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Abstract: Recent data reveals that severe periodontal diseases affect approxi-
mately 19% of global adult populations, impacting more than 1 billion indi-
viduals universally, ranking it as the sixth most predominant human disease.
* Corresponding Author: c g c . .
aram hamad@univsul edu.iq Diagnosis and treatment plans for periodontal disease entirely depend solely
on the assessment of traditional clinical parameters. However, these parame-
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tory biomarkers of periodontal diseases in saliva have attracted of interest.
This review aims to evaluate the salivary components as potential diagnostic
tools for periodontal diseases. In addition to periodontal pathogens, interest
in salivary biomarkers of periodontal disease is increasing, and a number of
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biomarkers have the potential to be accurate indicators of disease and the ef-
fectiveness of therapy. The most up to date studies examining the microbial
and inflammatory biomarkers with both diagnostic and prognostic values in
saliva were reviewed for the purpose of this study. It is apparent that saliva
has many advantages over other oral fluids such gingival crevicular fluid and
mouth rinse as a tool for diagnosis of periodontal disease. Biomarkers can
identify and quantify periodontal risk through objective measures. Further,
the combination of biomarkers seems to enhance the diagnostic and prognos-
tic value of the biomarkers. Amongst the microbial biomarkers of Porphyromo-
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nas gingivalis, Aggregatibacter actinomycetemcomitans and Tannerella forsythia
are widely used with some promising results. Whereas, the inflammatory sal-
ivary biomarkers of IL-13 and MMP-8 are widely used for diagnosing perio-

Creative Commons Attribution
(CCBY-NC-ND 4.0)

dontitis and predicting the future treatment outcome.

1. Introduction

Periodontal diseases are generally classified to either gingivitis or periodontitis, they both consid-
ered as a chronic inflammatory disease of the periodontium that are triggered by the interaction be-
tween the oral microorganisms (periodontal pathogens) and the body's immune inflammatory re-
sponse[1-4]. In predisposed patients, antigen and antibody response by the host stimulates variety of
inflammatory responses, ultimately resulting in the destroying both soft and hard tissues around the
teeth which finally lead to tooth loss [5]. Periodontitis which is the most destructive form of the disease,
and it is among the most common bacterial diseases in humans which lead to irreversible damage to
the periodontal tissues. Existing data suggests that 19% of adults globally suffer from periodontitis
impacting more than 1 billion individuals universally [6]. In the United States, periodontitis has been
reported to affect over 47% of the adult population [7], and approximately 70.6% of individuals in Ger-
many are affected by periodontitis[8].
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Periodontal diagnosis mainly relies on measuring clinical periodontal parameters, including clin-
ical attachment loss (CAL), bleeding on probing (BOP), probing pocket depth (PPD), and alveolar bone
level in radiograph [9]. The traditional comprehensive periodontal examination needs skilled dental
experts and is somewhat difficult, particularly when doing assessments for extensive health surveys
[10]. Thus, over the past twenty years, numerous studies have investigated the application of saliva, as
a reliable and readily accessible source for the diagnosis of periodontal diseases [11-13].

Human saliva, a readily accessible biological fluid, contains various biomarkers related to dis-
eases, making it a potential source for diagnosis. It is produced by major and minor salivary glands.
Saliva can be gathered easily and painlessly, requiring no specialized equipment or skills [14]. It is
crucial for diagnosing and predicting periodontal diseases, as it contains markers derived from both
local and systemic sources [15]. This makes it a promising candidate for developing alternative diag-
nostic techniques[14]. Additionally, salivary analysis could be an economical way to perform high-
sensitivity screening tests for periodontal disease [12].

Studies have investigated into the possibilities of employing salivary biomarkers linked to mi-
crobes or to the major elements of periodontal disease, such as inflammation, tissue loss, and bone
remodeling. Numerous studies have displayed valuable markers for differentiating individuals with
periodontal diseases from those who are periodontally healthy [16]. The advancement and integration
of modern technologies that apply definite biomarkers in chairside settings are expected to raise clinical
diagnostic and prognostic capabilities. Applying these technologies in different healthcare contexts and
among communities with limited access to basic medical and dental services could significantly amend
public health outcomes. Particularly, the use of biomarkers in diagnosing periodontitis periodontal dis-
eases should enable early identification, intervention, and prevention, eventually improving overall
oral and systemic health [17, 18]. Salivary biomarker investigation is increasingly critical for both diag-
nosis and prognosis purposes of periodontal diseases, while additional study is required to expand our
understanding in this area. Therefore, this review aims to present salivary biomarkers as potential di-
agnostic tools for periodontal diseases.

2. Biomarkers

Biomarkers are described as measurable characteristics that can denote normal biological func-
tions, disease processes, or response to treatment [19]. They are molecules that serve as a monitor for
health conditions, the onset of diseases, treatment efficacy, and outcome. Biomarkers are delivered in
both healthy people and those affected by particular systemic diseases. They are crucial in the life sci-
ences and are increasingly important in diagnosing, monitoring, predicting treatment outcomes, and
in drug invention [20]. Studies in oral and periodontal disease diagnostics are shifting toward tech-
niques that can identify and quantify periodontal risk by using objective measures such as biomarkers.

Biomarkers are typically divided into the following groups:

e  Biomarkers indicating the current status of the disease (active or inactive).

e  Biomarkers indicating the later disease progression or outcome of treatment (prognostic bi-
omarkers).

e  Biomarkers indicating future disease onset in currently healthy sites.

e  Necessity to use biomarkers for diagnosing periodontal diseases.

The conventional clinical diagnostic periodontal parameters, established over five decades ago,
persist to serve as the fundamental paradigm for diagnosing periodontal diseases in clinical training
nowadays. The parameters comprise PPD, BOP, CAL, plaque index, and radiograph to assess alveolar
bone loss. These conventional clinical parameters were recognized for their simplicity, affordability,
and minimally invasive nature [21]. Amongst them, BOP is believed to be the main conventional bi-
omarker for periodontal disease and is regarded as the best obtainable predictor of disease. However,
researchers observe that BOP can produce many false positives, while the lack of BOP is an extremely
accurate undesirable indicator of disease activity [21]. Furthermore, these parameters are subjective
clinical measures that can be time-consuming and might be ineffectively applied by the dentist. For
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instance, relying solely on PPD measurements for diagnosis because of time restrictions can result in
improper diagnosis, unsuitable therapy, and low rates of appropriate treatment interference.

Diagnosis and monitoring typically include painful invasive techniques, adding unnecessary pres-
sure to a previously bad experience. The finding of microbial, immunologic, and molecular biomarkers
in saliva offers a novel approach to evade these procedures, permitting the assessment of both healthy
and diseased individuals using oral fluids. The use of salivary biomarkers is important as they assist as
indicators for local, systemic, and infectious diseases. Initial diagnosis and management that rely on
these biomarkers can aid in decreasing the severity and potential problems of the disease process [18,
22]. Because of its multifactorial nature and indistinct etiology, early diagnosis of periodontitis is still
challenging. Recognizing the active phase of the disease and at-risk patients is an important challenge
for dentists and practitioners. There is a persistent need for advanced diagnostic tests that can discover
microbial challenges to the host. Innovative methods could precisely detect present disease activity,
anticipate future vulnerable sites, and evaluate the efficacy of periodontal therapies. A new diagnostic
paradigm could considerably improve the clinical management of periodontal diseases [23].

For effective prevention and treatment, early risk prediction and precise diagnosis of existing dis-
ease activity are essential. Therefore, periodontists would greatly benefit from an accurate diagnostic
tool that can provide trustworthy data to assess the existence, severity, and effect of the disease [24,
25].Additionally, there is a lack of methods to recognize highly liable individuals who are in danger of
disease progression [26].

Risk factors are acknowledged to affect the onset and development of periodontitis, along with
host liability and numerous local and systemic factors. They can change biomarkers linked to the dis-
ease. To address these challenges, there has been a substantial attempt to progress further diagnostic
and prognostic tests. Study of oral and periodontal diseases has concentrated on techniques to accu-
rately recognize and quantify periodontal risk by using biomarkers [27].

The primary objective of biomarkers is to demonstrate the presence or absence of periodontal bac-
teria, inflammation of the periodontal tissues, the host's inflammatory immune response to a specific
microbe, and damage to the host's tissue. Different agents, involving serum, saliva, subgingival biofilm,
biopsies, and GCF, have been used for biomarker investigation. Despite the development of various
biomarkers and diagnostic tests, only a limited diagnostic kit has been presented. These kits primarily
involved biomarkers from GCF, but they failed to obtain traction in practice due to a lack of market
research [27]. The problems described with these kits involved high cost, time-consuming procedures,
complexity, and difficulty in explanation. Subsequently, saliva was selected as an alternative diagnostic
means.

There are many obstacles for predicting periodontal diseases because it is still unclear what precise
phenomena encourage the sequence of events that cause tissue damage and what biomarkers are
needed to forecast disease initiation and progression. Biomarkers that are accountable for the initiation
of the disease process are not the ones that are linked with inflammation. It is possible that the microbial
biomarkers involved in gingivitis such as Streptococcus sanguis and Actinomyces naeslundii may vary
from the biomarkers involved in periodontitis such as porphyromonas gingivalis [27].

A variety of oral fluid biomarkers, including host-derived proteins (such immunoglobulins), host
cells (like PMNs), phenotypic markers, bacteria and their metabolites, hormones, ions, and volatile sub-
stances, have all been studied for periodontal diagnosis. As bacterial biofilm and the host interact intri-
cately to cause periodontitis, it is unlikely that a single biomarker can reliably forecast the course of the
disease. Thus, combining biomarkers may propose a more effective approach for predicting periodon-
tal diseases [20].

Biomarkers used to determine the activity of disease, which are released into GCF and saliva, can
be approximately classified into four categories based on their resources [9, 27]:

1) Plaque microorganisms: This includes lipopolysaccharides, metabolic byproducts, enzymes,
DNA probes, and cultures of the leading bacteria of periodontal disease.

2) Host originated: such as, aspartate aminotransferase, lysozyme and lactoferrin.

3) Breakdown product of connective tissue: These encompass fibronectin, collagen-telopeptides,
osteocalcin and proteoglycans and matrix metalloproteinases.
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4) Inflammatory markers: This category includes CRP, PGE2, cytokines (interleukin 13), TNF-q,
antibacterial antibodies, interleukins, substance P, interferon-a and complement.

Table 1: Potential salivary indicators for the diagnosis of periodontal diseases.
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3. Saliva as a Resource of Biomarkers for Periodontal Diseases

Saliva is a unique fluid of the oral cavity that is a mixture of the major and minor salivary glands
and serves as an indicator of the general health of the body and its systems [28]. Under normal circum-
stances, the daily production of saliva reaches to 0.5 to 1.5 liters, with its composition being 98% water
and the remaining 2% containing electrolytes, mucus, antibacterial compounds, and different enzymes.
It has many functions, including washing, solubilizing food substances, clearing food and bacteria, lu-
bricating soft tissues, forming a bolus, diluting detritus, aiding in swallowing, easing speech, and help-
ing in mastication [29].

GCF proposes several diagnostic advantages, such as its site-specific characteristic. However, di-
agnostic tools for periodontitis that rely on samples from the gingival sulcus have not been extensively
accepted by operator. There are multiple reasons for this, including the lengthy duration of the test, the
requirement for multiple sampling areas, blood contamination, and unlikely expectations of the test's
accuracy. Last but not least, these tests are not cheap and cannot be carried out as a chairside test [12].
In contrast, saliva is obtainable, profuse, and can be sampled in larger volumes without requiring clin-
ical facilities. Additionally, saliva comprises elements that exhibit the activity of all periodontal sites,
offering a comprehensive view of the inflammatory position of the whole mouth, unlike GCF investi-
gation, which concentrates on active disease sites [12].

Saliva comprises microorganisms that inhabit the oral cavity, as well as exogenous substances,
providing insight into the host's association with the environment. Saliva can also be used to detect
agents of tissue injury, such as cytokines, chemokines, and damaging cellular enzymes, which are pro-
duced during the pathogenesis of periodontal disease [27]. Saliva has been found to contain inflamma-
tory markers as TNF-q, IL-1, -6, and -8, MMP 8 and 9, and TIMP-1, which have been associated with
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oral and systemic disorders [30]. Moreover, increased levels of many biomarkers, including soluble,
chemerin, visfatin, ALP, and AST, have been linked to periodontal disease [31-36].

4. Single versus Combination of Biomarkers for Periodontal Diseases

The technological advancements is highly acknowledged, researchers have been able to identify
potential panels of periodontal microorganisms and salivary biomarkers that can better predict the sta-
bility and progression of periodontal diseases and differentiate patients from healthy person [37]. A
study found that the combination of MMP-9, -8, and calprotectin biomarkers, together with the meas-
urement of red complex pathogens in dental biofilm, effectively differentiate the severity of periodontal
diseases [25]. Another investigation of salivary biomarkers examined the degradation of periodontal
tissue revealed that MMP-8, OPG, TNF-q, IL-1[3, TNF-a, and macrophage inflammatory protein-1a can
predict the severity of the disease.

MMP-8 was found to be the most accurate biomarker for predicting therapeutic response. In the
meantime, studies indicated that low levels of MMP-8, MMP-9, OPG, and IL-1p positively predict the
stability of periodontal disorders [38] . A further novel diagnostic technique found that P. gingivalis, IL-
1, and MMP-8 together had a more accurate diagnostic ability to detect periodontitis than any one of
the markers alone [10]. Amongst the biomarkers examined, hepatocyte growth factor and IL-1{3 are the
most actively researched salivary biomarkers for periodontal disease [39] . Furthermore, studies have
shown that salivary biomarkers of oxidative stress are associated with disease activity [40-42], and non-
surgical periodontal therapy has also been shown to raise total antioxidant levels. Nevertheless, re-
search on different salivary cytokines has shown conflicting results in terms of a "biomarker signature."
Therefore, it is essential to carry out a top-notch study that gives sensitivity and specificity first priority.
Determining whether salivary biomarkers can be effectively used as a diagnostic tool for the early iden-
tification of periodontitis is crucial.

5. Biomarkers of Periodontal Diseases

Numerous studies have shown that potential salivary markers can provide a substantial amount
of extra diagnostic information and can be used as screening tools for prognosis, diagnosis, and moni-
toring the course of periodontal disease [32, 39]. Periodontal disease biomarkers can be categorized as
follows:

5.1. Microbial Biomarkers of Periodontal Diseases

Periodontal diseases include different biological processes happening inside the gingival sulcus.
In a healthy individual with an intact periodontium, the sulcus is inhabited by non-periodontopathic
microorganisms. Bacterial load causes the development of periodontal disease due to a qualitative shift
in the bacterial composition. Harmful bacteria will increase in thickness and mass, and saliva is meas-
ured as a reservoir for microorganisms and a latent medium for bacterial transmission [43, 44].

Certain microbial species that are present in saliva may also be present in dental biofilm, inside
periodontal pockets, and on the surface of the tongue [45-48]. Saliva is an important means for observ-
ing periodontal health as it includes biomarkers that transit from the GCF to saliva, reflecting the peri-
odontal status.

Many species, such as P. gingivalis, Aggregatibacter actinomycetemcomitans (Aa), T. forsythia, Fuso-
bacterium nucleatum, P. intermedia, P. nigrescens, T. denticola, and Mycoplasma, have been identified as the
leading periodontal pathogens [49-53]. Aa species is associated with periodontitis. Carriers may be at
higher risk of developing periodontal diseases [54, 55]. P gingivalis has a high prevalence in periodontal
diseases, and it is an important predictor of disease progression [10, 56-58]. P. intermedia is a consider-
able predictor of disease progression [32]. T. forsythia with inflammatory biomarkers such as IL-1§3, IL-
8, and MMP-8 demonstrates an increased predictability [10, 57, 58]. Similarly, T. denticola is highly prev-
alent in periodontal diseases and strongly associated with the disease progression and when combined
with the inflammatory biomarkers it does increase the predictability [56].
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5.2. Inflammatory Biomarkers of Periodontal Diseases

Numerous inflammatory biomarkers studied in saliva have been linked with oral diseases, includ-
ing IL-1p, -6,-8, TNF-a, MMP-8, -9, and TIMP-1, and myeloperoxidase (MPO), [30, 59]. An important
part of the immune system's defense against infection is IL-18 and it is well known that numerous cell
types, including fibroblasts, macrophages, monocytes, and dendritic cells, release IL-1[3. Pro-inflamma-
tory IL-6 inhibits the effects of TNF-at and IL-1 and causes acute-phase reactions throughout inflamma-
tion. TNF-a released by macrophage, fibroblasts, mast cells, lymphoid cells, and endothelial cells and
function is to stabilize immune cells. TNF-a with other cytokines encourage the acute-phase response
and greatly contributes to local and systemic inflammation [60, 61].

MMPs are enzymes with the capability to disintegrate nearly all extracellular matrix (ECM). They
are typically released by various types of cells, including macrophages, neutrophils, lymphocytes, os-
teoblasts, endothelial cells, and fibroblasts [62]. The role of MMPs differs depending on the physiolog-
ical state. MMPs participate in wound healing, tissue development, and remodeling during normal
physiological processes [63]. Additionally, by breaking down several non-matrix bioactive substrates,
MMPs have anti-inflammatory properties [64]. Collagenases are the most efficient of the six subfamilies
of MMPs, as they are capable of breaking various proteins, ECM components, and collagens I, II, and
III. With gelatin as its primary substrate, the second group consists of gelatinases. Proteins included in
basement membranes and extracellular matrix components can be broken down by gelatinases [65, 66].

MMPs can be activated through various mechanisms, and their activity can be controlled through
several factors: growth factors, hormones, enzyme inhibition, and inflammatory cytokines. Endoge-
nous MMP inhibitors can be broadly classified into two categories: a-macroglobulins and TIMPs.
TIMPs exist in four different types: TIMP-1, -2, -3, and -4. MMP-8, also recognized as neutrophil colla-
genase or collagenase-2, and it is specifically associated with inflammatory diseases. It is released
mostly by neutrophils and by other cell types, including macrophages, fibroblasts, epithelial cells,
plasma cells, T-cells, and chondrocytes [67]. The concentration of MMP-8 is increased in inflammatory
diseases such dental caries, periodontal disease, atherosclerosis, and cancer [68, 69]. MPO, an enzyme
secreted from PMN, is intensely linked to inflammation [70]. It is commonly used as an inflammatory
biomarker for both chronic and acute diseases [71, 72].

5.3. Salivary Enzymes as Biomarkers of Periodontal Diseases

Enzymes are proteins that hasten reactions by particular mechanisms. Approximately all biologi-
cal cell processes require enzymes to emerge at significant rates. Human saliva contains an abundant
supply of enzymes originating from epithelial cells, salivary glands, oral bacteria, GCF, and external
resources such as microorganisms and food. The prominent salivary enzymes include peroxidase, al-
kaline phosphatase, lactate dehydrogenase, and amylase [73].

6. Biomarkers of Periodontitis: Salivary Matrix Mettaloproteinase-8 as an Example

Active MMP-8 that produced by neutrophils is the primary collagenase that causes periodontal
tissue degradation. Healthy sites from those involving gingivitis and periodontitis can be distinguished
by MMP-8 that was sampled from GCF [68, 74]. In patients, increased MMP-8 values in saliva correlate
with clinical signs and symptoms of periodontitis [1, 16, 75]. Increased MMP-8 values are also discov-
ered in the plasma of periodontitis patients [76]. Saliva levels of MMP-8 has shown to be directly asso-
ciated with the severity of the disease, i.e higher level detected in the advance stage of the periodontal
disease than in subjects with early stage of the disease [77].

Successful periodontal treatments, such as scaling and root surface debridement, decrease perio-
dontal clinical parameters and the mean value of MMP-8 in saliva and GCF [68, 78, 79]. Higher levels
of MMP-8 usually can be detected in subjects or sites of disease that would progress in future or do
not respond to the periodontal therapy [77]. MMP-8 is considered a assuring candidate for diagnosing
and anticipating the development of periodontal diseases in saliva [21]. Furthermore, after non-surgical
periodontal therapy, substantial declines in salivary MMP-8 values have been observed, thus, indicat-
ing their probable capability to indicate periodontal disease activity [25]. Additionally, a transferable
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diagnostic hand-held point of care tool calculated significantly elevated MMP-8 values in periodontitis
patients, which were reduced after scaling and root surface debridement [80].

Specifically, increased values of MMP-8 were noticed in areas that did not heal after scaling and
root surface debridement in smokers. At those sites, MMP-8 levels stayed constantly high during the
following visits [78].In areas that remained active, MMP-8 values did not reduce significantly after ther-
apy, in contrast to inactive sites[81]. Individuals with progressive periodontal disease also had greater
baseline MMP-8 concentrations, with MMP-8 activity rising over time in comparison to those with non-
progressive status [38].

It is important to mention that the application of salivary MMP-8 as a diagnostic indicator has
restrictions. Smoking, a main cause of periodontal diseases, is linked with a lower concentration of
salivary MMP-8 [82]. Smokers have lower MMP-8 concentrations in comparison to nonsmokers [83-
85]. Because smokers' salivary MMP-8 levels are lower, it is not possible to use salivary MMP-8 as a
reliable indicator of periodontitis in smokers. Cigarettes has been demonstrated to up-regulate MMP
genes and corresponding proteins in human vascular endothelial cells[86]. In periodontal practice, the
impact of cigarette smoking on the diagnostic usefulness of MMP-8 in saliva can be managed through
the use of different antibodies and the specific ratio-mixing of enzymes and inhibitors. Salivary MMP-
8 concentrations and the ratio of MMP-8 to TIMP-1 have been shown to be useful in differentiating
periodontitis patients from controls [55].

7. Biomarkers of Periodontal Diseases: Cytokines as Example

The bacterial components of dental biofilm are now widely recognized as the key factor in the
initiation and progression of periodontal disease. The pathophysiology and subsequent tissue loss are
happened by the establishment of a persistent host immunological inflammatory response. Cytokines
demonstrate a significant role in this process, mediating the interactions between periodontal tissue
cells and immune cells [61, 87]. The study of cytokines in periodontal research dates back to the 1980s
[88, 89]when IL-1, IL-2, and TNF-a were considered [90].

These experiments demonstrated elevated thymocyte proliferation induced by GCF in inflamed
areas compared to non-inflamed areas, suggesting cytokine activity. However, the exact character of
the mediators continued to be determined [88, 89]. With the introduction of ELISAs, IL-1f3 was the first
cytokine to be specifically assessed in the gingival tissue of patients with periodontal diseases [91].

7.1. Interleukin-1f as Biomarker of Periodontal Diseases

Inflammatory and infectious triggers result in the production of IL-1@, which is crucial for the
development of inflammatory diseases. When exposed to inflammatory triggers such as bacterial lipo-
polysaccharide, its active form induces immunological responses that regulate inflammation, bone re-
sorption, and several cellular processes such as cell proliferation, differentiation, and death. Further-
more, at the region of infection or trauma, IL-13 promotes the recruitment of angiogenesis, phagocytes,
epithelial cell repair, and control of chemokine and cytokine production by other immune cells [92].
Several clinical studies showed the utilization of IL-1f existing in GCF or saliva as a biomarker of per-
iodontal diseases [93-96].

Subjects with periodontitis had considerably higher mean salivary IL-1p values than controls, and
these differences were associated with the disease's clinical parameters related to periodontal diseases
such as PPD, CAL and bone loss. Furthermore, higher risk of periodontal disease (by 45 times) has been
reported in patients with elevated salivary level of MMP-8 and IL-1(3 [97]. Salivary IL-1f3 values were
more abundant in diseased untreated individuals as compared to IL-6 and prostaglandin E2 [98]. These
findings demonstrated a stronger correlation between periodontal diseases and salivary IL-1f3 than any
of the other investigated mediators.

In terms of IL-1('s capacity to forecast bone loss, salivary levels of the biomarker showed a
stronger positive connection with alveolar bone loss than with any other biomarker examined in saliva
[99, 100]. These data support the hypothesis that increased GCF biomarkers of inflammation can help
in identifying patients susceptible to progressive periodontitis. To conclude the disease condition and
response to periodontal treatment, a longitudinal study by Sexton ef al. [25] found that the degree of IL-
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13 in saliva was strongly correlated with the severity of the disease and the response to therapy, sug-
gesting that it might be used to monitor the stages of periodontal disease. Another study demonstrated
that IL-13 GCF values in periodontitis individuals reflect disease severity and response to treatment
[92]. Therefore, IL-1(3 might assist as a powerful biomarker of periodontitis, particularly when used
with other biomarkers.

8. Total Salivary Protein

Total protein is a general measure of all proteins that exist in a solution. It is used to evaluate the
alterations in whole protein secretion in blood or saliva that are linked with disease conditions or to
assess the differences in the ratio of certain proteins to the total protein that are present in various oral
fluids Such as saliva, GCF, and serum exudate or that happen in response to physiological alterations
or disease conditions [101, 102]. Total protein is also occasionally adjusted to standardize concentra-
tions of different proteins in saliva in various samples, as protein concentrations can differ significantly
in response to triggers or changes in saliva flow [29].

In medically compromised individuals whose overall status deteriorates, salivary proteins have
been demonstrated to be elevated. Elderly patients usually have a less-effective immune response com-
pared to younger subjects. In chronic inflammatory diseases, like gingivitis or periodontitis plasma
protein leakage, it can be determined using salivary protein and albumin levels [103].

9. Biomarkers' Limitations in Diagnosing Periodontal Diseases

The complicated nature of periodontal diseases makes it seem difficult to identify a single, highly
sensitive and specific diagnostic biomarker for the purpose of predicting and detecting the disease [21].
Consequently, examining the combination of markers may be beneficial in identifying biomarkers that
predict the disease progression and provide a more accurate assessment of the periodontal status. Not-
withstanding, there is no particular laboratory or clinical test for monitoring patients with periodontal
disease, and only a small number of salivary biomarkers have been included in clinical practice [104].
There was no appropriate marker that led to the main conceptual alterations in the periodontal diag-
nostics field, despite the progression of highly complex tools and approximately 30 years of research
[105].

Despite widespread study, much of it has failed to offer clinicians dependable and practical infor-
mation for progressing diagnosis and treatment plans for periodontal diseases [28]. Furthermore, the
relationship between salivary biomarkers and periodontal disease has been investigated in a number
of cross-sectional investigations. These studies mostly show correlations between biomarkers and the
presence of periodontal disease or the ability of an individual biomarker to distinguish different status
of the disease. This attempt mostly reveals past disease activity rather than the current process [39].
Besides, the review literature covers a little longitudinal study on biomarker levels during disease pro-
gression, while in clinically detecting periodontal disease progression, periodontal clinicians face di-
lemmas. It is clear from the presently obtainable evidence that a dependable clinical method to evaluate
disease progression is not available, which impedes the utilization of biomarkers for prognosis and
assessment of periodontal diseases. Moreover, procedural shortcomings and small sample sizes in
many research studies render it challenging to achieve ultimate conclusions.

As a result, the statistical strength of these studies and their capability to establish any causal link
between the examined markers and periodontal diseases are questioned, influencing both their external
and internal validity [106].

10. Conclusions

Saliva represents the most valuable fluid in the oral cavity that serves as a reflection of the body's
overall health. Salivary indicators can be used to predict systemic or oral diseases. Periodontitis is one
of the destructive diseases that need to be diagnosed and detected at an early stage to prevent further
destruction. For diagnosing periodontal disease in a dental clinic different periodontal parameter, in-
cluding PPD, BOP, CAL, plaque index, and radiographs measuring alveolar bone levels, have been
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used. Since biomarkers are signs of recent disease activity and predictors of upcoming disease initiation
and progression in currently healthy areas, using biomarkers for diagnosing periodontal disease is less
time- consuming and they can be used in clinical practice for detecting oral and periodontal disease.
The microbial biomarkers of P. gingivalis, Aa and T. forsythia are widely used with some promising
results. Biomarkers can identify and quantify periodontal risk through objective measures. There are
many biomarkers in saliva, however, salivary cytokines, enzymes, and inflammatory biomarkers are
the most helpful in periodontal diseases. Amongst the biomarkers examined so far, IL-13 and MP-8 are
the most promising ones to be used for diagnosis and prognosis purposes of periodontal diseases.
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