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Abstract 

 

Effects of vitamin D in comparison to parathyroid hormone 

in medication-related osteonecrosis of the jaw induced rat 

 

Jung In Kim 

 

Department of Dentistry 

The Graduate School, Yonsei University 

(Directed by Professor In-Ho Cha, D.D.S., Ph.D.) 

 

Medication-related osteonecrosis of the jaw (MRONJ) refers to a disease in which the jaw does 

not heal properly after an invasive procedure and becomes necrotic; its causes include anti-

angiogenic drugs and anti-resorptive agents, such as bisphosphonate (BP).  

The objective of the present study was to assess whether efficacy of vit.D is identical to that of 

PTH in treating MRONJ through an animal experiment using a rat model. 

 After inducing MRONJ by administering BP for 6 weeks prior to and 4 weeks after tooth 



vi 

extraction, 36 rats were divided into the control, PTH, and Vit. D groups (12 rats per group). PTH 

and Vit. D were administered daily for 4 weeks, after which the animals were euthanized and 

tissue samples were harvested from the mandible, including the extraction sockets of the 

mandibular first and second molars (M1 and M2, respectively), and the tibia and interseptal bone 

of the mandibular third molar (M3). Macroscopic, histological, and micro-computed tomography 

(micro-CT) examinations were performed.   

In the macroscopic and histological examinations, good healing was found in the PTH, Vit. D, 

and control groups, in that order; however, the differences were not statistically significant. In the 

micro-CT examination, a statistically significant difference in the bone volume fraction was found 

in the extraction socket and mandibular M3 region in the PTH group and only the M3 region in the 

Vit. D group, as compared to the control group (p<0.05).  

The findings of the present study showed that both PTH and Vit. D were effective in the 

treatment of MRONJ, with PTH showing more favorable results. Vit.D may be used as an 

alternative to PTH, additional studies on its dosage and duration of administration are needed.   

 

 

 

 

 

Key words: Medication-related osteonecrosis of the jaw, MRONJ, Parathyroid hormone, PTH, 

Vitamin D
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1. Introduction 

Bisphosphonate (BP) is a drug used for treating metabolic bone diseases, such as osteoporosis, 

and for preventing metastasis of malignant tumors and pathologic fractures (Ruggiero et al, 2004; 

Epstein, 2006). Its mechanism of action involves reducing bone resorption by inhibiting osteoclast 

activity and inducing the apoptosis of osteoclasts (Hughes et al., 1995). Moreover, it prevents 

monocytes and bone marrow precursors from differentiating into osteoclasts and stimulates the 
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secretion of osteoclast inhibitors by osteoblasts (Vitte et al., 1996). Marx (Marx, 2003) referred to 

such osteonecrosis caused by BP as bisphosphonates-related osteonecrosis of the jaw (BRONJ).  

Medication-related osteonecrosis of the jaw (MRONJ) is a broader concept of BRONJ and 

includes not only anti-resorptive agents, such as BP, but also anti-angiogenic agents (Ruggiero et 

al., 2014). The American Association of Oral and Maxillofacial Surgeons (AAOMS) defined 

MRONJ as follows in a position paper: (1) having previous history of anti-resorptive or anti-

angiogenic agent administration; (2) bone exposure or probable intra- or extraoral lesion that has 

persisted for 8 weeks or longer; and (3) no history of radiotherapy and no metastasis of the lesion 

to the oral and maxillofacial regions (Ruggiero et al., 2014). 

Although there are several hypotheses on the pathogenesis of MRONJ, nothing has been clearly 

identified to date. In general, the most widely accepted hypothesis is the one in which BP impairs 

the function of osteoclasts to inhibit bone reformation, which in turn causes the local injury from 

an extraction or infection to not heal properly, thus leading to osteonecrosis (Marx et., 2005). In 

addition, there have been other hypotheses that claimed that osteonecrosis occurred due to reduced 

blood supply to the mandible caused by the anti-angiogenic action of BP (Reid et al., 2007) and 

due to the epithelial cell toxicity of BP, spreading to the bone underneath the oral epithelium 

(Sawatari et al., 2007). 

The prevalence of MRONJ may vary widely depending on the type of BP used, method and 

duration of BP administration, patient’s age, anatomical location, presence of existing periodontal 

disease, invasive dental treatment, and combined use with other drugs (Kyrgidis et al., 2007). 

According to a survey by the American Society for Bone and Mineral Research Task Force, a 

prevalence of 1:100,000 to 1:10,000 was seen when BP was administered orally to patients with 
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osteoporosis, whereas a prevalence of 1~10% was noted when high-dose BP was administered 

intravenously to patients undergoing chemotherapy for cancer (Khosla et al., 2007; Marx et al., 

2005).  

The methods for treating MRONJ include analgesic medication, antibiotics, antibacterial mouth 

rinse, and surgical debridement; usually, the treatment guidelines are followed and the methods 

vary depending on the stage. However, in patients with intractable disease, such as those in stage 3, 

treatments according to such guidelines have been reported to show no therapeutic effects (Erasn 

et al., 2014). Consequently, various other methods, such as administration of PTH or Vit. D, have 

been presented as aggressive treatment methods for MRONJ (Erasn et al., 2014). A retrospective 

study by Kim et al. on the therapeutic effects of PTH in patients with intractable MRONJ reported 

an improvement by 1 stage or more of the AAOMS staging in the patient groups that used PTH 

and Vit. D. A noteworthy finding was that the patient group with significantly high Vit. D level in 

their body showed an improvement of 2 stages or higher. Moreover, of the patient group that 

refused PTH and received Vit. D alone, 60% showed an improvement in their symptoms (Kim et 

al., 2014). In other words, these results suggested that not only PTH but also Vit. D was a 

therapeutic agent that contributed to the therapeutic effects in MRONJ. 

PTH is used to treat fractures and severe osteoporosis, while also being used as an aggressive 

treatment for MRONJ (Chan and McCauley, 2013; Kuroshima et al., 2013b). Neer (Neer et al., 

2001) reported that short-term, intermittent administration of PTH could lead to anabolic 

reaction. Intermittent administration of low dose PTH for treating MRONJ was first described 

by Harper and Fung (Harper and Fung, 2007). Although the effects of PTH on MRONJ are not 

clear, various case reports have indicated an improvement in the clinical symptoms (Lawrence et 

al., 2006). However, the use of PTH is restricted to patients with skeletal malignancies, 
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hypercalcemia, and bone metastasis (Dayisoylu et al., 2013). Moreover, the cost of treatment is 

high; possible drug modification may occur when it is stored at room temperature; the shelf life 

of the drug is only approximately 1 month; and daily administration via subqutaneous injection 

is inconvenient.  

Vit. D is used with the treatment goal of raising the blood calcium level in patients with 

osteoporosis by facilitating calcium absorption and reabsorption in their intestines (Kurata Y et al., 

2001). Vit. D has a dose-dependent mechanism of action on the bone. With low-dose 

administration (0.015–0.06 ㎍/kg/day), reabsorption of calcium and phosphate is facilitated in the 

intestines to supply the calcium and phosphate needed for bone mineralization (Weber K et al., 

2001). High-dose administration (≥0.1 ㎍/kg/day) has the effect of increasing the bone volume by 

directly stimulating the bone-forming cells (e.g. promotion of differentiation of monocytic cells 

into preosteoclasts by increasing monocytic differentiation of hematopoietic cells, activation of 

osteoclasts by directly binding to Vit.D receptors on the surface of osteoclasts, increasing 

osteoblast precursor cells, etc.) (Erben et al., 1997). It was reported that the actual administration 

of Vit. D to patients with osteoporosis reduced the probability of hip fractures (Gillespie et al., 

2001), while in an in vivo experiment, histologic analysis showed that the administration of 2.5 ㎍

/kg of Vit. D twice per week for 3 weeks, following tooth extraction in MRONJ-induced rats, 

significantly increased the number of osteoclasts, with fewer occurrences of MRONJ (Yanik et al., 

2016). Moreover, as compared to PTH, Vit. D offered the advantages of lower cost, ease of storage, 

and oral administration (Erben et al., 2001). 

There are numerous studies on the effects of PTH on MRONJ, but there are almost no studies 

that have tested the effects of Vit. D on MRONJ.   
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The objective of the present study was to evaluate the effects of Vit.D alone in MRONJ-induced 

rats, compared to an intermittent administration of PTH, which is commonly used for treating 

advanced MRONJ. The therapeutic effects of Vit.D and PTH on MRONJ were compared using a 

rat model therefore to assess whether efficacy of vit.D is identical to that of PTH. 
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2. Materials and Methods 

2.1. Animal model and study design 

The experiment in the present study used 36 female Spraque-Dawley (SD) rats (Orientbio Co., 

Ltd.; Seongnam-si, Gyenggi-do, Korea) that were 8 weeks old, with a mean body weight of 187.3 

g (178–201 g). Two experimental animals were reared in a cage and were individually marked. 

The cages were kept in an air-filtered room at a temperature of 22±2°C and a relative humidity of 

50±10%. A 12-h light-dark cycle was maintained. The animals were given free access to normal 

rodent diet and water. The present study was approved by the Institutional Animal Care and Use 

Committee (IACUC) and was conducted in accordance with their regulations (IACUC Approval 

No. 2016-0056). The experimental animals were divided into 3 groups, with 12 animals per 

group, and the animals were given a 1-week acclimation period prior to the start of the study. All 

groups were intraperitoneally administered 200 μg/kg of zolendronic acid (ZA, Zometa ready
®

, 

Novartis, Basel, Switzerland) every week for 6 weeks until the tooth extraction (Kim et al., 2016) 

(Fig. 1).  

All experimental rats had their left mandibular M1 and M2 extracted at 6 weeks after the 

experiment had started. All extractions were performed aseptically under general anesthesia 

(Zoletil
®
, tiletamine and zolazepam, 50 mg/ml; Virbac Lab, Carros, France; Rompun

®
, xylazine; 

Bayer AG, Leverkusen, Germany) followed by local anesthesia (Xylestesin
TM

-A, lidocaine, 3M 

ESPE, seefeld, Germany) at the extraction sites. A dental explorer was used to perform periodontal 

ligament resection, subluxation, luxation, extraction, and curettage, in that sequence. A gauze was 

used to apply pressure to stop the bleeding, and suturing was not performed. In accordance with 
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IACUC guidelines, meloxicam (1.5 mg/kg body weight; Metacam, Boehringer Ingelheim, 

Germany) was injected intramuscularly to manage the postoperative pain.  

All experimental rats received a peritoneal injection of 200 μg/kg of zoledronic acid (ZA, 

Zometa ready
®
, Novartis, Basel, Switzerland) every week for 4 weeks to induce MRONJ; 

impaired healing was confirmed by macroscopic examination at 4 weeks after the extraction (Jang 

et al., 2015). Subsequently, the control group received 4 weeks of subcutaneous injection of saline 

as the vehicle, while the PTH and Vit. D groups received subcutaneous injections of PTH 

analogue (80 μg/kg; H-4835, Bachem
®
, Torrance, CA, USA; Kuroshima et al., 2014) and Vit. D 

(0.1 μg/kg; calcitriol, Bonki
®
, Yuyu pharma, Korea; Yanik et al., 2016), respectively, daily for 4 

weeks. The experimental animals were euthanized at 8 weeks after the tooth extraction.  

 

 

 

Figure 1. Experimental design 
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2.2. Assessment  

2.2.1. Macroscopic analysis 

The rats were euthanized at 8 weeks after the tooth extraction. The mandible and tibia were 

dissected and fixed in 10% formalin solution. Clinical assessment of the mandibular extraction 

socket area was performed (Fig. 2). On macroscopic examination, normal healing was defined as 

the extraction socket completely covered by oral mucosa without any dehiscence. If any of the 

following criteria were met, such cases were defined as MRONJ with impaired healing: (1) 

exposure of the underlying bone; (2) findings of mucosal dehiscence; and/or (3) granulation tissue 

formation on the mucosal hyperemia or the extraction socket. 

 

 

 

Figure 2. Diagnosis of MRONJ by macroscopic analysis 

(a) Complete healing (white arrow)  

(b) impaired healing, with granulation tissue formation (black arrow) 

 

 

(a) (b) 
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2.2.2. Histologic analysis 

All specimens were fixed in 10% formalin solution for 2 weeks and demineralized in 10% 

ethylenediamenetetraacetic acid (EDTA, pH 7.3) for 3 weeks at room temperature. After paraffin 

embedding, the specimens were cut to 3-μm thick slices. Hematoxylin and eosin (H-E) staining 

and tartrate-resistant acid phosphatase (TRAP) staining (Sigma-Aldrich Inc., St. Louis, MO, USA) 

were performed as recommended by the manufacturers.  

The histological diagnostic criteria of MRONJ consisted of the following: (1) presence of 

necrotic bone exposure or ulcerative lesion together with osteolysis; (2) presence of sequestrum or 

bacterial colonies; and/or (3) absence of osteocytes inside the lacunae (Fig. 3-5) (Kim et al., 2016). 

 

Figure 3. Diagnosis of MRONJ in histologic analysis (Hematoxylin & Eosin staining)  

(a) Normal mucosal healing (black arrow) with favorable bone healing (H) (×50 magnification) 

(M3, third molar; S, septal bone) 

(b) Presence of ulcerative lesion (black arrow) with necrotic bone (N) exposure, indicating 

MRONJ (×50 magnification) (M2, second molar) 
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Figure 4. Necrosis of septal bone. Partial necrosis with empty lacunae is observed (×50 

magnification) (N, necrotic bone; V, viable bone) 

 

 

 

Figure 5. Sequestrum (black arrow) (×50 magnification) 
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2.2.3. Microscopic computed tomographic analysis 

Micro-computed tomography (μCT, Skyscan 1173, Konitch, Belgium) images were analyzed 

using 13.85-μm pixel size and an energy level of 90 kV. 

The tibia was examined to investigate the systemic response to the drugs administered. In the 

cross-sectional view, a round-shaped region of interest (ROI), 1.0 mm x 1.0 mm in size, was 

established at the center of the tibia. For observation of the proximal metaphysis, 80 image slices 

were analyzed, starting with a point 1.2 mm from the growth plate (Fig. 6, 7) (Kuroshima et al., 

2014).  

To assess the effects of the injected drug on the mandible unrelated to the tooth extraction, the 

inter-radicular bone of the mandibular M3 was analyzed. A round-shaped ROI, 0.6 mm x 0.6 mm 

in size, was established at the center of the radicular bone of the mandibular M3 in the coronal 

view. Beginning with the image in which the distobuccal root of the mandibular M3 first appeared, 

70 subsequent image slices were analyzed (Fig. 8).  

To assess the extraction socket, an ROI (1.0 mm x 1.0 mm-sized circle) was established at the 

center of the extraction site in coronal view. Considering the mesio-distal length of each root, 50 

and 60 image slices from M1 and M2, respectively, were analyzed using the CTAn®  software 

(Skyscan, Konitch, Belgium) (Fig. 9). 

Bone volume/tissue volume (BV/TV, mm
3
), trabecular numbers (Tb.N, 1/mm), trabecular 

thickness (Tb.Th, mm), and trabecular separation (Tb.Sp, mm) in each group were assessed.  
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Figure 6. Micro CT image in axial view. Micro CT scanning was performed in the proximal tibia 

between 1.2 ~ 3.5mm from the growth plate to determine the systemic treatment effect 

 

 

Figure 7. Region of interest (ROI) in micro CT analysis of tibia (coronal view). A ∅1.0 mm-sized 

round shape ROI (red circle) was set on the center of tibia 
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Figure 8. Region of interest (ROI) in micro CT analysis of M3 (coronal view). A ∅0.6 mm-sized 

round shape ROI (red circle) was set on the inter-radicular bone of M3  

 

 

Figure 9. Region of interest (ROI) in micro CT analysis of extraction socket (coronal view). A ∅1 

mm-sized ROI was focused on the center of the extraction socket 
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2.2.4. Histomorphometric analysis 

A microscope (Axio Imager 2, ZEISS, Oberkochen, Germany) was used to capture the images, 

which were analyzed using an analysis software (MetaMorph
®  

Software ver 7.8, Sunnyvale, CA, 

USA). The number of osteoclasts (N.Oc, #) and TRAP-positive cells in TRAP staining were 

counted from the inter-radicular bone of the mandibular M3 (range, the crest of the septal bone to 

1 mm below) and the area from which they were measured (M3.Ar, mm
2
) was calculated (Fig. 10). 

The total area of the extraction socket (tissue area, T.Ar, mm
2
) and the area of new bone 

formation (B.Ar, mm
2
) were measured from the H-E staining (Fig. 11). B.Ar was defined as the 

area in which new bone had formed within the extraction socket. N.Oc/M3.Ar (#/mm2) and 

B.Ar/T.Ar (%) were calculated.  

 

 

Figure 10. Tartrate-resistant acid phosphatase (TRAP) staining (×100 magnification). Typical 

image of multinucleated TRAP (+) osteoclasts are indicated with a black arrowhead. 
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Figure 11. Histomorphometric evaluation of the extraction socket (×50 magnification, 

Hematoxylin & Eosin staining). B.Ar is the area of “B”. T.Ar is calculated from the total area of 

“S+B.” (Dotted line, extraction socket; S, soft tissue healing area; B, new bone formation area). 

 

2.3. Statistical analysis 

Statistical analysis was performed using a statistical software (SPSS®  18.0, IBM, Armonk, NY, 

USA). Mucosal healing at macroscopic and microscopic levels was compared using the Fisher’s 

exact test. Since data from the control, PTH group, and Vit. D group satisfied the conditions of 

normal distribution, the data were tested using one-way ANOVA. Post-hoc tests used the 

Bonferroni’s method (in case of homoscedasticity) or Dunnett’s T3 method (in case of 

heteroscedasticity). A P-value <0.05 was considered to indicate statistically significant difference.  
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3. Results 

3.1. Macroscopic analysis  

One rat each from the control and PTH groups died during the experiment. Consequently, the 

analysis included 11 rats each from the control and PTH groups and 12 rats from the Vit. D group 

(Table 1). Impaired healing was observed in 4 out of 11 rats (36.4%) in the control group, 2 out of 

11 rats (18.2%) in the PTH group, and 4 out of 12 rats (33.3%) in the Vit. D group.  

 

 

 

 

Table 1. Clinical evaluation of mandibular extraction sites  

 

 

 

 

Group Impaired healing (n) Incidence (%) p-value 

Control (n = 11) 4 36.4 0.676 

PTH   (n = 11) 2 18.2 

Vit. D  (n = 12) 4 33.3 
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Figure 12. Macroscopic analysis (×10 magnification). The left column shows the normal healing 

state of MRONJ and the right column  presents mucosal dehiscence with granulation tissue 

formation (black arrow), indicating the impaired healing of MRONJ. 
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3.2. Histologic analysis  

In the control group, impaired mucosal healing accompanied by dehiscence was found in 6 out 

of 11 rats (54.5%; Table 2). Meanwhile, impaired healing was found in 4 out of 11 rats (36.4%) in 

the PTH group and impaired mucosal healing was found in 5 out of 12 rats (41.7%) in the Vit. D 

group.  

 

 

 

 

 

Table 2. Microscopic evaluation of mandibular extraction sites  

Group Impaired healing (n) Incidence (%) p-value 

Control (n = 11) 6 54.5 

0.603 PTH   (n = 11) 4 36.4 

Vit. D  (n = 12) 5 41.7 
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Figure 13. Histologic analysis (×10 magnification). The left column shows the normal healing 

state of MRONJ and the right column  presents mucosal dehiscence with granulation tissue 

formation (black arrow), indicating the impaired healing of MRONJ. 
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3.3. Micro-CT analysis  

3.3.1. Tibia analysis 

The metaphysis area of the tibia was analyzed to investigate the systemic response to the 

injected drug (Fig. 14). There were no statistically significant differences in each group with 

respect to BV/TV, Tb.N, Tb.Th, and Tb.Sp (p>0.05). 

 

Figure 14. Effects of administered agents on inter-radicular bone of Tibia. (a) Bone Volume/Tissue 

Volume (BV/TV, %), (b) Trabecular number (Tb.N, 1/mm), (c) Trabecular thickness (Tb.Th, mm), 

(d) Trabecular separation (Tb.Sp, mm). There were no statistically significant difference in all 

groups. 
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3.3.2. mandibular M3 analysis 

To assess the effects on the area of the jaw unaffected by the injected drug, the inter-radicular 

bone in the mandibular M3, which was unrelated to the tooth extraction socket, was analyzed (Fig. 

15). BV/TV was highest in the PTH group and lowest in the control group. There were statistically 

significant differences between the control and PTH groups and between the control and Vit. D 

groups (p<0.05). 
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Figure 15. Effects of administered agents on inter-radicular bone of M3. (a) Bone Volume/Tissue 

Volume (BV/TV, %), (b) Trabecular number (Tb.N, 1/mm), (c) Trabecular thickness (Tb.Th, mm), 

(d) Trabecular separation (Tb.Sp, mm). PTH group was higher than Control group in BV/TB and 

Tb.Sp (p<0.05). Vit. D group was higher than Control group only in BV/TB(p<0.05).  

*Bar indicates statistical significance (p < 0.05).  

 

 

 



23 

3.3.3. Mandibular M1 & M2 analysis 

The drug effects on the extraction socket are as shown in the graph below. BV/TV was highest 

in the PTH group and lowest in the control group, showing statistically significant difference 

(p<0.05) (Fig. 16). BV/TV, Tb.Th, and Tb.N were highest in the PTH group and lowest in the 

control group. On the contrary, Tb.Sp was highest in the control group and lowest in the PTH 

group. With respect to BV/TV, Tb.N, and Tb.Sp, there were statistically significant differences 

between the control and PTH groups (p<0.05). Moreover, Tb.N also showed a statistically 

significant difference between the PTH and vit. D groups (p<0.05). 
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Figure 16. Effects of the administered agents on the extraction socket. (a) Bone Volume/Tissue 

Volume (BV/TV, %), (b) Trabecular number (Tb.N, 1/mm), (c) Trabecular thickness (Tb.Th, mm), 

(d) Trabecular separation (Tb.Sp, mm). PTH group was higher than Control group in BV/TB, Tb.N 

and Tb.Sp (p<0.05) and also higher than vit. D group only in Tb.N(p<0.05).  

* Bar indicates statistical significance (p < 0.05). 
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3.4. Histomorphometric analysis 

The number of TRAP (+) osteoclasts per unit area was highest in the PTH group and lowest in 

the control group, but the difference was not statistically significant (Fig. 17, 18). 

 

Figure 17. TRAP (+) osteoclasts of all groups (×100) (a) Control group, (b) PTH group, (c) vit. D 

group 
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Figure 18. Number of TRAP(+) cells and osteoclast/M3 septal bone area (N.Oc/M3.Ar, #/mm
2
) 

 

The results from measuring B.Ar relative to T.Ar are as shown in the graph below (Fig. 19). The 

value was highest in the PTH group and lowest in the control group, but the difference was not 

statistically significant.  

 

Figure 19. Bone area/Tissue area (B.Ar/T.Ar, %) 
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4. Discussion 

In the experiment, BP (200 μg/kg/week, intraperitoneal injection) was administered during 6 

weeks of the pre-surgical period and 4 weeks of the post-surgical period to induce MRONJ. Kim 

(Kim et al., 2015) reported that MRONJ occurred in 75% of the cases when BP (200 μg/kg/week) 

was administered to rats for 6 weeks prior to tooth extraction. Jang (Jang et al., 2015) compared 

the incidence of MRONJ after administering BP (200 μg/kg/week) to rats for 4 weeks prior to the 

tooth extraction and that for 2, 4, or 8 weeks after the tooth extraction. The results showed that 

occurrence of MRONJ was found by macroscopic examination in all rats that were administered 

the drug for 4 weeks or longer after the tooth extraction. In the present study, the study results 

mentioned above were considered, based on which BP (200 μg/kg/week) was administered for 6 

weeks prior to and 4 weeks after the tooth extraction to maximize the occurrence of MRONJ.  

The present study compared the effects of PTH and Vit. D as therapeutic agents for MRONJ. 

Intermittent administration of low dose PTH for treating MRONJ was first reported by Harper and 

Fung (Harper et al., 2007) in 2007. Neer et al. (Neer et al., 2001) reported in 2001 that short-term 

administration of parathyroid hormone could lead to anabolic reactions. The mechanism of action 

of PTH involves induction of IGF-1 synthesis, increasing the number of osteoblasts, and 

promoting the differentiation of bone-lining cells into osteoblasts (Grosso et al., 2015; Parfitt et al., 

1994). Contrary to the activities of BP, it stimulates the osteoclast activity (Chan and McCauley, 

2013), assists in RANKL mRNA expression, and inhibits OPG mRNA (Pleiner-Duxneuner et al., 

2009; Huang et al., 2004). However, the use of PTH is restricted to patients with skeletal 

malignancies, hypercalcemia, and bone metastasis (Dayisoylu et al., 2013). Its disadvantages are 

that the treatment cost is high; requires refrigeration storage; drug modification may occur; and 
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there is an inconvenience of daily IV or SQ administration.   

The dose of PTH used in the present study was 80 μg/kg/day, which was based on a study by 

Kuroshima (Kuroshima et al., 2014). Kuroshima reported that a necrotic lesion occurred in 1 out 

of 7 rats in the group that received 80 μg/kg/day of PTH for 2 weeks after tooth extraction, while 

necrotic lesions occurred in 6 out of 7 rats in the control group. The present study increased the 

duration to 4 weeks and found impaired healing in only 2 out of 11 rats in the PTH group and 4 out 

of 11 rats in the control group. Although the PTH group showed a pattern similar to that in the 

existing studies, the control group showed improved healing. It is believed that this was due to the 

drug holiday effect from discontinuing bisphosphonate and extending the duration to 4 weeks.   

Vit.D has the advantage that it can be administered orally; however, to ensure that the same dose 

was absorbed into the body, the present study used an IV form of the drug rather SQ 

administration. In a study by Yanik (Yanik et al., 2016) that investigated Vit.D as a therapeutic 

agent for MRONJ, compared to a control group that did not receive Vit. D, the group that received 

Vit.D had statistically significantly higher number of osteoclasts on histomorphometric analysis, 

while the occurrence of MRONJ was lower. The present study also considered the study by Yanik 

and administered calcitriol (0.1 μg/kg/day, subcutaneous injection). High dose Vit. D (>0.1 ㎍

/kg/day) has been reported to have an anabolic effect of increasing the bone volume by directly 

stimulating the bone-forming cells (Erben et al., 1997). Oral administration of 0.1 ㎍/kg of 

calcitriol (vit. D) has been reported to up-regulate the tibial osteocalcin mRNA level and increase 

the serum osteocalcin level in rats (Ikeda et al., 1992), while parenteral administration of 0.8 

μg/kg/day of calcitriol in rats increased the formation of the osteoblastic matrix within a few days 

and resulted in accumulation of osteoids in the cancellous bone (Boyce et al., 1985a). Moreover, in 
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a study that used electron microscopy, daily intraperitoneal administration of 0.8 ㎍/kg of 

calcitriol to rats showed increased matrix production and osteoblast hypertrophy after 4 days 

(Boyce et al., 1985b); an administration of 0.2 ㎍/kg of calcitrol for 3 days resulted in an 

increased number of osteoblast precursor cells in the bone marrow (Erben et al., 1997). 

The objective of the present study was to identify the in vivo effects of PTH and Vit. D in the 

treatment of MRONJ. Of a total of 36 MRONJ-induced rats, 12 each were allocated to the control, 

PTH, and Vit. D groups. After administering PTH and Vit. D daily for 4 weeks, the rats were 

euthanized and tissue samples were harvested from the tibia, interseptal bone of the mandibular 

M3, and the extraction sockets of mandibular M1 and M2. Macroscopic, histological, and micro-

CT examinations were performed. Regarding the bone volume fraction results, compared to the 

control group, the PTH group showed higher results from the extraction socket and mandibular 

M3 and the Vit. D group showed higher results in the mandibular M3 alone.  

Macroscopic and histological examinations were used to check the healing status of the 

experimental animals. On macroscopic assessment, MRONJ was defined as bony exposure 

accompanied by mucosal dehiscence, mucosal hyperemia, and granulation tissue formation at the 

extraction site (Jang et al., 2015). On microscopic analysis, MRONJ was defined by the 

appearance of an ulcerative lesion with exposed and necrotic bone and the presence of sequestrum 

and bacterial colonies (Jang et al., 2015). Both macroscopic and microscopic analyses showed the 

PTH group to have the least amount of impaired healing for MRONJ and the control group to have 

the most impaired healing. The incidence of MRONJ was found to be higher on microscopic 

analysis than on macroscopic evaluation. The reason for this difference was due to the ability of 

microscopic analysis to identify necrotic bone, ulceration, or fine fistulae under the mucosa.  
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Micro-CT analysis was used to investigate BV/TV, Tb.N, Tb.Th, and Tb.Sp. The American 

Society for Bone and Mineral Research established unified criteria for image acquisition, analysis, 

and key outcome assessments was followed to ensure that the micro-CT analysis methodology 

could be unified. For the analysis of the trabecular bone, bone volume fraction (BV/TV), 

trabecular number, thickness, and separation were included (Bouxsein MI, 2010).  

The tibial metaphysis was assessed using micro-CT to investigate the systemic effects of the 

administered drug. There were no statistically significant differences in the bone volume fraction, 

trabecular thickness, trabecular number, and trabecular separation in all the 3 groups. According to 

a study by Kuroshima (Kuroshima et al., 2014b), published in 2014, (BP), there were no 

significant differences between rats that did and did not receive PTH after alendronate 

administration when their healthy tibia samples were compared (Kuroshima et al., 2014); this was 

consistent with the findings of the present study. It is believed that the manifestation of the 

administered drug would be limited in healthy tibias with no defect, which have lower bone 

turnover rates than the jawbones; moreover, the osteoblast/osteoclast activity is already reduced 

after BP administration.   

The septal bone in the mandibular M3 was assessed to investigate the effects on the area of the 

jaw unaffected by the administered drug. On micro-CT analysis of the mandibular M3, statistically 

significant differences in BV/TV were found between the control and PTH groups and between the 

control and Vit. D groups. This indicated that the administration of PTH or Vit. D had the effect of 

increasing the bone volume in the jawbone. However, the results differed from those for the tibia, 

and this was believed to be the result of the jawbone having a higher bone turnover rate, and due to 

the dynamic cellular response from being adjacent to the extraction socket.  
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On micro-CT analysis, the drug effects on the extraction socket showed that the bone volume 

fraction, trabecular thickness, and trabecular number were in the following order: PTH group > Vit. 

D group > control group; the trabecular separation was in the following order: control group > Vit. 

D group > PTH group. As the 4 items measured using micro-CT analysis showed large standard 

deviations depending on the presence of MRONJ, it was difficult to assume that there were 

statistically significant differences among all the groups. However, the overall pattern was that the 

PTH group showed the best healing, followed by the Vit. D and control groups, in that order. In a 

study by Ersan (Ersan et al., 2014), in which PTH was administered after tooth extraction for 

treating MRONJ, the group that received PTH showed a higher bone mineral density in the 

extraction socket than the group that did not receive PTH, while the histopathological examination 

showed less necrotic bone area in the group that received PTH. On histomorphometric analysis, 

Bone area/Tissue area (B.Ar/T.Ar) results also appeared in the following order: PTH group, Vit. D 

group, and control group; however, the differences could not be considered statistically significant 

as the standard deviations were too large. In a study by Yanik (Yanik et al., 2016), in which a 

comparative analysis was performed on the histopathological features following Vit.D 

administration for treating MRONJ, the group that received Vit.D for 3 weeks after tooth 

extraction showed an increased number of osteoclasts.  

Based on the aforementioned results, it is believed that using PTH and Vit. D may be effective 

in treating MRONJ. Vit.D was less effective than PTH in treating MRONJ; however, it showed a 

greater effect than the control group. Therefore, in patients with contraindications for PTH use or 

when considering difficulties in storing PTH, treatment cost, and aversion to needle injection, 

Vit.D has a great potential for use as an alternative to PTH; however, additional studies are needed 

on its dose and duration of administration. Moreover, since MRONJ occurs often with 
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osteoporosis as an underlying disease, follow-up studies that are closer to the actual clinical 

situations are also needed.  

  



33 

5. Conclusion 

According to the findings of the present study, in rats with MRONJ induced by BP, PTH showed 

the best therapeutic effects for the mouth and jawbone. Although Vit. D was found to be less 

effective than PTH, it did show a better therapeutic effect than the control group. Therefore, in 

cases where the use of PTH is restricted or various disadvantages of PTH are relevant, Vit. D has 

the potential to be used as an alternative to PTH.   

In the present study, Vit. D was administered for 4 weeks. However, additional follow-up 

studies are needed on its effects in cases with longer duration of administration, while additional 

studies are also needed on whether there is any synergic effect when administered together with 

calcium. 
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국문 요약 

 

약물관련 악골괴사증을 유발시킨 자성백서에서 

비타민 D와 부갑상선 호르몬의 효과 비교 

 

연세대학교 대학원 치의학과 

김정인  

지도교수: 차인호 

 

Medication-Related Osteonecrosis of the Jaw (MRONJ)는 침습적 술식 후 악골이 치

유되지 않고 괴사되는 질병으로써, 비스포스포네이트 같은 약물에 의해 야기된다. 본 

연구의 목적은 MRONJ의 치료에서 parathyroid hormone (PTH)과 Vitamin D (Vit. D)의 

효과를 rat를 이용한 동물실험을 통하여 비교하여 vit.D가 PTH를 대체할만한지를 평

가하는 것이다. 발치 전 6주 및 발치 후 4주간 BP를 투여하여 MRONJ를 유발시킨 쥐 
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36마리를 PTH 군, Vit. D 군, 아무것도 투여하지 않은 대조군에 각각 12마리씩 배분

하였다. 4주간 매일 PTH와 Vit. D를 투여한 후 희생하였다. Sampling 부위는 세 군데

로 하악 제 1 및 제 2대구치의 발치와, 하악 제 3대구치의 interseptal bone 및 

Tibia였다. 육안검사, 조직학적 검사, Micro CT 검사가 이루어졌다. Bone volume 결

과는 PTH군이 발치와와 제 3대구치에서, Vit D군은  제 3대구치에서만 대조군보다 높

은 결과를 보였다(p<0.05). 본 연구의 결과에 따르면, PTH와 Vit. D 모두 MRONJ의 치

료에 효과적이나, PTH가 더 효과적인 것으로 나타났다. Vit. D가 PTH의 대체약제로 

사용되기 위해서는 장기간 투여시의 효과에 대한 후속연구가 필요하며, calcium과 함

께 투여시 synergic effect가 있는지 추가 연구가 필요하다. 
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