
77

Vol. 44. No. 2 June 2011

Saliva as a future potential predictor for various periodontal 
diseases 

Zahreni-Hamzah
Laboratory of Biomedic 
Faculty of Dentistry, Jember University
Jember - Indonesia

ABSTRACT 
Background: There are many diagnostic biomarkers have been found in saliva. Saliva contains a wide variety of proteins, including 

bacteria and products, enzymes, inflammatory mediators and host response modifiers, products of tissue breakdown. Purpose: The 
purpose of the study was studied current development of diagnostic biomarkers in saliva that will lead to the development of simple 
and accurate diagnostic tools for periodental disease. Reviews: Specifically, the salivary biomarkers divided for three aspects of 
periodontitis i.e. inflammation, collagen degradation and bone turnover, correlated with clinical features of periodontal disease. 
The diagnostic biomarkers is in saliva, such as enzyme, immunoglobulin, cytokines, bacteria and bacterial products, hormones. For 
the past two decades, oral health researchers have been developing salivary diagnostic tools to monitor oral diseases. Conclusion: 
The indicators of acute periodontitis can detect with ß-glucuronidase and AST, IL-1β, and MMP-8, whereas indicators for chronic 
periodontitis can detect with ALP. The indicators for collagen degradation and bone turnover suggest ICTP, fibronectin fragments, 
and osteonectin. The indicators of severity of periodontitis especially can be predict by B. forsythus.
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ABSTRAK

Latar belakang: Banyak biomarker telah ditemukan dalam saliva. Saliva terdiri dari berbagai protein unik meliputi bakteri dan 
produk bakteri, enzim, mediator inflamasi dan modifikasi respon host (immunoglobulin, sitokin), produk kerusakan jaringan (telopeptida 
kolagen, osteokalsin, proteoglikan, fragmen fibronectin). Tujuan: Mengkaji biomarker dalam saliva untuk pengembangan metode 
diagnostik sederhana dan akurat untuk penyakit periodontal. Tinjauan Pustaka: Secara khusus, biomarker saliva pada periodontitis 
dibagi dalam tiga aspek yaitu inflamasi, dan degradasi kolagen serta pergantian tulang. Biomarker diagnostik dalam saliva, meliputi 
enzim, imunoglobulin, sitokin, bakteri dan produk-produk bakteri, hormon. Selama dua dekade terakhir, para peneliti kesehatan mulut 
telah mengembangkan alat diagnostik melalui saliva yang tepat untuk memonitor beberapa penyakit periodontal. Kesimpulan: Indikator 
periodontitis akut dapat dideteksi dengan β-glucuronidase dan AST, IL-1β,dan MMP-8, whereas indikator untuk periodontitis kronis 
dapat dideteksi dengan ALP. Indikator untuk degradasi kolagen dan penggantian tulang dideteksi melalui ICTP, fibronectin fragments, 
dan osteonectin. Sedang indikator untuk keparahan periodontitis terutama dapat diprediksi melalui B. forsythus. 

Kata kunci: Saliva, biomarker diagnostik, penyakit periodontal 
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Literature Review

INTRODUCTION

Periodontitis is a chronic destructive category of 
periodontal disease that progresses to the resorption of 

alveolar bone, which leads to progressive bone destruction 
and tooth loss. As a consequence of resorption, breakdown 
of products are released into periodontal tissues, migrating 
toward the gingival sulcus and gathering from the 
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surrounding site in whole saliva, where several of them 
have been identified. Several important components of 
saliva that can be used as indicators of periodontal disease 
are microbial factors, host derived enzymes, inflammatory 
mediators and host response modifiers, and products of 
tissue breakdown.1–8

Recently, saliva has been studied as an important 
biological marker for introducing new diagnostic tests that 
can contribute to making the accurate diagnosis to explain 
the pathogenesis of a disease. There was many biomarkers 
of periodontal diseases have found in saliva.2–5 Over the 
last two decades, researchers in the oral health have been 
trying to develop a diagnostic tool to use saliva to monitor 
various periodontal diseases.6,8 The development of salivary 
diagnostic technology currently leads the development 
of diagnostic tools that simply, quickly and accurately 
to facilitate the dentists in making clinical decisions and 
predict the outcome of treatment in the oral cavity, including 
the diseases related to the general health. Considering the 
exchange activity of extra cellular fluid and saliva is high, 
so its allow the compounds that important as an indicators 
of disease associated with general health can be found also 
in saliva.1,8,9 Furthermore, the dentist expected to be the first 
person to recognize the oral disease and the other general 
disease. The salivary biomarkers specific that correlated 
with clinical features of periodontal disease can determine 
by three aspects: inflammation, collagen degradation, and 
bone turnover.3,10

The purpose of the study was to studied current 
development of diagnostic biomarkers in saliva that will 
lead to the development of simple and accurate diagnostic 
tools for periodontal disease. It can use to make clinical 
decisions and predict the outcome of treatment in the oral 
cavity, including diseases related to the general health.

Periodontal inflammation 
Periodontal diseases are further divided into reversible 

and nonreversible categories. Gingivitis is a reversible 
infl ammatory reaction of the marginal gingiva to dental 
plaque biofi lms. Gingivitis is characterized by an initial 
increase in blood fl ow, enhanced vascular permeability, 
and infl ux of cells (polymorphonuclear leukocytes [PMNs] 
and monocyte-macrophages) from the peripheral blood 
into the periodontal connective tissue. Overt soft tissue 
alterations during the state of gingivitis include redness, 
edema, bleeding, and tenderness. Whereas, periodontitis 
is the destructive category of periodontal disease, is 
a nonreversible inflammatory state of the supporting 
structures. After its initiation, the disease progresses with 
the loss of collagen fi bers and attachment to the cemental 
surface, apical migration of the pocket epithelium, 
formation of deepened periodontal pockets, and the 
resorption of alveolar bone.11

Recent studies have indicated that host response 
factors to infl ammation and periodontal diseases includes 
a mixture of molecules from blood, host tissue, plaque 
films, such as electrolytes, small molecules, proteins, 
cytokines, antibodies, bacterial and product bacterial 

antigens and enzymes. The number and various of the 
materials that present in saliva differ in different types 
of periodontal disease. Until now, the number of markers 
analyzed was limited. Edentulous persons and chronic 
periodontitis persons have reduced salivary concentrations 
of host infl ammatory proteins. These fi ndings suggest that 
a reduction in host responsiveness might play a role in the 
pathogenesis of chronic periodontitis.3,10,12

Salivary indicator of periodontal inflammation is 
cytokines. The concentrations of interleukine/IL-1α, IL-6 
and IL-8 were found in whole saliva at signifi cantly higher 
than in major salivary gland secretions. In another study, 
transforming growth factor (TGF)-β, interleukin (IL)-1α 
and tumour necrosis factor (TNF)-α were statistically 
signifi cantly higher in whole saliva compared to parotid 
saliva. Although not statistically signifi cant, IL-8 and IL-6 
also displayed a trend towards higher levels in whole saliva. 
The other study examined the relationship between clinical 
parameters of periodontal disease and the levels of IL-1β, 
matrix metalloproteinase (MMP)-8, and osteoprotegerin 
(OPG) in whole saliva. They reported that the mean levels 
of IL-1β and MMP-8 in saliva were signifi cantly higher 
in periodontitis subjects than in periodontally healthy 
controls. Combined elevated salivary levels of MMP-8 
and IL-1β increased the risk of experiencing periodontal 
disease 45-fold. Among the salivary cytokines (IL-1β, 
IL-6, and TNF-α,), IL-1β was the only biomarker associated 
with periodontitis. They suggest that salivary IL-1β in 
saliva more thoroughly as markers of periodontitis.3,12-17 
OPG is glycoprotein that inhibits osteoclast differentiation 
an activity competitively by preventing osteoclast 
differentiatin factor receptor activator of nuclear factor 
kappa-beta ligand (RANKL) from binding to osteoclast 
precursor and promoting the formation of bone-resorbing 
osteoclast. OPG used as a marker of bone turnover.4,5

Oncostatin M (OSM), a member of the IL-6 family 
of cytokines, is multifunctional unique cytokine that 
plays an important role in various biological systems 
such as infl ammatory response, haematopoiesis, tissue 
remodelling and development.13 In periodontitis, OSM 
alone may stimulate the production of IL-6, or it may 
act synergistically with IL-6 or TNF-α to upregulate the 
production of MMPs or augment IL-6 production. IL-6 
may act on both the osteoblasts and osteoclasts through 
autocrine and paracrine RANKL regulation causing bone 
resorption. OSM as an infl ammatory and bone resorptive 
biomarker of periodontal disease.15

Salivary indicators such as intracellular enzymes are 
increasingly released from the damaged cells of periodontal 
tissues into the gingival crevicular fl uid (GCF) and saliva.2 
The activities several enzymes of periodontal disease such 
as creatine kinase (CK), lactate dehydrogenase (LDH), 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), gamma glutamil transferase (GGT), alkaline 
phosphatase (ALP) and acid phosphatase (ACP) enzymes 
were signifi cantly increased in the saliva of patients with 
periodontal disease when compared to healthy subjects. 
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Meanwhile, other investigators reported that enzymes 
elastase, LDH was the only biomarker associated with 
periodontitis. LDH activity increased proportionally with 
the advance of periodontitis.12,18–21

The other marker of the acute infl ammatory response 
is immunoglobulin. Levels of immunoglobulin G (IgG) 
have been found not to have a consistent association with 
periodontal disease, although subtypes of IgG may be 
found in subjects at higher risk for periodontal disease 
progression. Levels of immunoglobulin have been found 
not to have a consistent association with risk for periodontal 
disease progression.4,5

There are relationship of periodontal parameters to 
the presence of these periodontopathic bacteria. Most 
of bacteria can produce tissue destruction by two ways: 
directly, through invasion of the tissue and production 
of harmful substances that induce cell death and tissue 
necrosis; and indirectly, through activation of inflammatory 
cells that can produce and release mediators that act on 
effector, with potent inflammatory and catabolic activity. 
The pathogenesis of periodontal destruction involves the 
sequential activation of different components of the host 
immune and inflammatory response.22

In chronic gingivitis, Gram-negative bacteria constitute  
± 45% and anaerobic organisms ± 45% of the total 
recoverable subgingival flora. Predominant isolates 
include various species of Actinomyces, Streptococcus, 
Fusobacterium, and Bacteroides, as well as Eikenella 
corrodens and Capnocytophaga gingivalis. Acute 
necrotizing ulcerative gingivitis (ANUG) has been 
associated with high proportions of Bacteroides intermedius 
and Treponema. Advanced adult periodontitis lesions 
are characterized by approximately 75% Gram-negative 
and 90% anaerobic organisms. Common isolates include 
Bacteroides gingivalis, B. intermedius, Actinobacillus 
actinomycetemcomitans, Prevotella intermedia (Pi), 
and Tannerella forsythensis (Tf) and various species of 
Fusobacterium, Wolinella, Capnocytophaga species, 
Campylobacter rectus, and non-pigmenting Bacteroides. 
In recent studies of the analysis microbiota associated with 
identify specific periodontal diseases, identify antibiotic 
susceptibility of infecting organisms colonizing diseases 
sites, and predict diseases activity.2–4,22–26 

Collagen degradation and bone turnover
Initially, tissue degradation is limited to ephitelial cells 

and collagen fibers from the connective tissue. Later on, 
the inflammatory process may reach periodontal supportive 
tissue and leading to bone resorption.27

Collagen degradation products is markers of bone 
turnover in multitude of bone resorptive and metabolic 
diseases. The collagen degradative molecules is in 
periodontal such as pyridoline cross-links (including 
pyridinoline, deoxypyridinoline, N-telopeptides, and 
C-telopeptides). Pyridoline cross-links considered as 
specific biomarkers for bone resorption. The pyridoline 
cross-linked carboxyterminal telopeptide of type I collagen 
(ICTP) have been shown to be correlated with bone 
resorptive rate in several bone metabolic diseases. In a 
cross-sectional study evaluated the markers of bone turnover 
are ICTP, osteocalcin and osteonectin in stimulated whole 
saliva collected from untreated dental patients. Increased 
levels of salivary osteonectin were associated with less 
bone loss.4,5,28–30

DISCUSSION

A biomarker or biologic biomarker is substance that is 
objectively measured and evaluated as indicator of normal 
biologic processes, pathogenic processes, or pharmacologic 
responses to therapeutic intervention.3 Whole saliva is 
important physiologic fluid that contain a highly complex 
mixture of substances, locally and systemically, derived 
markers of periodontal and systemic diseases that easily to 
collected. So, it may offer the basis for a patient-specific 
biomarker assessment for periodontitis and other systemic 
diseases.1

Generally, there are many clinicians reported that 
clinical parameters of periodontal disease, such as probing 
depth and bleeding on probing were limited in their ability 
to predict the activity of periodontal disease. Therefore, 
saliva can be used as a non-invasive diagnostic fluid to 
measure biomarkers released during disease initiation and 
progression (Tabel 1).4–8

Various assays have been used to detect the presence of 
specific periodontal pathogens, such as culture techniques, 
immunoflourescence, and DNA probe technology. Using 
culture techniques requires that a viable bacterial sample be 
obtained from the patient and transferred to the laboratory. 
The sampling technique for these assays is relatively non-
invasive, using either endodontic paper points or a sterile 
curette to obtain bacteria from the subgingival environment, 
include B. forsythus, P. gingivalis, T. denticola, and 
A. actinomycetemcomitans as periodontal pathogen.22–26 
The prevalence of Bacteroides forsythus in severe 
periodontitis patients was reported significantly higher than 

Table 1. Potential predictors of periodontal disease identified from whole saliva3,4

Category mediator Biomarkers

Microbial factors B. forsythus, P. gingivalis, A. actino-mycetemcomitans, Treponema denticola

Host-derived enzyme ALP, AST, elastase

Inflammatory mediators & host response modifier IL-1β; IL-6, TNF-α, MMP-8

Connective tissue breakdown products Collagen telopeptides (ITCP), osteoprotegerin (OPG), osteocalsin, 
osteonectin, fibronectin fragments.
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in those with healthy gingiva or gingivitis. This suggests 
that the presence of Bacteroides forsythus in whole saliva 
are possible to be risk indicators for periodontal disease, 
especially in elderly patients.1,22–26

Evaluating utility of new laboratory-based diagnostic 
methods must present either the sensitivity and specifi city of 
test or as a measure of risk periodontal disease. Sensitivity 
refers to the ability of a diagnostic test to detect the presence 
of the disease. Specifi city refers to the ability of a diagnostic 
test to detect the absence of a disease. Sensitivity and 
specifi city tend to be inversely related. The goal of ideal 
test for periodontal disease that would be able to predict 
which patients will experience attachment loss (“active” 
periodontal disease) in the near future and to predict which 
teeth or which sites will experience attachment loss in the 
near future. In addition to predicting which patients or sites 
are at higher risk of becoming active, diagnostic tests can be 
used to categorize patients into different disease categories; 
ie, aggressive or chronic periodontitis, or response or 
no response to treatment. Besides, it can also be used to 
determine the prognoses of treatment.27 In addition, an ideal 
periodontal diagnostic test would have to be economically 
feasible and easy to use.

Analysis of the host responses to periodontal disease 
for diagnostic purposes has involved the quantifi cation of 
specifi c host-derived molecules within gingival crevicular 
fl uid, serum, or saliva. In whole saliva, AST, ALT, GGT, 
LDH, CK, ALP, ACP are intra cellular enzymes that have 
enzymatic activity refl ect metabolic changes in the gingiva 
and periodontium infl amation.1 Those enzyme used to 
measure a death cell. The elevation of AST levels was 
associated with a 9 to 16 times greater risk of experiencing 
active periodontal tissue destruction. Whereas, ALP shown a 
remarkably increased activity in acute phase of periodontal 
disease, and restored to the value in healthy person.18,19 

The other site, elastase found in the lysosomal granules of 
polymorphonuclear leukocytes (PMNs). also elevated in 
patients with active periodontal disease.9,18–21

ALP is a membrane-bound glycoprotein produced by 
many cells, such as PMNs leukocytes during infl ammation, 
osteoblasts, macrophages, and periodontal ligament 
fibroblasts, during bone formation and periodontal 
regeneration respectively, within the area of the periodontium 
and gingival crevice. The ALP activity was found highest 
in osteoblasts, moderate in periodontal ligament (PDL) 
fi broblasts, and lowest in gingival fi broblasts. The enzyme 
ALP plays a role in bone metabolism and bone mineralization 
by releasing an organic phosphate that contributes to the 
deposition of calcium phosphate complexes into the 
osteoid matrix. ALP might also promote mineralization by 
hydrolyzing inorganic pyrophosphate, a potent inhibitor 
of hydroxyapatite crystal formation and dissolution, 
within the extra cellular calcifying matrix vesicles. In the 
periodontium, ALP is very important enzyme as it is part of 
normal turnover of periodontal ligament, root cementum, 
and maintenance of bone homeostasis. Some studies have 

shown a remarkably increased activity of ALP in the 
acute and chronic phase of periodontal disease, and after 
the periodontal and orthodontic therapy. The periodontal 
destruction such as alveolar bone loss, periodontal pockets, 
gingival bleeding and suppuration are related to higher 
ALP and AST levels in saliva. AST is a tissue destruction 
biomarker released from necrotic cells in GCF, is associated 
with periodontitis severity. 8,18–21

Cytokines are molecules that modulate the function of 
a wide variety of cells and are involved in regulating the 
immune and infl ammatory response. Pro-infl ammatory 
cytokine with the most promise for diagnostic testing is 
known as IL-1β, IL-6 and TNF-α. IL-1β and TNF-α are 
is produced by a wide variety of cell types (macrophages, 
fibroblasts, keratinocytes, and PMNs leucocytes), but 
the primary producer of IL-1β in the gingival tissues is 
the macrophage.4,5,13–17 IL-1β has a number of biologic 
effects, including initiating the acute phase response to 
infection. However, in the periodontium, it likely functions 
to mediate connective tissue destruction and osteoclastic 
bone resorption. Levels of IL-1β have been found to be 
consistently associated with the severity of periodontal 
disease.23 The acute infl ammatory response in periodontal 
disease is MMPs. It released by inflammatory cells, 
polymorphonuclear leukocytes and osteoclasts, leading to 
the degradation of connective tissue collagen and alveolar 
bone that have also been shown to aid in the diagnosis of 
periodontal disease. The MMP-8 in GCF is very effective 
in evaluating the outcome of periodontal treatment. Salivary 
levels of IL-1β, MMP-8, OPG, and MIP-1α refl ected disease 
severity and response to therapy suggesting their potential 
utility for monitoring periodontal disease status.13–17 

OPG used as a marker of bone turnover.3–5,17

It can be concluded that the indicators of acute periodontitis 
can detect with β-glucuronidase and AST, IL-1β, and MMP-8, 
whereas indicators for chronic periodontitis can detect with 
ALP. The indicators for collagen degradation and bone turnover 
suggest ICTP, fibronectin fragments, and osteonectin. The 
indicators of severity of periodontitis especially can be predict by 
B. forsythus.
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