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Periodontitis is a group of inflammatory diseases that affect the connective tissue attachment
and supporting bone around the teeth. It is widely accepted that the initiation and the
progression of periodontitis are dependent on the presence of virulent microorganisms capable
of causing disease. Although the bacteria are initiating agents in periodontitis, the host response
to the pathogenic infection is critical to disease progression [1–3]. After its initiation, the
disease progresses with the loss of collagen fibers and attachment to the cemental surface,
apical migration of the junctional epithelium, formation of deepened periodontal pockets, and
resorption of alveolar bone [4]. If left untreated, the disease continues with progressive bone
destruction, leading to tooth mobility and subsequent tooth loss. Periodontal disease afflicts
over 50% of the adult population in the United States, with approximately 10% displaying
severe disease concomitant with early tooth loss [5].

A goal of periodontal diagnostic procedures is to provide useful information to the clinician
regarding the present periodontal disease type, location, and severity. These findings serve as
a basis for treatment planning and provide essential data during periodontal maintenance and
disease-monitoring phases of treatment.

Traditional periodontal diagnostic parameters used clinically include probing depths, bleeding
on probing, clinical attachment levels, plaque index, and radiographs assessing alveolar bone
level [6]. The strengths of these traditional tools are their ease of use, their cost-effectiveness,
and that they are relatively noninvasive. Traditional diagnostic procedures are inherently
limited, in that only disease history, not current disease status, can be assessed. Clinical
attachment loss readings by the periodontal probe and radiographic evaluations of alveolar
bone loss measure damage from past episodes of destruction and require a 2- to 3-mm threshold
change before a site can be identified as having experienced a significant anatomic event [7].
Advances in oral and periodontal disease diagnostic research are moving toward methods
whereby periodontal risk can be identified and quantified by objective measures such as
biomarkers (Table 1).

There are several key questions regarding current clinical decision making: How can clinicians
assess risk for periodontal disease? What are the useful laboratory and clinical methods for
periodontal risk assessment? and What can be achieved by controlling periodontal disease
using a risk profile?[8–11]. Risk factors are considered modifiers of disease activity. In
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association with host susceptibility and a variety of local and systemic conditions, they
influence the initiation and progression of periodontitis and successive changes on biomarkers
[12–14]. Biomarkers of disease in succession play an important role in life sciences and have
begun to assume a greater role in diagnosis, monitoring of therapy outcomes, and drug
discovery. The challenge for biomarkers is to allow earlier detection of disease evolution and
more robust therapy efficacy measurements. For biomarkers to assume their rightful role in
routine practice, it is essential that their relation to the mechanism of disease progression and
therapeutic intervention be more fully understood (Table 2) [13].

There is a need for the development of new diagnostic tests that can detect the presence of
active disease, predict future disease progression, and evaluate the response to periodontal
therapy, thereby improving the clinical management of periodontal patients. The diagnosis of
active phases of periodontal disease and the identification of patients at risk for active disease
represent challenges for clinical investigators and practitioners [15]. This article highlights
recent advances in the use of biomarker-based disease diagnostics that focus on the
identification of active periodontal disease from plaque biofilms [16], gingival crevicular fluid
(GCF) [17], and saliva [18]. Mediators that are released into GCF and saliva as biomarkers of
disease are shown in Fig. 1. The authors also present an overview of well-studied mediators
associated with microbial identification, host response factors, and bone resorptive mediators.

Microbial factors for the diagnosis of periodontal diseases
Of the more than 600 bacterial species that have been identified from subgingival plaque, only
a small number have been suggested to play a causal role in the pathogenesis of destructive
periodontal diseases in the susceptible host [16]. Furthermore, technologic advances in
methodologies such as analysis of 16S ribosomal RNA bacterial genes indicate that as many
as several hundred additional species of not-yet-identified bacteria may exist [19]. The
presence of bacteria adjacent to the gingival crevice and the intimate contact of bacterial
lipopolysaccharide with the host cells trigger monocytes, polymorphonuclear leukocytes
(neutrophils), macrophages, and other cells to release inflammatory mediators such as
interleukin (IL)-1, tumor necrosis factor (TNF)-α, and prostaglandin E2[3]. The role of host
response factors derived from GCF and saliva is discussed later.

A number of specific periodontal pathogens have been implicated in periodontal diseases,
including Tanerella forsythensis, Porphyromonas gingivalis, and Treponema denticola. These
three organisms are members of the “red complex” of bacteria (and exhibit benzoyl-DL-
arginine-naphthylamide, or BANA, activity) [20,21] that are highly implicated in the
progression of periodontal diseases [22]. Actinobacillus actinomycetemcomitans has been
linked with early-onset forms of periodontal disease and aggressive periodontitis, whereas red
complex bacteria are associated with chronic periodontitis [23]. The rationale for the use of
microbial analysis for periodontitis monitoring is to target pathogens implicated in disease to
(1) identify specific periodontal diseases, (2) identify antibiotic susceptibility of infecting
organisms colonizing diseased sites, and (3) predict disease activity. Thus, the goal of
microbiologic monitoring is twofold (disease monitoring and disease treatment guidance);
however, microbial tests (eg, BANA test, DNA probe analysis, or culturing) have failed to
predict future disease progression [24]. These findings can be explained by the fact that the
presence of specific periodontal pathogens is necessary to initiate periodontal disease but not
suffcient to cause disease in the nonsusceptible host[25].

A recent systematic review of the topic asked the focused question, “In patients with
periodontal diseases, does microbial identification influence patient management compared
with treatment prescribed without this information?” [24]. The answer to this question is central
for the clinical utility of microbial-based diagnostic tests for oral and periodontal diseases. If
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tests do not influence clinical decision making, then in essence, there is no clinical value for
the test. Of the 24 studies (a total of 835 subjects) noted in the review, 13 reported microbial
identification as an aid in treatment planning [26-38]. The investigators concluded that the
literature lacks studies with a high evidence rating; the most-pertinent studies were case reports
or case series without controls [24]. Furthermore, although some practitioners consider
microbial identification a valuable adjunct to the management of patients with periodontal
diseases, there is a lack of strong evidence to support this practice. It is also possible that as-
yet-unidentified, uncultivable microbial species are essential to disease initiation and
progression. If so, microbial-based tests for these species are obviously unavailable. Future
studies are needed in this area to justify the use of microbial testing to predict progression of
periodontal diseases [24]. 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 predict future periodontal disease around teeth and dental implants
[39,40].

Host response and inflammatory mediators as potential biomarkers
Periodontal inflammation occurs in the gingival tissue in response to plaque bacteria biofilms
[3,41]. Gingivitis is characterized by an initial increase in blood flow, enhanced vascular
permeability, and the influx of cells (neutrophils and monocyte-macrophages) from the
peripheral blood to the gingival crevice [42]. Subsequently, T cells and B cells appear at the
infection site. After they appear at the lesion, these cells produce a myriad of cytokines such
as IL-1β, IL-6, TNF-α, and immunoglubulins as an antigen-specific response [4]. Initially,
tissue degradation is limited to epithelial cells and collagen fibers from the connective tissue.
Later on, the inflammatory process may reach periodontal supportive tissue, leading to bone
resorption (see Fig. 1) [43].

GCF has been extensively investigated for the release of host response factors. It includes a
mixture of molecules from blood, host tissue, and plaque biofilms, such as electrolytes, small
molecules, proteins, cytokines, antibodies, bacterial antigens, and enzymes [44–60]. Host cell
—derived enzymes such as matrix metalloproteinases (MMPs) are an important group of
neutral proteinases implicated in the destructive process of periodontal disease that can be
measured in GCF [44,61–67]. The neutrophils are the major cells responsible for MMP release
at the infected site, specifically MMP-8 (collagenase-2) and MMP-9 (gelatinase-B) [65].
Although MMP-8 is able to potently degrade interstitial collagens, MMP-9 degrades several
extracellular matrix proteins [68–71]. Kinane et al [64] and Mantyla et al [65] presented the
use of a rapid chairside test based on the immunologic detection of elevated MMP-8 in GCF
to diagnose and monitor the course and treatment of periodontitis. With a threshold of 1 mg/
L MMP-8 activity, the test provided a sensitivity of 0.83 and specificity of 0.96, demonstrating
value as a potential tool to differentiate periodontitis from gingivitis and healthy sites and to
monitor treatment of periodontitis.

Macrophages and polymorphonuclear leukocytes, in response to the chemoattractant effect of
bacterial lipopolysaccharide [72], are activated to produce important inflammatory mediators
—notably, TNF-α, IL-1, IL-6, and other cytokines [73] related to the host response and tissue
destruction [72]. Holmlund et al [74] investigated bone resorption activity, IL-1α, IL-1β, and
IL-1 receptor antagonist levels in GCF in sites having no signs of periodontal disease and in
sites having horizontal or angular periodontal bone loss. The amounts of IL-1α, IL-1β, and
IL-1 receptor antagonist from GCF were quantified by ELISA. It was observed that levels of
bone resorption activity, IL-1α, IL-1β, and IL-1 receptor antagonist were significantly higher
in GCF from diseased sites compared with healthy sites but did not relate to defect morphology
[74].
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The severity of periodontitis is associated with local (GCF or tissue) increases in IL-1β, TNF-
α, prostaglandins such as prostaglandin E2[4], and MMPs [61,67,71], whereas inhibition of
these substances produces substantial reductions in periodontal disease. Specifically for IL-1
and TNF, local protein blockade in a monkey model of periodontitis produced significant
reductions in bone loss [75,76], highlighting the important role of these mediators in
periodontal disease.

Advanced stages of periodontal lesions are populated by a large proportion of B lymphocytes
and plasma cells [77–79] and increased levels of immunoglobulins in GCF [54,80–82].
Plombas et al [83] investigated GCF and whole saliva from periodontitis patients and
periodontally healthy adults for the presence of IgA and IgG antibodies to Actinobacillus
actinomycetemcomitans, Porphyromonas gingivalis, Prevotella intermedia, and
Fusobacterium nucleatum. Compared with healthy patients, the GCF of periodontitis patients
contained significantly higher levels of IgA and IgG antibodies to the four microorganisms
tested.

Porphyromonas gingivalis and Actinobacillus actinomycetemcomitans are examples of well-
studied gram-negative pathogens implicated in the immune and inflammatory host response
in periodontal disease [84]. Porphyromonas gingivalis produces by far the greatest proteolytic
activity through peptidases, elastases, trypsinlike proteases, and collagenases [85] that can be
monitored by GCF analysis [86,87]. Figueredo et al [62] compared elastase and collagenase
activities in GCF before and after nonsurgical periodontal treatment. Improvement in clinical
parameters after therapy was accompanied by a significant reduction in the values of total
elastase activity, free elastase, MMP-8, and collagenolytic activity in gingivitis and
periodontitis sites.

Aspartate aminotransferase, a tissue destruction biomarker released from necrotic cells in GCF,
is associated with periodontitis severity [88,89]. Aspartate aminotransferase—positive sites
are positively correlated with higher prevalence of Porphyromonas gingivalis, Streptococcus
intermedius, Peptostreptococcus micros, Campylobacter concisus, Bacteroides forsythus,
Camplobacter gracilis, Campylobacter rectus, and Selenomonas sputigena [90]. Moreover, to
evaluate the relationship between aspartate aminotransferase and periodontal disease,
periodontitis subjects were monitored for 12 months using a chairside assay. After nonsurgical
therapy, the percentage of sites exhibiting higher levels of aspartate aminotransferase and
bleeding on probing was significantly lower at 6 and 12 months compared with baseline.
Elevated levels of aspartate aminotransferase, however, were present at sites that did not
subsequently exhibit disease progression [89]. Therefore, the biomarker does not discriminate
between progressive sites and sites that are stable but inflamed.

In summary, GCF carries multiple molecular factors derived from the host response and is
considered a significant protective mechanism in periodontal infection (Table 3) [91]. These
host response factors represent important mediators that can aid in the development of
periodontal diagnostics.

Bone-specific markers of tissue destruction for periodontal diagnosis
Of the 50 or more different components in GCF and saliva evaluated to date for periodontal
diagnosis, most lack specificity to alveolar bone destruction and essentially constitute soft
tissue inflammatory events [92]. When examining the destruction of alveolar bone that is
preceded by a microbial infection and inflammatory response, the measurement of connective
tissue—derived molecules may lead to a more accurate assessment of tissue breakdown due
to the tremendous variability of the host response among individuals [92].
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Advances in bone cell biology over the past decade have resulted in several new biochemical
markers for the measurement of bone homeostasis. With mounting evidence for a relationship
between osteoporosis and oral bone loss, investigators have sought to develop better biologic
markers to determine and predict oral bone loss [93]. Two of the more well studied mediators
(bone collagen fragments and osteocalcin) are presented in the following text.

Pyridinoline cross-linked carboxyterminal telopeptide of type I collagen
Type I collagen composes 90% of the organic matrix of bone and is the most abundant collagen
in osseous tissue [94]. Collagen degradation products have emerged as valuable markers of
bone turnover in a multitude of bone resorptive and metabolic diseases [95]. Pyridinoline cross-
links represent a class of collagen degradative molecules that include pyridinoline,
deoxypyridinoline, N-telopeptides, and C-telopeptides [96]. Pyridinoline and
deoxypyridinoline are mature intermolecular cross-links of collagen. Subsequent to
osteoclastic bone resorption and collagen matrix degradation, pyridinoline, deoxypyridinoline,
and amino- and carboxyterminal cross-linked telopeptides of type I collagen are released into
the circulation. Because the cross-linked telopeptides result from post-translational
modification of collagen molecules, they cannot be reused during collagen synthesis and are
therefore considered specific biomarkers for bone resorption [97].In addition, the value of
pyridinoline cross-links as potential markers of bone turnover relates to their specificity for
bone. In skin and other soft tissues, histidine cross-links are the predominant form and no
pyridinoline-like structures exist. Recently, a degradation fragment originating from thehelical
part of type I collagen and consisting of the 620–633 sequence of the α1 chain has been
identified to correlate highly with amino- and carboxyterminal telopeptides associated with
bone resorption [98].

The pyridinoline cross-linked carboxyterminal telopeptide of type I collagen (ICTP) is a 12-
to 20-kd fragment of bone type I collagen released by digestion with trypsin or bacterial
collagenase [99]. Elevated serum ICTP and other pyridinoline cross-linked components have
been shown to be correlated with the bone resorptive rate in several bone metabolic diseases
including osteoporosis [100], rheumatoid arthritis [101], and Paget’s disease[102].
Furthermore, pyridinoline cross-links demonstrated significant decreases in postmenopausal
osteoporotic subjects after bisphosphonate [103] or estrogen [104] therapy.

Given their specificity for bone resorption, pyridinoline cross-links represent a potentially
valuable diagnostic aid in periodontics because biochemical markers specific for bone
degradation may be useful in differentiating between the presence of gingival inflammation
and active periodontal or peri-implant bone destruction [105]. Several investigations have
explored the ability of pyridinoline cross-links to detect bone resorption in periodontitis lesions
[39,63,106–108], in peri-implantitis [40], and in response to periodontal therapy [40,61,66,
107,109–111].

Palys et al [39] related ICTP levels to the subgingival microflora of various disease states on
GCF. Subjects were divided into groups representing health, gingivitis, and chronic
periodontitis, and GCF and plaque samples were collected from each subject. The samples
were analyzed for ICTP levels and the presence of 40 subgingival species using checkerboard
DNA-DNA hybridization techniques. ICTP levels differed significantly between health,
gingivitis, and periodontitis subjects, and related modestly to several clinical disease
parameters. ICTP levels were also strongly correlated with whole-subject levels of several
periodontal pathogens including Tanerella forsythensis, Porphyromonas gingivalis, Prevotella
intermedia, and Treponema denticola. Oringer et al [40] examined the relationship between
ICTP levels and subgingival species around implants and teeth in 20 partially edentulous and
2 fully edentulous patients. No significant differences were found among ICTP levels and
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subgingival plaque composition between implants and teeth. Strong correlations were found
between elevated ICTP levels at implant sites and colonization with organisms associated with
failing implants such as Prevotella intermedia, Fusobacterim nucleatum subsp vincentii, and
Streptococcus gordonii [40].

Diagnostic tools have also been applied to evaluate the response to active periodontal therapy.
Golub et al [63] found that treatment of chronic periodontitis patients with scaling and root
planing (SRP) and an MMP inhibitor (subantimicrobial doxycycline hyclate) resulted in a 70%
reduction in GCF ICTP levels after 1 month, concomitant with a 30% reduction in collagenase
levels. An investigation of periodontitis patients treated with SRP also demonstrated significant
correlations between GCF ICTP levels and clinical periodontal disease parameters, including
attachment loss, pocket depth, and bleeding on probing [93]. In addition, elevated GCF ICTP
levels at baseline, especially at shallow sites, were found to be predictive for future attachment
loss as early as 1 month after sampling. Furthermore, treatment of a group of periodontitis
subjects by SRP and locally delivered minocycline led to rapid reductions in GCF ICTP levels
[63].

Studies assessing the role of GCF ICTP levels as a diagnostic marker of periodontal disease
activity have produced promising results to date. ICTP has been shown to be a good predictor
of future alveolar bone and attachment loss, was strongly correlated with clinical parameters
and putative periodontal pathogens, and demonstrated significant reductions after periodontal
therapy [92]. Controlled human longitudinal trials are needed to fully establish the role of ICTP
as a predictor of periodontal tissue destruction, disease activity, and response to therapy in
periodontal patients.

Osteocalcin
Osteocalcin is a calcium-binding protein of bone and is the most abundant noncollagenous
protein in mineralized tissues [112]. Osteocalcin is synthesized predominantly by osteoblasts
[113] and has an important role in bone formation and turnover [114,115]. Osteocalcin exhibits
chemoattractive activity for osteoclast progenitor cells and monocytes [116–118], and its
synthesis in vitro is stimulated by 1,25-dihydroxyvitamin D3. It has also been shown to promote
bone resorption, and stimulate differentiation of osteoclast progenitor cells [112,119]. Elevated
serum osteocalcin levels have been shown during periods of rapid bone turnover (eg,
osteoporosis, multiple myeloma, and fracture repair) [120,121]. Serum osteocalcin is presently
a valid marker of bone turnover when resorption and formation are coupled and is a specific
marker of bone formation when formation and resorption are uncoupled [115,120,122,123].

Several studies have investigated the relationship between GCF osteocalcin levels and
periodontal disease [49,63,106,124–126]. Kunimatsu et al [124] reported a positive correlation
between GCF osteocalcin aminoterminal peptide levels and clinical parameters in a cross-
sectional study of periodontitis and gingivitis patients. The investigators also reported that
osteocalcin could not be detected in patients with gingivitis. In contrast, Nakashima et al
[126] reported significant GCF osteocalcin levels from periodontitis and gingivitis patients.
Osteocalcin levels were also significantly correlated with pocket depth, gingival index scores,
and GCF levels of alkaline phosphatase and prostaglandin E2. In a longitudinal study of
untreated periodontitis patients with ≥1.5 mm attachment loss during the monitoring period,
GCF osteocalcin levels alone were unable to distinguish between active and inactive sites
[49]. When a combination of the biochemical markers osteocalcin, collagenase, prostaglandin
E2, α2-macro-globulin, elastase, and alkaline phosphatase was evaluated, however, increased
diagnostic sensitivity and specificity values of 80% and 91%, respectively, were reported
[49].
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A longitudinal study using an experimental periodontitis model in beagle dogs reported a strong
correlation between GCF osteocalcin levels and active bone turnover as assessed by bone-
seeking radio pharmaceutical uptake [106]. Osteocalcin, however, was shown to possess only
modest predictive value for future bone loss measured by computer-assisted digitizing
radiography. Moreover, treatment of chronic periodontitis patients with subantimicrobial
doxycycline failed to reduce GCF osteocalcin levels [63], and a cross-sectional study of
periodontitis patients reported no differences in GCF osteocalcin levels between deep and
shallow sites in the same patients [125]. In addition, osteocalcin levels in the GCF during
orthodontic tooth movement were highly variable between subjects and lacked a consistent
pattern related to the stages of tooth movement [127]. Taken together, the results of these
studies show a potential role for intact osteocalcin as a bone-specific marker of bone turnover
but not as a predictive indicator for periodontal disease. Greater promise appears to be in the
detection of aminoterminal osteocalcin fragments for periodontal disease detection. Additional
longitudinal studies may be warranted to more fully elucidate the utility of osteocalcin as a
periodontal disease activity diagnostic aid.

Role of oral fluid biomarkers in periodontal diagnosis
A biomarker or biologic marker, according to the most recent definition[128], is a substance
that is objectively measured and evaluated as an indicator of normal biologic processes,
pathogenic processes, or pharmacologic responses to a therapeutic intervention. Because saliva
and GCF are fluids easily collected and contain locally and systemically derived markers of
periodontal disease, they may offer the basis for a patient-specific biomarker assessment for
periodontitis and other systemic diseases [18,129].

Due to the noninvasive and simple nature of their collection, analysis of saliva and GCF may
be especially beneficial in the determination of current periodontal status and a means of
monitoring response to treatment[130,131]. Many studies have shown that the determination
of inflammatory mediator levels in biologic fluids is a good indicator of inflammatory activity.
Therefore, studies related to the pathogenesis of periodontal diseases usually examine whether
biochemical and immunologic markers in saliva or GCF might reflect the extent of periodontal
destruction and possibly predict future disease progression [18,129]. Oral fluid biomarkers that
have been studied for periodontal diagnosis include proteins of hostorigin (ie, enzymes and
immunoglobulins), phenotypic markers, host cells, hormones, bacteria and bacterial products,
ions, and volatile compounds[18,132–135]. Table 3 lists a sample of compounds obtained by
diagnostic screening of saliva or GCF.

Future directions
There is a plethora of possibilities for the future use of oral fluids in biotechnology and health
care applications, especially in the field of diagnostics. A tremendous amount of research
activity is currently under way to explore the role of oral fluids as a possible medium in a
variety of applications.

Recent advances in HIV diagnosis have been made using oral fluids. A commercially available
kit (OraSure, OraSure Technologies, Bethlehem, Pennsylvania) has an oral specimen
collection device that is placed between the buccal mucosa and buccal gingiva for 2 to 5 minutes
to collect HIV-1 antibodies (not the virus) from the tissues of the cheek and gingiva. OraSure
HIV-1 does not collect saliva but rather a sample called oral mucosal transudate. For different
fluids (oral fluid, finger-stick or venipuncture whole blood or plasma specimens), the
alternative test OraQuick (OraSure Technologies) provides accurate results for HIV-1 and
HIV-2 in 20 minutes. The collector pad is placed in a vial with preservative and sent to a clinical
laboratory for testing with an initial “screening” assay (ELISA). If necessary, a supplementary
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test (Western blot assay) is performed to verify the results of the screening assay. This process
is referred to as the OraSure testing algorithm [136].

Several researchers have focused on genetic single nucleotide polymorphisms in the study of
periodontitis. There is a genetic susceptibility test currently available for severe chronic
periodontitis (Interleukin Genetics, Waltham, Massachusetts). This system works by detection
of two types of IL-1 genetic alleles, IL-1α +4845 and IL-1β +3954 [137]. Individuals identified
as “genotype positive,” or found to have both of these alleles, are more likely to have the
phenotype of overexpression of this gene. The increased GCF and salivary IL-1 predisposes
the patient to the severe form of chronic periodontitis by way of a hyperinflammatory response
to bacterial challenge. In this way, genomics has been found to be applicable in the prediction
of predisposition to periodontitis in certain patient populations [138]. Socransky et al [139]
took a different approach in researching IL-1 gene polymorphisms in periodontitis patients.
These investigators linked previous findings regarding the association of IL-1 polymorphisms
and severity of adult periodontitis with microbial species found in IL-1 genotype-negative
versus IL-1 genotype-positive patients. These researchers concluded that those who were IL-1
genotype positive tended to have higher levels of the more damaging microbial species (redand
orange complex organisms) associated with periodontal inflammation[139].

Li et al [140] investigated the potential use of genomics in the development of salivary
diagnostics. They performed microarray testing of cell-free saliva for RNA profiling. RNA
was isolated from unstimulated saliva that was collected from healthy subjects. After analysis
by microarray and quantitative polymerase chain reaction, they found that it was possible to
profile messenger RNAs, of which there were thousands present in the saliva. More recently,
the group demonstrated the potential of salivary IL-8 levels to predict patients afficted with
squamous cell carcinoma [141].

Salivary immunocomponents have also been studied at length in oral health, including
immunoglobulin subclass, immunoglobulin isotypes, and antibody levels [142–148]. Other
salivary constituents that have been investigated for diagnostic uses include epithelial keratins
[149], occult blood [150], salivary ions such as calcium and phosphates [151,152], and serum
markers such as cortisol [153–155].

Summary
Researchers in the biotechnology and medical realm are currently investigating the use of oral
fluids for the diagnosis of oral and systemic diseases and for drug development. In the
pharmaceutical industry, the use of biomarkers is avidly being developed for use in tailored
dosing and drug metabolism studies. Professionals in seemingly unrelated arenas such as the
insurance industry, the Environment Protection Agency, and Homeland Security are interested
in the possible use of oral fluids to monitor biomarkers. Under investigation are possible uses
of GCF and saliva in the preliminary screening for biological/chemical warfare agent exposure,
environmental toxin detection, and screening for metabolites of drugs of abuse.

In the field of oral disease diagnosis, there has been a steady growing trend during the last 2
decades to develop tools to monitor periodontitis. From physical measurements such as
periodontal probing to sophisticated genetic susceptibility analysis and molecular assays for
the detection of biomarkers on the different stages of the disease, substantial improvements
have been made on the understanding of the mediators implicated on the initiation and
progression of periodontitis. At the same time, this evolutionary process has promoted the
discovery of new biomarkers and the development of new therapeutic approaches mainly using
host modulation. Moreover, new diagnostic technologies such as nucleic acid and protein
microarrays and microfluidics are under development for risk assessment and comprehensive
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screening of biomarkers. These recent advances are leading to the development of more
powerful diagnostic tools for practitioners to optimize their treatment predictability (Fig. 2).
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Fig. 1.
Schematic representation of the initial events triggered by lipopolysaccharide (LPS) from
plaque biofilms on periodontal tissues. Pathogens present in plaque biofilm activate chemotaxis
of polymorphonuclear leucocytes (PMN) as a first line of defense against infection. Monocytes
and activated macrophages respond to endotoxin by releasing cytokines (tumor necrosis factor
[TNF] and interleukin 1 [IL1]) that are mediators for bone resorption. Matrix
metalloproteinases (MMPs) released by fibroblast and PMNs are potent collagen destruction
enzymes. TNF, IL-1, and receptor activator of NF-κB ligand (RANKL) are elevated in disease
sites and play an important role in osteoclastogenesis and bone resorption. Tissue degradation
molecules such as pyridinoline cross-linked carboxyterminal telopeptide of type I collagen
(ICTP) that are specific to bone resorption are released into the GCF and can be used as
biomarkers for periodontal disease and the previously mentioned cytokines and enzymes.
RANK, receptor activator of NF-κB.
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Fig. 2.
Futuristic chairside diagnostic test based on GCF sampling. Considering the GCF fluid as a
potential analyte for the screening of multiple biomarkers, a rapid, chairside diagnostic tool
(represented in the figure as a Micro Analyser) or a “mini-lab” could be used by clinicians for
risk assessment and decision making on treatment planning. The advantages of such a tool
would be enhanced predictability of clinical outcomes and well-informed patients regarding
personalized treatment needs. As shown, a simple clinical procedure for GCF collection could
be used, followed by extraction of analytes from the test strip. The fluid present on the test
strip would be subjected to volumetric quantification. After an elution procedure to “wash”
and retrieve the compounds from the fluid, the sample would be analyzed. An immediate
comprehensive risk report profile and biomarkers screening would enable evidence-based
decision making.
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Table 1
Diagnostic tools to measure periodontal disease at the molecular, cellular, tissue, and clinical levels

Level Example of process Example of diagnostic tools

Molecular Activation of receptors for endotoxin:
 CD-14; Toll-like receptors

Polymerase chain reaction; DNA-
 DNA hybridization; laser-capture
 microdissection

Cellular Inflammatory cell activation such as
 neutrophils; osteoclast activation

ELISA; immunohistochemistry

Tissue Downgrowth of junctional epithelium;
 bone and connective tissue loss

Histomorphometry;
 immunohistochemistry

Clinical Attachment loss Periodontal probing
Bone loss Radiographs
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Table 2
Predictors for periodontal diseases

Term Definition

Risk marker An attribute or event that is associated with increased
 probability of disease but is not necessarily a causal factor

Risk indicator An event that is associated with an outcome only in cross-
 sectional studies

Risk factor An action or event that is related statistically in some way to an
 outcome and is truly causal

Risk determinant An attribute or event that increases the probability of
 occurrence of disease

Biomarker A substance that is measured objectively and evaluated as an
 indicator of normal biologic processes, pathogenic processes,
 or pharmacologic responses to a therapeutic intervention

Adapted from Refs. [128,154,155].
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Table 3
Examples of biomarkers of periodontal disease identified from plaque biofilm, gingival crevicular fluid, or saliva

Category mediator Examples

Microbial factors DNA probes or culturing of putative periodontal
 pathogens (eg, Porphyromonas gingivalis, Tanerella
 forsythensis, Treponema denticola)

Host response factors IL-1β; TNF-α; aspartate aminotransferase; elastase
Connective tissue breakdown
 products

Collagen telopeptides; osteocalcin; proteoglycans;
 fibronection fragments
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