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Abstract

Dental caries is the most prevalent chronic oral disease, influencing the oral and
systemic health of the individuals, being the result of the interaction of multiple
factors, such as microbial agents, the oral environment, the salivary pH, and the host
response. The main process that occurs in dental caries is the demineralization of
the tooth enamel, process that is directly influenced by the salivary pH, exposing the
dental structures to the action of pathological agents. The role of saliva in the etiology
of dental caries is a major one, by influencing the homeostasis through the altering of
its buffer capacity. The properties of saliva are influenced either by local pathogens
or through a general mechanism with direct implications upon the salivary compo-
nents. The alteration of the salivary pH, flow rate, and composition will further have
repercussions upon the cariogenic activity, through a change of its physiochemical
properties. Nevertheless, the salivary pH is strongly linked to the incidence of dental
caries, any persistent imbalance due to various causes can be assessed as an indicator
of the oral health status.
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1. Introduction

Dental caries is considered one of the most common chronic diseases affecting the
global population [1]. An important aspect associated to dental caries is the potential
serious consequences upon the general health of the individuals [2]. Previous studies
stated the fact that oral bacteria can spread and determine various systemic health
implications, being responsible for secondary infections of different organs [2].
Multiple research studies discuss the involvement of persistent oral bacteria, due to an
inadequate oral hygiene, specific dental procedures or periodontitis in the initiation
of endocarditis [3]. The oral environment can be influenced, as well, by the general
health status and treatments with a direct impact upon the oral microbiota balance,
the salivary flow, and pH. A high interest has been shown in identifying the composi-
tion, properties, and implications of the oral microbiome and its consequences upon
the salivary pH, oral pathologies, and systemic diseases. The prevalence of dental
caries is still characterized by high values despite the prevention measures applied
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worldwide. Its incidence continues to increase dramatically once the risk habits
prevalence in the developing countries changes. However, it has been reported that
a small percentage of young adults can still be characterized as being caries-free.
Unfortunately, the efforts to identify risk populations by using a screening method
had no significant result [4].

The etiology and the pathogenesis of dental caries are being considered complex
multifactorial processes [5]. An important role is assigned to saliva, its rate and
composition being most important in the initiation and progression of the cariogenic
process. Being the body fluid, which is in permanent contact with the teeth and soft
oral tissues, it is held responsible for their integrity and for the permanent remin-
eralization of the dental structures, as well. The quantity of the salivary flow, the
characteristics of saliva, and its buffer capacity are involved in maintaining a proper
balance of the oral environment. Any alterations of these characteristics can influence
the demineralization process and are consequently responsible for the development of
caries. The salivary components may have a substantial implication in the reduction
of the risk factors involved in dental caries incidence [5].

The factors associated with occurrence of dental caries are the host (the presence
of teeth and saliva), the oral microbiome (the bacterial population), and the dietary
habits (based on carbohydrates). Basically, all these factors contribute and conduct
to the development of the disease. Caries is characterized by a progressive evolution,
being reversible in early stages, and suggesting that the abovementioned factors
must have a cumulative action for a certain period of time. Dental caries is the result
of the interaction between the oral microbiome accumulated on teeth’s surface
(dental plaque) with the fermentable sugars form the diet, with consequences upon
the buffering capacity of the saliva, lowering its pH, and weakening the normal
remineralization process [6].

The demineralization and remineralization cycles of the enamel, under the action
of the cariogenic bacteria from the dental plaque, are quite frequent mechanisms
that occur in the oral cavity, episodically. Enamel has a unique structure, without any
organic components that could contribute to its repair or defense against a potential
cariogenic attempt. In the early stages of the demineralization process, the action of
saliva combined with the mechanical removal of the dental plaque and application of
topic fluorides may stop and reverse the process.

An accurate evaluation of the dental caries risk should take in consideration the
implication of saliva in the process. The use of a salivary test in the assessment of
the individual risk may have an impact upon the prevention strategies, screening,
and early diagnosis of dental caries, making a difference in the incidence statistics of
dental caries [6].

2. Saliva and its functions

The oral cavity and the teeth are permanently exposed to the action of saliva [7].
The oral fluid is the result of the secretion of multiple salivary glands: the parotid,
submandibular, sublingual, and the minor salivary glands localized in multiple areas
of the oral mucosa. Free epithelial cells, bacteria, crevicular fluid, inflammatory
cells, and food particles are among the components of saliva. The implications of
saliva and its functions contribute to the maintenance of the oral health [8]. One of
its main roles is hydrating and lubrication of the surrounding tissues. The subman-
dibular, parotid, sublingual, and minor salivary glands contribute with 60, 25, 8, and
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7%, respectively, to the whole saliva amount, when in unstimulated state. In case of
salivary flow stimulation, their secretion increases with at least 10% [9]. The salivary
flow varies from 0.3 ml/min up to 1.5-2.0 ml/min, depending of the state: stimula-
tion period or rest. There are circadian variations involved, as well, during the

day 0.5 liter of saliva is secreted, compared with night when the flow rate is highly
decreased [9].

Saliva and its actions are dependent on its quantity and quality. Being in perma-
nent contact with the oral tissues, it has influence on actions such as speaking, swal-
lowing, and eating, protecting the mucosa and the surface of the teeth. The protective
role of the saliva is supported by a proper viscosity, flow rate, balanced composition,
pH, and buffer function [10]. Any alterations of these characteristics may result in
developing oral pathologies such as dental caries (Figure1).

Functions of saliva
Food bolus formation

Lubrication and humidification
through its viscosity

Antimicrobial properties
Immune surveillance activity

Oral clearance activity

Sustaining the demineralization and
remineralization process

Antibacterial activity
Providing dygestive enzymes

Sensory stimulation of the taste sensation

Figure 1.
Roles and functions of the saliva.
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To date, research has focused on identifying the relationship between the char-
acteristics of saliva and the incidence of dental caries. Several studies reported that
there was a connection between the viscosity of saliva and the development of dental
caries [8]. The high cariogenic activity due to the alteration of the salivary charac-
teristics could be explained by a reduced flow rate, a decreased clearance and buffer
capacity, and a high glucose concentration. It has been shown that the salivary flow
rate was significantly lower in individuals with active caries compared with caries-
free ones [11]. The buffer capacity and the pH values have direct consequences upon
the salivary flow rate and viscosity [10].

The composition and flow rate of saliva vary in relation with different factors,
such as stimulation or rest periods [10]. In the rest periods, the salivary flow rate
represents % out of the total stimulated flow potential. During the stimulated flow,
the composition and pH of the saliva change, a more serious saliva consistency
facilitates the digestive process and increases the clearance function [12]. The immune
surveillance role of the saliva is due to immunoglobulins, secreted by the plasma cells
of the lymphoid tissue belonging to the major salivary glands. The epithelial cells
localized in the salivary acini produce proteins with a protective role against bacteria
and viruses.

Because of its complex composition, saliva has multiple actions in the oral envi-
ronment. In vitro studies, focused on the interaction between the cariogenic micro-
organisms in the dental plaque and the salivary proteins, suggest that interleukins,
lysozyme, mucins, and lactotransferrin contribute to the cell aggregation, inhibition
action, and adherence of the bacteria, suggesting that the salivary proteins may have a
diagnostic potential, allowing the development of personalized treatments [13, 14].

Dental caries is represented by a localized demineralization with progressive
loss of the tooth components. The healthy oral environment is in symbiosis with
the oral microbiome, in case of a neutral pH value. The bacteria from the oral bio-
film are responsible for metabolizing the carbohydrates and producing permanent
organic acid products, which are able to lower the pH, with effects upon the tooth

Figure 2.
The contribution of the pathological and protective factors.
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composition and biofilm [15]. A long-time persistence of a lower pH value influences
the bacterial population of the biofilm, producing a shift in the oral microbiome and
promoting the acidogenic bacteria [16]. These changes will eventually have repercus-
sions upon the oral environment by the acidification process. A low pH value will
result in the extraction of phosphate and calcium from the tooth structures, in order
to attempt to equilibrate the acid environment, determining their demineralization.
These types of actions take place several times per day and are being influenced by
numerous other mechanisms and factors such as oral hygiene, diet, oral microbiome
diversity, genetics, dental anatomy, biofilm, salivary flow, buffer capacity, and
composition (Figure 2).

Saliva has an important role in maintaining a healthy oral environment and proper
digestion, and its alterations can be the cause of multiple diseases, including dental
caries.

3. Salivary pH and buffer capacity

The buffer capacity of saliva plays an important role in mediating the relation-
ship between the tooth surface and the biofilm, normally exhibiting a protective role
against the development of dental caries [17]. This specific characteristic of saliva is
represented by the concentration of the bicarbonate ion. The buffer capacity may be
quantified and assessed, in case of active-caries individuals, by a titration method,
from salivary samples. The implications of the buffer action rely on reducing the acid
formation in the dental biofilm. In case of a pathogenic action, the neutralization of
an acidic pH environment, and shifting it into a neutral one, has proven to be quite
difficult [18].

The composition of saliva has an important contribution in maintaining and
increasing the value of the pH biofilm. Among its main constituents, which effi-
ciently determine the pH to increase are sialin (that contains arginine and lysine) and
urea. Further hydrolyzation of each of these molecules results in releasing ammonia,
with a direct contribution in increasing the pH.

In order to maintain the oral health and the integrity of the tooth surface, the pH
value should be kept around the value of 6.7. The ion concentration and activity are
responsible for demineralization and remineralization processes through the solubil-
ity of hydroxyapatite [19]. A decreased and critical pH value is considered at a value
of/under 5.5.

The pH value is directly related to the concentration of the phosphate and calcium
ions. Salivary flow and its variations have consequences upon the pH value, by exhib-
iting different concentrations of calcium and phosphate. It has been reported that the
pH value can be increased by one unit only through stimulating the salivary flow rate.
Differences between the unstimulated and stimulated saliva have been identified, as
the unstimulated saliva has a lower pH value compared with the stimulated one, due
to its higher concentration in phosphate [20]. The critical pH value presents indi-
vidual variations, as the salivary concentrations of calcium and phosphate vary from
one person to another. It should also be mentioned that the critical pH fluctuations
are dependent on multiple factors [21].

Saliva has three buffering systems, which are represented by phosphate, bicarbon-
ate, and protein systems. The major system being considered is the acid/bicarbonate
one, present in the stimulated salivary secretion. Its action starts with food intake,
by decreasing the pH value and increasing the concentration of bicarbonate. The
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phosphate buffer system and its effectiveness are dependent on the salivary concen-
tration of the phosphate ion and have been reported to have a moderate action in case
of unstimulated saliva [22]. The salivary proteins represent another buffer system,
through their action of absorbing and releasing protons. Their action may result in
increasing the saliva viscosity when the pH value is low, protecting the tooth structure
from acid production, by exhibiting a physical barrier [20].

The pH value during rest periods has been reported to have the ability to predict
the caries status of the patient and outline the buffering capacity of the saliva.
Patients with resting salivary pH value of approximately 7.0 have been reported to
have a lower caries activity compared with those with pH values of 5.5, who exhibited
a high caries incidence. In individuals with pH values between 5.5 and 7.0, the caries
incidence was less severe. A lower value of a resting pH suggests a lower pH value
when exposed to carbohydrates, with a prolonged maintenance of this lower value,
until returning to the resting pH [8]. These facts suggest that the changes during a
lower pH value result in exposing the tooth structure to an acidic environment, for a
longer period of time, without the possibility of neutralizing it.

The presence of dental caries influences the carbohydrate clearance, resulting in
a prolonged contact with the dental plaque and a continuous decrease of the salivary
pH value [11]. The presence of dental caries and alteration of the oral environment
promote the production of acid, supplementary bacterial adhesion, and low salivary
clearance activity. A previous published study concluded that the salivary flow rate,
the buffer capacity, and pH value were decreased in active-caries children compared
with the caries-free group [23].

The implication of the salivary pH in the multiplication and survival of oral
microorganisms is an important aspect in the etiology of dental caries. In case of a low
pH, the acidophilic microorganisms will multiply, considerably increasing the caries
risk [24]. A high incidence of dental caries, dysphagia, and other oral pathologies has
been linked to a decreased salivary flow, clearance, and buffer capacity. Special atten-
tion should be paid to the patients with decreased saliva secretion, with repercussions
upon the oral mucosa, upon the viscosity and buffer capacity, favoring the develop-
ment of opportunistic infections and increasing the risk of dental caries [25].

4. PH variations and dental caries risk in systemic conditions

The oral cavity and the salivary composition and characteristics may be defined
as the mirror of the general health status. Saliva represents the first body fluid, which
comes in contact with multiple pathogens, being responsible for their neutralization,
and for the homeostasis of the oral environment. Recent studies have revealed the
importance of assessing the levels of salivary antioxidants and reactive oxygen spe-
cies, which have a high implication in the incidence of dental caries.

A clinical study conducted on children diagnosed with iron deficiency anemia
revealed its impact upon the salivary pH value and buffer capacity. By collecting
unstimulated saliva and serum samples from the patients, before and after treatment,
the salivary buffer capacity and pH values have been quantified. The serum ferritin
levels were measured, in order to outline their role as dental caries and iron deficiency
anemia biomarkers. The results showed that 3 months after treatment, the buffering
capacity and the salivary pH have increased, suggesting a direct implication of the
iron deficiency anemia in altering the salivary functions with secondary implications
in the cariogenic activity [26].
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The salivary dysfunction related to primary Sjégren’s syndrome may be the
cause of multiple oral manifestations. The results of several studies discuss the fact
that patients diagnosed with primary Sjogren’s syndrome have a high incidence of
dental caries, exhibiting mostly cervical carious lesions, despite an acceptable oral
hygiene status [27]. Several salivary factors that have been encountered in primary
Sjogren’s syndrome patients have been linked to the high incidence of caries. The
main problem related to this pathology is the influence upon the saliva formation,
patients experiencing a decreased salivary flow rate, and an alteration in the salivary
composition, due to the presence of focal lymphocytic infiltrate in the salivary glands.
Pedersen et al. [28] conducted a study that aimed to identify and evaluate the salivary
flow and composition and the incidence of dental caries in patients diagnosed with
primary Sjogren’s syndrome. The results showed that the included patients exhibited a
decreased salivary flow rate, and the pH and bicarbonate concentration of the parotid
gland’s saliva were significantly decreased compared with the control group. Although
patients had accurate oral hygiene habits and reported using dental floss and fluoride
toothpaste, the caries incidence and gingival index were high. These patients also had
a higher number of acidophilic, cariogenic bacteria in the dental plaque compared
with the control group, and a relationship between the decreased salivary flow and
the high incidence of Lactobacillus has been observed. Among all the oral manifesta-
tions, oral dryness and a reduced salivary flow rate were the main accuses of the
patients [29].

A decreased salivary flow has been reported in diabetic patients, the incidence
of type I diabetes among young patients may have repercussions on the oral health,
especially teeth integrity. The association between dental caries and diabetes has
been one of the most researched subjects. As type I diabetes is associated with the
critical years of dental eruption, the attention in identifying its potential implication
on the dental status has been considered a necessity. Studies have reported a high
incidence of dental caries, dry mouth (xerostomia), and gingival inflammation in
young patients diagnosed with type I diabetes compared with healthy ones. One of
the main causes that could explain this outcome, besides a poor oral hygiene, could be
the decreased salivary flow rate and alteration of the composition of saliva. Elevated
glucose concentration has been identified in the saliva, sustaining an acidogenic oral
environment and the colonization of bacteria. All these changes in the flow rate, sali-
vary composition, and an inadequate oral hygiene influence the incidence of dental
caries [29]. Studies including patients with type I diabetes showed that the salivary
flow and pH value were significantly reduced compared with the control group, the
prevalence and severity of dental caries in type I diabetes being a high one [29].

High incidence of dental caries, mucositis, and inflammation has been identified
in acute lymphoblastic leukemia. The main changes are related to the compromised
immune system, influencing the oral environment as well. Hegde et al. [30] con-
ducted a study focusing on the implication of acute lymphoblastic leukemia on the
oral health and dental status. They aimed to identify the direct action of the disease,
as well as the influence of chemotherapy on the salivary flow and dental caries inci-
dence. The study included patients divided into four groups (without chemotherapy,
at the beginning of chemotherapy treatment, after 4 weeks of chemotherapy, and
a control group). The results showed that all three groups with acute lymphoblastic
leukemia experienced a low salivary flow rate and pH values compared with the
control group. The antioxidant salivary levels were increased in the first two groups
and decreased in the third group of leukemia patients. Poor oral hygiene and gingival
inflammation were reported in all leukemia patients, and the incidence of dental
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caries was a high one. The influence of chemotherapy on the salivary flow through the
hypoplasia of the salivary glands is a common consequence of this treatment. Another
cause for the poor dental health status, besides the abovementioned salivary changes,
could be the discomfort caused by the inflammation of the oral mucosa that reduces
the possibility of maintaining a proper oral hygiene [30].

The role of saliva in the diagnosis of multiple diseases through its composition
and actions is currently accepted. The salivary secretion is controlled by a reflex arc
influenced by multiple actions. For the salivary flow and composition, the parasym-
pathetic and sympathetic systems are responsible. Multiple studies were conducted
in identifying the stress-related consequence upon the saliva [31]. Results show an
increase in the acidity levels of saliva in case of anxiety and a decrease of the salivary
flow and pH value with consequences upon the tooth structure [31]. Said et al. [32]
conducted a study, which aimed to identify the relationship between the anxiety
levels and the changes encountered in the saliva. The results outline the existence of a
low pH value in the study group, compared with the control group, revealing a higher
prevalence among males with a low anxiety level. These alterations could be a further
explanation for the prevalence of dental caries among these patients.

Systemic health plays an important role in maintaining an adequate oral environ-
ment. Changes specific to various diseases can directly influence the salivary produc-
tion, composition, and functions, with influence on the prevalence of dental caries.
Over the past years, research has opened a new path that includes the use of saliva for
screening, diagnosis, and monitoring of multiple pathologies.

5. Conclusions

Among the numerous factors linked to the incidence of dental caries, the oral
microorganisms and saliva are of most importance. The role of saliva cannot be
underestimated, its composition revealing important information regarding the
involvement of systemic and oral conditions. Research has focused on outlining the
importance of the salivary functions and characteristics in the development of dental
caries. Connections between the pH values and the prevalence of caries have been
pointed out, the influence of local and general factors, as well as the impact of pH
variations upon the tooth structure. An acidogenic oral environment results in an
imbalanced demineralization and remineralization process, with a multiplying com-
munity of acidophilic bacteria. The key in the management of dental caries is address-
ing the causative factors, both general and local, and obtaining a neutral oral pH.
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