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Abstract:
Periodontitis is chronic inflammatory conditions of the tissues that surround and support the

teeth and is initiated by inappropriate and excessive immune responses to bacteria in
subgingival dental plaque leading to loss of the integrity of the periodontium, compromised
tooth function, and eventually tooth loss. Traditional clinical measurements such as probing
pocket depth, bleeding on probing, clinical attachment loss; plaque index and radiographs
used for periodontal diagnosis are often of limited usefulness as they are indicators of
previous periodontal destruction rather than predict patient susceptibility, disease activity, and
response to treatment. Studies of the immunopathogenesis of periodontitis and analysis of
mediators in saliva have allowed the identification of many potentially useful biomarkers.
Based on the evidence, it can be concluded that several sensitive salivary indicators of
periodontitis are available to detect the presence, severity and response to treatment. Further
studies are warranted to analyze the sensitivity and reliability of these indicators that might
help in developing non-invasive tests that could help in the diagnosis of periodontal disease in

chair-side or as home-test.
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Introduction

Periodontitis is a chronic  infectious consuming and expensive to treat and,
disease = of  multifactorial  nature therefore, prevention, early detection,
characterized by the irreversible and management of extent of the
destruction of collagen fibres and disease are critical issues. Also,
other matrix  constituents of the periodontitis patients have significantly
gingiva, periodontal ligament poorer physical, psychological, and
and alveolar bone around the teeth in social oral-health-related quality of life
conjunction with the formation of measures as compared to periodontal
periodontal  pockets due to the healthy individuals (2).

apical migration of the junctional As the number of implant placements is
epithelium (2). Consequently, rapidly increasing, the potential occurrence
periodontitis often results in loose teeth, of implant failure as a result of peri-
pain, and impaired mastication and is a implantitis is consequently also expected to
common cause of tooth loss. increase.  Long-term  maintenance  of
Furthermore, periodontitis is time- osseointegration depends on  the
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preservation of healthy soft and hard
tissues surrounding oral implants (3, 4, 5).

Periodontitis is initiated by dental plaque
biofilms triggering an altered host response
leading to soft tissue inflammation and
alveolar bone loss (6). Etiologic bacteria of
periodontal  diseases typically include
gram-negative anaerobic bacteria: among
those, Porphyromonas gingivalis,
Prevotella  intermedia, Tannerella
forsythensis (formerly Bacteroides
forsythus), and Treponema denticola are
strictly anaerobic and Aggregatibacter
(formerly Actinobacillus)
actinomycetemcomitans and
Campylobacter  rectus  are facultative
/microaerobic (7). The presence of these
bacteria has been shown to be a useful
indicator of active disease and of increased
risk of gingival attachment loss (8). It
is recognized that the severity of
periodontal disease is dependent on a
dynamic  equilibrium  of interactions
between the microbial challenge and host
immuno-inflammatory responses (1). Oral
bacteria induce inflammation by activating
host cells to produce pro-inflammatory
mediators, which in turn promote
connective tissue and alveolar bone
destruction. Components of microbial
plaque, especially lipopolysaccharide and
other  soluble products, stimulate
lymphocytes, macrophages and neutrophils
to secrete a wide range of proinflammatory
components, for example interleukin-1 beta
(IL-1 B), tumor necrosis factor alpha (TNF-
a), prostaglandin E2 (PGE2), and IL-6 (9).

A periodontal diagnostic tool provides
relevant  information  for  differential
diagnosis, localization of disease, and
severity of infection. These diagnostics, in
turn, serve as a basis for planning treatment
and provide a means for assessing the
effectiveness of periodontal therapy. They
include probing pocket depths, bleeding on
probing, clinical attachment levels, plaque
index, and radiographs that quantify
alveolar bone levels (10). These measures

provide information primarily about disease
severity, and are not useful measures of
disease activity. It has long been realized
that a rapid and simple diagnostic test that
can provide a reliable evaluation of
periodontal disease and identify patients at
risk for active disease would be of value to
both clinicians and patients (11). Saliva is
an optimal biological fluid to serve as the
diagnostic tool for periodontitis (12).

Advantages of saliva over GCF
sampling

The saliva  collection is simple, non-
invasive and painless, so it is considered
to be useful for the screening tests for
periodontitis, and a means of monitoring
the response to treatment. The majority of
research reports have used gingival
crevicular fluid (GCF) as sampling
method. However, sampling of GCF is
time consuming and only reflects
periodontal inflammation at each specific
site sampled (1, 12,13).

Saliva: secretion,

composition and functions
Saliva is a clinically informative, biological
fluid (biofluid) that is useful for novel
approaches to prognosis, laboratory or
clinical diagnosis, and monitoring and
management of patients with both oral and
systemic diseases (14). Saliva’’ is a generic
term. The fluid sample can be considered
as whole saliva, it originates mainly from
three salivary glands: parotid,
submandibular and sublingual. Minor
salivary glands (bucal, labial, palatal,
palate glossal, lingual) located in the oral
cavity, gingival crevicular fluid with
bacteria, epithelial cells, erythrocytes,
leukocytes and food debris can contribute
in small volume to the formation of what is
designated as “oral fluid” or “whole
saliva”. In this review we will adopt the
term “saliva” to designate the whole oral
fluid present in the mouth (Fig.1). Each
salivary gland secretes a characteristic type
of saliva, with different ionic and protein
characteristics. The glandular secretory

components,
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contribution varies depending on its
stimulatory  status i.e., unstimulated:
submandibular ~ 65%, parotid gland ~
20%, sublingual ~ 5% and minor glands ~
10%; artificially stimulated: parotid gland

> 50%, submandibular ~ 35%, sublingual
Sallvary glands

Water

Proteins

Electrolytes

Small organic molecules

Microbliota
Oral bacteria
(enzymes and
bacterial products)
Viruses
Fungi

Whole
Saliva

£\

Lining cells
Epithelial keratins

Fig.1 Components of whole saliva (11).

Saliva is mainly composed of water (98%),
and other compounds (2%) are electrolytes,
glycoproteins, antibacterial compounds, and
various enzymes. This unique biological
fluid has multiple functions, such as rinsing,
solubilisation of food substances, food and
bacterial clearance, lubrication of soft

Table 1. The major functions of saliva

Other fiulds
Bronchial and nasal secretions

and the minor mucous glands ~ 7-8% each.
In resting conditions, an individual secretes
approximately 0.1 to 0.3 mL/min, reaching
a maximum of 7 mL/min when artificially
stimulated (4,15).

Blood and blood derivatives
Intraora! bleeding (serum and cells)
Gingival crevicular fluid

(GCF; serum exudate
and inflammatory celis)

<4—— Extrinsic substances
Food debris
Toothpaste and

mouthrinse components

tissues, bolus formation, dilution of detritus,
swallowing, speech and facilitation of
mastication, all of which are related to its
fluid characteristics and specific
components. In addition, saliva components
contribute to mucosal coating, digestion and
antibacterial defence (Table 1) (16).

Functions

Salivary components involved

1. Protective functions
Lubrication

Antimicrobial

mucins, proline-rich glycoproteins, water

salivary proteins: lysozyme, lactoferin, lactoperoxidase, mucins,

cystatins, histatins, secretory IgA; proline-rich glycoproteins

Mucosal integrity
Lavage/cleansing water
Buffering

Remineralisation

mucins, electrolytes, water

bicarbonate, phosphate ions, proteins

calcium, phosphate, statherin, anionic proline-rich proteins

2. Food and speech related functions

Food preparation water, mucins
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Digestion
Taste water, gustin
Speech water, mucins

amylases, lipase, ribonuclease, proteases, water, mucins

Adapted from FDI working group 10, Core (1992), and Fox (1989)(11).

Collection of Saliva

Whole saliva is most frequently studied
because its collection is easy, non-invasive
and rapid to obtain without the need for
specialized equipment. It can also be
collected with or without stimulation.
Unstimulated whole saliva is commonly
collected by the “draining' method where
the subject's head is tilted forward so that
saliva moves towards the anterior region of
the mouth and the pooled saliva is drooled
into a wide-bore sterile vessel (Fig. 2).
Stimulated whole saliva is generally

Salivary Biomarkers

Biomarkers have been defined as “cellular,
biochemical, molecular, or genetic
alterations by which a normal, abnormal, or
simply biologic process can be recognized
or monitored ” Biomarkers must be
indicative  of  physiological  health,
pathological processes, and/or response to
therapy. Also, biomarkers must be
discriminatory, robust, and validated in
clinical studies. However, although a
number of potential biomarkers are under
investigation for diagnosis of oral and
systemic diseases, a suitable marker for the
detailed investigation of periodontal disease
remains to be fully characterised (2, 19) .

Biomarkers of disease in succession play
an important role in life sciences and have
begun to as a greater role in diagnosis,

obtained by masticatory action (i.e., from a
subject chewing on paraffin) or by
gustatory stimulation (i.e., use of citric acid
or sour candy drops on the subjects tongue)
and is expectorated into a tube. Stimulated
whole saliva is less suitable for diagnostic
applications because the foreign substances
used to stimulate saliva tend to modulate
the fluid pH and generally stimulate the
water phase of saliva secretion, resulting in
a dilution in the concentration of proteins
of interest (17).

Fig. 2. Strategy for oral fluid sampling and analysis
with a rapid point-of-care or lab-on-a-chip device
for the generation of a periodontal disease
biomarker report (18).

monitoring and therapy outcomes and drug
discovery. The challenge for biomarkers is
to allow earlier detection of disease
evolution and more robust therapy efficacy
measurements (20).

For the past two decades, saliva has been
increasingly evaluated as a diagnostic fluid
for detecting breast cancer (21), oral cancer
(22), caries risk (23), salivary gland
diseases (24), periodontitis (25), and
systemic disorders such as hepatitis C and
the presence of human immunodeficiency
virus (HIV) (26). It may reflect levels of
therapeutic, hormonal, and immunologic
molecules and can yield diagnostic markers
for infectious and neoplastic diseases.
Various mediators of chronic inflammation
and tissue destruction have been detected
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in whole saliva of patient with oral diseases
(27). Also saliva is a preferred source to
assess the levels of cotinine as it correlates
well with that of serum (28). The salivary
test has been used for a wide variety of

Salivary Biomarkers of

Periodontal diseases

Whilst clinical and radiographic evaluation
of periodontal disease remains the basis for
patient’s evaluation, analysis of saliva, a
fluid that contains local and systemically-
derived markers of periodontal disease,

Salivary markers that have been studied
for periodontal diagnosis include proteins
of host origin (i.e., enzymes and
immunoglobulins), phenotypic markers,
host cells, hormones, bacteria  and
bacterial products, ions and volatile
compounds(13). Since major periodontal
bacteria are commonly found in adults, a
combination of pathogenic bacteria in

saliva may represent a marker for
disease (30). New strategies that
combine  microbial identification with

host response or tissue breakdown factors
using discriminant analysis may better
improve the ability of microbial analysis to

It used to detect blood-
salivary genetic

forensic studies.
group substances or
proteins (14).

may offer the basis for a patient-specific
diagnostic test for periodontitis / peri-
implantitis (1). A panel of optimal
biomarkers must be carefully selected
based on the pathogenesis of periodontitis

(Fig. 3) (12).

Fig. 3. Schematic overview of the pathogenic processes in
periodontal disease. Initial events are triggered by
lipopolysaccharide (LPS) from gram-negative bacteria on
the tooth root surfaces. As a first line of defense,
polymorphonuclear leukocytes (PMNS) are recruited to the
site. Monocytes and activated macrophages respond to
endotoxin by releasing cytokines [tumor necrosis factor-
alpha (TNF-a) and interleukin-1 beta (IL-1B)] which
stimulate further tissue destruction. Matrix
metalloproteinases (MMPs), powerful collagen destroying
enzymes, are produced by fibroblasts and PMNs. TNF-a,
IL-1p and receptor activator of NF-kB ligand (RANKL) are
elevated in active sites and mediate osteoclastogenesis and
bone breakdown. Bone-specific markers such as
pyridinoline crosslinked carboxyterminal telopeptide of
type | collagen (ICTP) are released into the surrounding
area and transported by way of gingival crevice fluid
(GCF) into the pocket and serve as potential biomarkers for
periodontal disease detection (29, 18).

predict future periodontal disease around
teeth and dental implants (3). Ideal
biomarkers of periodontitis must be able
to: (1) diagnose the presence of
periodontal disease, (2) reflect the severity
of the disease (3) monitor the response of
the disease to treatment, and (4) predict the
prognosis/progress of the disease. A
number of biomarkers that satisfy at least
one of the four requirements have been
identified in saliva (Tables2-5). Salivary
biomarkers of periodontal disease can
originate from both bacteria and the host
(12).
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Possible Salivary Biomarker (Tables2-5)

TABLE 2 | Bacteria-derived salivary biomarkers (12)

Salivary biomarkers References
DNA Porphyromonasgingivalis (31-36)
Prevotella intermedia (31-36)
Tannerella forsythia (32-35)
Treponema denticola (34, 35)
Campylobacter rectus (31, 34,35)
pseudomonasaeruginosa 37)
+ Acinetobacter spp.
Peptostreptococcus micros (31)
Fusobacterium nucleatum (33)
Aggregatibacter (31, 33)
Actinomycetecommitans
Proteins Dipeptidyl peptidase (38)
TABLE 3| Host-derived salivary biomarkers
associated with inflammation.
Salivary biomarkers References
Proteins IL-18 (39-50)
MIP-1q (44, 50)
Arginase (35, 52,53)
soluble CD14 (54, 55)
IFN-y and IFN-y/IL-22ratio (56)
Lactoferrin (57-59)
Dipeptidyl peptidase (38)
Chemerin (60)
Procalcitonin (61)
Calprotectin (34)
Myeloperoxidase (62)
1L-18 (63)
TLR4 (63)
B-glucuronidase (47,64)
CRP (41, 65, 66)
IL-6 (40, 55, 67)
IL-8 (50)
TNFa (68)
Metabolite Nitric oxide (69-73)
8-hydroxydeoxyguanosine (74-79)
Platelet activating factor (80)
Neopterin (81)
©-3(docosapentaenoate) (82)
and o-6(linoleate and
arachidonate) fattyacids
TABLE 4 | Host-derived salivary biomarkers
associated with soft tissue destruction.
Salivary biomarkers References
Protein MMP-8 (34, 39, 41, 46, 48, 67, 83-86)
HGF (87-90)
Aspartate aminotransferase (63, 91-93)
Lactate dehydrogenase (91, 93-95)
MMP-9 (34, 85, 96)
TIMP-2 (62)
Alanine aminotransferase (63, 91)
TIMP-1 (84, 96)
Metabolites Purine degradation metabolites (82)
(e.g., guanosine and inosine)
Dipeptide, amino acid, 97)
carbohydrate, lipids, and
nucleotide metabolites
TABLE 5| Host-derived salivary biomarkers
associated with hard tissue destruction.
Salivary biomarkers References
Protein Alkaline phosphatase (92, 95, 98)
Osteonectin (88, 99)
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RANKL (100)

Osteoprotegerin (34,101)
Metabolites Calcium (102)

Pyridinoline cross-linked (84)

carboxyterminal
telopeptide of type |

collagen
Also, there are substantial confirmatory sectional studies and an assessment of the
studies for only a limited number of these possible role of these proteins as
candidate biomarkers; therefore few such biomarkers for periodontitis are presented
biomarkers can be described as “robust.” in Figure 4&5 (2).

Salivary mediators analysed in these cross-

Salivary proteins

IL 1B sCD14 IL-6 TNF-a
LDH MIP-10(CCL3) IL-4, -13, -17 IL-2, -3, -10,
AST IL-6 Procalcitonin GM-CSF -12
HGF C3 CXCLS8 (IL-8) OPG
MMP-8,8 ALP/ALT Calprotectin ICTP
TIMP MMP-2 RANKL
Elastase Osteonectin
B- glucuronidase Osteocalcin
Glutathione CRP/ MMP-1, -3, -14 C4
peroxidase STLR2
CTX -1/NTX -1/ICTP
Cystatin
Lysozyme
Robust Potential Uncertain Unlikely

Biomarkers of periodontitis?

Figure 4: The possible role of salivary proteins as biomarkers of periodontitis. “Robust” biomarkers are defined
as those salivary proteins which have been shown to discriminate between periodontitis and oral health in at least
3 cross-sectional studies (with comparatively little or no published evidence to the contrary) and for which there
may be supporting evidence from longitudinal studies investigating the natural course of periodontitis and/or the
effects of treatment on biomarker levels. “Potential” biomarkers are identified using identical criteria to “robust”
biomarkers with the exception that there are 2 replicated cross-sectional studies showing disease discrimination
in addition to possible supporting evidence from longitudinal studies but for which there may be limited
contradictory studies. It is accepted that the entries in the “robust” and “potential” categories may be
interchangeable depending on the existence of further studies which remain unpublished for commercial reasons.
“Uncertain” biomarkers are proteins for which there are only single studies showing discrimination of
periodontitis or for which there are several studies from which the evidence is contradictory. “Unlikely”
biomarkers are those proteins for which there are 3 or more studies which fail to provide evidence for an
association with periodontitis in the absence of any evidence to the contrary (2).
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Figure 5. Mediator levels of six putative biomarkers of periodontal disease in whole expectorated saliva
analyzed by enzyme immunosorbent assays and Luminex®© technology
Bars denote mean levels in 35 healthy and 18 periodontitis patients. Severity of periodontitis was
categorized based on increasing clinical disease severity (i.e., H < PD-1 < PD-2 < PD-3) using frequency
of sites with bleeding on probing, pocket depths of at least 5 mm and clinical attachment levels of at least
2 mm.

Vol.13 No.1 Year 2019 Aada7



www.ljmr.com.ly

ISSN:2413-6069

ISSN: 2312-5365P

*Significantly greater than H and PD-1.

1Significantly greater than other categories at least at p <0.01.

§Significantly less than other categories at least at p < 0.01

using Kruskal-Wallis ANOVA on ranks with post-hoc Dunn's test for pairwise comparisons.

CRP: C-reactive protein; H: Healthy; L:
Osteoprotegerin; PD: Periodontitis (17).

The future of the diagnosis of
periodontal diseases:-

Common aims in periodontal research on
salivary diagnostics are to find markers
that could be used, preferably as chair-
side tests, for example, to determine the
activity of periodontitis or the results of
periodontal treatment, or to a lesser extent
to detect periodontitis in field studies
(104). Saliva is an optimal biological fluid
to serve as a near-patient diagnostic tool
for periodontitis. Recent developments in
point-of-care (POC) testing indicate that a
diagnostic test for periodontitis using
saliva is now technically feasible (12). A
self-administered home test that serves as
a screening tool for periodontal diseases
could play an important role in making
individuals aware of the fact that a
pathological process is occurring in their
oral cavities and that a visit to a provider
of dental services should be prioritized
(Figure 6). An analogy to such screening
test for periodontal diseases would be
home pregnancy tests, where females who
show positive results are encouraged to

Luminex; MMP: Matrix metalloproteinase; OPG:

visit their physicians to confirm their
pregnant statuses and receive appropriate
care thereafter. In the case of periodontal
diseases, saliva serves as an attractive
vehicle on which a screening test could be
conducted. Saliva is in close proximity
with sites that are present with gingival
and periodontal inflammation; therefore, it
contains biological markers associated
with these diseases. Moreover, saliva is an
abundant fluid that is easy to collect and
store, making it a convenient medium for
conducting a high sensitivity screening
test for periodontal diseases (105). Based
upon the potential value of saliva as a
non-invasive screening tool for oral
disease(s), this study focused on the
quantification of a group of analytes that
may act as biomarkers for periodontitis
and aid in the development of
personalized approaches for periodontal
risk assessment. Movement toward an era
of personalized medicine and
individualized  clinical decisions in
periodontology  requires  significant
improvement in our ability to define risk
and predict disease progression (106).

Figure 6. Lab Now analyzer and Nano-Biochip

(A) Analyzer, by contrast to the actual production configuration, is shown here
with transparent outer covering to allow inner features to be viewed. (B) A
representation of the multiple biochip functions performed within the credit-card-
sized Nano-Biochip, which serve to eliminate constraints imposed by traditional

laboratory-confined methods (17).

Conclusion:
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1- Analysis of saliva may offer a cost-
effective approach to assessment of  3- Use of saliva as a quick, easy and
periodontal  disease in large reliable method of assessing and
populations. monitoring periodontal disease will

. ) ) provide important diagnostic
2- Detection of analytes in saliva shows gf8tmation that improves and speeds

promise for enhancing the abilityyeloment decisions and moves the field
diagnose  periodontal  disease  at (W& o individualized point-of-care
chair/side. diagnostics.

References

. Tobo'n - Arroyave, S. 1., Jaramillo - Gonza'lez, P.E. & Isaza-Guzma'n, D. M.
(2008). Correlation between salivary IL-1B levelsand periodontal Clinical status.
Archives of Oral Biology 53, 346-352.

. John J. Taylor. (2014). Protein Biomarkers of Periodontitis in Saliva. ISRN Inflammation
Volume 2014, Article ID 593151, 18 pages.

. Taba, M. Jr., Kinney, J., Kim, A. S. & Giannobile, W. V. (2005). Diagnostic biomarkers
for oral and periodontal diseases. Dental Clinics of North America 49, 551-571.

. Lazaro Alessandro Soares Nunes, Sayeeda Mussavira, Omana Sukumaran Bindhu. (2015).
Clinical and diagnostic utility of saliva as a non-invasive diagnostic fluid: a systematic
review. Biochemia Medica 25(2):177-92

. William V. Giannobile, Thomas Beikler, Janet S. Kinney, Christoph A. Ramseier, Thiago
Morelli & David T. Wong. (2009). Saliva as a diagnostic tool for periodontal disease:
current state and future directions. Periodontology 2000 50, 52—64.

. Ramseier, C. A., Kinney, J.S., Herr, A. E., Braun, T., Sugai, J. V., Shelburne, C. A.,
Rayburn, L. A., Tran, H. M., Singh, A. K. & Giannobile, W. V. (2009). Identification
of pathogen and host-response markers correlated with periodontal disease Journal of
Periodontology 80, 436-446.

. Ko"no'nen, E.,Paju, S.,Pussinen, P. J., Hyvo'nen, M., Di Tella, P., Suominen-Taipale, L.
& Knuuttila, M.  (2007). Population-based study of  salivary carriage of
periodontal pathogens in adults. Journal of Clinical Microbiology 45, 2446-2451.

. Ready, D., D’Aiuto, F., Spratt, D. A., Suvan, J., Tonetti, M. S. & Wilson, M. (2008).
Disease  severity associated with  presence in  subgingival plaque of
Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, and Tannerella
forsythia, singly or in combination, as detected by nested multiplex PCR. Journal of
Clinical Microbiology 46, 3380-3383.

. Ng, P. Y., Donley, M., Hausmann, E., Hutson, A. D., Rossomando, E. F. & Scannapieco,
F. A. (2007). Candidate salivary biomarkers associated with alveolar bone loss: cross-
sectional and in vitro studies. FEMS Immunology & Medical Microbiology 49, 252-260.

Vol.13 No.1 Year 2019 iaia9



www.ljmr.com.ly ISSN:2413-6069 ISSN: 2312-5365P

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kinney, J. S., Ramseier, C. A. & Giannobile, W. V. (2007). Oral fluid-based
biomarkers of alveolar bone loss in periodontitis.  Annals of the New York Academy of
Sciences 1098, 230-251.

Ji S and Choi Y. (2015). Point-of-care diagnosis of periodontitis using saliva: technically
feasible but still a challenge. Front. Cell. Infect. Micro biol. 5:65. doi:
10.3389/fcimb.2015.00065

Ozmeric, N. (2004). Advances in periodontal disease markers. Clinica Chimica Acta 343,
1-16.

Daniel Malamud, Ph D and Isaac R. Rodriguez-Chavez, PhD. (2011). Saliva as a
Diagnostic Fluid. Dent Clin North Am. 55(1): 159-178. doi:10.1016/j.cden.2010.08.004.

Anna Maria Heikkinen, Pdivi Méantyla, Jussi Leppilahti, Nilminie Rathnayake, Jukka
Meurman and Timo Sorsa. (2015). Oral Fluid Biomarkers in Smoking Periodontitis
Patients and Systemic Inflammation. http://dx.doi.org/10.5772/59813.

Craig S Miller, Joseph D Foley, Alison L Bailey, Charles L Campell, Roger L Humphries,
Nicolaos Christodoulides, Pierre N Floriano, Glennon Simmons, Bryon Bhagwandin,
James W Jacobson, Spencer W Redding, Jeffrey L Ebersole, and John T McDevitt.( 2010).
Current developments in salivary diagnostics. Biomark Med. 4, 171-189.

B. J. Baum, J. R. Yates 3rd., S. Srivastava, D. T. Wong, and J. E. Melvin. (2011).
Scientific frontiers: emerging technologies for salivary diagnostics. Advances in dental
research. 23, 360— 368.

Li Y, St John MA, Zhou X, Kim Y, Sinha U, Jordan RCK, et al. (2004). Salivary
transcriptome diagnostics for oral cancer detection. Clinical Cancer Research. 10, 8442-50.

Balwant R, Sammi K, Rajnish J, Suresh CA. (2008). Biomarkers of periodontitis in oral
fluid. Journal of Oral Sciences. 50, 53-56.

Chamarthi Surya, Devulapally Narasimha Swamy, Swarna Chakrapani, Surapaneni Sunil
Kumar (2012). Chairside quantitative immunochromatographic evaluation of salivary
cotinine and its correlation with chronic periodontitis. Journal of Indian Society of
Periodontology. 16, 508-512.

Paju, S., Pussinen, P. J., Suominen-Taipale, L., Hyvo'nen, M., Knuuttila, M. & Ko"'no nen,
E. (2009). Detection of multiple pathogenic species in saliva is associated with
periodontal infections in adults. Journal of Clinical Microbiology. 47, 235-238.

Vol.13 No.1 Year 2019 iaial0



www.ljmr.com.ly ISSN:2413-6069 ISSN: 2312-5365P

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Ramseier, C.A., Kinney, J.S., Herr, A.E., Braun, T., Sugai, J.V., Shelburne, C.A,,
etal.(2009). Identification of pathogen and host-response markers correlated with
periodontal disease. J.Periodontol. 80, 436-446.

Nomura, Y., Shimada, Y., Hanada, N., Numabe, Y., Kamoi, K., Sato, T., etal. (2012).
Salivary biomarkers for predicting the progression of chronic periodontitis. Arch. Oral
Biol. 57, 413-420.

Souto, R., Silva-Boghossian, C.M., and Colombo, A.P. (2014). Prevalence of
Pseudomonas aeruginosa and Acinetobacter spp. in subgingival biofilm and saliva of
subjects with chronic periodontal infection. Braz. J. Microbiol. 45, 495-501.

Aemaimanan, P., Sattayasai, N., Wara-aswapati, N., Pitiphat, W., Suwannarong, W.,
Prajaneh, S., etal. (2009). Alanine aminopeptidase and dipeptidylpeptidase 1V in saliva of
chronic periodontitis patients. J.Periodontol. 80, 1809-1814.

Ng, P.Y., Donley, M., Hausmann, E., Hutson, A.D., Rossomando, E. F., and Scannapieco,
F.A. (2007). Candidate salivary biomarkers associated with alveolar bone loss: cross-
sectional and invitro studies. FEMS Immunol. Med. Microbiol. 49,252—260.

Scannapieco, F.A., Ng, P., Hovey, K.,Hausmann, E., Hutson, A., and Wactawski- Wende,
J. (2007). Salivary biomarkers associated with alveolar bone loss. Ann. N.Y.Acad.Sci.
1098, 496-497.

Fine, D.H., Markowitz, K., Furgang, D., Fairlie, K., Ferrandiz, J., Nasri, C., etal. (2009).
Macrophage inflammatory protein-lalpha: a salivary biomarker of bone loss in
alongitudinal cohort study of children at risk for aggressive periodontal disease?
J.Periodontol. 80, 106-113.

Yoon, A.J., Cheng, B., Philipone, E., Turner, R., and Lamster, I. B. (2012). Inflammatory
biomarkers in saliva: assessing the strength of association of diabetes mellitus and
periodontal status with the oral inflammatory burden. J. Clin. Periodontol. 39, 434-440.

Rathnayake, N., Akerman, S., Klinge, B., Lundegren, N., Jansson, H., Tryselius, Y., etal.
(2013). Salivary biomarkers of oral health: across-sectional study. J.Clin. Periodontol. 40,
140-147.

Ebersole, J.L., Schuster, J.L., Stevens, J., Dawson, D.IIl., Kryscio, R.J., Lin,
Y.,etal.(2013). Patterns of salivary analytes provide diagnostic capacity for distinguishing
chronic adult periodontitis from health. J. Clin. Immunol. 33, 271-279.

Fine, D.H., Markowitz, K., Fairlie, K., Tischio-Bereski, D., Ferrandiz, J., Godboley, D.,
etal. (2014). Macrophage inflammatory protein-1a shows predictive value as a risk marker
for subjects and sites vulnerable to bone loss in a longitudinal model of aggressive
periodontitis. PLo SONE 5:e98541.

Vol.13 No.1 Year 2019 “aaall



www.ljmr.com.ly ISSN:2413-6069 ISSN: 2312-5365P

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Al-Sabbagh, M., Alladah, A., Lin, Y., Kryscio, R.J., Thomas, M.V., Ebersole, J.L., etal.
(2012). Bone remodeling-associated salivary biomarker MIP-1a. distinguishes periodontal
disease from health. J.PeriodontalRes. 47, 389-395.

Isaza-Guzman, D.M., Aristizdbal-Cardona, D., Martinez-Pabon, M.C.,Velasquez-
Echeverri, H., and Tobdn-Arroyave, S.I. (2008). Estimation of sCD14 levels in saliva
obtained from patients with various periodontal conditions. Oral Dis. 14, 450-456.

Prakasam, S., and Srinivasan, M. (2014). Evaluation of salivary biomarker profiles
following non-surgical management of chronic periodontitis. Oral Dis. 20, 171-177.

Jentsch,H.,Sievert,Y.,andGdcke,R.(2004).Lactoferrin and other markers from gingival
crevicular fluid and saliva before and after periodontal treatment. J.Clin.Periodontol. 31,
511-514.

Glimvall, P., Wickstrém, C.,andJansson,H.(2012). Elevated levels of salivary lactoferrin, a
marker for chronic periodontitis? J.PeriodontalRes. 47, 655-660.

Ozcan, E.,Saygun,N.I.,Serdar, M.A.,and Kurt,N.(2015). Evaluation of the salivary levels of
visfatin, chemerin, and progranulinin periodontal inflammation. Clin.Oral Investig.
19,921-928.

Hendek, M.K., Erdemir, E.O.,andKisa,U.(2015). Evaluation of salivary procalcitonin
levels in different periodontal diseases. J. Periodontol. 86, 820-826.

Meschiari, C.A., Marcaccini, A.M., Santos Moura, B.C., Zuardi, L.R., Tanus- Santos, J.E.,
and Gerlach, R.F. (2013). Salivary MMPs, TIMPs, and MPO levels in periodontal disease
patients and controls. Clin.Chim.Acta. 5, 140-146.

Costa, P.P., Trevisan, G.L., Macedo, G.O., Palioto, D.B., Souza, S.L., Grisi, M.F., etal.
(2010). Salivary interleukin-6, matrix metalloproteinase-8, and osteoprotegerin in patients
with periodontitis and diabetes. J. Periodontol. 81, 384-391.

Reher, V.G., Zendbio, E.G., Costa, F.O., Reher, P., and Soares, R.V. (2007). Nitric oxide
levels in saliva increase with severity of chronic periodontitis. J. Oral Sci. 49, 271-276.

Khorsavi Samani, M., Poorsattar Bejeh Mir, A., Kashiri, M., and Gujeq, D. (2012).
Introducing cut-points for salivary nitric oxide to distinguish periodontitis from the normal
periodontium. Minerva Stomatol. 61, 443-448.

Han, D.H., Kim, M.S., Shin, H.S., Park, K.P., and Kim, H.D. (2013). Association between
periodontitis and salivary nitric oxide metabolites among community elderly Koreans. J.
Periodontol. 84, 776-784.

Vol.13 No.1 Year 2019 “aial2



www.ljmr.com.ly ISSN:2413-6069 ISSN: 2312-5365P

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Takane, M., Sugano, N., Ezawa, T., Uchiyama, T., and Ito, K. (2005). A marker of
oxidative stress in saliva: association with periodontally-involved teeth of a hopeless
prognosis. J. Oral Sci. 47, 53-57.

Canakei, C.F., Canakci, V., Tatar, A., Eltas, A., Sezer, U., Cicek, Y., etal. (2009a).
Increased salivary level of 8-hydroxy deoxyguanosine is a marker of premature oxidative
mitochondrial DNA damage in gingival tissue of patients with periodontitis. Arch.
Immunol. Ther. Exp. 57, 205-211.

Canakgi, C.F., Cicek, Y., Yildirim, A., Sezer, U., and Canakci, V. (2009b). Increased
levels of 8-hydroxydeoxy guanosine and malondial dehydeandits relationship with
antioxidant enzymes in saliva of periodontitis patients. Eur. J. Dent. 3, 100-106.

Barnes, V.M., Kennedy, A.D., Panagakos, F., Devizio, W., Trivedi, H.M., Jonsson, T.,
etal. (2014). Global metabolomics analysis of human saliva and plasma from healthy and
diabetic subjects, with and without periodontal disease. PLo SONE 18:e105181.

Gursoy, U.K., Konoénen, E., Pradhan-Palikhe, P., Tervahartiala, T., Pussinen, P.
J.,Suominen-Taipale,L.,etal.(2010).Salivary MMP-8, TIMP-1, and ICTP as markers of
advanced periodontitis. J. Clin. Periodontol. 37, 487-493.

Gursoy, U.K., Kdnonen, E., Huumonen, S., Tervahartiala, T., Pussinen, P.J., Suominen,
A.L., etal. (2013). Salivary type | collagen degradation end-products and related matrix
metalloproteinases in periodontitis. J.Clin. Periodontol. 40, 18-25.

Scannapieco, F.A., Ng, P., Hovey, K., Hausmann, E., Hutson, A., and Wactawski- Wende,
J. (2007). Salivary biomarkers associated with alveolar bone loss. Ann. N. Y. Acad. Sci.
1098, 496-497.

Rudrakshi, C., Srinivas, N., and Mehta, D.S. (2011). A comparative evaluation of
hepatocyte growth factor levels in gingival crevicular fluid and saliva and its correlation
with clinical parameters in patients with and without chronic periodontitis: a clinico-
biochemical study. J. Indian Soc. Periodontol. 15, 147-151.

Lonn, J., Johansson, C.S., Nakka, S., Palm, E., Bengtsson, T., Nayeri, F., etal. (2014). High
concentration but low activity of hepatocyte growth factor in periodontitis. J. Periodontol.
85, 113-122.

Totan, A., Greabu, M., Totan, C., and Spinu, T. (2006). Salivary aspartate amino
transferase, alanine amino transferase and alkaline phosphatase: possible markers in
periodontal diseases? Clin. Chem. Lab. Med. 44,612-615.

Nomura, Y., Shimada, Y., Hanada, N., Numabe, Y., Kamoi, K., Sato, T., etal. (2012).
Salivary biomarkers for predicting the progression of chronic periodontitis. Arch.Oral Biol.
57, 413-420.

Vol.13 No.1 Year 2019 “aial3



www.ljmr.com.ly ISSN:2413-6069 ISSN: 2312-5365P

55.

56.

S7.

58.

59.

60.

61.

62.

Kugahara, T., Shosenji, Y., and Ohashi, K. (2008). Screening for periodontitis in pregnant
women with salivary enzymes. J. Obstet. Gynaecol. Res. 34, 40-46.

Barnes,V.M., Ciancio, S.G., Shibly, O., Xu, T., Devizio, W., Trivedi, H. M., etal. (2011).
Metabolomics reveals elevated macro molecular degradation in periodontal disease. J.
Dent. Res. 90, 1293-1297.

Dabra, S., and Singh, P. (2012). Evaluating the levels of salivary alkaline and acid
phosphatase activities as biochemical markers for periodontal disease: acaseseries.
Dent.Res.J. 9,41-45.

Buduneli, N., Biyikoglu, B., Sherrabeh, S., and Lappin, D.F. (2008). Saliva concentrations
of RANKL and osteoprotegerin in smoker versus non-smoker chronic periodontitis
patients. J.Clin.Periodontol. 35,846-852.

Acharya, A., Kharadi, M.D., Dhavale, R., Deshmukh, V.L., and Sontakke, A. N. (2011).
High salivary calcium level associated with periodontal disease in Indian subjects—
apilotstudy. Oral Health Prev. Dent. 9,195-200.

Gursoy UK, Ko'no'nen E, Uitto V-J, Pussinen PJ, Hyva'rinen K, Suominen-Taipale
L, Knuuttila M. (2009). Salivary interleukin-1p concentration and presence of multiple
pathogens in periodontitis. J Clin Periodontol. 36, 922-927.

Jeffrey J. Kim1, Christine J. Kim1, and Paulo M. Camargo. (2013). Salivary biomarkers in
the diagnosis of periodontal diseases. J Cali f Dent Assoc. 41, 119-124.

Ebersole JL, Nagarajan R, Akers D and Miller CS. (2015). Targeted salivary biomarkers
for discrimination of periodontal health and disease(s). Front. Cell. Infect. Microbiol. 5:62.
doi: 10.3389/fcimb.2015.00062

Vol.13 No.1 Year 2019 iaial4



