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Summary

Osteoporosis is a systemic disease in which the skeletal con-
dition is characterized by a decreased mass of normally mi-
neralized bone, due to an augmentation of bone resorption
processes. Bone biomarkers serum are used for the dia-
gnosis. On the other hand the main cause of the resorption
in the bone jaws are periodontitis, inflammatory cysts, de-
velopmental cysts, odontogenic neoplasms. Periodontal di-
seases can be localized to a single site of the jaws or can af-
fect all the teeth, with a massive bone resorption. The cysts
are classified in developmental and inflammatory. They cau-
sed a local bone resorption in the jaws. Keratocystic odon-
togenic tumor produces a large bone resorption for its lo-
cal aggressive nature. Their diagnosis is clinical and radio-
logical. 
The aim of our review is to find a correlation between bone
biomarkers serum and periodontitis, inflammatory cists, de-
velopmental cysts, odontogenetic neoplasms.
The RANK/RANKL/OPG system is the most studied not only
in osteoporosis but also in the periodontitis, inflammatory cy-
sts, developmental cysts, odontogenic neoplasms. In the last
years osteoimmunology was used to study the periodontal
disease progression, because the immunity cells start the
bone resorption processes.
A lot of studies analyze the biomarkers present in the biofluids,
as saliva and gingival crevicular fluid, but not the correlation
with serum biomarkers.
Future studies must be organized to deepen the correlation
between bone biomarkers and bone jaws resorption and to
allow diagnosis and prognosis of periodontitis, inflammatory
cysts, developmental cysts, odontogenic neoplasms.

KEY  WORDS: osteoporosis; periodontitis; odontogenic cyst; serum marker;
Rankl.

Introduction

The alveolar bone tropism of the jaws differs from skeleton ones.
The alveolar bone remodelling depends on whether the teeth are
present or not. When teeth erupted jaw bone grows, instead it is
reabsorbed with teeth loss (1). 
Several factors play an important role on the alveolar bone re-
modelling, as in other skeletal parts (2). These factors are:
- anatomical factors: quality and quantity of available bone;
- metabolic factors: hormonal influence, osteoporosis, syste-

mically disorders;
- mechanical factors: occlusal parameters, bruxism, presence

of prosthesis.
Moreover there are some specific diseases that affect jaws and
lead to bone remodelling/resorption processes. These are: pe-
riodontal disease (PD), inflammatory cysts, developmental cysts,
odontogenic neoplasms.
Dentists use radiological and histological findings for the clinical
diagnosis of these diseases. However it would be extremely use-
ful to have serum/plasma markers to evaluate these diseases pro-
gression and prognosis, because they have phases of clinical wor-
sening and stasis. 
Osteoporosis is a systemic diseases that can affect the jaws and
influence the jaw bone tropism; so there is a possible correlation
between osteoporosis and periodontal disease (PD), inflamma-
tory cysts, developmental cysts, odontogenic neoplasms, that are
specific to the jaws.
Aim. The relationships between systemic bone biochemical
markers and alveolar bone loss – which is caused by periodon-
tal disease, osteoporosis, odontogenic cysts and neoplasms – are
still not well known. The aim of this analysis of literature is to in-
vestigate if bone biomarkers, which reflect systemic bone loss and
formation, are associated also with alveolar bone resorption. 

Periodontitis

Periodontitis is a chronic bacterial infection that affects the gingi-
val and the bone supporting the teeth. Bacterial plaque stimulates
the host inflammatory response leading to tissue damage and bone
resorption (3). Despite many studies in the past years, focused their
attention on bacterial plaque, as a cause of parodontitis, today their
attention is mainly about osteoimmunology (4). They try to explain
the role and the interaction between the host immune response,
the cytokines and the bone biology in development of PD (5). 
In 1998 the AAP (American Association of Periodontology) pro-
posed this classification (6): 
- Gingivitis

• Plaque associated
• No plaque associated

- Periodontitis:
• Type I: Aggressive periodontitis
• Type II: Chronic periodontitis
• Type III: Periodontitis as a manifestation of systemic 

disease
• Type IV: Necrotizing periodontitis

- Recurrent periodontitis
- Refractory periodontitis

Original article
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Patients treated for periodontitis had clinical healing with no re-
stitutio ad integrum because of the bone loss (7). The bone loss
range from small resorption when periodontitis affects a sin-
gle site of the tooth, to large resorption if involves several or
all teeth. 
The diagnosis of periodontitis is clinical. Outcome measures are:
pocket depth (pd), bleed on probing (BOP), clinical attachment le-
vel (CAL), plaque index (PI), but the loss of alveolar bone can de-
termine variations in the bone turnover markers. Due to that, authors
have analysed the markers in GCF (Gingival Clevicular Fluid), sa-
liva, serum and plasma.
Buduneli and Kinane (8) do a systematic review of literature analy-
sing studies regarding markers of tissue destruction in biofluids,
GCF (gingival crevicular fluid, saliva and serum/plasma), in pa-
tients affected and/or treated for periodontitis. Authors reported
data of studies correlating serum/plasma levels of a marker with
clinical measurements and different phase of progression/healing
of PD:
- Serum Calcium correlated with PD may be a risk factors for

progression (9); 
- IL-17: higher in GAgP (generalized aggressive periodontitis)

and decrease after SRP (10); 
- IL-6: is associated to PD severity and decrease after therapy

(SRP: scaling and root planning) (11-15); 
- TNF-alfa: increase with PD and decrease after therapy

(SRP) (10, 13); 
- CRP: discording report (12, 13, 15-17); 
- MMP: level of MMP-3, -9, -8 increased in Chronic Parodon-

titis and decreased after therapy (12, 18); 
- Serum cortisol associated to clinical parameters (BOP, pd and

CAL) (19); 
- Serum albumin may be a risk predictor for progression (20); 
- Osteocalcin: negative correlation between CAL>6mm and

osteocalcin (21). 
Cochran (22) describes studies that analyse RANKL and OPG in
GCF and saliva from individuals affected by PD and found that
usually the RANKL/OPG ratio was higher in individuals with pe-
riodontitis than in healthy controls despite concentration of
RANKL and OPG varied from study to study.
We found only few studies analysing RANKL/RANK/OPG pathway
in serum/plasma. 
A study analysed serum levels of RANKL and OPG in 35 smokers
and 35 non-smokers (23). Similar values were found of serum RANKL
in smoker (mean=41.7 pM) and in non-smokers (mean=48.23 pM)
instead lower value of OPG in smoker (mean=23.76 pM) than in non-
smoker (mean=59.28 pM). The higher ratio RANKL/OPG can ex-
plain tendency in smoker to bone loss.
Lappin et al. (24) in a human study on diabetics and non diabe-
tics patients with or without PD found that the ratio of RANKL to
OPG depends on periodontal status.
Özçaka et al. (25) analysed plasma levels of patients smoker and
non-smoker, systemically healthy, affected or not by chronic pe-
riodontitis. They report no difference in RANKL levels for smoker
with or without periodontitis and non-smoker with or without pe-
riodontitis but higher RANKL/OPG ratio for smoker with chronic
periodontitis in comparison to smoker without chronic periodon-
titis because of reduced OPG levels.

Systemic and maxillary osteoporosis

Osteoporosis is characterized by reductions of bone mass and mi-
croarchitectural deterioration of bone tissue leading to enhanced
bone fragility, with consequent increase in fracture risk. It is con-
sidered the most common metabolic bone disease; in fact it con-
stitutes one of the most important public health problems (26).
Different authors analyzed dealings within systemically and
maxillary osteoporosis. In a systematic review of literature, Jeff-

coat (27) found that thirteen of the 15 studies analyzed showed
correlation between oral and systemic osteoporosis. However the-
se findings do not exclude the possibility to have oral osteoporosis
without systemic osteoporosis and vice versa.
The diagnosis of osteoporosis is based on blood and urine tests
(VES, haemochrome, serum calcium, phosphataemia, creatinine,
azotaemia, calciuria, phosphaturia, pyridinoline, alkaline pho-
sphatas, PTH) and on measures of the bone density through sin-
gle photon absorptiometry (SPA), dual energy X-ray absorptiometry
(DXA), quantitative computed tomography (QCT) and radiographic
absorptiometry (RA).
Studies can be found in literature that are focused on the pos-
sibility to diagnose osteoporosis through OPT. Klemetti found
that a subject with osteoporosis is more likely to show erosion
of the inferior border of mandible than control. Klemetti index
seems to be useful for screening of skeletal osteoporosis (28,
29). Taguchi (30) demonstrates that the mandibular inferior cor-
tical shape on dental panoramic radiograph may be an indica-
tor of bone turnover and spine BMD in post-menopausal women.
So we can identify postmenopausal women with increased risk
of osteopenia and osteoporosis on routine dental panoramic ra-
diographs. 
In clinical investigation of osteoporosis we can use biochemical
markers. They are different for bone deposition and bone resorption
(31).
For the bone deposition there are: 
• ALP (Alkaline phosphatase)
• Serum Osteocalcin (OC)
• Propeptide puridinoline cross-link of type 1 collagen.
For bone resorption there are:
• Carboxyterminal telopeptide puridinoline cross-link of type 1

collagen (CTX)
• Deossipuridinoline in urine tests
• Idrossiproline in urine tests
• Acid Phosphatase Tartrate resistant in serum
• Bone Sialoprotein serum
• Idrossilisine-Glucosid in urine tests.
New studies demonstrate the correlation between serum bone
biomarkers and oral bone loss, and as the oral bone loss can
affect the serum bone biomarkers. Deguchi et al. (32) found that
a mandibular inferior cortical erosion finding on dental panora-
mic radiographs is significantly associated with increased bio-
chemical markers of bone turnover. They measured values of
serum bone-specific alkaline phosphatase (S-BAP) and urinary
N-telopeptide cross-links of type I collagen (U-NTX). To evaluate
the jawbone, they used mandibular inferior cortex (MIC) clas-
sification on dental panoramic radiographs and found a signifi-
cant correlation between MIC classification and S-BAP.
Taguchi et al. (30) found correlation between mandibular corti-
cal erosion and N-telopeptide cross-links of type I collagen (NTx)
and alkaline phosphatase (ALP).
In another study by Payne (33) it is showed that changes in
serum bone biomarkers over the time are associated not only
with systemic bone density loss, but also with loss of alveo-
lar bone density and alveolar bone height in post menopau-
sal women with periodontitis and systemic osteopenia. The con-
sidered bone biomarkers were osteocalcin and pyridinoline
crosslink fragment of type I collagen (ICTP). In this study the
authors found a positive correlation between these markers
and alveolar bone loss. In particular the first marker was as-
sociated with the alveolar bone density and the second with
alveolar bone height loss.

Odontogenic cysts 

Odontogenic cysts are lesions that affect the jaws. These cysts
can be classified as inflammatory and developmental (Table 1).
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Inflammatory cysts are the more frequent followed by DC and
KCOT, other lesions are very rare (35). 

Inflammatory cyst (IC)

This cyst is always associated to the apex of a necrotic tooth and
originates from residual epithelial (rests of Malassez) stimulated
by cytokines produced because of the inflammation. IC can affect
all areas of jaws, at any age, both in males and in females. Di-
mensions range from few millimeters to any centimeters (36). 

Dentigerous cyst (DC)

DC takes origin by reduced epithelium, and it is associated with
an unerupted tooth, usually a mandibular third molar, a maxillary
canine or a mandibular second premolar. This cyst can affect peo-
ple of a wide age range but is commonly seen in subjects from
10 to 30 years-old. A slight male prediction is present but women
are also affected (37). Usually DCs are discovered during routi-
ne radiographs, but sometimes they may grow to considerable size
causing bone expansions and patients discomfort. Authors believe
that growth mechanism of DC and IC depends on the increased
osmotic pressure within the lumen of the cyst that draws fluids into
the cavity. The exerted pressure stimulates the production of cy-
tokines and other factors that lead to bone resorption.

Keratocystic odontogenic tumor (KCOT)

KCOT derives from residuals of dental lamina. Unlike other odon-
togenic cysts, the KCOT had clinical behaviour of local aggres-
siveness; in fact the WHO in 2005 classified this lesion as beni-
gn neoplasm and not only as simple cyst (38).
This lesion often affects the posterior mandibular, in a range of
age from infancy to old age (frequently 10-40 years old), with a
slight male prediction and a higher rate of recurrence than other
odontogenic cysts.
Two forms of KCOT can be found:
• Sporadic cyst
• Associated to nevoid basal cell carcinoma syndrome (Gorlin-

Goltz)
KCOT seems to have different growth mechanisms from DC and

IC. The authors concentrate their attention on studying factors re-
lated to epithelium and to fibrous wall of the cyst. Different authors
reported high value of Ki 67 and P53 in epithelium of KCOT that
indicate proliferation activity (39, 40). Zhang et al. (41) propose
that Hedgehog (Hh) signalling can play a role in pathogenesys of
KCOT. 

Results

The web searching of literature was conducted using the terms:
“kerotocyst”, “dentugerous cyst”, “follicular cyst”, “radicular cyst”,
“cyst”, “ameloblastoma”, “serum marker”, “marker”, “RANK”,
“RANKL”.
We did not find studies that analysed serum marker of bone re-
modelling in odontogenic cysts disease and/or treatment. Diffe-
rent authors concentrate their attention on histological and immuno-
histochemical analysis on specimens of the cysts. The RANKL,
RANK, OPG signalling pathway is the most analysed by immu-
nohistochemical analysis aimed to find RANK-RANKL-OPG + cel-
ls. Data are reported in Tables 2 and 3. All authors find RANKL,
OPG and RANK expression in all specimens. The data retrieved
are few and discordant.

Discussion

Periodontitis is a major public health problem in Europe becau-
se it is quite common and causes tooth loss and disability (42).
A diagnostic method for PD should be able to screen susceptible
subject, to distinguish active and inactive site, to predict future tis-
sue destruction and to monitor therapy (43). 
Today clinical measurements (pd, BOP, CAL, PI) are the best pa-
rameters to diagnose PD, however clinical measurements give
either poor or no information to screen susceptible subjects and
to predict tissue destruction. Because of that, different authors analy-
sed different markers of tissue destruction in GCF, saliva and se-
rum/plasma. The most studied markers in serum/plasma are IL-
6 (11-15) and CRP (12, 13, 15-17); some others are TNF-alfa (10,
13), IL-17 (10), Osteocalcin (21), albumin (20), cortisol (9) and
MMPs (12, 18). 
Despite molecules in biofluids are associated with tissue inflam-
mation and bone loss in PD, the specificity and sensitivity of the-
se molecules to screen susceptible subjects and to predict futu-
re destruction are not scientifically demonstrated (8).
There are some difficulties to analyse markers of bone turn-over
so to find conclusive data. These difficulties include inter-indivi-
dual variability, different methods of analysis, the nature of sam-
ples (GCF, saliva or serum), number of molecules to analyse, in-
fluence of other systemic disease, like osteoporosis, on levels of
biomarker.
The attention of researchers is now focused on osteoimmunology
(4) to understand connections between immune response and bone
system and how these interactions lead to bone destruction on PD.
The pathogenesis of PD starts with subgingival bacterial plaque
accumulation. When epithelial barrier is disrupted, bacteria and
bacterial influx (lipopolysaccharide, phosphoryl choline, protease,
leukotoxin, cytolethal distending toxin) stimulate an intense in-
flammatory response. Firstly are recruited neutrophilis and after,
when bacteria invade the periodontal tissues, also B cells, plasma
cells, T cells and macrophage. These immunity cells start production
of pro-inflammatory cytokines that play a significant role in the patho-
genesis of PD in terms of soft and hard tissue destruction (44).
In fact pro-inflammatory cytokines (IL-1beta, IL-6, IL-11, IL-17) and
the TNF-alfa stimulate the expression of RANKL and reduce that
of OPG leading to osteoclastogenesis and bone resorption (45).
Contrary anti-inflammatory cytokines (IL-13, IFN-gamma) stimu-
late the expression of OPG and reduce that of RANKL.

Table 1 - Classification of Odontogenic Cysts (WHO 1992) (34).

Developmental

- Dentigerous cyst (DC)
- Eruption cyst
- Odontogenic Keratocyst*
- Gingival (alveolar cyst of the newborn)
- Gingival cyst of the adult
- Lateral periodontal cyst
- Calcifying odontogenic cist
- Glandular odontogenic cyst

Inflammatory

- Periapical (radicular cyst)
- Residual cyst
- Periradicular cyst 

* In 2005 the WHO classified the Odontogenic Keratocyst as
Keratocystic odontogenic tumor (KCOT) (38). 
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The pro and anti-inflammatory cytokines act on gingival fibrobla-
st, osteoblast, macrophages and periodontal ligament fibroblast,
under this stimulation these cells produce RANKL and OPG (46). 
A promising parameter to indicate risk of active alveolar bone re-
sorption by PD is the RANKL/OPG ratio. Different studies found
the RANKL/OPG ratio higher in patients with PD than in patients
without PD (22), this indicates tendency of bone resorption for PD’s
patients. We found very few data for RANK/OPG ratio in serum
of PD’s patients. These data indicates higher RANKL/OPG ratio
for smokers (23, 25) and for patients with clinical status of PD (24),
naturally data are not conclusive.

Evaluating maxillary bone resorption and serum markers authors
reported that serum bone-specific alkaline phosphatase is asso-
ciated to MIC (mandibular inferior cortex) erosion (32), osteocal-
cin with alveolar bone density and ICTP with alveolar bone hei-
ght loss (33).
Moreover the amount of bone resorption due to periodontitis can
be affected by maxillary or systemic osteoporosis. Many authors
focus their attention on the possible correlation between periodontitis
and osteoporosis, in particular if in osteoporotic patients there is
higher risk of periodontitis. A review published by Wactawski-
Wende (47) found several similarities and correlations between

Table 2 - Studies analysing rank-rankl-opg pathway in odontogenic cysts.

RC: radicular cyst; DC: dentigerous cyst; KCOT: Keratocystic odontogenic tumor; DF: dental folliculous; AOT: adenomatoid odontogenic tumor;
CCOT: calcifying cystic odontogenic tumor; CEOT: calcifying epithelial odontogenic tumor; AF: ameloblastic fibroma; OM: odontogenic mixoma.

Table 3 - Studies analysing other markers.

RC: radicular cyst; DC: dentigerous cyst; KCOT: Keratocystic odontogenic tumor; t-PA: tissue plasminogen activator; PAI-1: plasminogen
activator inhibitor-1;  EMMPRIN: extracellular matrix metalloproteinase inducer; OPN: osteopontin; uPAR: urokinase plasminogen activator
receptor.
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osteoporosis and periodontal diseases. However a casual natu-
re to this association is not firmly estabilished. Jabbar S. et al. found
another correlation (48) between periodontal disease and plasma
cytochines, vitamin D and bone mineral density in postmenopausal
women with and without osteoporosis. The positive correlation found
by these authors suggested that the bone markers of resorption
may be affected by periodontal diseases. Other authors obtained
results in accordance with this hypothesis. Sultan and Rao (49)
found that skeletal BMD (hand-wrist radiograph) is related to in-
terproximal ABL and CAL, but without a statistical significant le-
vel. Suresh et al. (50) found that the BMD of lumbar spine (L2)
and femur were significantly lower in postmenopausal women with
PD than postmenopausal women without PD. 
However some problems exist to compare different studies that
investigate osteoporosis and periodontits. De Santana Passos (51)
demonstrate that the frequency of periodontal disease varied from
24.5% to 98.6% depending on the outcome measurement used.
They used five different criteria for the outcome measurement that
found in the literature studies on the association between osteo-
porosis and periodontal disease. 
The odontogenic cysts are diseases that lead to alterations on al-
veolar bone turnover independently from the pathogenic mechanism
(inflammatory, developmental). Despite numerous investiga-
tions, mechanisms of enlargement of jaw cysts are not comple-
tely understood. We conducted a literature search supposing that
bone resorption caused by a cyst can determine variations on se-
rum levels of biomarkers of turnover. We did not find studies that
analyse serum marker of bone remodelling in patients affected or
treated for an odontogenic cyst. We retrieved only studies that
analyse specimens of the cysts. Currently, the RANKL/RANK/OPG
pathway is the most investigated. 
KCOT shows RANKL + cells in epithelium and in stroma and hi-
gher number of OPG + cells than RANKL + cells in 62.4% of spe-
cimen (52). This last finding is not in accordance with the local ag-
gressiveness of the KCOT but can be explained because of dif-
ferent stages of progression (resorption/quiescence). Tekkesin et
al. (53) found higher RANK + cells in KCOT than RC but no dif-
ference in number of RANKL + cells in KCOT epithelium and stro-
ma. The same study reports low number of OPG + cells in epithe-
lium with no difference between KCOT and RC, while higher num-
ber of OPG + cells in stroma of RC than KCOT. 
In the 70% of epithelium of DC the following were found: higher
number of OPG + cells than RANK + cells, and higher number of
RANK + cells than RANKL + cells in stroma of DC than RC (54).
Da Silva (55) reports that stroma of DC shows higher OPG + cel-
ls than RANKL + cells, also this finding is not in accordance with
osteolytic nature of DC. RC shows higher number of RANK + cel-
ls than OPG + cells (56).
Andrade et al. (57) demonstrate RANKL RANK and OPG + cel-
ls in epithelium and stroma of AOT, AF, CCOT, CEOT and OM.
The markers of the RANKL/RANK/OPG pathway were found in
all specimens but with different expressions. In this manner it has
been shown the relevant implication in bone destruction due to
osteogenic cysts and neoplasms, without explaining how. New stu-
dies are necessary to investigate how the OPG/RANKL/RANK
pathway is involved in the development of cystic lesions. To bet-
ter understand the underlying mechanism some studies have to
analyse RANKL/RANK/OPG pathway and clinical phases of the
diseases. The scope will be to find therapeutic strategies for the
treatment of these lesions that are often highly destructive.
Another analysed marker is EMMPRIN (extracellular matrix me-
talloproteinase inducer) that was found in epithelium of KCOT, DC,
RC and DF (58) and OPN (osteopontin) that was found in epithe-
lium of some specimen of KCOT but not in DC or RC (59). 
Del Rosso and Tonelli (60) found uPAR in epithelium of DC and
in epithelium and stroma of RC. They found also PAI-1 and uPA
in cystic fluid of DC and RC demonstrating a possible role of PA
in progression of cystic disease. These results are in accordan-

ce with Tsai et al. (61) that also demonstrate that PA levels increase
with the grade of inflammation. 

Future implications

New findings in pathogenic mechanism of PD and odontogenic
cysts are now topics of research to try new therapeutic solutions.
For many years the treatment of periodontitis consisted in remo-
ving bacterial plaque. Today removing bacterial plaque remains
the first line treatment for PD. However authors try new treatment
on animals basing on acquisitions in the field of osteoimmunology.
The fact that RANKL/RANK/OPG pathway is involved in bone de-
struction due to PD allows us to think that drugs interfering with
this system are therapeutic. In literature there are animal studies:
Yuang et al. (62) in mice model of periodontitis demonstrate that
RANKL antagonist are effective in reducing alveolar bone loss due
to PD. In another study 32 rats were administered with human OPG-
Fc subcutaneous twice weekly for 6 week. Authors found signi-
ficant preservation in treated animal than control (63). These fin-
dings open new horizons in PD treatment, however new studies
are necessary to better understand pathogenic mechanisms befo-
re starting human studies.

Conclusion

• Markers in serum/plasma are associated with bone loss in PD,
but if these molecules are predictor of bone loss is not scien-
tifically demonstrated.

• In literature studies analysing serum markers of bone resorption
due to odontogenic cysts were not found. 

• RANKL/OPG/RANK pathway plays a role in bone resorption
due to PD and odontogenic cysts.

• Higher RANKL/OPG ratio is usually associated to active PD.
• The literature research has demonstrated that it is difficult to

find a correlation between the systemic disorder as osteopo-
rosis and specific pathologies that affect the bone jaws as pe-
riodontitis, inflammatory cysts, developmental cysts, odonto-
genic neoplasms. So new investigations are necessary to find
this correlation.

• Osteoporosis, though not being the initial cause of peri odontitis,
has been shown to be a risk indicator that may contribute to
the progression of PD. However a casual nature to this as-
sociation is not firmly established.

• Dentists can screen osteoporosis through OPT.
• Drugs that inhibit RANKL promise to be effective in reducing

bone loss due to PD.

References

1. Neufeld. Changes in the trabecular pattern of the mandible following
the loss of teeth. J Prost Dent 1958;8(4):658-697.

2. Atwood A. Reduction of residual ridge: A major oral disease entity.
J Prost Dent 1971;26(3):267-279.

3. Sanz M, van Winkelhoff AJ. Periodontal infections: understanding the
complexity-consensus of the Seventh European Workshop on Pe-
riodontology. J Clin Periodontol 2011 Mar;38 Suppl 11:3-6.

4. Arron JR, Choy Y. Bone versus immune system. Nature 2000:408:535-
536.

5. Graves DT, Oates T, Garlet GP. Review of osteoimmunology and the
host response in endodontic and periodontal lesions. J Oral Micro-
biol 2011 Jan 17;3.

6. Armitage GC. development of a classification system for periodon-
tal diseases and conditions. Ann Periodont 1999;vol 4(1):1-6.

7. Rylander H. Cause related periodontal therapy. In: Linde J. Clinical
periodontology and implant dentistry. 4th edition: Blackwell Munk-
sgaard; 2003:432-448. 

0344 10 Biochemical_Duvina:-  26-09-2012  7:18  Pagina 104



Clinical Cases in Mineral and Bone Metabolism 2012; 9(2): 100-106 105

Biochemical markers as predictors of bone remodelling in dental disorders: a narrative description of literature

8. Buduneli N, Kinane DF. Host-derived diagnostic markers related to
soft tissue destruction and bone degradation in periodontitis. J Clin
Periodontol 2011;38(suppl 11):85-105.

9. Amarasena N, Yoshiara A, Hirotomi T, et al. Association between se-
rum calcium and periodontal disease progression in non-institutio-
nalized elderly. Gerodontology 2008;25:245-250.

10. Duerte P M, from Rocha M, Sampaio E, et al. Serum levels of cytokines
in subjects with generalized chronic and aggressive periodontitis befo-
re and after non-surgical perio- dontal therapy: a pilot study. Journal
of Periodontology 2010;81:1056-1063.

11. Guentsch A, Puklo M, Preshaw PM, et al. Neutrophils in chronic and
aggressive periodontitis in interaction with Porphyromonas gingiva-
lis and Aggregatibacter actinomycetemcomitans. J of Periodontal Res
2009;44:368-377.

12. Marcaccini AM, Meschiari CA, Sorgi CA, et al. Circulating interleukin-
6 and high sensitivity C-reactive protein decrease after periodontal
therapy in otherwise healthy subjects. J of Periodontol 2009;80:594-
602.

13. Nakajima T, Honda T, Domon H, et al. Periodontitis-associated up-
regulation of systemic inflammatory mediator level may increase the
risk of coronary heart disease. J Periodontal Res 2010;45:116-122.

14. Raunio T, Nixdorf M, Knuuttila M, et al. The extent of periodontal di-
sease and the IL-6 - 174 genotype as determinants of serum IL-6 le-
vel. J Clin Periodontol 2007;34:1025-1030.

15. Renvert S, Lindahl C, Ross-JansakerAM, et al. Short-term effects of
an anti- inflammatory treatment on clinical parameters and serum le-
vels of C-reactive protein and proinflammatory cytokines in subjects
with periodontitis. J Periodontol 2009;80:892-900.

16. Liu J, Wu Y, Ding Y, et al. Evaluation of serum levels of C-reactive
protein and lipid profiles in patients with chronic periodontitis and/or
coronary heart disease in an ethnic Han population. Quintessence
Int 2010;41:239-247.

17. Offenbacher S, Beck JD, Moss K, et al. Results from the Periodon-
titis and Vascular Events (PAVE) Study: a pilot multicentered, ran-
domized, controlled trial to study effects of periodontal therapy in a
secondary prevention model of cardiovascular disease. J Periodon-
tol 2009;80:190-201.

18. Passoja A, Ylipalosaari M, Tervonen T, et al. Matrix metalloproteinase-
8 concentration in shallow crevices associated with the extent of pe-
riodontal disease. J of Clin Periodontol 2008;35:1027-1031.

19. Ishisaka A, et al. Association of cortisol and dehydroepiandrostero-
ne sulphate levels in serum with periodontal status in older Japane-
se adults. Journal of Clinical Periodontology 2008;35:853- 861.

20. Iwasaki M, Ansai T, Soh I, et al. Longitudinal study on the relation-
ship between serum albumin and periodontal disease. J Clinical Pe-
riodontol 2008;35:291-296.

21. Yoshihara A, Deguchi T, Hanada N, et al. Relation of bone turnover
markers to periodontal disease and jaw bone morphology in elderly
Japanese subjects. Oral Dis 2009;15:176-181.

22. Cochran DL. Inflammation and bone loss in periodontal disease. J
Periodontol 2008;79:1569-1576.

23. Lappin DF, Sherrabeh S, Jenkins WM, et al. Effect of smoking on se-
rum RANKL and OPG in sex, age and clinically matched supporti-
ve-therapy periodontitis patients. J Clin Periodontol 2007;34:271-277.

24. Lappin DF, Eapen B, Robertson D, et al. Markers of bone destruc-
tion and formation and periodontitis in type 1 diabetes mellitus. J Clin
Periodontol 2009;36:634-641.

25. Özçaka O, Nalbantsoy A, Kose T, et al. Plasma osteoprotegerin le-
vels are decreased in smoker chronic periodontitis patients. Aust Dent
J 2010;55:405-410.

26. Sànchez-Riera L, Wilson N, Kamalaraj N, et al. Osteoporosis and fra-
gility fractures. Best Pract Res Clin Rheumatol 2010 Dec;24(6):793-
810.

27. Jeffcoat M. The Association Between Osteoporosis and Oral Bone
Loss. J Periodontol 2005;76:2125-2132.

28. Klemetti E, Kolmakov S, Heiskanen P, et al. Panaromic mandibular
index and bone mineral densities in postmenopausal women. Oral
Surg Oral Med Oral Pathol 1993;75:774-9.

29. Klemetti E, Kolmakov S, Kroger H. Pantomography in assessment
of the osteoporosis risk group. Scand J Dent Res 1994;102: 68-72.

30. Taguchi A, Sanada M, Krall E, et al. Relationship between dental pa-

noramic radiographic findings and biochemical markers of bone tur-
nover. J Bone Miner Res 2003;18:1689-95.

31. Garnero P, Delmas D P. Chapter 93: Measurements of Biochemical
Markers: Methods and Limitations. In Bilezikian J.P. Principles of Bone
Biology pp:1277-1292.

32. Deguchi T, Yoshiara A, Hanada N, et al. Relationship between man-
dibular inferior cortex and general bone metabolism in older adults.
Osteoporos Int 2008;19:935-940.

33. Payne B, Stoner JA, Lee HM, et al. Serum Bone Biomarkers and
Oral/Systemic Bone Loss in Humans. J Dent Res 2011;90:747-51.

34. Shear M. Developmental odontogenic cysts. An update. J Oral Pathol
Med 1994 Jan;23(1):1-11.

35. Jones AV, Craig GT, Franklin CD. Range and demographics of odon-
togenic cysts diagnosed in a UK population over a 30-year period.
J Oral Pathol Med 2006;sep35(8):500-7. 

36. Ficarra G. Cisti delle ossa mascellari cap 16. In: Manuale di Patolo-
gia e Medicina Orale. III edizione, McGraw-Hill;2006:353-373. 

37. Carlson ER. Odontogenic cysts and tumors (cap 30). In: Miloro M.
Peterson’s Principles of oral and maxillofacial surgery. Second edi-
tion, BC Decker Inc;2004:575-596.

38. Barnes L. Who classification of tumors. Pathology and genetics of the
head and neck tumors. ARC Press.

39. KuroyanagiN, Sakuma H, Miyabe S, et al. Prognostic factors for ke-
ratocystic odontogenic tumor (odontogenic keratocyst): analysis of
clinico-pathologic and immunohistochemical findings in cysts treated
by enucleation. J Oral Pathol Med 2009; 38:386-392. 

40. Kichi E, Enokiya Y, Muramatsu T, et al. Cell proliferation, apoptosis
and apoptosis-related factors in odontogenic keratocysts and in den-
tigerous cysts. J Oral Pathol Med 2005;34:280-6.

41. Zhang L, Sun ZJ, Zhao YF, et al. Inhibition of SHH signaling pathway:
molecular treatment strategy of odontogenic keratocyst. Med Hy-
potheses 2006;67(5):1242-4.

42. Baehni P, Tonetti MS. Conclusions and consensus statements on pe-
riodontal health, policy and education in Europe: a call for action –
consensus view 1. Eur J Dent Educ 2010;14(Suppl. 1):2-3.

43. Lindhe J, Karring T, Lang N.P. Capitolo 18 Esame del paziente af-
fetto da malattia parodontale. In Parodontologia clinica e odontoia-
tria implantare 4ed. Edi Ermes 2006. 

44. Nagasawa T, Kiji M, Yashiro R, et al. Roles of receptor activator of
nuclear factor-κB ligand (RANKL) and osteoprotegerin in periodon-
tal health and disease. Periodontology 2000 2007;43:65-84.

45. Nakashima T, Kobayashi, Y, Yamasaki S, et al. Protein expression
and functional difference of membrane-bound and soluble receptor
activator of NF-kappaB ligand: modulation of the expression by osteo-
tropic factors and cytokines. Biochem Biophys Res Commun
2000;275:768-775.

46. Bartold PM, Cantley MD, Haynes DR. Mechanisms and control of
pathologic bone loss in periodontitis. Periodontology 2000;vol 53:55-
69.

47. Wactawski-Wende J. Periodontal diseases and osteoporosis: asso-
ciation and mechanisms. Ann Periodontol 2001 Dec;6(1):197-208.

48. Jabbar S, Drury J, Forham J, et al. Plasma vitamin D and cytokines
in periodontal disease and postmenopausal osteoporosis. J Periodontal
Res 2011 Feb;46(1):97-104.

49. Sultan N, Rao J. Association between periodontal disease and bone
mineral density in postmenopausal women: A cross sectional study.
Med Oral Patol Oral Cir Bucal 2011 May 1;16 (3):e440-7.

50. Suresh S, Kumar TS, Saraswathy PK, et al. Periodontitis and bone
mineral density among pre and post menopausal women: A com-
parative study. J Indian soc Periodontol 2010 Jan;14(1):30-4.

51. Passos J De S, Gomes-Filho IS, Viana MI, et al. Outcome Measu-
rements in Studies on the Association Between Osteoporosis and Pe-
riodontal Disease. J Periodontol 2010;81:1773-1780.

52. Tay JY, Bay BH, Yeo JF, et al. Identification of RANKL in Osteolytic
lesions of the facial skeleton. J Dent Res 2004;83(4):349-353.

53. Tekkesin MS, Mutlu S, Olgac V. The Role of RANK/RANKL/OPG Si-
gnalling Pathways in Osteoclastogenesis in Odontogenic Keratocy-
sts, Radicular Cysts, and Ameloblastomas. Head and Neck Pathol
2011;5:248-253. 

54. De Moraes M, de LucenaHF, de Azevedo PR, et al. Comparative im-
munohistochemical expression of RANK, RANKL and OPG in radi-

0344 10 Biochemical_Duvina:-  26-09-2012  7:18  Pagina 105



Clinical Cases in Mineral and Bone Metabolism 2012; 9(2): 100-106106

M. Duvina et al.

cular and dentigerous cysts. Arch Oral Biol 2011;56:1256-1263. 
55. Da Silva TA, Batista AC, Mendonca EF, et al. Comparative expres-

sion of RANK, RANKL, and OPG in keratocystic odontogenic tumors,
ameloblastomas, and dentigerous cysts. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2008;105:333-41.

56. Menezes R, Bramante CM, da Silva Paiva KB, et al. Receptor acti-
vator NFκB-ligand and osteoprotegerin protein expression in human
periapical cysts and granulomas. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2006;102:404-9.

57. Andrade FR, Sousa DP, Mendoca EF, et al. Expression of bone re-
sorption regulators (RANK, RANKL, and OPG) in odontogenic tumors.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2008;106:548-
55.

58. Ali AM. Expression of extracellular matrix metalloproteinase inducer
in odontogenic cysts. Oral Surg Oral Med Oral Pathol Oral Radiol En-
dod 2008;106:258-63. 

59. Wang YP, Liu BY. High expression of osteopontin and CD44v6 in odon-
togenic keratocysts. J Formos Med Assoc 2009;108:286-292. 

60. Serratì S, Tonelli P, Del Rosso M, et al. Urokinase and its receptor
in follicular and inflammatory cysts of the jaws. Oral Dis 2010;16:753-
759. 

61. Tsai CH, Weng SF, Yang LC, et al. Immunohistochemical localiza-
tion of tissue-type plasminogen activator and type I plasminogen ac-
tivator inhibitor in radicular cysts. J Oral Pathol Med 2004;Mar33(3):156-
61.

62. Yuan H, Gupte R, Zelkha S, et al. Receptor activator of nuclear fac-
tor kappa B ligand antagonists inhibit tissue inflammation and bone
loss in experimental periodontitis J Clin Periodontol 2011;38:1029-
1036.

63. Jin Q, Cirelli JA, Park CH, et al. RANKL Inhibition Through Osteo-
protegerin Blocks Bone Loss in Experimental Periodontitis. J Perio-
dontol 2007;78:1300-1308.

0344 10 Biochemical_Duvina:-  26-09-2012  7:18  Pagina 106




