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In periodontics and implant dentistry, traditional clinical criteria are often insufficient for 

determining sites of active disease, for monitoring quantitatively the response to therapy or 

for measuring the degree of susceptibility to future disease progression. Saliva as a mirror of 

oral and systemic health is a valuable source for clinically relevant information because it 

contains biomarkers specific for the unique physiological aspects of periodontal / peri-

implant disease, and qualitative changes in the composition of these biomarkers could have 

diagnostic value by identifying patients with enhanced disease susceptibility, identifying 

sites with active disease, predicting sites that will have active disease in the future and / or 

serving as surrogate end points for monitoring the effectiveness of therapy. Although the 

diagnostic value of saliva has been recognized for some time (50, 51) and potential 

biomarkers of periodontal / peri-implant disease have been identified in saliva (39, 67, 74), 

most work carried out to date has failed to provide reliable aids to the clinician. However, 

the availability of more sophisticated analytic techniques give cause for optimism that saliva 

will eventually become the tool needed for more precise treatment planning.

Periodontal disease: background

Periodontal disease is a chronic disease of the oral cavity comprising a group of 

inflammatory conditions affecting the supporting structures of the dentition (3). The impact 

of dental plaque biofilms on the etiology of periodontal diseases has been studied in detail. 

However, it is the paradoxical impact of the susceptible host’s inflammatory response to the 

microbial challenge that ultimately leads to the destruction of periodontal tissues and 

subsequent tooth loss (60).

Periodontitis, the destructive category of periodontal disease, is a chronic nonreversible 

inflammatory state of the supporting structures. After its initiation, the disease progresses 

with the loss of collagen fibers and attachment to the root surface, apical migration of the 

pocket epithelium, formation of deepened periodontal pockets and the resorption of alveolar 

bone. If left untreated, the disease continues with progressive alveolar bone destruction, 

leading to increased tooth mobility and subsequent tooth loss (58).

Regarding the aforementioned microbiological challenge, an estimated 600 different bacteria 

are capable of colonizing the human mouth, with any individual typically harboring 150 to 

200 of these species. Inherent virulence factors from these pathogenic species enable the 

bacteria to (i) colonize on the tooth surface and in the gingival sulcus, and (ii) cause tissue 

damage to the periodontal tissue by producing potent substances that subsequently trigger 

the host inflammatory response (45).
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Periodontal / peri-implant diseases

Chronic periodontitis is the most prevalent form of destructive periodontal disease. From 

1988 to 1994 approximately half of US adults (30 years and older) were found to have 

chronic periodontitis. Further breakdown of these findings indicated that 31% of the US 

population exhibited mild forms of periodontitis, 13% displayed periodontitis of moderate 

severity and 4% suffered from advanced periodontitis (2).

Approximately 800,000 dental implants are currently being placed each year in the USA 

alone. The yearly growth rate for implant dentistry is steadily increasing and reached, in the 

USA, a rate of 25% in 2006 (53). Long-term maintenance of osseointegration depends on 

the preservation of healthy soft and hard tissues surrounding oral implants. Unfortunately, 

regardless of the system types, implants may fail because of biological complications 

leading to peri-implantitis and risk variables that influence the occurrence of the disease (10, 

18). Although prevalence data regarding peri-implantitis are controversial (7, 64–66), recent 

independent studies found that the condition affects at least 8.9%of patients (17) and that 

after 10 years in use peri-implant lesions adjacent to titanium implants represent a common 

clinical entity (66). As the number of implant placements is rapidly increasing, the potential 

occurrence of implant failure as a result of peri-implantitis is consequently also expected to 

increase.

Assessing the prognosis of periodontal / peri-implant diseases

Planning therapy is probably the most critical and difficult step in the treatment of patients 

with periodontal / peri-implant disease (41). The clinician must decide which teeth / implant 

to retain, which treatment strategy to follow and how to maintain or restore a functional and 

esthetically pleasing dentition. For making such decisions, it is pivotal to assess the 

prognosis of each tooth / implant in order to choose the treatment modality with the greatest 

probability of success (8). Assessing the prognosis of each tooth / implant is an integral part 

of the periodontal practice because it directly influences treatment planning. However, there 

is limited direct evidence in the literature regarding the assignment of periodontal / peri-

implant prognosis (41) because patients are not equally at risk and teeth / implants are 

variably affected within the mouth (23). The reasons for this may lie in the multifactorial 

and not yet completely understood pathogenesis of both disease entities. The most 

compelling evidence indicates that periodontitis / peri-implantitis is not a typical infectious 

disease, but an inflammatory disease that is triggered by host immune responses to 

colonization with pathogenic periodontal microorganisms organized in biofilms and often 

modified by exogenous factors such as smoking (13). Intervening between the colonization 

and the affected hard and soft tissues is a dense mononuclear inflammatory infiltrate 

containing all cellular components, including T and B lymphocytes, which are necessary to 

control immunological interactive networks (5, 9, 19, 32, 77). However, it is still unclear 

how the variability in the progression rate of periodontal / peri-implant diseases can be 

linked to those factors. The emergence of new technologies to study the genomics, 

proteomics and metabolomics of the host and the pathogen will certainly increase the 

understanding of periodontal / peri-implant diseases, eventually resulting in the development 

of risk-assessment tools for better prediction of disease events. This is urgently needed 
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because underestimating or overestimating the actual prognosis of a tooth / implant may 

result in both increased and unnecessary costs. For example, if the prognosis is 

underestimated, a tooth that could have been retained with a high probability by treating the 

existing disease and / or condition, may be extracted. The procedures required to replace the 

extracted tooth often cost more than treatment of the tooth’s problem. On the other hand, 

overestimating the prognosis of a tooth may lead to rendering treatment to a tooth with a low 

probability of survival. If the tooth is lost some time after treatment, further therapies 

become necessary, resulting in additional costs. A more accurate system of determining the 

prognosis (prior to periodontal / implant therapy and during supportive periodontal / implant 

therapy) would allow a more specific allocation of expenditure, thus improving the 

appropriateness and quality of dental care by minimizing under-utilization and over-

utilization of therapeutic options.

Prospective periodontal / peri-implant healthcare

Today the greatest expenditure on periodontal / peri-implant diseases is focused on late 

disease stages that occur long after the initial pathological changes take place. As a result of 

increasing costs to treat periodontal / peri-implant disease, there is a need to implement an 

approach similar to that known as prospective healthcare in the medical field in order to 

reduce such costs. Prospective healthcare is a new approach that incorporates all the power 

of current disease-oriented medicine but is based on the concept of strategic health planning, 

a pro-active, prospective approach to care. In this system, individuals are evaluated to 

determine their baseline risk for a specific disease, their current health status and their 

likelihood of developing specific clinical problems given their risks (71–73). As mentioned 

before, allocation of resources to prevent periodontitis / peri-implantitis would be optimized 

and may help to reduce costs if diagnostic information would assist in identifying 

susceptible patients. In an interesting study by Higashi et al. (31), genetic testing for the 

interleukin-1 genotype was assessed for cost-effectiveness by using a disease-simulation 

model and by using decision analytic techniques over a 30-year time frame. Using different 

modelling scenarios, the genetic test produced results ranging from cost savings of $830,140 

and 52.8 fewer cases of severe periodontitis to increased costs of $300,430 and 3.6 

additional cases of severe periodontitis (per 1,000 patients). Irrespective of these conflicting 

results and the current controversial scientific discussion about the clinical value of testing 

for the interleukin-1 genoytype, the results suggest that the use of a susceptibility test could 

indeed result in significant savings in periodontal therapy (31). However, parallel to the 

identification of susceptible patients, more specific prevention / treatment strategies for high-

risk and low-risk patients (e.g. immunomodulation or specific adjunctive antimicrobial 

strategies) need to be developed. Otherwise an obvious cost–benefit advantage of identifying 

susceptible patients cannot be expected. Saliva as a diagnostic and / or prognostic tool can 

improve and ease treatment planning in periodontics and implant dentistry, thus resulting in 

more predictable treatment outcomes and cost savings.

Early disease detection and evaluation of periodontal therapy

A periodontal diagnostic tool, in general, provides pertinent information for differential 

diagnosis, localization of disease and severity of infection. It serves as a basis for treatment 
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planning and provides a means for assessing the effectiveness of periodontal therapy. 

Current clinical diagnostic parameters that were introduced more than half a century ago 

continue to function as the basic model for periodontal diagnosis in current clinical practice. 

They include various parameters such as probing pocket depths, bleeding on probing, 

clinical attachment levels, plaque index and radiographs quantifying alveolar bone levels (4). 

Albeit easy to use, cost-effective and relatively noninvasive, clinical attachment loss 

evaluation using the periodontal probe measures damage from past episodes of destruction 

and requires a 2– 3 mm threshold change before a site with significant breakdown can be 

identified. The use of subtraction radiography offers a means to detect minute changes in 

alveolar bone calcium content. These measures, however, are rarely seen in current dental 

clinical practice. Moreover, they lack the capacity to identify highly susceptible patients who 

are at risk for disease progression (22).

Need for a periodontal diagnostic indicator

The diagnosis of active phases of periodontal disease and the identification of patients at risk 

for active disease are challenges for clinical investigators and practitioners alike. 

Researchers are confronted with the need for innovative diagnostic tests that focus on the 

early recognition of the microbial challenge to the host. Optimal innovative approaches 

would correctly determine the presence of current disease activity, predict sites vulnerable 

for future breakdown and assess the response to periodontal interventions. A new paradigm 

for periodontal diagnosis would ultimately improve the clinical management of periodontal 

patients.

Salivary markers of periodontal diseases

Researchers involved in periodontal disease diagnostics are currently investigating the 

possible use of oral fluids, such as saliva, for disease assessment (49). Secretions from the 

major salivary glands (parotid, submandibular and sublingual), which have a large number 

of proteins and peptides, are responsible for maintaining the integrity of the oral cavity 

(Table 1). Also, because of its importance in oral biofilm formation and host defense, 

secreted saliva may have a significant role in the establishment and progression of 

periodontal disease.

Saliva (oral fluid) is a mirror of the body. It could be used to monitor the general health and 

the onset of specific diseases. Biomarkers, whether produced by normal healthy individuals 

or by individuals affected by specific systemic diseases, are tell-tale molecules that could be 

used to monitor health status, disease onset, treatment response and outcome. Informative 

biomarkers can further serve as early sentinels of disease, and this has been considered as 

the most promising alternative to classic environmental epidemiology (12).

Markers affecting the dental biofilm

Specific markers—Immunoglobulins (Ig) are important specific defense factors of saliva. 

Of the different classes of immunoglobulins, IgA, IgG and IgM influence the oral microbiota 

by interfering with the adherence of bacteria or by inhibiting bacterial metabolism, with IgA 

being the predominant immunoglobulin in this respect. Patients with periodontal disease are 
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shown to have higher salivary concentrations of IgA, IgG and IgM specific to periodontal 

pathogens compared with healthy patients (68). Additionally, the levels of these 

immunoglobulins in saliva are greatly reduced after periodontal treatment (63). As a 

consequence, the screening of saliva, especially for IgA, has been previously discussed as a 

useful, noninvasive technique to identify individuals who have the potential to develop 

periodontal disease or those who are currently responding to a periodontopathogenic 

infection (51).

Nonspecific markers—Mucins are glycoproteins produced by submandibular and 

sublingual salivary glands and numerous minor salivary glands. The physiological functions 

of the mucins (MG1 and MG2) are cytoprotection, lubrication, protection against 

dehydration and maintenance of viscoelasticity in secretions. The mucin, MG2, affects the 

aggregation and adherence of bacteria and is known to interact with Aggregatibacter 
actinomycetemcomitans, and a decreased concentration of MG2 in saliva may increase 

colonization with this periodontopathogen (24).

Lysozyme is an antimicrobial enzyme with the ability to cleave chemical bonds in the 

bacterial cell wall. It can lyse some bacterial species by hydrolyzing glycosidic linkages in 

the cell wall peptidoglycan. It may also cause lysis of bacterial cells by interacting with 

monovalent anions and with proteases found in saliva. This combination leads to 

destabilization of the cell membrane, probably as a result of the activation and deregulation 

of endogenous bacterial autolysins. Patients with low levels of lysozyme in saliva are more 

susceptible to plaque accumulation, which is considered a risk factor for periodontal disease 

(38).

Lactoferrin is an iron-binding glycoprotein produced by salivary glands, which inhibits 

microbial growth by sequestering iron from the environment, thus depriving bacteria of this 

essential element. Lactoferrin is strongly up-regulated in mucosal secretions during gingival 

inflammation and is detected at a high concentration in saliva of patients with periodontal 

disease compared with healthy patients (25).

Histatin is a salivary protein with antimicrobial properties and is secreted from parotid and 

submandibular glands. It neutralizes the endotoxic lipopolysaccharides located in the 

membrane of gram-negative bacteria. Histatin is also an inhibitor of host and bacterial 

enzymes involved in the destruction of the periodontium. In addition to its antimicrobial 

activities, histatin is involved in the inhibition of the release of histamine from mast cells, 

affecting their role in oral inflammation (26, 28).

Peroxidase is a salivary enzyme produced by acinar cells in the salivary glands. This enzyme 

removes toxic hydrogen peroxide produced by oral microorganisms and reduces acid 

production in the dental biofilm, thereby decreasing plaque accumulation and the 

establishment of gingivitis and caries. Patients with periodontal disease have demonstrated 

high levels of this enzyme in saliva (27).
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Systemic markers related to periodontal infection

C-reactive protein is a systemic marker released during the acute phase of an inflammatory 

response. C-reactive protein is produced by the liver and is stimulated by circulating 

cytokines, such as tumor necrosis factor-a and interleukin-1, from local and / or systemic 

inflammation such as periodontal inflammation. Circulating C-reactive protein may reach 

saliva via gingival crevicular fluid or the salivary glands (Fig. 1). High levels of C-reactive 

protein have been associated with chronic and aggressive periodontal diseases and with other 

inflammatory biomarkers (15). Studies have demonstrated that periodontal patients display 

elevated concentrations of serum C-reactive protein when compared with healthy individuals 

(78). C-reactive protein has recently been shown to be measurable in saliva from periodontal 

patients using a ‘lab-on-a-chip’ method (14).

Markers of periodontal disease from whole saliva

Significance of gingival crevicular fluid—Easily collected and containing local and 

systemic-derived biomarkers of periodontal disease, oral fluids may offer the basis for 

patient-specific diagnostic tests for periodontal disease. Gingival crevicular fluid is both a 

physiological fluid as well as an inflammatory exudate, originating from the gingival plexus 

of blood vessels in the gingival corium, subjacent to the epithelium lining of the 

dentogingival space. As gingival crevicular fluid traverses through inflamed periodontal 

tissues en route to the sulcus, biological molecular markers are gathered from the 

surrounding areas and are subsequently eluted into whole saliva. Gingival crevicular fluid 

sampling methods have been shown to capture inflammatory and connective tissue 

breakdown mediators accurately. To date, more than 90 different components in gingival 

crevicular fluid have been evaluated for periodontal diagnosis (47). Of the numerous 

constituents in gingival crevicular fluid, however, the vast majority constitute soft-tissue 

inflammatory events, while only a few are regarded as specific biomarkers of alveolar bone 

destruction (39).

Markers of periodontal soft tissue inflammation

During the initiation of an inflammatory response in the periodontal connective tissue, 

numerous cytokines, such as prostaglandin E2, interleukin-1beta, interleukin-6 and tumor 

necrosis factor-alpha are released from cells of the junctional epithelia and from connective 

tissue fibroblasts, macrophages and polymorphonuclear leukocytes (Fig. 2). Subsequently, 

enzymes such as matrix metalloproteinase (MMP)-8, MMP-9 and MMP-13 are produced by 

polymorphonuclear leukocytes and osteoclasts, leading to the degradation of connective 

tissue collagen and alveolar bone. During the inflammatory process, intercellular products 

are synthesized, released and diffuse towards the gingival sulcus or periodontal pocket.

Prostglandins are arachidonic acid metabolites composed of 10 classes, of which D, E, F, G, 

H and I are of main importance. Of this group, prostaglandin E2 is one of the most 

extensively studied mediators of periodontal disease activity. During the host defense 

response to bacterial lipopolysaccharide, monocytes, polymorphonuclear leukocytes, 

macrophages and other cells release interleukin-1, tumor necrosis factor and prostaglandin 

E2. Prostaglandin E2 acts as a potent vasodilator and increases capillary permeability, which 
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elicits clinical signs of redness and edema. Prostaglandin E2 also stimulates fibroblasts and 

osteoclasts to increase the production of MMPs (1).

Markers of alveolar bone loss

Many different biomarkers associated with bone formation, resorption and turnover, such as 

alkaline phosphatase, osteocalcin, osteonectin and collagen telopeptidases, have been 

evaluated in gingival crevicular fluid and saliva (39). These mediators are associated with 

local bone metabolism (in the case of periodontitis) as well as with systemic conditions 

(such as osteoporosis or metastatic bone cancers).

Matrix metalloproteinases are host proteinases responsible for both tissue degradation and 

remodeling. During progressive periodontal breakdown, gingival and periodontal ligament 

collagens are cleaved by host cell-derived interstitial collagenases. MMP-8 is the most 

prevalent MMP found in diseased periodontal tissue and gingival crevicular fluid. Elevated 

MMP-8 levels in active disease progression were observed in a longitudinal study of patients 

with gingivitis and with nonprogressive and progressive periodontitis (11, 54). Recently, the 

level of MMP-8 was demonstrated to be highly elevated in saliva from patients with 

periodontal disease using a rapid point-of-care microfluidic device (30). The MMP-8 level is 

also elevated in peri-implant sulcular fluid from peri-implantitis lesions (40). Collectively, 

these results show promise for the use of MMP-8 as a biomarker in the active phase of peri-

implant disease. Longitudinal studies are required to evaluate MMP-8, either alone or in 

conjunction with other molecular biomarkers, to predict the risk of future disease occurrence 

and to monitor treatment interventions.

Gelatinase (MMP-9), another member of the collagenase family, is produced by neutrophils 

and degrades collagen intercellular ground substance. In a longitudinal study patients were 

asked to rinse and expectorate, providing subject-based instead of site-based gingival 

crevicular fluid samples (78). When analyzed, a twofold increase in mean MMP-9 levels 

was reported in patients with progressive attachment loss. Given these results, future use of 

MMP-9 in oral fluid diagnostics may serve as a guide in periodontal treatment monitoring.

Collagenase-3, referred to as MMP-13, is another collagenolytic MMP with an exceptionally 

wide substrate specificity. MMP-13 has also been implicated in peri-implantitis. It was 

concluded that elevated levels of both MMP-13 and MMP-8 correlated with irreversible 

perio-implant vertical bone loss around loosening dental implants (48). In the future, 

MMP-13 may be useful for diagnosing and monitoring the course of periodontal disease as 

well as for tracking the efficacy of therapy (29).

Given the specificity and sensitivity for bone resorption, pyridinoline cross-links, such as 

pyridinoline cross-linked carboxyterminal telopeptide of type I collagen represent a 

potentially valuable diagnostic aid for periodontal disease. Several investigations have 

explored the ability of pyridinoline cross-links to detect bone resorption in periodontitis and 

peri-implantitis, as well as in response to periodontal therapy (20, 59, 76). In brief, these 

studies assessing the role of gingival crevicular fluid carboxyterminal telopeptide of type I 

collagen levels as a diagnostic marker of periodontal disease activity have produced 

promising results to date. Carboxyterminal telopeptide of type I collagen has been shown to 
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be a promising predictor of both future alveolar bone and attachment loss. Furthermore, the 

levels of carboxyterminal telopeptide of type I collagen were strongly correlated with 

clinical parameters and putative periodontal pathogens, and demonstrated significant 

reductions after periodontal therapy. Controlled human longitudinal trials are needed to 

establish fully the role of salivary carboxyterminal telopeptide of type I collagen as a 

predictor of periodontal tissue destruction, disease activity and response to therapy in 

periodontal patients.

Elevated serum osteocalcin levels have been found during periods of rapid bone turnover, 

such as in osteoporosis and multiple myeloma and during fracture repair. Therefore, studies 

have investigated the relationship between gingival crevicular fluid osteocalcin levels and 

periodontal disease. When a combination of the biochemical markers osteocalcin, 

collagenase, prostaglandin E2, alpha-2 macroglobulin, elastase and alkaline phosphatase was 

evaluated, increased diagnostic sensitivity and specificity values of 80 and 91%, 

respectively, were reported (55).

Osteopontin is a single-chain polypeptide with a molecular weight of approximately 32,600. 

In bone matrix, osteopontin is highly concentrated at sites where osteoclasts are attached to 

the underlying mineral surface (i.e. the clear zone attachment areas of the plasma 

membrane). Results from periodontal studies indicated that osteopontin concentrations in 

gingival crevicular fluid increased proportionally with the progression of disease; and when 

nonsurgical periodontal treatment was provided, the osteopontin levels in gingival crevicular 

fluid were significantly reduced. Although additional long-term prospective studies are 

needed, at this point osteopontin appears to hold promise as a possible salivary biomarker of 

periodontal disease progression (70).

Emerging salivary diagnostic tools for periodontal disease detection and 

therapeutic efficacy monitoring

There are compelling reasons to use saliva as diagnostic fluid to monitor the onset and 

progression of periodontal diseases. In the past 5 years, through a series of initiatives by the 

National Institute of Dental and Craniofacial Research, the use of saliva for translational and 

clinical application has emerged at the forefront. Most relevant to periodontal diseases are 

the emerging toolboxes of the salivary proteome and the salivary transcriptome for early 

detection, disease progression and therapeutic monitoring. Using these emerging 

technologies, we have shown that salivary proteins and RNAs can be used to detect oral 

cancer (36, 44) and Sjögren’s syndrome (34). The stage is now poised to use these 

technologies for translational and clinical applications in periodontal diseases.

Salivary proteome: human salivary proteome project

Human salivary proteome analysis is important for understanding oral health and disease 

pathogenesis. Three research groups were funded by the National Institute of Dental and 

Craniofacial Research / National Institutes of Health to decipher comprehensively the human 

salivary proteome. Significant progress has been made in cataloguing human saliva proteins 

and exploring their post-translational modifications. By using both two-dimensional gel 
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electrophoresis / mass spectrometry and ‘shotgun’ proteomics approaches, we identified 309 

distinct proteins in human whole saliva (33). In addition, after 3 years of collective 

identification and cataloguing of the salivary proteome by the three National Institute of 

Dental and Craniofacial Research-support salivary proteome projects, the first complete 

profile of the salivary secretory proteome has been completed (16). Collectively, 1,166 

salivary proteins have been identified: 914 from the parotid fluid and 917 from the combined 

submandibular and sublingual fluids (16). The University of California at Los Angeles is the 

data-centralization site, harboring the entire database of the human salivary proteome known 

as the ‘Salivary Proteome Knowledge Base’ (http://www.skb.ucla.edu). Fig. 3 is a genome-

wide view of the distribution of the parotid and combined submandibular and sublingual 

fluid proteomes.

Salivary transcriptome

We have found that RNA molecules elevated in oral cancer tissues are also elevated in saliva, 

which prompted us to examine the scope and complexity of RNA present in human saliva 

(42, 44). High-density oligonucleotide microarrays (Affymetrix HG U133A) were used to 

profile salivary mRNA and revealed that there are ~3,000 human mRNAs in the cell-free 

saliva supernatant of healthy subjects. Of particular interest is that there is a normal saliva 

transcriptome core signature of 185 mRNAs that is present in all normal subjects, providing 

the rationale to use the salivary transcriptome for disease detection.

The presence of human mRNA in saliva may seem surprising. However, we have shown that 

endogenous mRNA is protected from immediate degradation in a similar manner as cell-free 

RNA in plasma (56, 61). The utilization of cell-free RNA has been widely accepted. Two 

recent studies demonstrated that fetal cell-free RNA crossed the placenta and was detected in 

maternal serum. The first study involved the noninvasive determination of fetal aneuploidies 

from maternal plasma (46). The second study was a gene-expression microarray 

investigation of maternal and fetal whole blood that identified fetal mRNA markers in 

maternal blood that are independent of gender or polymorphism (52).

Other research groups, particularly from forensic sciences, are focusing on multiplex mRNA 

profiling for the identification of body fluids, including saliva (6, 57). Most recently a Dutch 

forensic group was able to perform a gene-expression profile on saliva stains from crime 

scenes, leading to the identification of five saliva RNA markers (SPRR3, SPRR1A, KRT4, 

KRT6A and KRT13), stable for up to 180 days, which can be used for the identification of 

blood and saliva stains in forensic practice (81). Of importance is that these five saliva RNA 

markers selected for forensic applications are all in the normal saliva transcriptome core of 

185 mRNAs, substantiating and independently validating our data. Lastly, Shaw and co-

workers have identified a biomarker, amylase, which is highly correlated with sleep drive. 

Importantly, both salivary amylase activity and mRNA levels are also responsive to extended 

waking in humans (69). These studies provide firm support for our work by showing that 

mRNA can be extracted from human saliva and used to develop standard tests.

We have recently advanced the ability to harness the salivary transcriptome to the exon level, 

increasing the diagnostic resolution of the salivary transcriptome by about sevenfold, from 

185 to 851 diagnostic units (37). This enhanced capability increased the clinical utility of 
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this diagnostic alphabet as it provides increased resolution to stratify the patient population, 

therapeutic responsiveness and disease recurrences.

Using the salivary proteome and transcriptome as diagnostic toolboxes, we have recently 

discovered highly clinical discriminatory panels of salivary proteins and mRNAs for 

detecting oral cancer (35, 36, 43, 44) and Sjögren’s syndrome (34). It is envisioned that this 

proteome-wide saliva tool can be used to identify markers for early detection, disease 

progression and therapy monitoring of patients with periodontal disease.

Clinical applications

Rapid point-of-care diagnostics for periodontal disease

Periodontal surveillance and disease diagnosis will greatly advance over the coming years 

via the use of rapid point-of-care oral diagnostics. The drug-discovery process has been an 

excellent catalyst to link together novel therapeutics to emerging diagnostic disease 

biomarkers. This connection in biomedicine has led to the development of prototype rapid, 

accurate and ‘real-time’ assessment of multiple diseases, including periodontal disease. 

Novel technologies such as ‘lab-on-a-chip’ and microfluidic devices have the potential to 

manage complex oral fluids such as saliva and gingival crevicular fluid, and to provide a 

determination of a patient’s periodontal disease-risk profile, current disease ‘activity’ and 

response to therapeutic interventions. This approach should accelerate clinical decision-

making and monitoring of episodic disease progression in a chronic infectious disease such 

as periodontitis (21).

The use of optimized point-of-care devices for periodontal surveillance will probably require 

less training and fewer resources than current diagnostic tests, could lead to better utilization 

of skilled clinicians for simpler and less intensive treatment and may result in a more cost-

effective healthcare delivery (Fig. 4). The portable, easy-to-use diagnostic tools will allow 

patients to be screened for periodontal disease in settings other than the dental practice, such 

as at a physician’s office or in the home, allowing patients to be screened for early disease 

detection and directed for possible treatment. Periodontal oral diagnostic devices will also 

enable screening of large populations (especially the underserved communities and resource-

poor areas) around the globe more quickly and effectively than the current inefficient 

screening approaches. The potential to sample various populations will help to identify at-

risk groups more effectively and increase access to treatment for those most at need, 

improving public health (80).

While the future of periodontal disease diagnosis using salivary diagnostics looks promising, 

obstacles to these approaches may appear in the clinical setting. Validation of novel 

periodontal diagnostics will need to be benchmarked with existing ‘gold standards’ of 

disease, such as alveolar bone levels and clinical attachment levels, in large patient 

populations. Acceptance by dentists and treatment clinicians is also necessary and may 

prove difficult. The dental community is not familiar with mass screening of populations for 

oral and systemic diseases. If more efficient periodontal therapy can be delivered, clinicians 

will be more likely to utilize new diagnostic approaches. Procedural reimbursement is also 

another issue that needs to be addressed. A greater emphasis must be placed on clinician 
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education in diagnostics, disease-risk and disease prevention through the public health sector 

before diagnostics will be integrated into routine clinical periodontal practice (75).

Although challenges remain ahead, the use of saliva-based oral fluid diagnostics appear 

promising for future application to diagnose periodontal diseases and to prognosticate 

periodontal treatment outcomes.
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Fig. 1. 
Schematic overview of the stimulation of CRP (C-reactive protein) in the liver by 

periodontal pathogens and its subsequent release into GCF (gingival crevice fluid) and 

whole saliva respectively. Reprinted with permission (62).
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Fig. 2. 
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-α) and interleukin-1 beta (IL-1β)] which stimulate 

further tissue destruction. Matrix metalloproteinases (MMPs), powerful collagen destroying 

enzymes, are produced by fibroblasts and PMNs. TNF-α, IL-1β and receptor activator of 

NF-kB ligand (RANKL) are elevated in active sites and mediate osteoclastogenesis and bone 
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breakdown. Bone-specific markers such as pyridinoline cross-linked carboxyterminal 

telopeptide of type I 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. Reprinted with permission (62).
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Fig. 3. 
Genome-wide view of the distribution of the salivary proteome (parotid and submandibular / 

sublingual). Note there is no salivary protein expressed by the Y chromosome.
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Fig. 4. 
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. Reprinted with 

permission (62).
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Table 1

Major salivary gland secretion mediators associated with periodontal diseases

Marker Relationship with periodontal disease Type of periodontal disease

Specific

  Immunoglobulins (IgA, 
IgM, IgG)

Interfere in adherence and bacterial metabolism / increased concentration in 
saliva of periodontal patients

Chronic and aggressive

Nonspecific

  Mucins Interfere with the colonization of Aggregatibacter actinomycetemcomitans Aggressive

  Lysozyme Regulates biofilm accumulation Chronic

  Lactoferrin Inhibits microbial growth / increased correlation with A. 
actinomycetemcomitans

Aggressive

  Histatin Neutralizes lipopolysaccharide and enzymes known to affect the 
periodontium

Chronic and aggressive

  Peroxidase Interferes with biofilm accumulation / increased correlation with periodontal 
patients

Chronic

Systemic

  C-reactive protein Increased concentration found in serum and saliva of periodontal patients Chronic and aggressive
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