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Objectives: Beyond the original application approved by the U.S. Food and Drug Administration, recombinant human bone morphogenetic pro-
tein-2 (rhBMP-2) is used for medication-related osteonecrosis of the jaw (MRONJ) treatment because of its bone remodeling enhancement proper-
ties. The purpose of the study was to investigate the bone formation effect of rhBMP-2/absorbable collagen sponge (ACS) in patients with MRONJ. 
Materials and Methods: In this retrospective cohort study, 26 female patients diagnosed with MRONJ and who underwent mandibular se-
questrectomy at Ajou University Dental Hospital from 2010 to 2018 were included. The experimental group was composed of 18 patients who 
received rhBMP-2/ACS after sequestrectomy, while the control group was composed of 8 patients who did not receive rhBMP-2/ACS after se-
questrectomy. A total dose of 0.5 mg of rhBMP-2 was used in the experimental group at a concentration of 0.5 mg/mL. Follow-up panoramic 
X-rays were taken immediately after the surgery and more than 6 months after the surgery. Using those X-rays, a radiographic index of bone 
defect area was calculated using the modified Ihan Hren method, which measures radiographic density of the normal bone and the defect site. 
Results: This study suggests that rhBMP-2 contributes to new bone formation. The mean radiographic index immediately after surgery and more 
than 6 months after the surgery for the experimental group was 68.4% and 79.8%, respectively. The mean radiographic index immediately after 
surgery and more than 6 months after the surgery for the control group was 73.4% and 76.7%, respectively (Wilcoxon signed rank test, P>0.05). 
The mean radiographic index increased 11.4% in the experimental group and 3.27% in the control group (Mann–Whitney U-test, P<0.05). 
Conclusion: Based on the results, use of rhBMP-2/ACS on bone defect sites after sequestrectomy could be a successful strategy for treatment of 
MRONJ patients.
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I. Introduction

Osteonecrosis of the jaw (ONJ) was a rare disease until 
the advent of anti-osteoporotic drugs, use of which results 
in medication-related osteonecrosis of the jaw (MRONJ). 
This is the most common form of ONJ, exhibiting a 0.04% 
incidence in Korea1. Moreover, the incidence is much higher 

in patients undergoing surgical dental treatments, making it a 
significant concern for most dentists. 

The diagnostic criteria for MRONJ are as follows: (1) 
current or previous treatment with antiresorptive or antian-
giogenic agent, (2) exposed bone or bone that can be probed 
through an intraoral or extra-oral fistula in the maxillofacial 
region that has persisted for more than eight weeks, and (3) 
no history of radiation therapy to the jaw or obvious meta-
static disease to the jaw2.

There is no standard approach for treating MRONJ in the 
literature. Some authors have recommended a conservative 
approach to MRONJ3,4. Gómez Font et al.3 recommended 
long-term antibiotic treatment and chlorhexidine rinses 3 to 
4 times a day in the MRONJ update, excluding aggressive 
surgical treatment. Ruggiero et al.4 suggested oral antimicro-
bial rinses combined with antibiotic therapy for stage 1 and 
2 patients. In addition, the positional paper of the American 
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Association of Oral and Maxillofacial Surgeons (AAOMS) 
suggests that the surgical procedure be limited to patients 
with stage 3 disease. However, most MRONJ patients exhibit 
infection-related symptoms that do not respond well to con-
servative treatment. There are several studies reporting good 
results with surgical management of early stages of MRONJ. 
Vescovi et al.5 reported good healing of conservative surgical 
treatment for stage 1 bisphosphonate-related osteonecrosis 
of the jaw (BRONJ) patients. The surgical approach could 
be a good solution in patients not responding to conservative 
therapy.

Recent studies have focused on use of bone morphogenetic 
protein-2 (BMP-2) for MRONJ treatment6-8. Originally, the 
U.S. Food and Drug Administration (FDA) approved recom-
binant human BMP-2 (rhBMP-2) as a synthetic bone graft 
material for maxillary sinus augmentation and socket preser-
vation based on its osteoinductive properties9. Several studies 
have since demonstrated that rhBMP-2 works in situations 
beyond the aforementioned applications10-12. 

For optimal effect, rhBMP-2 should be bound to the appro-
priate scaffolds to stabilize its release into the lesion. These 
scaffolds include hydroxyapatite, tricalcium phosphate, de-
mineralized bone matrix, and absorbable collagen sponge 
(ACS). Li and Wozney13 reported that the release period of 
rhBMP-2 was more than twice as long when ACS was ap-
plied compared to when there was no scaffold, supporting 
ACS as a suitable scaffold for rhBMP-2 applications13,14.

The major pharmacological effect of bisphosphonates is 
postulated to be inhibition of osteoclastic activity. Consider-
ing this with the hypothesis that the pathogenesis of MRONJ 
involves oversuppression of bone remodeling15, BMPs are 
expected to promote the healing of bone in MRONJ patients 
by enhancing bone remodeling. 

The purpose of this study was to investigate the regenera-
tive effect of rhBMP-2/ACS in patients with MRONJ. The 
authors theorize that rhBMP-2 will promote bone healing in 

MRONJ, and the study involved a quantitative evaluation of 
the regenerative effect of rhBMP-2/ACS after sequestrec-
tomy in MRONJ patients. 

II. Materials and Methods

1. Patients

Twenty-six patients were included in this investigation. All 
the patients were diagnosed with MRONJ, underwent seques-
trectomy at Ajou University Dental Hospital from 2010 to 
2018, and were followed for more than 6 months. This study 
was conducted after approval from the Institutional Review 
Board of Ajou University Hospital (IRB No. AJIRB-MED-
MDB-19-375), and the informed consent was waived. For 
reliability of data analysis, female patients and patients who 
underwent mandible site surgery were included. Based on the 
MRONJ diagnostic principle announced by the AAOMS, a 
patient was diagnosed with MRONJ when bone was exposed 
or probed through the fistula for more than eight weeks with 
no history of radiation therapy to the jaw or a history of defi-
nite metastatic disease. 

All the patients were divided into two groups. Patients pro-
vided with application of rhBMP-2/ACS in the bone defect 
site after sequestrectomy were classified as the experimental 
group, while patients who did not receive rhBMP-2/ACS 
application in the defect site were classified into the control 
group.

2. Surgical procedure

During surgical treatment, the sequestrum and affected 
teeth were removed. Curettage was performed until fresh 
bone was exposed. For the experimental group, ACS (Atelo-
plug; Bioland, Seoul, Korea) soaked with rhBMP-2 (NOVO-
SIS; Daewoong Pharmaceutical Company, Seoul, Korea) was 

Fig. 1.  Surgical procedure of ex-
perimental group. Absorbable collagen 
sponge with absrobed recombinant 
human bone morphogenetic protein-2 
was applied to the bone defect.
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inserted into the defect site, and a primary suture was placed.
(Fig. 1) One kit of rhBMP-2 was used for each defect site 
at a concentration of 0.5 mg/mL, for a total dose of 0.5 mg. 
Various numbers of ACS were used depending on the size of 
the defect. For the control group, only a primary suture was 
placed without ACS or rhBMP-2.

3. Bone density analysis

In this study, it was assumed that the radiopacity and bone 
density of the bone defect site in radiographs were propor-
tional. The changes in bone density were estimated using the 
radiographic density of the panoramic X-ray to analyze the 
degree of bone healing. 

Panoramic X-rays (CS 8100, 73 kVp, 10 mA, 10.8 sec-
onds; Carestream Dental, Atlanta, GA, USA) were taken 
immediately after the surgery and more than 6 months after 
the surgery. The images were converted to 256 or 4,096 gray 
scale.

The area of the bone defect site was established using IN-
FINITT PACS software (Infinitt Healthcare, Seoul, Korea) 
based on the panoramic X-ray taken immediately after sur-
gery. To measure the radiographic density of normal bone, 
the mean value was calculated by measuring three random 
sites around the bone defect area. The radiopacity index was 
calculated by substituting the expression below. The closer 
was the index is to 100%, the closer was the radiopacity to 
that of normal bone16,17. 

Table 1. Patient information of the experimental group

Patient No. Age (yr) Sex BP Reason for BP use
Follow-up 
point (mo)

Defect area  
(mm2)

1 55 F Zolendronate Breast cancer (bone meta) 6 250.05
2 77 F Alendronate Osteoporosis 6 310.17
3 88 F Risedronate, ibandronate Osteoporosis 6 189.49
4 65 F Alendronate Osteoporosis 10 179.94
5 91 F Alendronate, ibandronate Osteoporosis 6 40.04
6 82 F Alendronate Osteoporosis 6 206.62
7 71 F Risedronate, ibandronate Osteoporosis 12 76.62
8 76 F Risedronate Osteoporosis 6 82.09
9 76 F Ibandronate Osteoporosis 17 160.56

10 66 F Alendronate Osteoporosis 6 317.31
11 77 F Ibandronate Osteoporosis 12 165.44
12 79 F Unknown BP Osteoporosis 6 70.58
13 87 F Zolendronate Osteoporosis 6 153.34
14 75 F Risedronate, ibandronate Osteoporosis 6 257.76
15 73 F Risedronate Osteoporosis 6 111.56
16 77 F Alendronate Osteoporosis 7 210.62
17 66 F Alendronate Osteoporosis 7 157.04
18 67 F Unknown BP Osteoporosis 6 353.03

(BP: bisphosphonate, F: female)
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Fig. 2. Bone density analysis method. To measure the radiographic density of the normal bone, the mean value was calculated by measur-
ing each of the three random site around the bone defect area. To measure changes in radiographic density of the bone defect, the bone 
defect area of the panoramic X-ray was set to the same extent as the panoramic X-ray immediately after surgery, and after six months of 
surgery. A. Immediately after surgery. B. Postoperation over six months of surgery.
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Radiographic index (%)= 
   Radiographic density of the defect site

Radiographic density of the adjacent site
×100

To measure the change in radiographic density, the follow-
ing process was performed using panoramic X-rays taken 
after six months. The bone defect area was set as in the pan-
oramic X-ray taken immediately after the surgery.(Fig. 2) The 
above process was conducted twice by one examiner, and the 
mean of the measured values was used.

4. Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics (ver. 23.0; IBM, Armonk, NY, USA). The Wilcoxon 
signed rank test was used for analyzing the effectiveness in 
each group at a significance level of 5%. The Mann–Whitney 
U-test was used to analyze the effectiveness between the ex-
perimental and control groups at a significance level of 5%.

III. Results

Total number of patients was 26, with an experimen-
tal group of 18 and control group of 8. The mean age was 
74.89 years and 74.88 years for the experimental and control 
groups, respectively.(Tables 1, 2)

1. Radiographic index

The mean radiographic index for the experimental group 
was 68.4% and 79.8% immediately after surgery and more 
than 6 months after surgery, respectively. The mean radio-
graphic index for the control group was 73.4% and 76.7% 
immediately after surgery and more than 6 months after 
surgery, respectively. The Wilcoxon signed rank test was per-
formed to verify the effects of osteogenesis immediately after 
surgery and 6 months after surgery in each group. As a result, 
the P-value in the experimental group was 0.001, indicating 
a statistically significant effect, but a nonsignificant 0.401 in 
the control group.(Table 3)

2. Radiographic index increase

The mean radiographic index increased 11.4% in the ex-
perimental group and 3.27% in the control group. As a result 
of the Mann–Whitney U-test, the P-value in the experimental 
group was 0.026, representing a statistically significant effect.
(Table 4)

IV. Discussion

The purpose of this study was to investigate the bone for-
mation effect of rhBMP-2/ACS in patients with MRONJ. 
This study theorized that rhBMP-2/ACS could promote bone 

Table 2. Patient information of the control group

Patient No. Age (yr) Sex BP Reason for BP use Follow-up point (mo) Defect area (mm2)

1 77 F Unknown BP Osteoporosis 12 178.37
2 83 F Alendronate Osteoporosis 6 1,073.87
3 67 F Alendronate Osteoporosis 6 186.16
4 76 F Alendronate Osteoporosis 6 336.88
5 74 F Alendronate Osteoporosis 6 79.79
6 63 F Unknown BP Osteoporosis 10 236.37
7 83 F Alendronate, ibandronate Osteoporosis 6 145.72
8 76 F Alendronate Osteoporosis 6 617.60

(BP: bisphosphonate, F: female)
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Table 3. Radiographic index

Group
Immediately after 

operation (%)
More than 6 mo 

after operation (%)
P-value

Experimental 68.4±12.9 79.8±13.0 0.001
Control 73.4±13.6 76.7±12.1 0.401

Values are presented as mean±standard deviation.
P-value by Wilcoxon signed rank test.
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Table 4. Increase of radiographic index

Group Change of radiographic index (%) P-value

Experimental 11.4±10.6 0.026Control 3.27±10.7

Values are presented as mean±standard deviation.
P-value by Mann–Whitney U-test.
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healing by enhancing bone remodeling in MRONJ patients 
and compared the extent of bone healing with application of 
rhBMP-2/ACS after sequestrectomy. In this study, the bone 
density analysis method of bone defect area was based on the 
radiopacity of panoramic X-rays. This study demonstrated 
an increase in radiographic index in the experimental group 
compared to the control group.

The method of bone density analysis in the bone defect 
area assumes that the radiopacity of the bone around the bone 
defect will have the same radiopacity as the normal bone. In a 
study by Ihan Hren and Miljavec16, the initial radiographic in-
dex of the defect was 88%. In the present study, the mean ini-
tial index of the defects was 70.3% and increased with time. 
The initial radiographic index difference from that of Ihan 
Hren and Miljavecʼs study16 is attributed to the differences in 
the type of defect or the amount of radiation exposure while 
obtaining panoramic X-rays. Based on the above findings, 
bone density can be estimated using panoramic X-rays.

Cicciù et al.6 investigated the clinical effects of rhBMP-2 
without concomitant bone grafting materials in MRONJ 
patients undergoing sequestrectomy and reported successful 
healing of the necrotic region. In this study, the experimental 
group identified an increase in radiographic index 6 months 
after surgery (Wilcoxon signed rank test, P<0.05). In addi-
tion, there was a statistically significant difference in the ra-
diographic index increase between experimental and control 
groups (Mann–Whitney U-test, P<0.05), which may be the 
result rhBMP-2/ACS facilitating bone healing. This result 
suggests that rhBMP-2/ACS contributes to new bone forma-
tion.

In Ihan Hren and Miljavecʼs study16, the mean increase in 
radiopacity of the bone defect was 27% at 6 months after cyst 
enucleation in healthy patients. In the present study, the mean 
increase was 11.2% in the experimental group. Despite using 
rhBMP-2/ACS, bone regeneration in MRONJ patients is pos-
tulated to be difficult compared to that in normal bone. 

There are many qualitative studies on the effect of rh-
BMP-2 in patients with MRONJ but few quantitatively 
analyzed studies. To our knowledge, the significance of this 
study is demonstration of the quantitative effect of rhBMP-2 
in patients with MRONJ. 

This study had the following limitations: small sample 
sizes, difficulty in determining the margin of bone defects, 
and panoramic X-ray evaluations providing limited informa-
tion in bone density evaluations. For more accurate analysis, 
computed tomography-based studies are recommended. 

V. Conclusion

When rhBMP-2/ACS was used on bone defect sites after 
sequestrectomy, the rate of new bone formation increased. 
Therefore, it use of rhBMP-2/ACS on bone defect sites after 
sequestrectomy could be a successful strategy in treatment of 
MRONJ patients. Currently, there is no FDA approval for use 
of rhBMP-2 for this purpose, but it is expected to have clini-
cal usefulness in the future.
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