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Abstract 
Bone seen as tissue is an extremely dynamic biological system, comprising a series of tightly regulated and 

synergistic anabolic and catabolic processes that lead to a metabolic homeostasis corresponding to skeletal 

structures. Osteoporosis is defined as an evolutive disease of the skeletal system characterized by loss of bone mass 

and alterations in the microarchitecture of bone tissue, resulting in increased bone fragility and the risk of fractures. 

Osteoporosis has gained a huge resonance in recent years both personally and economically. In this review  we are 

going to present some of the best known bone markers of resorption and bone formation, determined from blood and 

/ or urine samples. Research for new biomarkers, which can predict abnormal bone mass loss at various stages of the 

disease, is ongoing. The impact of osteoporosis on the susceptibility of the host to periodontal damage is still being 

understood. It is clear that the efforts should be directed towards the prevention of periodontal disease in patients at 

risk for osteoporosis. Patients with osteoporosis should benefit from frequent periodontal treatments, especially if 

periodontal disease is already present. Starting from the studies collected from the literature, it is very interesting to 

define  the relationship of periodontal disease and osteoporosis following a series of markers of bone resorption in 

patients diagnosed with periodontal disease. A better understanding of the relationship between the two diseases, 

osteoporosis and periodontal disease, would help in the preventive and therapeutic measures as soon as it is possible. 
Keywords: OSTEOPOROSIS, PERIODONTAL DISEASE, BIOLOGICAL MARKERS. 

 

1. INTRODUCTION 

 

Bone seen as tissue is an extremely 

dynamic biological system, comprising a 

series of tightly regulated and synergistic 

anabolic and catabolic processes that lead to 

a metabolic homeostasis corresponding to 

skeletal structures. Multiple factors can 

negatively influence these processes, with 

results that can lead to reduced bone mass, 

decreased densities, altered 

microarchitecture, and increased bone 

fragility [1]. Osteoporosis has gained a huge 

resonance in recent years both personally 

and economically. In Europe, the disability 

due to osteoporosis is higher than that 

caused by cancer (except for lung cancer) 

and is comparable or even higher than that 

caused by a variety of chronic diseases such 

as rheumatoid arthritis, asthma and high 

blood pressure [2]. 

The term "osteoporosis" has been 

widely used in reference to conditions in 

which the ability of bone tissue to respond 

and adapt to changes in environmental and 

physiological binding is compromised. Due 

to the factors mentioned above, increased 

susceptibility to fractures and accumulation 

of microlesions may occur. In this context, 

numerous proinflammatory cytokines have 

been identified as important determinants of 

bone loss [3- 7]. 
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A significant increase in proinflammatory 

cytokines occurs in conditions such as 

periodontitis, a disease initiated by dental 

bacterial biofilm [8]. The impact of 

osteoporosis on the susceptibility of the host 

to periodontal damage is still being 

understood [9 - 11]. 

Major efforts should be directed 

towards the prevention of periodontal 

disease in patients at risk for osteoporosis. 

Patients with osteoporosis should benefit 

from frequent periodontal treatments, 

especially if periodontal disease is already 

present. Starting from the informations 

collected from the literature, the aim of our 

review was to start from the relationship of 

periodontal disease and osteoporosis and 

following a series of markers of bone 

resorption in patients diagnosed with 

periodontal disease. A better understanding 

of the relationship between these two 

diseases, osteoporosis and periodontal 

disease, would help the early institution of 

preventive and therapeutic measures. It is 

important that multidisciplitary teams such 

as dentists, endocrinologists as well as other 

clinical specialties train their patients in the 

face of good oral hygiene, thus reducing the 

risk of periodontal disease or progression 

[12]. Certainly the practical future will 

involve inter and multidisciplinary 

collaboration. Data from studies in patients 

with osteoporosis are important in 

confirming the need to maintain periodontal 

health. 

 

2. MAIN BONE MARKERS OF 

BONE RESORPTION AND 

FORMATION 

 

Osteoporosis is defined as an 

evolutionary disease of the skeletal system 

characterized by loss of bone mass and 

alterations in the microarchitecture of bone 

tissue, resulting in increased bone fragility 

and the risk of fractures.  

Due to the well-determined correlation 

between bone mineral density and fracture 

risk, osteodensitometry is usually 

recommended for monitoring osteoporosis 

treatment. However, regardless of the 

treatment used, the measurement of bone 

mineral density is not relevant for the 

evaluation of therapeutic efficacy until one 

year after the start of treatment. 

There are several reasons that 

contribute to an inadequate response to 

treatment, with patients' lack of compliance 

likely to come first. For this reason, it would 

be useful for both physicians and patients to 

obtain early information on the effectiveness 

of therapy, and bone markers play an 

important role in this regard. If bone 

densitometry quantifies bone mass - static 

imaging, the determination of bone markers 

(such as osteocalcin, beta-CrossLaps) 

provides information about the process of 

bone "remodeling" - dynamic imaging  [13]. 

Although many infectious, inflammatory, 

traumatic, and tumor-related conditions 

increase bone turnover, the main utility of 

bone markers is to monitor the treatment of 

osteoporosis, especially in menopausal 

women. Their value for the initial diagnosis 

of osteoporosis is limited, because in most 

cases it is not possible to differentiate 

between menopausal women with 

osteoporosis and healthy ones [14]. 

During hormone replacement 

therapy or bisphosphonate treatment, the 

concentration of bone markers changes 

depending on their type [15]. For markers of 

bone formation (osteocalcin) there is a 

gradual decrease during treatment over a 

period of 6 months. In contrast, markers of 

bone resorption (eg beta-CrossLaps - 

specific and stable marker of bone 

resorption) tend to decrease rapidly after 

initiation of therapy, after which their 

concentration reaches a plateau within 6 

months [16]. 
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Below we will present some of the 

best known bone markers of resorption and 

bone formation, determined from blood and 

/or urine samples. Research for new 

biomarkers, which can predict abnormal 

bone mass loss at various stages of the 

disease, is ongoing. In the case of most 

markers, care is recommended in 

interpreting the results, due to the individual 

variability given by diet, exercise and the 

time of day at which the biological sample 

was collected. 

 

2.1. ALKALINE PHOSPHATASE OF 

BONE ORIGIN  
Human serum contains a variable 

mixture of alkaline phosphatase (ALP) 

isoenzymes mainly from the liver, intestine, 

kidneys and bone. ALP can be derived from 

the placenta during pregnancy. Certain 

malignancies can also produce an ALP 

isoenzyme [17,18]. 

Bone ALP, the isoform enzyme of 

ALP, is a tetrameric glycoprotein that is 

found on the surface of the osteoblast and is 

released into the circulation by the action of 

the enzyme phosphatidyl-inositol-glycanase. 

Ostasis occurs in the calcification of the 

bone matrix by cleavage of pyrophosphate - 

an inhibitor of bone mineralization [17,18]. 

Bone alkaline phosphatase is thus 

known as a sensitive and faithful indicator 

of bone metabolism. It has a long half-life, is 

not affected by renal clearance and does not 

show diurnal variations. A high level of 

bone isoenzyme is found during bone 

growth, during the healing process of 

fractures, as well as in diseases of the bone 

system characterized by osteoblastic 

hyperactivity and bone remodeling such as 

Paget's disease, rickets, osteomalacia, 

acromegaly, osteosarcoma, Ewing's 

sarcoma, bone metastases (especially 

associated with prostate and breast cancer)  

[19]. Along with other markers of bone 

formation or resorption, ostasis can be used 

to monitor antiresorptive treatment in 

postmenopausal women with osteoporosis 

[20].  

Recommendations for determining alkaline 

phosphatase of bone origin - useful in 

diagnosing and assessing the severity of 

metabolic bone disorders such as Paget's 

disease, osteomalacia, and other conditions 

associated with increased turn-over: 

acromegaly, hyperparathyroidism, primary 

or metastatic bone tumors; monitoring the 

effectiveness of antiresorptive therapy in 

osteoporosis and Paget's disease [21]. 

  

2.2 BETA CROSSLAPS 

More than 90% of the organic matrix 

of the bone is made up of type I collagen, 

which is preferentially synthesized at this 

level. During normal bone metabolism, 

mature type I collagen undergoes a 

degradation process resulting in small 

fragments that are released into the 

circulation and then excreted by the kidneys. 

Under conditions of increased bone 

resorption (physiological: elderly, 

pathological: osteoporosis), type I collagen 

is degraded to a greater extent, so that the 

level of fragments released into the 

circulation is increased. Among the 

fragments of clinical relevance are C-

terminal telopeptides (CTx). As the bone 

"ages" the α-aspartic acid present in the C-

terminal telopeptides is converted to β (β-

CTx). These isomerized telopeptides are 

specific for the degradation of type I 

collagen that predominates in bone. 

β – CTx (Beta-CrossLaps) occurs in the 

early stages of type I collagen degradation; 

therefore it is a specific and stable marker of 

bone resorption [13,22]. 

Recommendations for the determination of 

Beta-CrossLaps are osteoporosis: 

monitoring of antiresorptive therapy 

(hormone replacement therapy, 

bisphosphonates, calcitonin, selective 

estrogen receptor modulators) and 
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estimation of fracture risk (marker of 

choice) [16,22]. 

 

2.3. URINARY N-TELOPEPTIDE 

About 90% of the organic matrix of 

the bone is made up of type I collagen 

synthesized by osteoblasts. The biological 

function of fibrillar collagen is to provide 

resistance to bone stretching. This resistance 

is conferred by a series of covalent 

crosslinks ("collagen crosslinks") that 

develop between individual collagen 

molecules in a fiber. The type I collagen 

molecule with the triple helical structure has 

two cross-linking sites (called telopeptides), 

one in the amino (N) -terminal region and 

the other in the carboxy (C) -terminal 

region. The bonds are effectively made by 

means of cross-polymers formed either by 

three hydroxylisine residues (pyridinoline 

PYD) or by two hydroxylisine residues and 

one lysine residue (deoxypyridinoline 

DPYD). DPYD is present almost entirely in 

the bone. The bone collagen infrastructure 

undergoes a continuous remodeling process 

that involves both a process of bone 

resorption mediated by osteoclasts and a 

process of bone formation for which 

osteoblasts are responsible.  

During the bone resorption process 

only 40% of the crosslinks are released as 

pyridinium compounds (PYD and DPYD), 

the remaining 60% being attached to the N- 

and C-terminal telopeptides. NTx and CTx 

telopeptides are excreted in the urine from 

the circulation [17] 

Amino acid sequences and α 2N-telopeptide 

orientation make this type I human collagen 

degradation product a specific marker for 

bone resorption. Thus urinary NTx levels 

correlate with the rate of bone resorption. 

Physiologically, high values of resorption 

markers occur in childhood, in the period of 

bone growth, as well as in the healing phase 

of fractures. In these situations, however, the 

increases in resorption markers and those in 

bone formation markers are balanced and 

have no diagnostic value. In contrast, many 

conditions such as hyperthyroidism, all 

cases of hyperparathyroidism, most forms of 

osteomalacia and rickets (even if not 

associated with hyperparathyroidism), 

hypercalcemia induced by malignancies, 

Paget's disease, multiple myeloma, bone 

metastases, and various diseases. Congenital 

bone tissue can cause an accelerated and 

unbalanced bone turn-over. Bone turn-over 

imbalance, usually without an acceleration 

of it, is also found in osteopenia and 

postmenopausal osteoporosis. Bone turn-

over abnormalities should normalize in 

response to effective treatment and this can 

be monitored by measuring serum and urine 

markers of bone resorption [23]. 

Thus, the test for determining NTx in 

urine has predictive value in terms of bone 

response to hormone antiresorptive 

treatment in postmenopausal women. The 

test can also be used to monitor the 

effectiveness of antiresorptive therapy in 

osteoporosis and Paget's disease. On the 

other hand, it is useful in monitoring the 

effect of antiestrogenic therapy on the rate 

of bone resorption. 

 

2.4. PTH (INTACT  SERUM 

PARATHORMON) 

The parathyroid glands secrete a 

hormone with a polypeptide structure called 

parathyroid  hormone (PTH). The 

physiological role of parathyroid is 

exercised through this hormone,   which acts 

on both bones and kidneys, maintaining 

within the physiological limits the calcium  

phosphorus ratio [24]. The intact parathyroid 

molecule is a polypeptide containing 84 

amino acids, with a molecular mass of 

9500Da. Its biosynthesis takes place in the 

form of a pre-pro-hormone with 115 amino 

acid residues. Its ribosomal cleavage results 

in the 90-amino acid pro-hormone, which is 

transported to the Golgi apparatus and 
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converted to PTH itself. PTH secretion and 

its release into the bloodstream is achieved 

by exocytosis [25]. 

The kidney and liver quickly remove intact 

PTH from the circulation. PTH metabolism 

is complex; the products formed show 

various biological and immunological 

reactivities. Thus, at 

the hepatic level PTH undergoes a process 

of cleavage and metabolism that results in 

the generation of carboxyl-terminal (PTH-

C), amino-terminal (PTH-N) fragments and 

those from the middle portion of the 

molecule (PTH-M) [26]. Only those portions 

of the molecule that contain the amino-

terminal group (the whole molecule and 

PTH-N) are biologically active and 

have a half-life of 5 minutes. Inactive PTH-

C fragments, with a half-life of 24-36 hours, 

constitute> 90% of the total circulating PTH 

and are metabolized mainly by the kidney. 

In patients with renal impairment, PTH-C 

fragments may accumulate in large 

quantities. The main 

factor that regulates PTH secretion is ionic 

calcium in plasma. Hypocalcemia has 

stimulating effects, and hypercalcemia 

inhibits the secretion of the hormone, 

through the direct action of 

calcium on the main cells of the parathyroid 

glandular tissue, at a membrane receptor 

with the 

role of "sensor" for calcium level – CASR  

[26]. 

Phosphate ions do not intervene 

directly on the parathyroid, but through 

changes in the concentration of calcium 

ions. The increase in the level of phosphates 

in the plasma, accompanied by the decrease 

of calcium, determines the activation of the 

secretion of PTH and 

vice versa, with the respective repercussions 

on their urinary elimination. Vitamin D3 

exerts inhibitory effects on PTH secretion 

through negative feedback reactions caused 

by excess serum calcium. In general, PTH 

secretion-regulating reactions are coupled 

with those of calcitonin, especially in 

children and young people. 

The main function of PTH is to 

maintain the concentration of ionic calcium 

in the extracellular fluid; this is done 

through the following mechanisms: 

 stimulating bone resorption, with the 

release of calcium and phosphorus 

from the bones; PTH does not exert a 

direct effect on mature osteoclasts, 

but mediates the differentiation of 

preosteoclastic cells into active 

osteoclasts; 

 stimulating calcium reabsorption and 

inhibiting phosphorus reabsorption 

in the renal tubules; 

 stimulating the synthesis of 1 renal 

alpha-hydroxylase with the 

consequent increase of the 

production of 1,25- (OH) vitamin D, which 

in turn will increase the intestinal absorption 

of calcium and phosphorus. The amino-

terminal portion of PTH binds to a specific 

target organ receptor that rapidly modulates 

cyclase and phospholipase C. Activating 

mutations in this receptor cause Jansen's 

chondrodysplasia with hypercalcemia and 

changes in bone metaphyses. 

In rare cases of inherited syndromes 

associated with resistance or lack of 

response to PTH, as 

well as in renal failure, the release of PTH 

does not result in increased calcium. 

 

2.5. TOTAL URINARY 

HYDROXYPROLINE 

Hydroxyproline is a non-essential 

amino acid, resulting from the hydroxylation 

of proline under the action of prolyl 

hydroxylase (in the presence of vitamin C), 

in the lumen of the endoplasmic reticulum. 

It is the major component of collagen 

representing 13% of all amino acids and 

having an important role in maintaining its 

triple helix structure. It is found in 
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significant amounts in collagen-rich tissues 

such as bone, tendons, cartilage, skin or 

blood vessels. Hydroxyproline is excreted in 

the urine in 2 forms: a free one, which 

represents 10%, and a conjugated one, 90%, 

in the form of small polypeptide chains [27]. 

Because 50% of human collagen resides in 

bone, the excretion of hydroxyproline in 

urine is considered a marker of bone 

resorption (the major component of the bone 

matrix is type I collagen which is rich in 

hydroxyproline). Although type I collagen is 

also present in other tissues, the bone has a 

higher turn-over and causes about 50% of 

hydroxyprolinuria.  

This amino acid can also be released 

from the degradation of the C1q fraction of 

complement, which has a structurally similar 

region to the collagen molecule and 

therefore contains significant amounts of 

hydroxyproline, which could represent up to 

40% of urinary hydroxyproline. For this 

reason, inflammatory conditions can cause 

dramatic increases in the urinary excretion 

of hydroxyproline. High levels of 

hydroxyproline in the urine can also be 

found with the consumption of foods 

containing gelatin [27] Any factors that alter 

the bone matrix, primary or secondary bone 

tumors, the healing process of fractures, 

endocrine disorders, various metabolic 

diseases or tubulopathies cause increases in 

the concentration of hydroxyproline in the 

urine.  

Altered urinary values in patients 

with breast or prostate cancer indicate the 

presence of bone metastases even in the 

absence of radiological evidence. In 

osteomalkia, the dosage of urinary 

hydroxyproline is useful when the serum 

alkaline phosphatase value is normal or 

when it is associated with liver disease that 

causes a secondary increase in alkaline 

phosphatase. 

 

3. OSTEOPOROSIS AND DENTAL 

IMPLANTS 

 

The impact of osteoporosis on 

alveolar bone quality and its potential effect 

on the outcome of implant therapy has been 

evaluated by several studies [28-35]. 

Numerous studies have revealed successful 

dental implant therapy in osteoporotic 

individuals [36-39]. No correlation was 

found between DEXA scores and implant 

failure, as shown by a case-control study 

[37]. A retrospective study of 16 

osteoporosis patients who received a dental 

implant showed an overall implant rate in 

the upper jaw of 97% and 97.3% in the 

mandible with a follow-up time of 6 months 

to 11 years [40]. 

A successful implant has also been 

reported in patients with osteoporosis in 

which it reports the presence of marginal 

bone loss around the implants. Von Wowern 

and colleagues did not report implant 

failures in both healthy and osteoporotic 

patients, although marginal bone loss 

increased around implants placed in patients 

with osteoporosis [41]. Bone-implant 

contact has been consistently shown to be 

altered under osteoporosis conditions [42, 

43]. In an animal study by Cho and 

colleagues, the largest decrease in bone-

implant contact was observed following the 

induction of an osteoporotic condition [43]. 

Bone-implant contact in the osteoporosis 

group was reported in only 50% of cases, 

compared with 79% in the control group 

[43]. The results of these studies imply that, 

although osseointegration of implants into 

osteoporotic bone is possible, the long-term 

stability of implants may be compromised 

by this status. However, the literature 

supports dental implants as a viable 

treatment option for patients with 

osteoporosis. It is important to understand 

that due to altered bone metabolism 

(osteoporosis or bone fractur), less bone-



Romanian Journal of Oral Rehabilitation 

Vol. 12, No. 4, October - December 2020 

187 

 

implant contact may occur with a higher risk 

of marginal bone loss [44]. It is a fact that 

many studies are still needed to monitor and 

determine the long-term effects of 

osteoporosis in these patients. 

 

4. CONCLUSIONS 

 

Although the causality between 

systemic bone loss and oral bone loss 

has not been fully 

elucidated, current evidence demonstrates a 

plausible association between the two 

disease entities. The results of studies in 

patients with either systemic or oral bone 

loss should be managed in close connection 

with a clinical protocol that minimizes 

further damage to systemic or oral bone 

structures. Additional randomized, 

controlled clinical trials are needed to clarify 

the causality and/or association between 

bone and oral systemic loss. Periodontitis 

and osteoporosis, diseases that affect 

millions of people around the world, show 

bone loss as a common hallmark. The 

prevalence of both osteoporosis and tooth 

loss increases with age in both women and 

men. Systemic bone loss has been proposed 

as a risk factor for periodontal disease with 

increasing evidence that osteoporosis and 

bone loss characteristic of this disease, is 

associated with periodontal disease and 

tooth loss.  

Recent evidence, including 

numerous prospective studies, supports an 

association of  osteoporosis with the onset 

and progression of periodontal disease in 

humans. Systemic loss of bone density in 

osteoporosis, including that of the jaw, can 

provide a host, increasingly sensitive to the 

infectious destruction of periodontal tissue. 

Studies have provided evidence that 

hormones, heredity and other host factors 

influence the incidence and severity of 

periodontal disease. 
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