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ABSTRACT 

Introduction and aim: Osteoporosis, a systemic skeletal disease characterized by an inflammatory status, 

can enhance the inflammation on periodontal level, with severe alveolar bone loss. The study proposed an 

evaluation of local and systemic RANKL levels,  pre- and post- periodontal therapy. Materials and method: 

The clinical study was conducted in patients with chronic periodontitis, divided in osteoporosis group and 

systemically healthy subjects. The clinical periodontal parameters were determined at baseline and after scaling 

and root planing. The RANKL levels were investigated pre-therapy in gingival crevicular fluid and post-therapy 

in serum. Results and discussion: The periodontal tissue loss and the crevicular fluid RANKL were 

significantly more severe in the osteoporosis group, as image of the local influence of an impaired skeletal 

system. Both groups had a positive response to the periodontal therapy, with low levels of clinical parameters 

and serum RANKL. Conclusions: Our results support the relationship between osteoporosis and periodontal 

inflammatory changes, which can be amended by the conventional therapy.  
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Introduction 

Estrogen deficiency is associated 

with decreased production of TGF-β and 

OPG, which serve to counteract many of the 

effects of proinflammatory cytokines on 

bone metabolism. In studies of osteoporosis 

it has been suggested that RANKL is 

expressed on B cells, T cells and stromal 

cells (MSCs), RANK (receptor for 

RANKL), which is expressed in the 

precursors of osteoclasts, the osteoclasts is T 

lymphocytes, B lymphocytes, and DCS, and 

OPG (a soluble decoy receptor) are essential 

for coupling bone resorption to bone 

formation [1]. 

RANKL is upregulated in 

osteoblasts by cytokines such as IL-1b, IL-

11, TNF-a and PGE2 and hormones, such as 

dexamethasone, 1,25 (OH) 2D3 and PTH, 

and inhibited by TGF-β. The biological 

actions of RANKL are dose-dependent and 

inhibited by OPG [2]. 

The estrogen deficiency appears to 

mediate primarily the bone effects by raising 

the proinflammatory cytokines and lowering 

the negative regulators TGF-β and OPG. 

The net result is an imbalance in the bone 

remodelling that leads to a net increase of 

bone resorption as compared with the 

formation of bone, due, at least in part, to an 

increase in osteoclastogenesis and a decrease 

of osteoclast apoptosis [1]. Estrogen 

decreases the expression of RANKL and M-

CSF [3], presumably through inhibition of 

IL-1 and TNF-α. 

Biomarkers of periodontal disease 

can be grouped into several categories, 

namely: prognostic biomarker identifying 

patients or sites most likely to respond to 

specific treatment and therapeutic 
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biomarkers that provide quantifiable extent 

of the response to periodontal treatment [4]. 

Numerous studies to assess the level of 

proinflammatory cytokines in GCF included 

a diverse range of patients, including 

patients with moderate to advanced 

periodontitis, aggressive periodontitis 

patients and patients with associated chronic 

hepatitis and / or systemic diseases. 

Contrasting data from these studies 

emphasizes the need for further 

investigation. 

Therefore, we proposed a thorough 

investigation of the interrelationship 

between a local inflammatory status 

generated by chronic periodontal disease and 

a systemic status affected by the presence of 

osteoporosis. 

The objectives were to investigate the 

differences in the levels of RANKL in GCF 

in patients with chronic periodontitis, with 

or without associated chronic pathology (in 

the present study - osteoporosis). Correlation 

analysis was then performed with the 

clinical parameters of periodontal disease. 

Additionally, we sought to evaluate the 

effects of periodontal therapy that could be 

generated both locally and systemically, by 

evaluating post-therapeutic serum RANKL. 

 

Materials and methods 

We examined a total of 38 patients with 

chronic periodontitis, divided into two 

groups: the study group - patients with 

osteoporosis (n = 20) and control group - 

patients systemically healthy (n = 18). The 

average age and the age range for the study 

and control group was 55 years (49-65 

years) and 56 years (44-67), respectively. 

The cases were diagnosed using 

osteodensitometry which registered the T 

Score. 

Periodontal examination was 

performed by inspection and palpation. We 

measured the following variables: Plaque 

Index - recorded in four sites per tooth 

(mesio-vestibular, central-vestibular, disto-

vestibular and central-oral), probing depth 

(PPD) and clinical attachment loss (CAL) 

and bleeding on probing index BOP. 

Paraclinical initial stage of the study 

included the analysis of RANKL levels in 

crevicular fluid (GCF). In total, 52 samples 

were collected from sites of disease (PPD, 

≥4 mm). Subjects were instructed not to eat, 

drink or brush teeth for 1 hour prior to 

sampling of GCF. Before sampling, the 

tooth was isolated with cotton rolls, 

supragingival plaque was removed carefully 

and the site was gently dried. A sterile paper 

cone (Dentsply Maillefer, Tulsa, OK, USA) 

was placed in each selected periodontal 

pocket, left in site for 30 seconds and then 

placed immediately into sterile Eppendorf 

tubes, which were stored at -20°C until 

analysis. In case of visible contamination 

with blood, the paper cone was removed and 

a new site was selected. 

For the determination of cytokines, 

the cone paper were thawed, cut into 1 cm in 

length and put into 50 pl 1X phosphate 

buffered saline solution [13 mM Na2HPO4, 

7 mM NaHPO4, 100 mM NaCl (pH 7.0)] at 

4°C. The cone papers were centrifuged at 

13,000 x g for 10 min at 4°C. 

RANKL levels were determined using 

ELISA tests (MyBioSource, San Diego, CA, 

USA) in a Luminex® 200 ™ analyzer 

(Luminex Corporation, Austin, TX, USA). 

The measurements were performed 

according to the manufacturer's instructions 

and standards, and samples were measured 

in duplicate. Minimum detectable RANKL 

concentrations were 0.4 pg/ml. Samples with 

concentrations below the limit of detection 

were marked with 0. 

The second phase of the study was 

therapeutic; periodontal therapy included 

conventional scaling and root planing (Full-

mouth disinfection), ultrasonic and manual 

manoeuvres performed in the Clinic of 

Periodontology. 

Evaluation of local and systemic 

post-treatment inflammatory status was 

carried out 3 months after periodontal 

therapy. At this stage the specialized clinical 

assessments of patients were resumed, with 

re-determination of periodontal indices. 

Quantification of RANKL was performed in 

serum by ELISA tests. Five ml of venous 

blood were drawn from an antecubital vein 

using a blood collection tube. Blood was 
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allowed to clot for 30 minutes on ice and 

centrifuged for 10 minutes at 3000 rpm prior 

to placing the serum in 0.5 ml polypropylene 

tubes frozen aliquots, which were stored at -

400C until biochemical analysis. Results are 

expressed in pg / ml. 

Statistical analysis was performed 

using SPSS 20.0 (IBM, Armonk, NY, USA) 

and p <0.05 was considered to indicate a 

statistically significant difference. Since the 

cytokine levels were not normally 

distributed, the data is expressed as median 

(minimum and maximum) and they were 

analyzed using non-parametric tests (Mann 

Whitney U test or Wilcoxon test). Ρ 

Spearman correlation coefficient was used to 

analyze correlations between clinical 

parameters and cytokines. 

 

Results  

Probing depth (PD), bleeding on 

probing (BOP) and clinical attachment loss 

(CAL) were significantly higher in the study 

group than in the control group (p <0.05). 

We could not observe significant differences 

in the plaque index values between groups 

(Table I).  

We noted significant higher 

differences in the levels of RANKL for the 

study group (patients with osteoporosis), 

compared to systemically healthy patients (p 

<0.05) (Table II).  

In order to determine the possible clinical 

relevance of these observations, a correlation 

analysis between clinical parameters and 

total levels of cytokines in sample sites was 

performed. As shown in Table III, were 

found positive correlations between the level 

of RANKL with PPD and CAL

.
 

Table I. Clinical parameters for the study groups  

Parameter Study group (n=24) Control group (n=22) 

PD (mm) 4.9±0.1 3.4±0.2 

CAL (mm) 1.9±0.2 0.9±0.1 

BOP (%) 59.6 40.4 

BOP sites (n) 31 21 

PI (%) 76±2 74±1 

Values are expressed as mean value  ± Standard Deviation (SD) 

PD: probing depth; CAL: clinical attachment loss; BOP: bleeding on probing; PI: plaque index 

 

 

Table II. Cytokine levels in GCF 

RANKL 

(pg/site) 

Study group 

(osteoporosis) 
Control group p Value 

 0,57 (0,00-126,95) 0,09 (0,00-35,15) 0,007 

GCF= gingival crevicular fluid; p value<0.05 indicates statistical significance. Results are expressed as 

median (min-max)  

 

Table III. Analysis of correlations between the clinical parameters (mm) and the RANKL levels  (pg/site) 

in GCF 

PD 

Correlation 
Q p Value 

CAL 

Correlation 
Q p Value 

 0,437 <0,001  0,439 <0,001 

GCF= gingival crevicular fluid; Q= Spearman correlation coefficient; p<0.05 indicates statistical 

significance; CAL= clinical attachment loss; PD= probing depth. 
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Post-treatment, we noticed a significant improvement in periodontal parameters for both the group with 

osteoporosis and the group of healthy subjects (p = 0.003 and p = 0.006, respectively) (Table IV). 

Table IV. Post-therapy clinical parameters for the study groups 

Parameter Study group (n=24) Control group (n=22) 

PD (mm) 3.8±0.1 2.3±0.2 

CAL (mm) 1.2±0.2 0.3±0.1 

BOP (%) 12.6 10.2 

Situsuri BOP (n) 12 10 

PI (%) 13±2 11±1 

Values are expressed as mean value  ± Standard Deviation (SD) 

PD: probing depth; CAL: clinical attachment loss; BOP: bleeding on probing; PI: plaque 

index 

 

Post-therapeutic serum RANKL evaluation showed low values for both groups (Table V). 

Table V. Serum post-therapy RANKL values 

RANKL 

(pg/situs) 

Study group 

(osteoporosis) 
Control group p Value 

 0,03 (0,00-0,95) 0,02 (0,00-0,15) 0,76 

p value<0.05 indicates statistical significance. Results are expressed as median (min-max) 

 

Discussions  

Despite advances in research 

methodology and laboratory tests in order to 

identify factors associated with chronic 

periodontal disease, it is still unclear how to 

predict the progression of periodontal 

disease. Chronic periodontitis was clinically 

characterized by acute episodes of 

destruction followed by periods of rest and 

stability. Elusive nature of the disease is 

complicated by the fact that different teeth 

and different sites of the same tooth may 

display varying degrees of disease severity. 

Clinical measures, such as probing 

depth (PD), clinical attachment loss (CAL) 

and bleeding on probing (BOP) were 

limitations to provide a real-time assessment 

of the disease status. Furthermore, these 

clinical measures are inaccurate predictors 

of evolution [5]. An ideal diagnostic tool 

would identify not only the presence and 

severity of the disease, but also could predict 

the subsequent clinical course of infection. 

Extensive research has been done in 

the biochemical markers of the host response 

in periodontal disease. It is unlikely that a 

single biomarker will be able to meet the 

criteria for estimating the future destruction 

of periodontal disease. A longitudinal 

investigation on the same population of 

patients demonstrated the ability of 

biomarkers to predict the evolution of 

periodontal disease [6, 7]. 

Gingival crevicular fluid (GCF) is a 

serum exudate found in gingival sulcus. 

GCF is an attractive oral liquid due to its 

ease of collection and capacity for the 

clinician to evaluate several sites in the oral 

cavity simultaneously. In a molecular 

epidemiological study, Offenbacher et al. 

described new clinical categories 

represented by different biological 

phenotypes based on clinical, microbial and 

inflammatory measures of the host response 

to identify periodontal disease. Interestingly, 

the authors found that subjects with deeper 

probing depths and more severe bleeding 

had elevated levels of interleukin-1β (IL-1β) 

and interleukin-6 (IL-6) [8]. 

Clearly cytokines operate as 

complex cascade and networks in the 

regulation of bone metabolism. Thus, many 

cytokines may regulate the production of 

other cytokines and their receptors, in 

combination, may have an additive or 

synergistic inhibitory effect [9]. In addition, 
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the complexity is increased by the soluble 

and membrane-bound forms of both pro-

inflammatory cytokines and their receptors 

and inhibitors. It is likely that the net 

balance in this system would transmit 

relevant information to osteoblasts and 

osteoclasts, with biological regulation of the 

interaction with immune cells. 

There is substantial evidence for the 

role of many pro-inflammatory cytokines 

and inhibiting the development of 

osteoporosis. The two main components that 

lead to the development of senile 

osteoporosis are estrogen deficiency and 

secondary hyperparathyroidism [10]. Both 

components can significantly alter the 

cellular environment and cytokines. It is 

likely that chronic inflammation provides a 

further negative effect on bone loss. 

Estrogen deficiency increases the levels of 

proinflammatory cytokines IL-1, IL-6, IL-7, 

M-CSF, TNF-α and IFN-g [11]. In our study 

we observed higher RANKL concentrations 

for patients at postmenopausal osteoporosis. 

Furthermore, these values correlated 

positively with increased clinical periodontal 

parameters (probing depth, attachment loss, 

gingival bleeding). 

Conventional therapy generated a 

clinically detectable improvement in 

periodontal status, observed in both study 

groups. This was associated with low levels 

of serum RANKL. Therefore, we can say 

that periodontal therapy may significantly 

contribute to reducing the systemic 

inflammatory status. These issues open 

perspectives to test the effects of other 

adjuvant periodontal therapeutic methods. 

The present study has limitations in 

terms of a correlation between the levels of 

estrogen and RANKL; also, further studies 

are needed to assess the effects of systemic 

and local therapy on a wider range of 

cytokines, offering a pathophysiological 

image of the interrelationships between 

chronic periodontitis and osteoporosis. 

 

Conclusions 

Periodontal clinical parameters 

(probing depth, clinical attachment loss, 

bleeding on probing) showed significantly 

higher values for patients with osteoporosis, 

compared to systemically healthy patients. 

Osteoporosis in patients with periodontal 

disease generated higher levels of RANKL 

in the crevicular fluid, as compared to 

systemically healthy patients. Also, the 

amounts of RANKL were positively 

correlated with periodontal parameters. 

 Therefore, we can say that these 

patients are prone to an exaggerated 

production of this type of molecule that 

drives the local inflammatory changes which 

can significantly contribute to the 

development of periodontal disease. 

Conventional periodontal therapy resulted in 

a significant improvement in periodontal 

parameters. In addition, serum levels of 

RANKL have been reduced. 
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