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Abstract 

Prospective study of patients with medically related osteonecrosis of the jaw admitted to the Maxillofacial Surgery Clinic, St. 

Marina University Hospital, Varna University was conducted in 24 patients with bisphosphonate treatment with (13 pts) and 

without(11 pts) osteonecrosis of the jaw, biomarkers of bone metabolism vitamin D, osteocalcin, C-terminal telopeptide 

mature Type I collagen (CTX) were studied. There were low vitamin D levels, low normal levels of osteocalcin and C-

terminal telopeptide of mature type I collagen (CTX). There were no statistical differences between MRONJ + and MRONJ-, 

but the odds ratio showed an increased risk of medically related osteonecrosis of the jaw 3.2 higher with osteocalcin levels 

below 7.8 ng / ml and 1.92 times higher with CTX values below 0.150 ng / ml. 
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Introduction 

Medically related osteonecrosis of the jaws (MRONJ) is a 

side effect of long-term treatment with bisphosphonates and 

lately with other antiresorptive drugs such as RANK-L 

inhibitors (Denosumab) and the diagnosis is being based on 

persistent oral lesions of necrotic mandibular or maxillary 

bone that can cause pain or be asymptomatic [1, 2, 3, 4]. Over 

the past 10 years this has become a growing problem 

associated with increased frequency of osteonecrosis and the 

addition of new groups of drugs like antiangiogenenic 

agents being involved. Osteonecrosis of the jaws is a rare 

but potentially serious side effect of this treatment of 

malignant tumors and metastatic bone disease or 

myelomatosis patients on intravenous administration 

protocols and now it is also a problem for many patients 

with osteoporosis on oral bisphosphonate protocols [5, 6, 7, 8, 

9]. In 2014. The American Association of Oral and 

Maxillofacial Surgery (AAOMS) recommends the term 

medication-associated osteonecrosis of the jaws 

(MRONCH) and assumed that jaw bone osteonecrosis may 

be present if the following criteria are met: (a) current or 

prior treatment with anti-resorptive or anti-angiogenic 

agents; (b) exposure of bone that can be probed through an 

intraoral or extraoral fistula in the maxillofacial area lasting 

for more than eight weeks; c) no evidence of previous 

radiotherapy in the area [1, 2]. 

Bone elasticity and strength, collagen protein and calcium 

mineral component are of particular importance in the 

pathophysiology of MRONJ. The bone matrix is a two-

phase system in which the mineral phase provides strength 

and the collagen fibers provide elasticity and energy 

absorption capacity Changes in collagen metabolism may 

affect the bone's mechanical properties and increase fracture 

risks. Type I collagen is the most common type of collagen 

and is widespread in almost all connective tissues. It is the 

major protein in bones and skin and accounts for 95% of 

bone collagen and about 80% of bone protein [10, 11, 12]. 

Decreased bone collagen production, as shown by the bone 

resorption markers, is invisible in bone mineral density 

(BMD) examination using X-ray osteometry. On the other 

hand, the prognostic ability of the BMD for fracture risk 

assessment does not exceed 50% multiple clinical trials 

since only the mineral phase, rather than the overall bone 

structure, is evaluated [27, 28, 29]. 

In experimental studies decreased viability of oral 

keratinocytes was also found, which could be the likely 

explanation for bone exposure in the clinical presentation of 

MRONJ [21, 22]. Prolonged administration of bisphosphonates 

may result in bone microfractures visualized by a scanning 

electron microscope, due to the elevated chewing pressure 

in both lower and upper jaw seen in both animal models and 

clinical trials. The presence of microfractures is associated 

with reduced bone remodeling through suppressed 

osteoclast function as well as a first asymptomatic phase of 

the disease which, after an initiating factor such as tooth 

extraction and bacteria microfilm insertion may progress to 

its second and manifest phase of pain, bone sequestration 

and inflammation [23, 24]. 

Vitamin D deficiency is widespread especially in the elderly 

and is considered a risk factor for vascular, neoplastic and 
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neurodegenerative diseases. The status of vitamin D has 

been investigated in patients with MRONJ and studies have 

been conducted to increase vitamin D levels in such 

patients.  

Vitamin K act as a coenzymes for vitamin K-dependent 

carboxylase enzyme that catalyzes the carboxylation and 

activation of glutamic acid (GLA). This carboxylating 

reaction is essential for the formation of bone collagen 

which allows the bone to deform upon impact, during 

chewing or falling Vitamin K-dependent gamma-

carboxylation occurs only on specific glutamic acid residues 

in a small number of proteins, but is essential for the 

calcium-binding function of these proteins and proper 

calcium deposition in bones and not in arterial walls [30-34]. 

Osteocalcin is a protein that is synthesized by osteoblasts 

and is regulated by the active form of vitamin D. The 

calcium binding capacity of osteocalcin requires vitamin K-

dependent gamma-carboxylation of 3 residues of glutamic 

acid. Increased non-carboxyllated osteocalcin (ucOC) is 

associated with an increased risk of fractures and the use of 

vitamin K in clinical trials resulted in a decrease in non-

carboxyllated osteocalcin and tendency to reduce fracture 

risk. Serum levels of osteocalcin reflect the intensity of bone 

turnover, in particular bone formation, with particularly high 

levels observed in bone mineral disease. Activated matrix 

Gla protein (MGP) is another vitamin K-dependent protein 

that blockes calcium deposition in arterial walls and slowing 

calcification of vessels in the presence of vitamin K [35 38]. 

The etiology of MRONJ has been extensively studied, but 

consensus on basic pathophysiology has not yet been 

reached [21-24]. The hypotheses on MRONJ etiology include: 

a) suppressed angiogenesis and presence of 

immunosuppression leading to avascular necrosis [20], (b) 

suppression of bone remodeling due to reduced viability of 

osteoclasts and osteocytes and osteoblasts; c) suppression of 

collagen exchange in bones and soft tissues with decreased 

viability of oral keratinocytes [21]; fibroblast suppression [22] 

and the appearance of microfractures [23, 24]; d) infection 

with oral microbial biofilms migrating to exposed jaw bone 

after dental procedures [20, 21] and (e) the role of vitamin D 

and vitamin K in bone remodeling and osteonecrosis 

pathogenesis [25-26, 30, 31]. 

 

Materials and methods 

Prospective study of patients with MRONJ admitted to the 

Department of Oral and Maxillofacial Surgery and Special 

Image Diagnostics, Faculty of Dental Medicine, St. Marina 

University Hospital, Varna University, Bulgaria. In 24 

patients with bisphosphonate treatment 13 with 

osteonecrosis and 11 without osteonecrosis of the jaws 

vitamin D concentrations and biomarkers osteocalcin and C-

terminal telopeptide of mature collagen type I (CTX) were 

studied. 

 

Laboratory Methods 

Vitamin D - determined by ECLIA - an immunological, 

electrochemical, high-value method. An automated analyst 

Elecsys 2010, Roche Diagnostics, Switzerland, was used to 

determine the total volume 25 (OH). Its levels depend on 

parathyroid hormone and calcitonin. Normal values above 

30 ng / ml (50 nmol / L) (Serious deficiency <12 ng / ml (25 

nmol / L), Deficiency 12-30 ng / ml). 

Osteocalcin - The Liason® Osteocalcin Test of Dia Sorin, 

MN, USA is a one-step immunohistochemistry method 

designed to work with a Liason Analyzer series 

immunological analyzer with two incubations involving 

murine antibodies to human osteocalcin, photoluminescence 

with calibration curve results. Osteocalcin is the major non-

collagenous protein of the bone matrix, constituting 1-3% of 

the protein content of the bone and is synthesized by 

osteoblasts. Osteocalcin is a protein molecule containing 3 

amino acid residues of gamma-carboxyglutamic acid 

(GLA), vitamin K-dependent, and its synthesis is regulated 

by calcitriol. Normal values - menopausal women 5.4-59.1 

ng / ml; men 4.6 - 65.4 ng / ml. 

C-terminal collagen type I telopeptide (CTX), B-Cross Laps 

(β-CTX) - Investigated by the electrochemiluminescence 

method of the ECLIA test designed to work with the 

Elecsys Immunoassay Analyzer and quantified for the 

collagen I cleavage products containing 2 molecules of 

isomeric octapeptide 8βAA is performed on a sandwich 

principle with two incubations with a test duration of 18 

minutes and is read by a calibration curve. Normal values 

0.035-0.950 ng / ml. 

 

Statistical methods 

Statistical data grouping - the variables are sorted according 

to their type in variation, interval, category statistic rows. 

Statistical estimation method - point estimates - for 

arithmetic mean of continuous variables and interval 

estimates for statistical significance - p, mean statistical 

deviation (SD). Independent t-test (Students-Fisher) to 

compute and discriminate continuous variables and 

correlation coeficients.  

Graphic methods - Microsoft Office Professional Plus Exel 

is used to visualize and describe demographic data and 

patient risk characteristics.  

Odds ratio OR) by the formula OR = ad / b.ca = Number of 

exposed cases b = Number of exposed non-cases c = 

Number of non-exposed cases ) d = Number of unexposed 

non-cases (number of non-participant cases) 

 

Results 

Biomarkers of bone metabolism in patients with and 

without MRONJ 

Table1 shows the values of vitamin D, osteocalcin and C-

terminal telopeptide of collagen type 1(CTX).  

In both groups with and without MRONJ, vitamin D values 

are low in all patients. There were no statistically significant 

differences in the values of all three biomarkers when 

comparing MRONJ+ to MRONJ- groups. There is an odds 

ratio at which the risk of developing of MRONJ is 3.2 

higher when osteocalcin levels arebelow 7.8 ng/ml and 1.93 

higher when C-terminal collagen type I telopeptides are 

below 0.150 ng/ml. 

 
Table 1: Values of vitamin D, osteocalcin, and CTX in patients with MSDN and non-MSD. 

 

Patients Number Age 

Vitamin D ng/ml 

Serious deficit < 12 

Deficit 12 – 30 Normal > 30 

Osteocalcin ng/ml 

Females menopause 5,4-

59,1 Males4.6 - 65.4 

C-terminal telopeptide mature 

Type 1 collagen (CTX) ng/ml 

0.035-0.950ng/ml 

MRONJ+ 13 64±11 18,2±11,5 11,5±7,8 0,13±0,075 
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MRONJ - 11 63±8,2 11,92±6.6 10,3±4,8 0,18±0,17 

p 
  

0,06 0,67 0,31 

Odds ratio 
   

3,2(when <7,8 ng/ml) 1,92( when<0,150 ng/ml) 

 

In Table 2 the distribution of values of vitamin D, 

osteocalcin and CTX values are shown. 

Vitamin D values are severely deficient in 67% of MRONJ+ 

and in 82% of MRONJ - patients. Osteocalcin deficiency is 

found in 38% of MRONJ + and in 9% of MRONJ -patients. 

CTX values are below normal in 9% of MRONJ+ and in 0% 

of MRONJ- patients, but all concentrations are at the lowest 

quartile of the reference values. (Table 3, Figure 8) 

 
Table 2: Distribution of patients according to the values of vitamin D, osteocalcin and CTX 

 

Biomarker Values MRONJ+% MRONJ -% 

Vit D 

<12 ng/ml 67 82 

>12<30 ng/ml 33 18 

>30 ng/ml 0 0 

Ost 
<5.4(4.6♂) ng/ml 38 9 

>5.4(4.6♂) ng/ml 62 91 

CTX 
<0.035ng/ml 9 0 

>0.035ng/ml 91 100 

 

 
 

Fig 1: Distribution according to C-terminal telopeptide mature 

Type 1 collagen (CTX)) ng/ml in both MRONJ+(white dots) and 

MRONJ%- patients predominantly in the lowest quartile of the 

reference values. 
 

 
 

Fig 2: Values of vitamin D, osteocalcin and CTX in patients with 

MRONJ+and MRONJ. 

 

Discussion 

The etiology of MRONJ has been extensively studied, but 

consensus on basic pathophysiology has not yet been 

reached [21-24]. The hypotheses on MRONJ etiology include: 

a) suppressed angiogenesis and presence of 

immunosuppression leading to avascular necrosis [20]; (b) 

suppression of bone remodeling due to reduced viability of 

osteoclasts and osteocytes and osteoblasts; c) suppression of 

collagen exchange in bones and soft tissues with decreased 

viability of oral keratinocytes [21]; fibroblast suppression [22] 

and the appearance of microfractures [23, 24]; d) infection 

with oral microbial biofilms migrating to exposed jaw bone 

after dental procedures [20, 21] and (e) the role of vitamin D 

and vitamin K in bone remodeling and osteonecrosis 

pathogenesis [25-26, 30, 31]. 

The role of vitamin D in patients with MRONJ is not well-

established and it is generally suggested that low vitamin D 

levels may predispose to the development of MRONJ. In a 

2-year retrospective study vitamin D values were compared 

in patients with unexposed to exposed bone and a significant 

difference between groups was found (29.5 vs. 20.49 ng / 

ml) with the recommendation to adequate substitute vitamin 

D in patients treated with antiresorptive drugs. [27] In another 

study biomarkers of bisphosphonate treated MRONJ + and 

MRONJ - patients were compared and there was no 

differences in vitamin D, parathyroid hormone, bone 

alkaline phosphatase, C terminal collagen telopeptide I 

values. Vitamin D was low (defined as 25-OH-D <50 nmol / 

l) in 59 % of MRONJ + and 62% of MRONJ – patients (p = 

0.77) so it was suggested that vitamin D deficiency is not a 

risk factor for MRONJ [29].Vitamin D levels in this study 

were low and we found no differences in vitamin D levels 

between both groups of bisphosphonate treated and MRONJ 

positive patients.  

Intravenous bisphosphonate treatment reduces C-terminal 

telopeptide mature Type 1 collagen (CTX) by 50% and this 

reduction is considered a biomarker confirmation of 

pharmacological effect of bisphosphonates. Since the 

hypothesis of bisphosphonate suppression of collagen 

turnover in bones and soft tissues with decreased viability of 

oral keratinocytes and fibroblasts [21, 22] collagen biomarkers 

received greater attention in the context of medically related 

necrosis of jaws and oral mucosa. It was demonstrated that 

upon discontinuation of bisphosphonate C-terminal 

telopeptide mature Type 1 collagen (CTX) and osteocalcin 

showed a significant increase over time ( p = 0.007). Bone 

remodeling was studied in a study of MRONJ + and 

MRONJ – patients treated with bisphosphonates and CTX 

levels of less than 150 pg / mL were associated with an 

elevated odds ratio of development of MRONJ of 5.268 (P 

=. 004). C-terminal telopeptide (CTX) level of less than 150 

pg / mL was suggested as a predictor of the risk of MRONJ. 

A CTX level of less than 150 pg / mL had a sensitivity of 

100% and a specificity of 81%. Bayesian analysis provides 

an expected risk for the MRONJ population of 0.29% (95% 

confidence interval, 0.12-0.52); the expected risk is 0.42% 

for the CTX level of less than 150 pg / mL and 0.13% for 

the CTX level higher than 150 pg / mL. A CTX level of less 
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than 150 pg / mL was sensitive and is associated with an 

approximately 3-fold greater risk of MRONJ [13-19]. 

In this study osteocalcin is normal in both groups but 

patients with values below 5.4 ng / ml are 3.2 times more 

likely to develop osteonecrosis of the jaw. The C-terminal 

telopeptide of mature type 1 collagen (CTX) is also normal 

in both groups and in MRONJ + is in the lowest quad. 

Values below 150 pg / ml will make the risk of 

osteonecrosis of the jaw about 1.92 times greater.  

  

Conclusion 

1. Low vitamin D is found in 100% of patients, low 

osteocalcin in 32% and low normal (lowest quartile) C-

terminal telopeptide of mature type 1 collagen (CTX) in 

85% of patients. Vitamin D is low in both MRONJ + 

and MRONJ- patients, with no significant difference 

between the two groups. 

2. Osteocalcin is normal in both groups but patients with 

values below 5.4 ng / ml are 3.2 times more likely to 

develop osteonecrosis of the jaw. The C-terminal 

telopeptide of mature type 1 collagen (CTX) is also 

normal in both groups and in MRONJ + is in the lowest 

quartile. Values below 150 pg / ml make the risk of 

osteonecrosis of the jaw about 1.92 times greater. 

3. There is a high correlation between the concentrations 

of vitamin D and osteocalcin (r = 0.64) and between 

osteocalcin and CTX (r = 0.58). 
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