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Abstract
Chronic periodontitis (CP) is a multifactorial oral inflammatory disease characterized by progressive
destruction of bone and ultimate tooth loss. The alarming rise in the prevalence of periodontitis has led to
the development of innovative diagnostic techniques. Several quantifiable biomarkers in the gingival
crevicular fluid (GCF) and saliva of chronic periodontitis patients have been detected in the field of oral
fluid diagnostics. Bone turnover biomarkers hold a valuable diagnostic potential in determining the extent
of alveolar bone destruction and the risk of future bone loss. This review article highlights the importance of
bone turnover markers in facilitating earlier detection, accurate diagnosis, and effective treatment
strategies, leading to optimal clinical management of chronic periodontitis.
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Introduction And Background
This review article aims at providing a detailed outline of the role played by bone turnover markers in
chronic periodontitis (CP). For this purpose, we searched for electronic databases involving Science Direct,
PubMed, Scopus, and Google Scholar. A combination of related keywords was used such as saliva and bone
turnover biomarkers, oral diagnostics and periodontitis, diagnosis of chronic periodontitis, and salivary
biomarkers. Full-text, relevant articles published from 2001 to 2019 in dental journals, including case-
control studies, cross-sectional studies, and systematic and short reviews were reviewed.

Periodontal disease (PD) is a set of infectious oral inflammatory conditions that affect the periodontal
apparatus of the tooth. It results due to the disruption of the symbiotic relationship between oral flora and
the host immune system, characterized by successive periods of microbial exacerbation followed by periods
of remission, causing progressive tooth destruction and loss [1]. Generally, periodontal diseases are
categorized into two groups, namely, gingivitis, an acute and reversible inflammation confined to the
gingival tissues, which, if left untreated, leads to a more advanced, irreversible, and destructive form known
as periodontitis [2]. The clinical manifestations of periodontitis include the formation of deep periodontal
pockets, loss of periodontal ligament and cementum attachment, and resorption of the alveolar bone,
which leads to ultimate tooth loss [3].

Periodontal disease is a major oral health burden, and according to the National Health Survey conducted in
the UK, it affects 20%-50 % of the adult population globally. Chronic periodontitis, the more prevalent form
of periodontal disease, accounts for affecting nearly 5%-15% of the adult population worldwide [4-5]. Its
severity increases with advancing age, with a peak incidence of around 30-45 years of age [6]. The
prevalence of chronic periodontitis varies according to different geographic regions and is seen to be the
highest in Asian countries (about 15%-20%) [7]. In Pakistan, the prevalence of chronic periodontitis is
reported to be 31.4% [8].

Individuals with chronic periodontitis may also encounter certain other negative impacts on their quality of
life such as impaired mastication and swallowing, speech difficulties, esthetic concerns, and so on [9].
Chronic periodontitis has also been implicated in various systemic diseases such as cardiovascular disorders,
renal abnormalities, diabetes mellitus, asthma, adverse birth outcomes, and obesity [4,10-11].

The etiology of chronic periodontitis is multifactorial. It is estimated that more than 700 bacterial species
colonize the oral cavity, out of which nearly 400 species are present in subgingival areas. Three bacterial
microorganisms, in particular, Aggregatibacter actinomycetecomitans, Tannerella forsythia, and
Porphyromonas gingivalis are known to be the primary causative microbial agents [12-13]. Certain other
environmental and acquired risk factors also attribute to the pathogenesis of periodontitis, which includes
stress, poor oral hygiene, inadequate dietary habits, alcohol and tobacco consumption, smoking, and genetic
factors [14]. The pathogenesis of chronic periodontitis involves the cascade of sequential events leading to
host immunomodulatory responses triggered by toxic byproducts released from bacterial microbes. These
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bacterial byproducts, in turn, activate various cytokines, chemokines, pro-inflammatory mediators, and
macrophages, which are responsible for the progressive destruction of underlying gingival tissues and
subsequent tooth loss [15-16].

Review
Role of oral fluid biomarkers in chronic periodontitis
Conventionally used diagnostic techniques to assess periodontitis include clinical and radiographic
measurements. Commonly used clinical parameters are probing pocket depth (PPD), bleeding on probing
(BOP), and clinical attachment loss (CAL). These methods are inherently limited only to a historical
perspective and lack to provide pertinent knowledge about current disease status and activity. Apart from
this, these techniques also lack to identify the highly susceptible individuals who are at greater risk of future
bone loss [17]. Since the last few decades’ considerable research has been done in the field of oral fluid
diagnostics, which detected various biomarkers in oral fluids such as saliva and gingival crevicular fluid
(GCF) of periodontitis patients [18-19].These biomarkers include enzymes, proteins, hormones, host-derived
biomolecules, deoxyribonucleic acid (DNA), ribonucleic acid (RNA), bacterial, and volatile products (Figure
1).

FIGURE 1: Types of oral fluid biomarkers in periodontal disease

Due to their easily accessible and noninvasive nature, these biomarkers prove to be optimal diagnostic tools
by providing earlier detection, better diagnosis, and timely management of chronic periodontitis [20]. In
terms of definition, a biomarker is a quantitative variable that can be measured and evaluated as an
indicator of normal biological processes, pathological processes, or pharmacological responses to a
therapeutic intervention [21].

Bone turnover biomarkers in chronic periodontitis
Biomarkers of periodontal disease are often represented as molecules related to three pathological phases,
i.e. inflammation, collagen degradation, and alveolar bone turn over. Bone is constantly undergoing the
process of bone remodeling, which is an inevitable process in which the rate of bone deposition is faster
than the rate of bone resorption to maintain bone hemostasis. However, in pathological conditions, such as
periodontitis, this equilibrium between both rates is reversed and is reflected as an overall change in the
alveolar bone turnover rate. The bone turnover rate is assessed by bone turnover markers (BTMs), which are
further divided into bone formation markers and bone resorption markers. Alveolar bone loss is a critical
aspect of periodontitis and, in light of this fact, different studies have quantified levels of bone turnover
biomarkers in the GCF and saliva of periodontitis patients that were closely parallel to disease progression
and severity [22-25]. Table 1 lists the different bone turnover biomarkers in periodontitis.
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Biomarker Role in Periodontitis Detection medium

Bone formation markers  

Alkaline phosphatase (ALP) Vital role in the calcification process and increases with PD severity GCF, saliva

Osteocalcin Stimulates bone formation and potential diagnostic bone turnover marker in periodontitis GCF, saliva

C-terminal propeptide of type I procollagen (PICP) Induces proliferation and differentiation of osteoblasts and fibroblasts Saliva, GCF

Osteoprotegerin Inhibits osteoclastic activity by binding to RANKL and increased in disease progression Saliva, GCF

Bone resorption markers   

Cross-linked C-terminal of type I collagen(ICTP) Actively participates in collagen degradation and increases in periodontitis GCF, saliva

Cross-linked N-terminal telopeptide of type I collagen (fragments NTX) Promotes bone resorption and increases in aggressive periodontitis Saliva, GCF

Bone sialoprotein (BSP) Increased osteoclastic activity Saliva

RANKL Responsible for increased osteoclastic activity during periodontitis Saliva, GCF

TABLE 1: Bone turnover biomarkers in periodontitis
GCF = Gingival crevicular fluid; RANKL = Receptor activator of nuclear factor kappa-B ligand; PD = Periodontal disease

Alkaline phosphatase
Alkaline phosphatase (ALP), a glycoprotein and hydrolase enzyme, is predominantly present in the renal,
hepatic, and osteogenic cells. It hydrolyzes ester bonds at an alkaline pH due to which serum/plasma levels
of phosphate ions are raised. In the periodontium, ALP plays a vital role in cementogenesis and the
maintenance of bone homeostasis. It stimulates the calcification process and actively participates in the
bone remodeling phase [26]. Evidence suggests that there exists a significant positive correlation between
gingivitis, PPD, and elevated ALP levels in periodontal disease [27]. Koss et al. conducted a case-control
study to investigate the levels of ALP among normal and periodontitis patients. In this study, it was
observed that levels of ALP were increased in the saliva of periodontitis patients as compared to controls
[28]. Hence, it might be concluded that ALP is a possible bone turnover marker, indicating the progression
and severity of the periodontal disease.

Osteoprotegerin and RANKL
Osteoprotegerin (OPG) is another alveolar bone turnover marker that plays an essential role in the process
of osteogenesis and bone hemostasis. It is also a glycoprotein having a high affinity for RANKL and
suppresses its activity by inhibiting osteoclasts formation. RANKL is a cytokine and acts as a gene regulator
and ligand for the receptor RANK that controls the activation, proliferation, and differentiation of
osteoclasts, resulting in alveolar bone resorption. Several studies demonstrate the importance of the
RANKL/OPG ratio in determining the pathogenesis and severity of periodontal disease [29]. In a cross-
sectional study, the levels of OPG and RANKL were analyzed in the saliva of chronic periodontitis patients
and it was found that gingival index (GI) (p=0.024), PPD (p<0.001) and clinical attachment loss (CAL)
(p=0.002) were significantly correlated with RANKL/OPG ratio. All the clinical periodontal parameters were
also significantly correlated with RANKL levels (p<0.05) [30]. LS Branco et al. investigated GCF samples of
aggressive periodontitis patients and found PPD and CAL to be significantly correlated with RANKL [31].
Similarly, in another study done by Ochanji et al., the values of the RANKL/OPG ratio were positively
correlated with periodontal disease severity [32]. Consistent with these results, the RANKL/OPG ratio should
be considered as a putative diagnostic tool in evaluating periodontal disease.

ICTP
ICTP, also known as carboxyterminal telopeptide of type I collagen or pyridinoline, is a specific indicator of
alveolar bone destruction in aggressive periodontitis patients. During periodontal disease progression, the
levels of ICTP are directly proportional to increased collagen degradation. Mishra et al. evaluated the
salivary levels of ICTP in patients of chronic periodontitis and gingivitis and the results depicted that ICTP
levels were much higher in patients of periodontitis (p=0.001) than gingivitis [23]. Increased GCF levels of
ICTP were also seen in chronic periodontitis patients with a statistically significant p-value (p=0.001) [33].
Therefore, ICTP is suggested to be a candidate marker in the prediction of future alveolar bone loss.

NTX
Cross-linked N-terminal telopeptide Type I collagen (NTx) is a short telopeptide, which is released as a
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byproduct of bone resorption. Several studies suggested that increased NTx levels in GCF may serve as
predictive markers of alveolar bone destruction. GCF Levels of NTx were elevated in chronic periodontitis
patients and positively correlated with clinical periodontal parameters [34-35].

Osteocalcin
Osteocalcin is the most abundant protein found in the extracellular matrix of bone. It contains glutamic acid
residues and is synthesized by bone and cartilage cells. It actively binds to the Ca++ ions present in the
hydroxyapatite crystals lattice of bone. In serum/plasma, it freely moves as the decarboxylated form,
whereas it is present in bone as the inactive carboxylated form [36]. Osteocalcin is a marker of bone
formation but due to its role in recruiting osteoclasts to the site of bone resorption, it is now widely
accepted as a vital bone turnover marker [37]. Raised levels of osteocalcin in serum are associated with
metabolic diseases such as rheumatoid arthritis, multiple myeloma, and bone regeneration. In a case-
control study by Bullon et al., the levels of osteocalcin were examined in three different oral fluids i.e. GCF,
serum, and saliva. Serum and saliva osteocalcin concentrations were not statistically different, however,
osteocalcin concentrations in GCF were significantly elevated (p<0.008) [38]. The salivary levels of
osteocalcin were significantly correlated with the clinical attachment level. Similarly, several other
observations also revealed high levels of osteocalcin in the saliva of chronic periodontitis patients.
Conclusively, it could be stated that osteocalcin not only holds a significant diagnostic potential but also can
be used as a prognostic marker to predict the likely outcome of the disease [29,39-41].

Osteonectin
Osteonectin (SPARC) is a protein that is rich in cysteine. It is secreted by osteoblasts, fibroblasts, and red
blood cells (RBCs) and is chemoattractant to calcium ions present in bone. Its levels in bone matrix
commensurate with the bone formation process during bone remodeling. It upregulates bone formation by
accelerating the differentiation of immature osteocytes to mature osteoblasts and recruit them to an active
bone deposition site. Hence, osteonectin is considered as a predictive marker of bone formation [42]. M
Baeza et al. analyzed levels of osteonectin in GCF samples of 106 chronic periodontitis patients and found
significantly raised concentrations of osteonectin (p<0.05) [43]. Therefore, osteonectin is a bone-regulating
protein and maintains periodontal ligament (PDL) hemostasis during the bone remodeling phase [44].

Osteopontin
Osteopontin is a glycoprotein found in non-mineralized tissues, primarily renal, endothelial cells, and
epithelial cells. Osteopontin plays a dual function both in bone mineralization and bone resorption [45].
Osteopontin enhances dentine formation during the bone remodeling process and has been implicated in
the recruitment of polymorphonuclear cells in response to infections [46]. Kido et al. reported in his case-
control study that increased levels of GCF osteopontin coincided with PPD values and may be a possible
marker of bone resorption [47]. In another study, GCF osteopontin levels were markedly raised in disease
severity and reduced after six to eight weeks of nonsurgical treatment given to chronic periodontitis patients
[48].

Calcium
Many studies supported the theory that increased levels of Ca++ ions in saliva develop a higher risk of
periodontitis. Individuals at a higher risk are more prone to develop periodontitis due to alkaline oral pH that
favors increased mineralization and elevated levels of calcium in saliva [49]. In a study, a positive correlation
was observed between the salivary levels of calcium and clinical attachment loss [50].

Conclusions
In this revolutionary era of oral-fluid based diagnostics, biomarkers are opted as putative diagnostic tools
for better monitoring, diagnosis, and clinical management of periodontitis. In context to this, various
quantitative and qualitative diagnostic approaches, including genomic profiling, proteomic analysis, and
transcriptomics, have helped researches best define human physiology and pathology based on
comprehensive screening of these biomarkers. The detection of bone biomarkers in the GCF or saliva of
periodontitis patients provides information regarding the extent of alveolar bone involvement and predict
susceptible individuals at risk of bone loss. Hence, these biomarkers not only aid in the detection of
periodontal disease at an earlier stage but also reduce disease severity and progression. However, it is
evident that additional longitudinal and observational studies are required to target the prognostic value
and diagnostic accuracy of these bone turnover markers in periodontitis.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might

2020 Shazam et al. Cureus 12(1): e6699. DOI 10.7759/cureus.6699 4 of 6



have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Kinane DF, Stathopoulou PG, Papapanou PN: Periodontal diseases. Nat Rev Dis Primers. 2017, 3:17038.

10.1038/nrdp.2017.38
2. Caton JG, Armitage G, Berglundh T, et al.: A new classification scheme for periodontal and peri‐implant

diseases and conditions - introduction and key changes from the 1999 classification. J Periodontol. 2018,
89:1. 10.1002/JPER.18-0157

3. Papapanou PN, Susin C: Periodontitis epidemiology: is periodontitis under‐recognized, over‐diagnosed, or
both?. Periodontology. 2017, 75:45-51. 10.1111/prd.12200

4. Nazir MA: Prevalence of periodontal disease, its association with systemic diseases and prevention . Int J
Health Sci (Qassim). 2017, 11:72-80.

5. Jin L, Lamster IB, Greenspan JS, Pitts NB, Scully C, Warnakulasuriya S: Global burden of oral diseases:
emerging concepts, management and interplay with systemic health. Oral Dis. 2016, 22:609-619.
10.1111/odi.12428

6. Eke PI, Dye BA, Wei L, et al.: Update on prevalence of periodontitis in adults in the United States: NHANES
2009 to 2012. J Periodontol. 2015, 86:611-622. 10.1902/jop.2015.140520

7. Corbet EF, Leung WK: Epidemiology of periodontitis in the Asia and Oceania regions . Periodontol. 2011,
56:25-64. 10.1111/j.1600-0757.2010.00362.x

8. Bokhari SAH, Suhail AM, Malik AR, Imran MF: Periodontal disease status and associated risk factors in
patients attending a dental teaching hospital in Rawalpindi, Pakistan. J Indian Soc Periodontol. 2015,
19:678-682. 10.4103%2F0972-124X.156882

9. Ferreira MC, Dias‐Pereira AC, Branco‐de‐Almeida LS, Martins CC, Paiva SM: Impact of periodontal disease
on quality of life: a systematic review. J Periodontal Res. 2017, 52:651-665. 10.1111/jre.12436

10. Zeng XT, Leng WD, Lam YY, Yan BP, Wei XM, Weng H, Kwong JSW: Periodontal disease and carotid
atherosclerosis: a meta-analysis of 17,330 participants. Int J Cardiol. 2016, 203:1044-1051.
10.1016/j.ijcard.2015.11.092

11. Keller A, Rohde JF, Raymond K, Heitmann BL: Association between periodontal disease and overweight and
obesity: a systematic review. J Periodontol. 2015, 86:766-776. 10.1902/jop.2015.140589

12. Goncalves C, Soares GM, Faveri M, et al.: Association of three putative periodontal pathogens with chronic
periodontitis in Brazilian subjects. J Appl Oral Sci. 2016, 24:181-185. 10.1590/1678-775720150445

13. Hajishengallis G: Periodontitis: from microbial immune subversion to systemic inflammation . Nat Rev
Immunol. 2015, 15:30-44. 10.1038/nri3785

14. Bouchard P, Carra MC, Boillot A, Mora F, Rangé H: Risk factors in periodontology: a conceptual framework . J
Clin Periodontol. 2017, 44:125-131. 10.1111/jcpe.12650

15. Meyle J, Chapple I: Molecular aspects of the pathogenesis of periodontitis . Periodontol. 2015, 69:7-17.
10.1111/prd.12104

16. Bartold PM, Van Dyke TE: An appraisal of the role of specific bacteria in the initial pathogenesis of
periodontitis. J Clin Periodontol. 2019, 46:6-11. 10.1111/jcpe.13046

17. Javaid MA, Ahmed AS, Durand R, Tran SD: Saliva as a diagnostic tool for oral and systemic diseases . J Oral
Biol Craniofac Res. 2016, 6:67-76. 10.1016/j.jobcr.2015.08.006

18. Korte DL, Kinney J: Personalized medicine: an update of salivary biomarkers for periodontal diseases .
Periodontol. 2016, 70:26-37. 10.1111/prd.12103

19. Barros SP, Williams R, Offenbacher S, Morelli T: Gingival crevicular fluid as a source of biomarkers for
periodontitis. Periodontol. 2016, 70:53-64. 10.1111/prd.12107

20. Jaedicke KM, Preshaw PM, Taylor JJ: Salivary cytokines as biomarkers of periodontal diseases . Periodontol.
2016, 70:164-183. 10.1111/prd.12117

21. Buduneli N: Biomarkers in saliva and serum samples for periodontal disease and interactions with systemic
health. Curr Oral Health Rep. 2019, 6:31-36. 10.1007/s40496-019-0207-5

22. Gursoy UK, Liukkonen J, Jula A, Huumonen S, Suominen AL, Puukka P, Könönen E: Associations between
salivary bone metabolism markers and periodontal breakdown. J Periodontol. 2016, 87:367-375.
10.1902/jop.2015.150399

23. Mishra, D, Gopalakrishnan S, Arun KV, Subu Kumar TS, Devanathan S, Misra SR: Evaluation of salivary
levels of pyridinoline cross linked carboxyterminal telopeptide of type I collagen (ICTP) in periodontal
health and disease. J Clin Diagn Res. 2015, 9:50-55. 10.7860%2FJCDR%2F2015%2F12689.6498

24. Betsy J, Ahmed JM, Mohasin AK, Mohammed A, Al Qahtani NA: Diagnostic accuracy of salivary biomarkers
of bone turnover in identifying patients with periodontitis in a Saudi Arabian population. J Dent Sci. 2019,
14:269-276. 10.1016/j.jds.2019.03.002

25. Miricescu D, Totan A, Calenic B, et al.: Salivary biomarkers: relationship between oxidative stress and
alveolar bone loss in chronic periodontitis. Acta Odontol Scand. 2014, 72:42-47.
10.3109/00016357.2013.795659

26. Yousaf M, Yousaf A, Khanum F, Gul S, Gul S: Cross sectional analysis of biomarkers in chronic periodontitis
patients. J Pak Dent Assoc. 2019, 28:22-26. 10.25301/JPDA.281.22

27. Patel RM, Varma S, Suragimath G, Zope S: Estimation and comparison of salivary calcium, phosphorous,
alkaline phosphatase and pH levels in periodontal health and disease: a cross-sectional biochemical study. J
Clin Diagn Res. 2016, 10:58-61. 10.7860%2FJCDR%2F2016%2F20973.8182

28. Koss, M.A, Castro CE, Guarnieri SM, Hermosilla D: Determination of salivary alkaline phosphatase and β
glucuronidase in treated periodontal disease patients. EC Dent Sci. 2019, 18:1225-1231.

29. Hienz SA, Paliwal S, Ivanovski S: Mechanisms of bone resorption in periodontitis . J Immunol Res. 2015,
2015:615486.

30. Al-Ghurabi BH, Mohssen SM: Salivary level of RANKL and OPG in chronic periodontitis . JBDC. 2015, 325:1-
12.

2020 Shazam et al. Cureus 12(1): e6699. DOI 10.7759/cureus.6699 5 of 6

https://dx.doi.org/10.1038/nrdp.2017.38
https://dx.doi.org/10.1038/nrdp.2017.38
https://dx.doi.org/10.1002/JPER.18-0157
https://dx.doi.org/10.1002/JPER.18-0157
https://dx.doi.org/10.1111/prd.12200
https://dx.doi.org/10.1111/prd.12200
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5426403/
https://dx.doi.org/10.1111/odi.12428
https://dx.doi.org/10.1111/odi.12428
https://dx.doi.org/10.1902/jop.2015.140520
https://dx.doi.org/10.1902/jop.2015.140520
https://dx.doi.org/10.1111/j.1600-0757.2010.00362.x
https://dx.doi.org/10.1111/j.1600-0757.2010.00362.x
https://dx.doi.org/10.4103%2F0972-124X.156882
https://dx.doi.org/10.4103%2F0972-124X.156882
https://dx.doi.org/10.1111/jre.12436
https://dx.doi.org/10.1111/jre.12436
https://dx.doi.org/10.1016/j.ijcard.2015.11.092
https://dx.doi.org/10.1016/j.ijcard.2015.11.092
https://dx.doi.org/10.1902/jop.2015.140589
https://dx.doi.org/10.1902/jop.2015.140589
https://dx.doi.org/10.1590/1678-775720150445
https://dx.doi.org/10.1590/1678-775720150445
https://dx.doi.org/10.1038/nri3785
https://dx.doi.org/10.1038/nri3785
https://dx.doi.org/10.1111/jcpe.12650
https://dx.doi.org/10.1111/jcpe.12650
https://dx.doi.org/10.1111/prd.12104
https://dx.doi.org/10.1111/prd.12104
https://dx.doi.org/10.1111/jcpe.13046
https://dx.doi.org/10.1111/jcpe.13046
https://dx.doi.org/10.1016/j.jobcr.2015.08.006
https://dx.doi.org/10.1016/j.jobcr.2015.08.006
https://dx.doi.org/10.1111/prd.12103
https://dx.doi.org/10.1111/prd.12103
https://dx.doi.org/10.1111/prd.12107
https://dx.doi.org/10.1111/prd.12107
https://dx.doi.org/10.1111/prd.12117
https://dx.doi.org/10.1111/prd.12117
https://dx.doi.org/10.1007/s40496-019-0207-5
https://dx.doi.org/10.1007/s40496-019-0207-5
https://dx.doi.org/10.1902/jop.2015.150399
https://dx.doi.org/10.1902/jop.2015.150399
https://dx.doi.org/10.7860%2FJCDR%2F2015%2F12689.6498
https://dx.doi.org/10.7860%2FJCDR%2F2015%2F12689.6498
https://dx.doi.org/10.1016/j.jds.2019.03.002
https://dx.doi.org/10.1016/j.jds.2019.03.002
https://dx.doi.org/10.3109/00016357.2013.795659
https://dx.doi.org/10.3109/00016357.2013.795659
https://dx.doi.org/10.25301/JPDA.281.22
https://dx.doi.org/10.25301/JPDA.281.22
https://dx.doi.org/10.7860%2FJCDR%2F2016%2F20973.8182
https://dx.doi.org/10.7860%2FJCDR%2F2016%2F20973.8182
https://www.ecronicon.com/ecde/pdf/ECDE-18-01044.pdf
https://new.hindawi.com/journals/jir/2015/615486/
https://platform.almanhal.com/Reader/Article/71253


31. Branco-de-Almeida L, Cruz-Almeida Y, Cruz-Almeida Y, et al.: Local and plasma biomarker profiles in
localized aggressive periodontitis. JDR Clin Trans Res. 2017, 2:258-268. 10.1177%2F2380084417701898

32. Ochanji A, Matu N, Mulli TK: Association of salivary RANKL and osteoprotegerin levels with periodontal
health. Clin Exp Dent Res. 2017, 3:45-50. 10.1002/cre2.49

33. Quesada JG, Alvarez SR: Pyridinoline (ICTP) levels in gingival crevicular fluid (GCF) in chronic periodontitis .
Odovtos-Int J Dent Sci. 2016, 18:61-68.

34. Almehmadi AH, Alghamdi F: Biomarkers of alveolar bone resorption in gingival crevicular fluid: a
systematic review. Arch Oral Biol. 2018, 93:12-21. 10.1016/j.archoralbio.2018.05.004

35. Aruna G: Plasma levels of N-telopeptide of Type I collagen in periodontal health, disease and after
treatment. J Dent Res. 2016, 13:18-23. 10.4103%2F1735-3327.174691

36. Rodan GA: Introduction to bone biology. Bone. 1992, 13:S3-S6. 10.1016/S8756-3282(09)80003-3
37. Becerik S, Afacan B, Öztürk VO, Atmaca H, Emingil G: Gingival crevicular fluid calprotectin, osteocalcin and

cross-linked N-terminal telopeptid levels in health and different periodontal diseases. Dis Markers. 2011,
31:343-352. 10.3233/DMA-2011-0849

38. Bullon P, Chandler L, Segura Egea JJ, Cano RP, Sahuquillo AM: Osteocalcin in serum, saliva and gingival
crevicular fluid: their relation with periodontal treatment outcome in postmenopausal women. Med Oral
Patol Oral Cir Bucal. 2007, 12:193-197.

39. Miricescu D, Totan A, Calenic B, et al.: Salivary biomarkers: relationship between oxidative stress and
alveolar bone loss in chronic periodontitis. Acta Odontol Scand. 2014, 72:42-47.
10.3109/00016357.2013.795659

40. Giannobile WV, Beikler T, Kinney JS, Ramseier CA, Morelli T, Wong DT: Saliva as a diagnostic tool for
periodontal disease: current state and future directions. Periodontol. 2009, 50:52-64. 10.1111/j.1600-
0757.2008.00288.x

41. Ram VS, Parthiban, Sudhakar U, Mithradas M, Prabhakar R: Bonebiomarkers in periodontal disease: a review
article. J Clin Diagn Res. 2015, 9:7-10. 10.7860%2FJCDR%2F2015%2F11268.5438

42. Rosset EM, Bradshaw AD: SPARC/osteonectin in mineralized tissue. Matrix Biol. 2016, 52:78-87.
10.1016/j.matbio.2016.02.001

43. Baeza M, Garrido M, Hernández‐Ríos P, et al.: Diagnostic accuracy for apical and chronic periodontitis
biomarkers in gingival crevicular fluid: an exploratory study. J Clin Periodontol. 2016, 43:34-45.
10.1111/jcpe.12479

44. Trombetta JM, Bradshaw AD, Johnson RH: SPARC/osteonectin functions to maintain homeostasis of the
collagenous extracellular matrix in the periodontal ligament. J Histochem Cytochem. 2010, 58:871-879.
10.1369%2Fjhc.2010.956144

45. Dong M, Yu X, Chen W, et al.: Osteopontin promotes bone destruction in periapical periodontitis by
activating the NF-κB pathway. Cell Physiol Biochem. 2018, 49:884-898. 10.1159/000493219

46. Foster B, Ao M, Salmon MR, et al.: Osteopontin regulates dentin and alveolar bone development and
mineralization. Bone. 2018, 107:196-207. 10.1016/j.bone.2017.12.004

47. Kido J-I, Nakamura T, Asahara Y, Sawa T, Kohri K, Nagata T: Osteopontin in gingival crevicular fluid. J
Periodontal Res. 2001, 36:328-333. 10.1034/j.1600-0765.2001.360509.x

48. Sharma CD, Pradeep A: Gingival crevicular fluid osteopontin levels in periodontal health and disease . J
Periodontal. 2006, 77:1674-1680. 10.1902/jop.2006.060016

49. Fiyaz M, Ramesh A, Ramalingam K, Thomas B, Shetty S, Prakash P: Association of salivary calcium,
phosphate, pH and flow rate on oral health: a study on 90 subjects. J Indian Soc Periodontol. 2013, 17:454-
460. 10.4103%2F0972-124X.118316

50. Sutej I, Peros K, Benutic A, Capak K, Basic K, Rosin-Grget K: Salivary calcium concentration and periodontal
health of young adults in relation to tobacco smoking. Oral Health Prev Dent. 2012, 10:221-227.
10.15644%2Fasc49%2F3%2F4

2020 Shazam et al. Cureus 12(1): e6699. DOI 10.7759/cureus.6699 6 of 6

https://dx.doi.org/10.1177%2F2380084417701898
https://dx.doi.org/10.1177%2F2380084417701898
https://dx.doi.org/10.1002/cre2.49
https://dx.doi.org/10.1002/cre2.49
https://revistas.ucr.ac.cr/index.php/Odontos/article/view/26497
https://dx.doi.org/10.1016/j.archoralbio.2018.05.004
https://dx.doi.org/10.1016/j.archoralbio.2018.05.004
https://dx.doi.org/10.4103%2F1735-3327.174691
https://dx.doi.org/10.4103%2F1735-3327.174691
https://dx.doi.org/10.1016/S8756-3282(09)80003-3
https://dx.doi.org/10.1016/S8756-3282(09)80003-3
https://dx.doi.org/10.3233/DMA-2011-0849
https://dx.doi.org/10.3233/DMA-2011-0849
http://scielo.isciii.es/scielo.php?script=sci_arttext&pid=S1698-69462007000300003
https://dx.doi.org/10.3109/00016357.2013.795659
https://dx.doi.org/10.3109/00016357.2013.795659
https://dx.doi.org/10.1111/j.1600-0757.2008.00288.x
https://dx.doi.org/10.1111/j.1600-0757.2008.00288.x
https://dx.doi.org/10.7860%2FJCDR%2F2015%2F11268.5438
https://dx.doi.org/10.7860%2FJCDR%2F2015%2F11268.5438
https://dx.doi.org/10.1016/j.matbio.2016.02.001
https://dx.doi.org/10.1016/j.matbio.2016.02.001
https://dx.doi.org/10.1111/jcpe.12479
https://dx.doi.org/10.1111/jcpe.12479
https://dx.doi.org/10.1369%2Fjhc.2010.956144
https://dx.doi.org/10.1369%2Fjhc.2010.956144
https://dx.doi.org/10.1159/000493219
https://dx.doi.org/10.1159/000493219
https://dx.doi.org/10.1016/j.bone.2017.12.004
https://dx.doi.org/10.1016/j.bone.2017.12.004
https://dx.doi.org/10.1034/j.1600-0765.2001.360509.x
https://dx.doi.org/10.1034/j.1600-0765.2001.360509.x
https://dx.doi.org/10.1902/jop.2006.060016
https://dx.doi.org/10.1902/jop.2006.060016
https://dx.doi.org/10.4103%2F0972-124X.118316
https://dx.doi.org/10.4103%2F0972-124X.118316
https://dx.doi.org/10.15644%2Fasc49%2F3%2F4
https://dx.doi.org/10.15644%2Fasc49%2F3%2F4

	Bone Turnover Markers in Chronic Periodontitis: A Literature Review
	Abstract
	Introduction And Background
	Review
	Role of oral fluid biomarkers in chronic periodontitis
	FIGURE 1: Types of oral fluid biomarkers in periodontal disease

	Bone turnover biomarkers in chronic periodontitis
	TABLE 1: Bone turnover biomarkers in periodontitis

	Alkaline phosphatase
	Osteoprotegerin and RANKL
	ICTP
	NTX
	Osteocalcin
	Osteonectin
	Osteopontin
	Calcium

	Conclusions
	Additional Information
	Disclosures

	References


