumines-
Gurunathan cence micropar-
[53] ticle immunoas-
say

Hussein et al. No eating or 1 h before WuUS 2mL 10:00-11:00 -20°C Yes Atomic Absorp-

[54] drinking (a.m.) tion Spectropho-
(except water) tometer (Ca, Zn,
and Cu)

Molybdenum—
Vanadate
method (Phos-
phorus)

Bardow et al. NR NR WSS 1 mL NR -80°C Yes Atomic absorption

[55] spectroscopy

Sejdini et al. No food intake 1 h before AWVASK 2mL 08:00-09:00 -20C Yes Flame atomic

[56] No drinking WSS (a.m.) absorption spec-
trometer

Zhang et al. [57] No tooth brush- 1.5 h before wUS 2 mL 08:00 — 10:00 - 80C Yes Ton chromatogra-

ing, eating, or (a.m.) phy method
drinking

Shannon [58] NR NR WuUS NR 08:00-10:30 NR Yes Flame photometer

(a.m.)
Mollaasadollah  No eating, 1.5 h before WUS NR NR NR NR Photometer (Ca)
et al. [59] drinking, or and AutoAna-
tooth brushing lyzer (Phos-
phate)

Zhou et al. [60] NR NR WwuUS 1 mL Early morning  NR Yes Atomic Absorp-
tion Spectropho-
tometer

de Oliveira No eating, 1 h before WSS 0.25mL NR NR NR Colorimetric

Buche et al. drinking, or method
[61] tooth brushing
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Table 2 (continued)

Study and Pre-sampling methods Saliva collection method Pre-analytical methods
Country Restrictions Timing Saliva type Amount Sampling tim-  Sample storage Sample  Detection method
ing prepara-
tion
Pandey et al. No eating or 2 h before WwUS 2-3mL  Early Morning —80°C Yes AutoAnalyzer
[62] drinking
Rajesh et al. No eating or 1 h before \WASK 3mL 09:00 a.m.— NR Yes Spectrophotom-
[63] drinking 12:00 p.m. etry
Abbas et al. [64] NR NR WSS 02mL  08:00-11:00 -20°C Yes Potentiometric
(a.m.) methods, i.c.,
fluoride specific
ion electrode
(Fluoride)
Spectrophotomet-
ric colorimetric
absorption
method (Phos-
phate)
UK et al. [65] NR NR WwUS 5 mL NR 4°C NR AutoAnalyzer
Kadoum and NR NR wusS NR 09:00-11:00 NR NR Flame atomic
Salih [66] (a.m.) absorption spec-
trophotometer
Bilyschuk et al.  Before and after 2 h WwuUS NR NR NR NR o-cresolphthalein
[67] meals complexone
method (Ca)
Potentiometric
method using
the ion-selective
electrode
ELIS-131 F
and ionometer
EV-74 (Fluo-
ride)
Phosphorus
reaction with
molybdic acid
(Phosphorus)
Angarita-Diaz ~ Tooth brush- 10 min after WuUS 2mL 08:00-11:00 -80°C Yes Colorimetric
et al. [68] ing without (a.m.) method
toothpaste
Mouth rinsing
with 10%
sugar solution
Tulunoglu et al. NR NR WUS 0.5mL NR -8 °C Yes Arsenazo-II1
[69] method
Turtola [70] No eating or 1 h before WSS 1 mL 01:00-03:00 -18°C Yes Fluoride electrode
drinking (p-m.) method by
(Grgn et al.
1968) (Fluoride)
Atomic absorption
spectrophotom-
eter (Ca)
Watanabe et al. NR NR RWMS 5-10mL 10:00-11:30 NR Yes Atomic absorption
[71] (a.m.) spectrometry
Gedalia et al. NR NR WSS 20 mL NR NR NR Photo-colorimet-
[72] ric method
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Table 2 (continued)

Study and

Pre-sampling methods

Saliva collection method

Pre-analytical methods

Country

Restrictions

Timing

Saliva type Amount Sampling tim-

ing

Sample storage Sample

prepara-
tion

Detection method

Rajkumaar and
Mathew [73]

Zahir and Sarkar NR

[74]

Shahrabi et al. NR

[75]

Vijayaprasad
et al. [76]

Kaur et al. [77]

Mass et al. [78]  No eating,

de Oliveira [79] NR

Oancea et al.
[80]

Bagherian and
Asadikaram
[81]

Dodds et al. [82] No eating or

No eating,

tooth brushing

Oral prophylaxis

No eating or

tooth brushing

No eating,

tooth brushing

No eating,

tooth brushing

NR

NR

NR

1 week before

2 h before

1.5 h before

NR

1 h before

1.5 h before

2 h before

WuUS

UMS

WwuUS

wuUS

WUS
WSS

WUS
WSS

WSS

WUS
WSS

WUS

PSS

NR

4.5mL

3 mL

NR

NR

NR

0.25 mL

NR

NR

4 mL

NR

NR

NR

NR

NR

09:00 a.m.—
12:00 p.m.

NR

10:00-11:30
(a.m.)

10:00-11:00
(a.m.)

Early morning

-18°C

NR

NR

NR

NR

-20°C

NR

NR

NR

NR

NR

NR

NR

NR

NR

Yes

NR

NR

Yes

Yes

Chemilumines-
cence micropar-
ticle immunoas-
say

Atomic absorption
spectrometry

Colorimetric
method (Ca)

Ultraviolet
method (Phos-
phate)

Colorimetric
method (Phos-
phorus)

Trituration
method (Ca)

Orthocresolphta-
lein Complex-
one method (Ca)

Ammonium
Molybdate
method (Phos-
phorus)

Automated
analyzer (Ca and
Phosphorus)

Atomic absorption
spectrophotom-
eter (Mg)

Flame photometer
(Na and K)

Chloridometer
(Chloride)

Colorimetric
method

Orthocresolphta-
lein Complex-
one method (Ca)

Ammonium
Molybdate
method (Phos-
phorus)

CPC photomet-
ric method
by (Gitelman,
1967) (Ca)

Ammonium
Molybdate
method (Phos-
phate)

Atomic absorption
spectrophotom-
etry (K, Na, Ca)

Chloridometer
n

NR not reported, WUS whole unstimulated saliva, WSS whole stimulated saliva, PSS parotid stimulated saliva, UMS unstimulated mixed saliva,

RWMS resting whole mixed saliva
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Table 3 Description of the primary outcomes of the included studies

Study

Caries-free (mg/L)

Caries-active (mg/L)

Significance (p value) Main findings

Poletto et al. [20]

Duggal et al. [50]

Borella et al. [51]

Sekhri et al. [52]

Kotian and Gurunathan [53]

Al: median=0 (IQR: 0-3.8)

Cu: 0 (0-0.003)

Fe: 0.044 (0.023-0.107)

Mn: 10 (1-17)

Zn: 0.076 (0.066-0.089)

LC: mean + SD (4-7 years)

Zn: 0.85+0.30
Cu: 0.53+0.15
Fe: 5.84+3.21
Mn: 0.22+0.12
F:30+20

LC: (1216 years)
Zn: 0.87+0.51
Cu: 0.38+0.09
Fe: 4.73+2.64
Mn: 0.23+0.02
F: 0.02+0.01

CF:
Zn: ~ 0.135
Cu: ~ 0.075

(Mean +SD)

Cu: 0.0138+0.01542

Pb: 040

F: 0.0375+0.0076
K: 69.633+16.49
Se: 0+0

Mean +SD

Fe: 0.0034 +£0.0079

Al: median=0 (IQR:

0-2.35)
Cu: 0 (0-0.003)

Fe: 0.080 (0.031-0.239)
Mn: 0.015 (0.007-0.020)
Zn: 0.077 (0.071-0.091)

MC: mean + SD (4-7 years)

Zn: 0.89+0.09
Cu: 0.35+0.10
Fe: 8.61+1.10
Mn: 0.30+0.24
F: 0+0.01

HC: mean +SD (4-7 years)

Zn: 0.73+0.59
Cu: 0.27+0.17
Fe: 6.39+3.90
Mn: 0.28 +0.06
F: 0+0.01

MC: (12-16 years)
Zn: 0.76 +0.42
Cu: 0.31+0.17
Fe: 5.32+0.88
Mn: 0.31+0.16
F: 0.01+0.01

HC: (12-16 years)
Zn: 0.83+0.61
Cu: 0.23+0.16
Fe: 4.05+2.17
Mn: 0.23+0.16
F: 0.01+0.01
MC:

Zn: ~ 0.135

Cu: ~ 0.078

HC:

Zn: ~ 0.120

Cu: ~0.103
(Mean +SD)

Cu: 0.002+0.0027

Pb: 0.0045+0.0088

F: 0.0042+0.0023
K:56.56+18.74

Se: 0.0007 +0.0012

Mean + SD

Fe: 0.0058 +£0.0012

0.635

0.260
0.027*
0.036*
0.328

>0.05

<0.01*
<0.01*
<0.05%*
<0.01*

>0.05
<0.01*
>0.05
>0.05
<0.01*

>0.05
<0.05%*
>0.05
<0.01*
<0.01*

>0.05
<0.01*
>0.05
<0.01*
>0.05

>0.05
>0.05

<0.05*
<0.05*

0.027*
0.017*
0.005*
0.093
0.059

0.000*

Suggest a relationship
between trace elements
and dental caries, indicat-
ing possible involvement
of these elements in the
metabolism of microorgan-
isms involved in the carious
process

The elements Cu and F had a
consistent, inverse relation-
ship with caries experience

The concentration of Zn, Fe
and Mn in saliva did not
have any consistent relation-
ship with caries experience

The Zn/Cu molar ratios in
whole saliva were signifi-
cantly decreased in subjects
with more than three
decayed teeth compared
with those with no caries

In CF subjects, Cu and F
levels were significantly
higher, while the level of Pb
was lower as compared to
CA children

K and Se did not show any
significant differences
within the two groups

A direct association is present
between salivary Fe levels
and dental caries. Increased
level of ferritin is observed
in children with caries
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Table 3 (continued)

Study

Caries-free (mg/L)

Caries-active (mg/L)

Significance (p value) Main findings

Hussein et al. [54]

Bardow et al. [55]

Sejdini et al. [56]

Zhang et al. [57]

Shannon [58]

Mollaasadollah et al. [59]

Mean +SD

Ca: 2.342+0.698
P: 4.197+0.468
Zn: 0.104+0.016

Cu: 0.088+0.018
Mean +SD

Na: 3420+ 1620
K: 3240+ 540
CI: 2880+ 1440
Ca: 288+126

P: 738 +252

Before paraffin stimulation
(LC): (mean+SD)

Ca: 232.2+266.4

Mg: 21.6+12.6

After paraffin stimulation
(LO):

Ca: 234+219.6

Mg: 16.2+5.4

Mean + SD

K*: 748.11 +£202.95
C17: 497.26 +120.99
NH,*: 165.65+£558.10
Na*t: 79.36+38.88
SO, 18.6+6.4
Ca*?: 11.48+6.26
Mg*% 3.15+2.40
Br: 1.47+0.890

P: 454.85+145.24
F:30.71+15.01
NO,™: 3.47+4.77
NO,™: 30.75 +66.27
Mean+SD

K: 1144.5+189

Na: 4794200

Cl: 1126+222.5

Mean + SD
Ca: 100.8 +45
P:773.4+ 144

Mean +SD

Ca: 4.828 +£0.660
P:2.795+0.641
Zn: 0.078 +0.037

Cu: 0.053+0.022
Mean +SD

Na: 2520+ 1620
K: 3420 +540

Cl: 2880+ 1260
Ca: 234+72

P: 648 +162

Before paraffin stimulation
(MC): (mean+ SD)

Ca: 192.6 +84.6

Mg: 19.8+9

Before paraffin stimulation
(HC):

Ca: 171 £63

Mg: 21.6+12.6

After paraffin stimulation
MC):

Ca: 221.4+133.2

Mg: 18+7.2

After paraffin stimulation
(HC):

Ca: 203.3+64.8
Mg: 18+7.2
Mean =+ SD

K: 813.29 +224.38
Cl: 621.68+180.91
NH: 191.04 +63.38
Na: 106.24 +68.25
S0:21.6+9.15
Ca: 14.47+6.01
Mg: 3.86+2.12
Br:2.19+1.52

P: 472.60+173.37
F:33.43+18.24
NO2: 3.0+4.66
NO3:13.41+17.72
Mean +SD

K: 1125.5+189
Na: 520.5+200

Cl: 1181.5+£222.5

Mean + SD
Ca: 107.8+53.4
P:743.4+176.4

0.001*
0.001*
0.001*
0.001*

0.001*
>0.05
>0.05
0.003*
0.010*

<0.05*
<0.05*

<0.05*
<0.05*

<0.05*
<0.05%

<0.05*
<0.05*

<0.001*
<0.001*
<0.001*
<0.01*
<0.01*
<0.001*
<0.001*
<0.001*
>0.05
>0.05
>0.05
<0.001*

>0.05
<0.05*
0.018*

0.661
0.279

Significant variations in the
levels of salivary elements
between CA and CF chidren
were observed

The correlation between
salivary P, Zn, and Cu and
caries were ngative

The compositional analyses
performed in this study on
stimulated whole saliva,
including major physico-
chemical characteristics of
saliva, will most likely have
little predictive value for
future dental caries

Mg level and amount corre-
late with Ca level, favoring
elemental caries resistance

Caries-associated alterations
and interplays in the oral
microbiota, electrolytes and
pH, underscoring the neces-
sity of developing diagnos-
tic models with predictors
from salivary electrolytes

The predictability of an
individual’s caries status
based upon salivary sodium,
potassium, and chloride
findings would be, at best,
extremely low

No significant association was
found between the levels of
salivary Ca and PO4 with
caries
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Table 3 (continued)

Study

Caries-free (mg/L)

Caries-active (mg/L)

Significance (p value) Main findings

Zhou et al. [60]

de Oliveira Buche et al. [61]

Pandey et al. [62]

Rajesh et al. [63]

Abbas et al. [64]

UK et al. [65]

Kadoum and Salih [66]

Bilyschuk et al. [67]

Angarita-Diaz et al. [68]

Tulunoglu et al. [69]

Fe: 1.9

Mean +SD
Fe: 1.132 +0.068

Mean+SD
Ca:33.6+94

Mean+SD

Ca: 18.687+6.225
P: 107.062 +17.11
Mg: 5.130+1.746
Mean+SD
F:0.033+0.014
P:495+183.6

Mean+SD

Na: 1543 +624
K:94.6+48.3
Cl: 193.7+98.2
Ca: 85+32.4

P: 104.6+57.8
Mean+SD
Ca:452+7.2

P: 69.7+28.5
Zn: 0.058 +0.012
Cu: 0.033+0.015
Mean+SD

F: 0.21+0.06
Ca: 55.8+9

P: 615.6 £ 81

Median; IQR
P:43.7;,42.7-50.9

Mean +SD
Ca: 48.9+23.7

Fe: 2.3

Mean + SD
Fe: 0.799 +0.035

Mean + SD
Ca:21.7+£84

Mean+ SD

Ca: 12.75+2.408
P: 98.687 +2.882
Mg: 5.940+1.611
Mean+SD
F:0.031+0.013
P: 460.8 +176.4

Mean+SD

Na: 1924.5+784.7
K:123.7+39.2
Cl: 263.5+142.4
Ca: 73.2+39.2
P:77.3+37.8
Mean =+ SD

Ca: 30.9+6.7
P:38.3+£23

Zn: 0.049+0.017
Cu: 0.037+0.012
Mean =+ SD
F:0.27+0.01

Ca: 48.6+7.2
P:673.2+91.8

Median; IQR
P:43.7;43.2-44.3

Mean +SD
Ca:27.2+7.5

0.001*

<0.0001*

<0.05%

<0.001*
<0.001*
0.084

0.422
0.295

>0.05
0.016*
0.031*
>0.05
>0.05

0.000*
0.000*
0.017*
0.28

<0.05%
<0.05%
<0.05%

0.86

<0.05%

Fe concentration signifi-
cantly differed between the
subjects with and without
caries (P <0.001)

Salivary Fe levels were
significantly lower in
children with dental caries
experience, suggesting that
salivary Fe plays a role in
maintaining oral health

Calcium content of saliva was
found to be more in caries-
free group and increased
with age

Subjects with increased
inorganic salivary Ca and
PO4 are at a higher risk of
developing caries

Salivary levels of fluoride and
phosphate are less important
than mother’s education,
bottle use, brushing fre-
quency, and previous dental
care for developing caries

Salivary electrolytes play a
significant role in preva-
lence of dental caries

Inorganic components of
saliva play an important role
in reminerlization of incipi-
ent caries

Caries intensity levels were
more statistically associ-
ated with parameters of Ca
content in saliva and related
mineralization coefficient,
rather than with the average
salivary flow rate

The fact that these sali-
vary elements have been
identified as good markers
for caries among Euro-
pean adults highlights the
difficulty of identifying
universal biomarkers that
are applicable to all ages or
to different populations

A linear association exists
between salivary Ca
concentration and caries
activity
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Table 3 (continued)

Study

Caries-free (mg/L)

Caries-active (mg/L)

Significance (p value) Main findings

Turtola [70]

Watanabe et al. [71]

Gedalia et al. [72]

Rajkumaar and Mathew
(73]

Zahir and Sarkar [74]

Shahrabi et al. [75]

Vijayaprasad et al. [76]

Kaur et al. [77]

LC: Mean+SD
F:0.011+0.010
Ca: 167.4+81

Mean+SD
Mn: 0.022 +0.015
Cu: 0.0038 +£0.0041

Mean (Range)
F: 0.160 (0.060-0.410)

Mean+SD

Fe: 0.92+0.129
CF: Mean+SD
Cu: 1.7+0.38
Pb: 1.8+0.50
Zn: 123.3+17.9
Na: 100+8.6
K: 111.5+11.5

CF: Mean+SD
Ca:31.6+11.62
P: 115.5+21.06

Mean+SD
Ca: 4290+930
P: 17,040+3580

Mean+SD
Ca: 44.5+10.6
P:499+17.3

MC: Mean +SD
F: 0.017+0.020
Ca: 171 +£54

HC: Mean+SD
F:0.019+0.028

Ca: 196.2+57.6
Mean+SD

Mn: 0.020+0.013
Cu: 0.005+0.005

Mean (Range)
F: 0.180 (0.040-0.460)

Mean+SD

Fe: 1.595+0.186
MC: Mean+ SD
Cu: 0.020+0.870
Pb: 3+0.720

Zn: 1.1+0.390
Na: 119.6+11.6
K: 111.8+7.66
HC: Mean+ SD
Cu: 3+1.770

Pb: 3.400+1.430
Zn: 1.700+0.790
Na: 88.300+10.530
K: 118.100+6.870
MC: Mean + SD
Ca: 33.2+24.18
P: 104.2+£27.25
HC: Mean+ SD
Ca: 34.2+17.67
P: 105.2+23.36
Mean+SD

Ca: 3950+ 880
P: 15,810+4490

Mean + SD
Ca:49.6+9.7
P:70.9+14.7

A negative correlation
prevails between the caries
formation and salivary Ca

<0.001* levels

<0.01*

The Mn level in mixed saliva
>0.05 depended on sex and age,
<0.01* and suggest the possibility

’ of Cu dissolving into mixed
saliva by demineralization
due to caries

No tendency to caries was
>0.05 found in persons with a high
salivary fluoride levels

Salivary Fe levels were high

<0.001* with children having HC
Between the CF and CA

>0.05 groups Cu, Pb, K showed no

significant variation, while

>0.05 Zn showed highly signifi-

<0.005% cant variation

<0.001%*

>0.05

The relationship between sali-

0.90 vary components and caries
rate in children remains
0.20 .
controversial

The many overlapping indi-
>0.05 vidual values completely
negate the possibility of
>0.05 using calcium and phospho-
rus levels in the diagnosis of
caries susceptibility

Salivary biochemical indica-
>0.05 tors such as calcium,
<0.0001* phosphorus and alkaline

phosphatase also play their
respective role in determin-
ing caries susceptibility of

an individual
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Table 3 (continued)

Study

Caries-free (mg/L)

Caries-active (mg/L)

Significance (p value) Main findings

Mass et al. [78]

de Oliveira [79]

Oancea et al. [80]

Bagherian and Asadikaram

[81]

Dodds et al. [82]

Mean +SD

Na: 650 +260
Cl: 900 +295

K: 1070205
Ca:25+14

P: 136 +37

Mg: 7+5
Mean +SD

Fe: 0.902 +0.560

Mean+SD
Ca: 357.7+43.82
P: 73.78 £6.75

Mean+SD
Ca: 68.5+13.1
P:48.9+9.8

Mean+SD
Na: 1095+120
K:995+25

Cl: 875+70
Ca: 47+2.5

Mean +SD

Na: 565+150
Cl: 660+ 180

K: 8000+170
Ca: 15+6

P: 110+34
Mg:5+3

Mean +SD

Fe: 0.855+0.576

Mean + SD
Ca: 267.5+19.63
P:62.93+6

Mean =+ SD
Ca: 69.1+14
P:50.8+9.9

Mean+SD
Na: 1210+ 130
K: 1085+30
Cl: 1110+90
Ca: 40+2.5

Low caries rate may be asso-
ciated with high salivary Ca

>0.05 concentration

>0.05
<0.005*
<0.02%*
>0.05

>0.05

There appears to be a direct
<0.05*% relz'ltionship between
salivary decrease of Fe and
caries formation

The mean value of Ca and P

0.000%* is decreased in CA children
0.000% when compared to CF
’ children

There were no statistically
0.841 significant differences
0.346 between Ca and PO, con-

’ centrations between the two
groups

Caries activity may be related
>0.05 to some salivary electro-
~005 lyte allterations,.t{ut not to
<0.05* protein composition

<0.05*

IOR interquartile range, SD standard deviation, CA caries-active, CF caries-free, LC low-caries, MC moderate-caries, HC high-caries

14

12

10

=)

Number of Studies

-

~

EIncreased in Caries-Free

Ca P Fe F Cu Zn Na K Cl Mg Mn Pb NH SO B

r NO2 NO3

mIncreased in Caries-Active

Fig.2 Analysis of significantly increased salivary chemical elements in caries-free and caries-active subjects
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(b) measurement and adjustment of potential confounding
factors (12%); (c) sample size calculation (24%); (d) descrip-
tion of methods and timing of biological specimen collection
related to clinical factors (53%); and (e) sample handling and
pre-analytical methods (56%).

Synthesis of results

Figure 3 depicts the salivary concentration of calcium in
CF and CA subjects. For salivary calcium levels, outcomes
demonstrated an SMD of — 0.34% (95% CI — 0.44, — 0.24;
p <0.00001), indicating a statistically significant difference
between CF and CA subjects (i.e., higher salivary levels of
calcium in CF subjects). Moreover, a great amount of het-
erogeneity was observed (calcium: I =95%; p <0.00001).

Figure 4 depicts the salivary concentration of phospho-
rus in CF and CA subjects. For salivary phosphorus lev-
els, outcomes demonstrated an SMD of — 0.29% (95% CI
— 0.40, — 0.18; p<0.00001), indicating a statistically sig-
nificant difference between CF and CA subjects (i.e., higher
salivary levels of phosphorus in CF subjects). Moreover, a
great amount of heterogeneity was observed (phosphorus:
P =90%; p<0.00001).

Figure 5 depicts the salivary concentration of chloride,
magnesium, and manganese in CF and CA subjects. For
salivary chloride (Fig. 5A) and magnesium (Fig. 5B) levels,
outcomes demonstrated an SMD of 0.49% (95% CI 0.36,
0.61; p<0.00001) and 0.20% (95% C1 0.01, 0.38; p <0.03),
respectively, suggesting a statistically significant difference
between CF and CA subjects (i.e., higher salivary levels of
chloride and magnesium in CA patients). Moreover, a great
amount of heterogeneity was observed regarding the salivary
levels of chloride (chloride: > =95%; p <0.001), while no
statistically significant heterogeneity was observed for sali-
vary levels of magnesium (magnesium: I =59%; p < 0.06).
However, for salivary levels of manganese (Fig. 5C), out-
comes revealed an SMD of 0.06% (95% CI — 0.10, 0.22;
p=0.47), indicating that the salivary concentration of chlo-
ride and magnesium did not differ statistically between CF
and CA subjects. Moreover, a great amount of heterogeneity
was observed (manganese: P =90%; p<0.001).

Figure 6 depicts the salivary concentration of potassium,
sodium, and zinc in CF and CA subjects. For salivary potas-
sium (Fig. 6A) and sodium (Fig. 6B) levels, outcomes dem-
onstrated an SMD of 0.26% (95% C10.14, 0.38; p <0.0001)
and 0.27% (95% C10.15, 0.39; p <0.001), respectively, sug-
gesting a statistically significant difference between CF and
CA subjects (i.e., higher salivary levels of potassium and
sodium in CF subjects). Moreover, a great amount of hetero-
geneity was observed (potassium: I =96%; p <0.00001 and
sodium: >=89%; p <0.00001). For salivary zinc (Fig. 6C)
levels, outcomes demonstrated an SMD of — 0.26% (95%
CI — 0.42, — 0.09; p<0.002), suggesting a statistically

significant difference between CF and CA subjects (i.e.,
higher salivary levels of zinc in CA patients). Moreover, a
great amount of heterogeneity was observed (zinc: =92%;
p<0.00001).

Figure 7 depicts the salivary concentration of fluoride
in CF and CA subjects. For salivary fluoride levels, out-
comes demonstrated an SMD of — 0.94% (95% CI — 2.11,
0.23; p=0.12), indicating a statistically non-significant
difference between CF and CA subjects. Moreover, a great
amount of heterogeneity was observed (calcium: I*=98%;
p<0.00001).

Publication bias

The funnel plots demonstrated no significant publication
bias, since no significant asymmetry was identified (Sup-
plementary File).

Discussion

The effect of salivary chemical elements on caries preva-
lence is a controversial subject. However, sufficient evidence
has been gathered for suggesting that it is a topic that justi-
fies an expanding and continuing research effort [83]. This
systematic review is one of its kind to assess the profile of
trace- and macro-elements in the saliva of CF and CA indi-
viduals. In the present review, findings for 19 different ele-
ments were reported from 34 included studies.

Findings of particular elements

The majority of the included studies revealed that the sali-
vary levels of calcium were significantly higher in CF sub-
jects than in CA patients. This finding is in agreement with
the studies conducted by Shaw et al. [84], Tulunoglu et al.
[69], Tayab et al. [85], Singh et al. [86], and Preethi et al.
[87]. High salivary calcium levels may result in reminer-
alization of incipient caries reducing the rate of caries. The
saliva acts as a reservoir supersaturated with phosphate and
calcium that generates an environment favoring reminerali-
zation over demineralization. However, two studies reported
higher salivary calcium levels in CA patients in comparison
with CF subjects, which agreed with the findings revealed
by a study performed by Borella et al. [51]. According to
Borella et al. [51], higher salivary levels of calcium were
related to the increased caries severity. The positive associa-
tion between caries and higher calcium salivary levels might
be attributed to that the principle salivary inorganic ingre-
dients, i.e., hydrogen, phosphate, and calcium ions, along
with fluoride, have an imperative role regarding the solu-
bility of tooth minerals. Any reduction in salivary pH will
result in undersaturation of saliva to hydroxyapatite causing
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Table 4 Quality assessment of
the included studies using the
QUADOMICS tool

@ Springer

Study Items

._.
)
w
&~
W
a
N
o
N=)
—
(=}
—
s
—
N

13 Score Quality

Poletto et al. [20] + + + + + + + + + + + - - 11 High

Duggal et al. [50] + + - - + + + + + + + - - 9 Medium
Borella et al. [51] + + + - + 4+ + 4+ + + + - = 10 Medium
Sekhri et al. [52] + + - + + 4+ + + + + + - = 10 Medium
Kotian and Gurunathan [53] + + - - 4+ + + - + + 4+ - - 8 Medium
Hussein et al. [54] + + + + + + + + + + + - - 11 High

Bardow et al. [55] + + - - 4+ + + + + + + - = 9 Medium
Sejdini et al. [56] + + + - 4+ 4+ + + + + + - - 10 Medium
Zhang et al. [57] + + + + + 4+ + + + + + + - 12 High

Shannon [58] + + + - 4+ + + 4+ + + + - = 10 Medium
Mollaasadollah et al. [59] + + - - 4+ + + - + + 4+ - - 8 Medium
Zhou et al. [60] + + + - 4+ + + + + + + - - 10 Medium
de Oliveira Buche et al. [61] + + - + + + + - + + + - - 9 Medium
Pandey et al. [62] + + + - + 4+ + + + + + - - 10 Medium
Rajesh et al. [63] + + + + + + + + + + + - - 11 High

Abbas et al. [64] + + + - 4+ 4+ + + 4+ + + + - 11 High

UK et al. [65] + + - + + + + - + + + - - 9 Medium
Kadoum and Salih [66] + + + - + + + - + + + - - 9 Medium
Bilyschuk et al. [67] + + - - + + + - + + + - - 8 Medium
Angarita-Diaz et al. [68] + + + + + + + + + + + + - 12 High

Tulunoglu et al. [69] + + - - + 4+ + + + + 4+ - - 9 Medium
Turtola [70] + + + - 4+ + + + + + + - - 10 Medium
Watanabe et al. [71] + + + - + + 4+ + + + + - - 10 Medium
Gedalia et al. [72] + + - - 4+ + 4+ - + 4+ + - - 8 Medium
Rajkumaar and Mathew [73] + + - - 4+ + + - + + + - - 8 Medium
Zahir and Sarkar [74] + + - - + 4+ + - + + + - - 8 Medium
Shahrabi et al. [75] + + - - 4+ 4+ + - + + + - - 8 Medium
Vijayaprasad et al. [76] + + - - + + + - + + + - - 38 Medium
Kaur et al. [77] + + - - 4+ + + - + + + - - 8 Medium
Mass et al. [78] + + + - + 4+ + 4+ + + + - = 10 Medium
De Oliveira [79] + + - - 4+ + + - + 4+ + - - 8 Medium
Oancea et al. [80] + + + - + + + - + + + 4+ - 10 Medium
Bagherian and Asadikaram [81] + + + - 4+ 4+ + + + + + - - 10 Medium
Dodds et al. [82] + + + - 4+ + + + 4+ + + - = 10 Medium

1: Was the research question or objective in this paper clearly stated and appropriate?
2: Was the study population clearly specified and defined

3: Were procedures and timing of saliva collection with respect to clinical factors described with enough
detail?

4: Did the authors include a sample size justification?

5: Were controls selected or recruited from the same population that gave rise to the cases (including time-
frame)?

6: Were the definitions, inclusion, and exclusion criteria, used to identify or select cases and controls valid,
reliable, and implemented consistently across all study participants?

7: Were the cases clearly defined and differentiated from controls?

8: Were handling of specimens and pre-analytical procedures reported in sufficient detail and similar for
the whole sample?

9: Is the time period between the reference standard and the index test short enough to reasonably guaran-
tee that the target condition did not change between the two tests?

10: Is the reference standard likely to correctly classify the target condition?

11: Did the whole sample or a random selection of the sample receive verification using a reference stand-
ard of diagnosis?

12: Were key potential confounding variables measured and adjusted statistically in the analyses? If match-
ing was used, did the investigators account for matching during study analysis?
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Table 4 (continued)

13: Were uninterpretable/intermediate test results reported?

Caries-Active Caries-Free Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total(n) Mean SD TotalinWeight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Turtola 1977 196.2 576 81 1674 81 32 6.0% 0.44[0.03,0.85] 1977 =
Dodds 1997 40 25 38 47 25 43  29% -2.78-3.37,-2.18) 1997 Em—
Mass 2002 15 6 13 25 14 15 1.7% -0.88 [-1.66,-0.10] 2002 ——
Tulunoglu 2006 27.2 7.5 40 489 237 40  45% -1.22[-1.70,-0.74] 2006 ——
Shahrabi 2008 332 2418 50 316 11.62 25  4.4% 0.08 [-0.40,0.56) 2008 ——
Vijayaprasad 2010 3,950 880 50 4,290 930 25  4.4% -0.38[-0.86,0.11] 2010 T
Bagherian 2012 69.1 14 45 685 131 45  6.0% 0.04 [-0.37,0.46) 2012 S
Kaur 2012 496 97 30 445 106 30 39% 0.50[-0.02,1.01] 2012 [
Bardow 2014 234 72 85 288 126 85 11.0% -0.52-0.83,-0.22) 2014 i
Kadoumn 2014 309 6.7 30 452 7.2 30 26% -2.03[-2.66,-1.40) 2014 ——
Oancea 2014 2675 1963 60 357.7 4382 60 42% -2.64[-3.13,-215) 2014 —
Pandey 2015 1.7 8.4 60 336 94 60 65% -1.331.72,-0.93) 2015 e
Rajesh 2015 12.75 2.408 16 18.687 6.225 16  1.8% -1.23[-1.99,-0.46) 2015 I
Hussein 2017 4828 066 30 2342 0698 30 1.5% 3.61(2.77,4.45] 2017
Ambikathanaya 2018 732 392 48 85 324 48 6.3% -0.33[-0.73,0.08) 2018 )
Sejdini 2018 1926 846 81 2322 2664 25 51% -0.27 [-0.72,0.18) 2018 s
Bilyschuk 2020 486 7.2 24 55.8 9 24 29% -0.87 [-1.46,-0.27) 2020 . —
Mollaasadollah 2020 1078 534 25 1008 45 22 31% 0.14[-0.44,0.71] 2020 i
Zhang 2021 1447 601 165 1148 626 166 21.4% 0.49(0.27,0.70) 2021 s
Total (95% ClI) 971 827 100.0% -0.34 [-0.44,.0.24) ]
Heterogeneity: Chi*= 396.01, df= 18 (P < 0.00001); F= 95% 4 2 s 2

Test for overall effect: Z= 6.59 (P < 0.00001)

Fig.3 Forrest plot of salivary levels of calcium in caries-free and caries-active subjects

Caries-Active Caries-Free

Caries-Active Caries-Free Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total(n) Mean SD TotalmWeight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Mass 2002 110 34 13 136 37 15 20% -0.71 [-1.48,0.06) 2002 —
Shahrabi 2008 1042 27.25 50 1155 21.06 25 51% -0.44 [-0.93,0.04] 2008 =
Vijayaprasad 2010 15810 4,490 50 17,040 3,580 25 51% -0.29-0.77,0.19] 2010 S TN
Kaur 2012 709 147 30 499 17.3 30 38% 1.29(0.73,1.85] 2012 —
Bagherian 2012 50.8 99 45 489 9.8 45  7.0% 019[-0.22,061] 2012 e
Oancea 2014 62.93 6 60 73.78 6.75 60 6.8% -1.69[-2.11,-1.27) 2014 —
Bardow 2014 648 162 85 738 252 85 12.9% -0.42[-0.73,-0.12) 2014 =
Kadoumn 2014 383 23 30 69.7 285 30 39% -1.20[-1.75,-0.64] 2014 —_—
Rajesh 2015 98.687 2882 16 107.062 17.11 16  23% -0.67 [1.38,0.05] 2015
Hussein 2017 2795 0641 30 4197 0468 30 26% -2.47[-3.15,-1.78) 2017
Ambikathanaya 2018 773 378 48 104.6 57.8 48 7.2% -0.55[-0.96,-0.15] 2018 —
Mollaasadollah 2020 7434 1764 25 7734 144 22 36% -0.18[-0.76,0.39] 2020 S———
Abbas 2020 4608 1764 38 495 1836 33 6.0% -0.19-0.64,0.26) 2020 T
Bilyschuk 2020 6732 918 24 615.6 81 24 35% 0.65[0.07,1.24] 2020 =
Zhang 2021 4726 17337 165 45485 14524 166 257% 0.11[-0.10,0.33] 2021 ™=
Angarita-Diaz 2021 432 16.5 21 427 15.6 12 24% 0.03 [-0.68,0.74] 2021 —_—r
Total (95% CI) 730 672 100.0% -0.29 [-0.40, -0.18] ¢
Heterogeneity: Chi*= 157.64, df= 15 (P < 0.00001); F= 90% =2 51 3 15 %

Test for overall effect: Z= 5.20 (P < 0.00001)

Caries-Active Caries-Free

Fig.4 Forrest plot of salivary levels of phosphorus in caries-free and caries-active subjects

its degradation into their ionic ingredients for increasing the
gradient level. Hence, inorganic phosphate and calcium ions
are diffused into saliva from the tooth [51].

The salivary levels of phosphorus were found to be sig-
nificantly higher in CF subjects as compared to CA patients
in most of the included studies. This finding is consistent
with the outcomes of the studies conducted by Singh et al.
[86], and Shaw et al. [84]. This outcome might be sugges-
tive of the protective function of phosphorus against caries.

The negative association of salivary phosphorus with car-
ies might be owing to its cariostatic action via its buffering
capacity in saliva [88] and its capability of maintaining the
saturation of saliva with phosphate ions [89]. Phosphate
might interfere with the attachment of plaque bacteria and
enamel pellicle to the enamel surface, together with inhibit-
ing bacterial growth [90].

The present review found that the salivary levels of iron
were significantly higher in CA subjects than CF individuals

@ Springer
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Caries-Active Caries-Free Std. Mean Difference Std. Mean Difference A

Study or Subgroup Mean SD Total(n) Mean SD TotallnWeight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
Shannon 1958 11815 2225 153 1126 2225 213 358% 0.25[0.04, 0.46] 1958 el
Dodds 1997 1,110 90 38 875 70 49  41% 2.94 (2.32,3.55] 1997 S
Mass 2002 660 180 13 300 295 15 25% -0.94 [1.73,-0.15) 2002
Bardow 2014 2,880 1,260 85 2880 1,440 85 17.2% 0.00 [-0.30,0.30] 2014 = =
Ambikathanaya 2018 2635 1424 48 1937 98.2 48  9.3% 057(0.16,0.97) 2018 —
Zhang 2021 62168 18091 165 497.26 12099 166 31.0% 0.81[0.58,1.03] 2021 -
Total (95% CI) 502 576 100.0% 0.49 [0.36, 0.61] ¢
Heterogeneity: Chi*= 96.42, df= 5 (P < 0.00001); F= 95% %2 =1 S 13 %
Test for overall effect: Z= 7.69 (P < 0.00001) Caries-Active Caries-Free

Caries-Active Caries-Free Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD TotalinMean SD TotalinWeight IV, Fixed, 95% CI _ Year IV, Fixed, 95% CI B
Mass 2002 5 3 13 7 5 15 59% -0.46 -1.22,0.29] 2002 -
Rajesh 2015 594 1611 16 513 1.746 16  6.7% 047 -0.23,1.17) 2015 =
Sejdini 2018 198 9 81 216 126 25 16.5% -0.18[-0.63,0.27] 2018 s——
Zhang 2021 386 212 165 315 24 166 709% 0.31(0.10,0.53) 2021 E
Total (95% CI) 275 222 100.0% 0.20[0.01, 0.38] a4
Heterogeneity: Chi*= 7.32, df= 3 (P = 0.06); F= 59% 2 1 5 1 2
Test for overall effect Z= 211 (P=0.03) Caries-Active Caries-Free

Caries-Active Caries-Free Std. Mean Difference Std. Mean Difference C
Study or Subgroup  Mean SD TotalinMean SD TotalnWeight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Duggal 1991 03 024 181 022 012 91 389% 0.38(0.13,0.64] 1991 ——
Watanabe 2009 002 0013 405 0022 0015 122 61.1% -0.15-0.35,0.05] 2009
Total (95% CI) 586 213 100.0% 0.06 [-0.10, 0.22]
Heterogeneity: Chi*= 10.30, df= 1 (P = 0.001); F= 90% 1 05 S 055 1
Test for overall effect Z=0.73 (P = 0.47) Caries-Active Caries-Free

Fig.5 Forrest plot of salivary levels of A chloride; B magnesium; and C manganese in caries-free and caries-active subjects

in the majority of the included studies. Iron is an indispensa-
ble trace element for bacterial metabolic functions and can
mediate the microbial community of the host via affecting
processes including caries [91]. The absorption of iron via
bacteria preferentially utilizes Fe** and Fe** ions which are
present in low concentrations on mucosal surfaces because
of the attachment of iron to salivary glycoproteins, including
transferrin and lactoferrin or intracellularly, related to ferri-
tin or heme compounds, producing an effective host defense
mechanism against bacterial growth. On the contrary, micro-
organisms have formed specialized mechanisms for seques-
tering iron from host proteins, generating iron-chelating
molecules known as siderophores [92]. These compounds
change iron solubility in the extracellular medium and aid
its absorption into the bacteria. This mechanism permits
the survival of bacteria even in iron-deficient conditions
[91]. Two of the included studies reported a higher level
of salivary iron in CF subjects as compared to CA patients.
Caries is related to increased inflammatory response and a
consequent reduction in hemoglobin concentrations [93]. As
such, the synthesis of cytokines is reduced, which ultimately
inhibits erythropoiesis [94].

The fluoride levels in saliva differ as per the concentra-
tion and amount of fluoride ingested, either by topical or
systemic route [64]. Salivary fluoride levels were found to
be significantly higher in CA patients than CF subjects in

@ Springer

most of the included studies, indicating that saliva is not
the only determinant of caries development. Contrarily, a
study conducted by Zero [95] reported that a higher level
of salivary fluoride was statistically associated with a lower
risk of caries, suggesting that further research is required to
assess the association of salivary fluoride levels with caries.

In the present review, the levels of salivary zinc and cop-
per were found to be significantly higher in CF subjects as
compared to CA patients in almost all included studies.
It is well-established how zinc and copper functions are
closely associated, being vital ingredients of antioxidant
enzymes, such as copper—zinc superoxide dismutase [96].
Furthermore, salivary histatins are made up of copper and
are relevant antimicrobial enzymes in the oral cavity [97].
Hence, higher levels of salivary copper may suggest that
either histatins and/or copper—zinc superoxide dismutase are
not functioning properly.

The salivary levels of several inorganic elements, such as
sodium, potassium, magnesium, and chloride, were revealed
to be significantly higher in CA patients than in CF subjects
in the majority of the included studies. The acid-induced
enamel demineralization can enhance a more considerable
mobilization of saliva electrolytes owing to the increased
mineral dissolution and the release of inorganic elements
(sodium, calcium, potassium, magnesium, and chloride)
[98]. On the contrary, saliva is also recognized as a buffering
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Caries-Active Caries-Free Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total(n) Mean SD TotalinWeight IV, Fixed, 95% CI Year IV, Fixed, 95% CI

Shannon 1958 11255 189 153 1,1445 189 213 336% -0.10[-0.31,0.11] 1958 -+

Dodds 1997 1,085 30 38 995 25 49 34% 3.27(2.62,3.92) 1997 S

Mass 2002 8,000 170 13 1,070 205 15 00% 35.48(25.43,4553]) 2002 4

Zahir 2006 1181 6.87 20 1115 115 10 24% 0.74 [-0.04,1.53] 2006 [rp—

Bardow 2014 3,420 540 85 3,240 540 85 158% 0.33[0.03,0.63] 2014 =

Sekhri 2018 56.56 18.74 30 6963 1649 30 53% -0.731.25,-0.21) 2018 ——

Ambikathanaya 2018 1237 392 48 946 483 48 86% 0.66[0.25,1.07) 2018 S

Zhang 2021 81329 22438 165 74811 20295 166 30.9% 0.30(0.09,0.52) 2021

Total (95% CI) 552 616 100.0% 0.26 [0.14, 0.38] ¢

Heterogeneity. Chi*= 159,37, df= 7 (P < 0.00001), F= 96% ?_4 2 S 2 43

Test for overall effect: Z= 4.30 (P < 0.0001) Caries-Active Caries-Free
Caries-Active Caries-Free Std. Mean Difference Std. Mean Difference B

Study or Subgroup Mean SD Totak~Mean SD Totak~Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI

Shannon 1958 5205 200 153 479 200 213 336% 0.21 -0.00,0.42) 1958 il

Dodds 1997 1,210 130 38 1,095 120 49 73% 092(0.47,1.36) 1997

Mass 2002 565 150 13 650 260 15  26% -0.381.13,0.37] 2002 —

Zahir 2006 1196 116 20 100 86 10 18% 1.78(0.88, 2.68) 2006

Bardow 2014 2520 1620 85 3,420 1620 85 155% -0.55-0.86,-0.25) 2014 ——

Ambikathanaya 2018 19245 7847 48 1543 624 48 88% 053(0.13,0.94] 2018 ———

Zhang 2021 106.24 6825 165 7936 3888 166 305% 0.48(0.26,0.70) 2021 -

Total (95% CI) 522 586 100.0% 0.27 [0.15, 0.39] ¢

Heterogeneity: Chi*= 55.07, df= 6 (P < 0.00001); F= 89% 2 1 S t 1

Test for overall effect: Z= 4.34 (P < 0.0001) Carles-Active Caries-Free

Caries-Active Caries-Free Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Totalk~Mean SD TotalinWeight IV, Fixed, 95% CI _Year IV, Fixed, 95% CI C

Duggal 1991 073 059 181 085 03 91 411% -0.23-0.49,0.02] 1991 —

Borella 1994 0135 0.01 84 0135 001 42 191% 0.00[-0.37,0.37) 1994

Zahir 2006 11 039 20 1233 179 10 02% -11.71[14.98,-8.44] 2006 ¢

Kadoum 2014 0.049 0.017 30 0.058 0.012 30 98% -060[-1.12,-0.09] 2014 ——

Hussein 2017 0078 0.037 30 0.104 0.016 30 9.2% -0.90 [-1.43,-0.37) 2017 e —

Poletto 2021 0.071 0.091 60 0.066 0.089 60 205% 0.06 [-0.30, 0.41]) 2021 ——

Total (95% CI) 405 263 100.0% -0.26 [-0.42, -0.09] B3

Heterogeneity. Chi*= 59.29, df= 5 (P < 0.00001), F= 92% ,1 _055 ) 035

Test for overall effect: Z= 3.09 (P = 0.002)

+
1
Caries-Active Caries-Free

Fig. 6 Forrest plot of salivary levels of A potassium; B sodium; and C zinc in caries-free and caries-active subjects

Caries-Active Caries-Free Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total(n) Mean SD TotalnWeight IV, Random, 95% Cl Year IV, Rand 95% CI
Turtola 1977 0.019 0028 60 0011 0.01 32 171% 0.34 [-0.09,0.77) 1977 [*=
Duggal 1991 0 00 91 30 20 91 17.2% -2.11[-2.48,-1.75] 1991 el
Sekhri 2018 0.0042 0.0023 30 0.0375 00076 30 14.8% -5.85-7.05,-4.66] 2018 —_—
Abbas 2020 0.031 0013 38 0033 0014 33 17.0% -0.15[-0.59,0.30] 2020 nh
Bilyschuk 2020 027 001 24 0.21 006 24 16.6% 1.37[0.74,2.01] 2020 ==
Zhang 2021 3343 1824 165 3071 1501 166 17.4% 0.16 [-0.05,0.38] 2021 B
Total (95% CI) 408 382 100.0% -0.94 [-2.11,0.23] T
Heterogeneity: Tau?= 2.03; Chi*= 231.20, df = 5 (P < 0.00001); F= 98% _54 ¢2 s % j

Testfor overall effect: Z=1.57 (P=0.12)

Favours [Caries-Active] Favours [Caries-Free]

Fig.7 Forrest plot of salivary levels of fluoride in caries-free and caries-active subjects

pool that may shift the dynamic equilibrium between remin-
eralization and demineralization to modulate caries activity
[99]. Moreover, an antibacterial function of sodium is also
recognized, potentially indicating its high level in saliva as
a defense mechanism [100].

The salivary levels of other ions, such as nitrate, nitrite,
bromide, and ammonium, in CA and CF subjects were
assessed in only one of the included studies. The findings

revealed that the nitrate and nitrite ions were higher in the
saliva of CF subjects, while higher levels of salivary bro-
mide and ammonium ions were found in CA subjects. In
the oral cavity, nitrate is primarily transported to the sali-
vary glands via the action of nitrate reductase, then it is
rapidly reduced to nitrite. These salts are quickly acidified
upon their encounter with certain bacteria, including Strep-
tococcus mutans, Actinomyces, and Lactobacillus, which are
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associated with caries [101]. Bromide ion has vital functions
in the activation of a-amylase and synthesis of collagen-IV
in saliva [102]. Ammonia, generated by arginine-rich pro-
tein, plays a crucial part to maintain a neutral pH in the oral
cavity [103].

Critical analysis of methodological issues

Salivary concentrations of macro- and trace elements have
been conventionally assessed utilizing varying approaches,
including gamma-ray spectrometry, thermal neutron acti-
vation analysis, potentiometry, inductively coupled plasma
optical emission spectrometry, and atomic absorption spec-
trometry. Particularly, the most frequently utilized method in
ionomics is inductively coupled plasma mass spectrometry,
since it permits accurate and rapid routine multi-element
identification with enhanced sensitivity for biological sam-
ples [104]. Recognizing the high heterogeneity of outcomes
for individual element concentration, the application of var-
ying detection approaches might be a critical factor.
Standardizing the sampling methods, according to col-
lection timing, home oral hygiene, and dietary restrictions,
is of utmost significance [23]. If the desired analyte is pri-
marily secreted by a particular gland, gathering saliva from
that specific gland’s glands would be the most appropriate
sampling approach. However, it is important for the user,
whether a clinician or researcher, to note that this collection
method is invasive and requires specialized devices. Sam-
pling whole saliva is a more convenient and rapid method
compared to collecting glandular saliva. Despite the lower
concentration of analytes in whole saliva, enhancing its
performance in analysis can be achieved through pre-con-
centration techniques. Choosing between collecting stimu-
lated and unstimulated saliva is crucial due to the impact
of exogenous and endogenous factors, as well as salivary
parameters, such as pH and flow rate, on the composition of
saliva. For instance, unstimulated saliva is less influenced
by flow rate and pH, but typically yields smaller sample
volumes compared to stimulated saliva collection. Neverthe-
less, stimulated samples tend to be more diluted, so the deci-
sion between collecting stimulated or unstimulated saliva
depends primarily on the specific analyte being targeted.
Therefore, due to the various factors that can impact salivary
secretion and composition, it is imperative to establish a
precise standard for saliva collection to obtain reliable and
comparable data. The selection of the sampling device also
relies on the specific analyte being considered. The scientific
literature indicates variations in the performance of com-
mercial devices in terms of recovering the targeted analyte.
For instance, the cotton swab used in Salivette® exhibits a
notable interaction with biological molecules. As there is
no established standard, it is essential to take into account
the interplay between collection methods, saliva types, and
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devices, emphasizing the need for careful consideration
beforehand [105]. Moreover, seasonal and circadian changes
are of primary significance while the interpretation of the
results from ions and metabolites in saliva [106]. Finally,
differences in sample sizes and racial background may also
be associated with a high variability [107].

The saliva/dental plaque interface

After consuming sugar, a cariogenic challenge initiates a
series of diverse processes at four interconnected yet physi-
cally distinct locations. As a result, multiple events occur
simultaneously and interact with each other in various loca-
tions: within the saliva, at the interface between saliva and
plaque, within the plaque itself, and within the enamel [108].
Collins and Dawes [109] demonstrated that the remaining
amount of fluid in the oral cavity, if distributed evenly across
its inner surface, would create a film of approximately 100
um thickness. Research conducted by Lecomte and Dawes
[110] and independently by Weatherell et al. [111] suggests
that the interaction between the salivary film and the bulk
saliva is highly dependent on the specific location.

The bulk saliva is supersaturated with phosphate and cal-
cium ions, which might constantly precipitate on the surface
of the tooth in the absent of any control [112]. Neyraud and
Dransfield [113] found that bulk saliva consisted of around
1 mM ionized calcium and around 5 mM total calcium. In
low-salivary flow subjects, total calcium in parotid saliva
reduced with flow rate and pH; however, in high-salivary
flow subjects, calcium increased with pH and was not associ-
ated with salivary flow rate [114]. Nevertheless, both total
and ionized calcium increased with flow rate of parotid
saliva [115]. Therefore, it seems that the wide range of
values reported for calcium ions in saliva is owing to the
differences in the location of saliva collection, the salivary
gland, the degree, the type of stimulation, and the probable
contribution of salivary flow rate, which might be associated
with the size of the gland [116].

Conclusion and future perspectives

Although ionomics is a rapidly growing field, however, our
comprehension of the association between the salivary con-
centration of different elements and caries risk is still lim-
ited. In this review, the authors have critically analyzed the
published literature regarding ionomics as a new approach
for improving the early diagnosis, prevention, treatment, and
prognosis of caries. Substantial reduction and assimilation
of big data resulting from high-throughput approaches are
greatly required for successfully translating biochemical
profiles into clinical utility. When considerable variations
in salivary trace- and macro-elements among subjects will
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become clear, a micro-fluidic chair-side test might be for-
mulated for the early diagnosis and/or assessing the clini-
cal advancement of the therapy. Owing to great concerns
to develop portable, non-invasive, and accurate diagnostic
methods for population-based approaches and individual
utility, the outcomes from the current review suggest a dire
need for identifying and quantifying trace- and macro-sali-
vary chemical elements for caries by providing methods of
diagnostic accuracy.

In conclusion, only zinc and chloride ions were found to
be significantly and consistently higher in CF and CA sub-
jects, respectively. Conflicting outcomes were observed for
all other salivary chemical elements including aluminum,
bromine, calcium, copper, fluoride, iron, potassium, magne-
sium, manganese, sodium, ammonia, nitrite, nitrate, phos-
phorus, lead, selenium, and sulfate ions.
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