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Prognostic factors for outcome of surgical treatment
in medication-related osteonecrosis of the jaw
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Abstract (J Korean Assoc Oral Maxillofac Surg 2018;44:174-181)
Objectives: The number of patients with medication-related osteonecrosis of the jaw (MRONJ) is increasing, but treatment remains controversial.
Published papers and systematic reviews have suggested that surgical treatment is effective in patients with MRONJ. The purpose of this study was to
determine whether preoperative University of Connecticut Osteonecrosis Numerical Scale (UCONNS), other serologic biomarkers, and size of necrosis are prognostic factors for outcome of surgical treatment in MRONJ.
Materials and Methods: From January 2008 to December 2016, 65 patients diagnosed with MRONJ at the Department of Oral and Maxillofacial
Surgery in College of Dentistry, Dankook University who required hospitalization and surgical treatment were investigated. Patient information, systemic factors, and UCONNS were investigated. In addition, several serologic values were examined through blood tests one week before surgery. The
size of osteolysis was measured by panoramic view and cone-beam computed tomography in all patients. With this information, multivariate logistic
regression analysis with backward elimination was used to examine factors affecting postoperative outcome.
Results: In multivariate logistic analysis, higher UCONNS, higher C-reactive protein (CRP), larger size of osteolysis, and lower serum alkaline phosphate were associated with higher incidence of incomplete recovery after operation. This shows that UCONNS, CRP, serum alkaline phosphate, and
size of osteolysis were statistically significant as factors for predicting postoperative prognosis.
Conclusion: This study demonstrated that CRP, UCONNS, serum alkaline phosphate, and size of osteolysis were statistically significant factors in
predicting the prognosis of surgical outcome of MRONJ. Among these factors, UCONNS can predict the prognosis of MRONJ surgery as a scale that
includes various influencing factors, and UCONNS should be used first as a predictor. More aggressive surgical treatment and more definite surgical
margins are needed when the prognosis is poor.
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I. Introduction
Bisphosphonates (BPs) are used to treat steroid-induced
osteoporosis, Paget’s disease of bone, hypercalcemia of malignancy, multiple myeloma, and bone metastases associated
with breast, prostate, lung, and other soft tissue tumors1. BP
1-hydroxy ethylidene-1,1 bisphosphonic acid was successfully synthesized for the first time in 1897 by Von Baeyer and
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Hoffmann and contributed to tremendous development in
medicine2. Bisphosphonate-related osteonecrosis of the jaw
(BRONJ) was introduced for the first time by Marx3 in 2003.
Since then, case reports of BRONJ have gradually increased.
Denosumab (Dmab) has also been shown to increase the risk
of osteonecrosis4. Thus, the term BRONJ was replaced by
“medication-related osteonecrosis of the jaw” (MRONJ) by
the American Association of Oral and Maxillofacial Surgeons
(AAOMS) position paper in 20145. The following are definitions of MRONJ: (1) current or previous treatment with antiresorptive or antiangiogenic agents; (2) exposed bone or bone
that can be probed through an intraoral or extraoral fistula in
the maxillofacial region that has persisted for longer than 8
weeks; and (3) no history of radiation therapy to the jaw or
obvious metastatic disease to the jaw.
Treatment for MRONJ remains controversial. No agreement has been reached on whether to choose conservative or
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surgical treatment for MRONJ. Many papers have pointed
out limitations of surgical treatment and advocated conservative treatment6-8. Japan’s 2010 position paper recommended
non-surgical treatment, and most patients with MRONJ in
Japan have received conservative treatment9. Likewise, the
2014 AAOMS position paper also recommended conservative treatment5. However, the disadvantage of conservative
treatment is that necrotic bone does not spontaneously resolve, and patient quality of life deteriorates with continued
drug treatment10. Recently published papers and systematic
reviews have suggested that surgical treatment is more effective in patients with MRONJ11,12. In addition, early surgical
intervention with adequate resection of necrotic areas and primary closure has also been recommended because it can result in more successful outcomes11,12. In other papers, surgical
treatment in patients who were taking either a small or large
amount of antiresorptive agent showed higher percentages of
complete healing than those who received conservative treatment10.
Although studies have suggested that surgical treatment
is a more effective treatment for MRONJ than conservative treatment, some patients still have relapses or failures
that require continuous treatment. To date, most studies of
prognostic factors have been conducted on systemic diseases
(such as diabetes mellitus and malignant tumors), BP dosage, route of administration, duration of discontinuation,
and bone response factors (such as C-terminal telopeptide
and bone-specific alkaline phosphatase) 10,13-15. However,
few studies have been conducted on serologic factors commonly performed in surgical patients. Recently, University
of Connecticut Osteonecrosis Numerical Scale (UCONNS)
has been suggested as a possible prognostic factor in patients
with MRONJ16. Therefore, the objective of this study was to
determine whether preoperative UCONNS, other serologic
biomarkers, and size of osteolysis are prognostic factors for
outcome of surgical treatment in MRONJ.

II. Materials and Methods
1. Patients
From January 2008 to December 2016, 65 patients diagnosed with MRONJ at the Department of Oral and Maxillofacial Surgery in College of Dentistry, Dankook University
(Cheonan, Korea) who required hospitalization and surgical
treatment were investigated. A total of 52 patients were investigated after excluding 13 patients with follow-up time less

than three months, no blood test or medication, or history of
radiotherapy.
2. Methods
1) Patient information including age, sex, site of MRONJ
(maxilla, mandible), size of osteolysis, triggering event of
MRONJ (tooth extraction, denture, etc.), administration
method (intravenous [IV]/per os), type of medicine (BP or
Dmab), dosage (low-dose, high dose), duration of administration, surgery method, preoperative stage of MRONJ, and
postoperative stage of MRONJ were investigated5. Based
on this information, UCONNS score was measured as a
prognostic score16. High-dose administration was defined as
IV BP used to treat malignant diseases, while low-dose administration was defined as oral BP for osteoporosis or other
diseases.
2) General factors including medical history (hypertension, diabetes mellitus, rheumatic arthritis, malignancy, etc.)
co-medication (steroids), BP treatment, smoking, and serum
biomarkers such as C-reactive protein (CRP), white blood
cell (WBC), serum albumin (ALB), serum alkaline phosphate
(ALP), platelet (PT), hemoglobin (Hb), and total cholesterol
(CHL) were investigated.
3) Radiologic features: All patients underwent orthopantomography (panoramic view) and computed tomography (CT).
-Changes in trabecular bone structure, extent of osteolysis,
cortical bone erosion, and sequestra were investigated.
-Size of osteolysis (cone-beam CT) was determined in two
categories:
(1) Less than 1/3 of the jaw;
(2) Larger than 1/3 of the jaw but less than 1/2 of the jaw.
4) Histopathologic features: All patients underwent histopathologic analysis. Results were obtained for the following:
-Dead bone with inflamed granulation tissue/new bone formation
-Chronic inflammation
-Inflamed granulation tissue
-Dead bone with actinomyces colonies
5) Treatment and outcome
Surgery was performed under general anesthesia (curettage,
saucerization, sequestrectomy, maxillectomy, marginal mandibulectomy). Preoperative and postoperative AAOMS stag175
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ing were compared. Results were divided into four groups as
follows16:
(1) Absent osteonecrosis of the jaw (ONJ) lesion (postoperative stage 0): intact mucosa, no pain, no inflammation after
surgery for at least 3 months;
(2) Reduced ONJ lesion (preoperative stage > postoperative stage): partially exposed bone without inflammation for
at least 3 months;
(3) Unchanged ONJ lesion (preoperative stage > postoperative stage): no significant improvement in local findings at
follow-up;
(4) Increased ONJ lesion (preoperative stage > postoperative stage): disease progression despite surgical intervention.
Among these four groups, those without ONJ lesions were
classified as the complete healing group. The remaining cases
(reduced ONJ, unchanged ONJ, and increased ONJ lesions)
were then classified as the incomplete healing group. After
assigning patients into one of two groups, serum biomarkers (CRP, WBC, serum ALB, serum ALP, PT, Hb, and total
CHL), UCONNS1 (Table 1)1, and extent of osteolysis were
evaluated as possible prognostic factors for outcome of surgical treatment for MRONJ by multivariate logistic regression
analysis. After multivariate logistic regression analysis, Student’s t-test was used to determine difference in mean value
between the complete healing group and incomplete healing
group.
6) Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics ver. 21 (IBM Co., Armonk, NY, USA). First, multivariate
logistic regression analysis with backward elimination was
used to find significant independent variables. Hosmer-Lemeshow test method and the full model coefficient test were
then used to confirm the significance of the chosen independent variables. Student’s t-test was used to determine the statistical significance of mean values for each of the significant
variants. In all analyses except the Hosmer-Lemeshow test
method, statistical significance was considered at P <0.05. In
the Hosmer-Lemeshow test, P >0.05 indicated good calibration.

III. Results
1. General factors
Patients with MRONJ underwent periodic screening for at
least three months and up to 90 months after surgery (mean,
176

19.34 months). The mean duration of BP administration was
51 months (range, 1 to 20 years). In cases with comorbidity
and co-medication, most patients suffered from one to three
general diseases, including cardiovascular disease and metabolic disease. Regarding patients with underlining malignant
disease, three patients (5.8%) had breast cancer and three patients (5.8%) had prostate cancer. The other 46 patients were
taking BPs for osteoporosis.
2. Local factors
The most common local factor causing MRONJ was tooth
extraction (n=41, 78.8%), followed by denture-pressure ulcer
(n=3, 5.8%), dental implant (n=3, 5.8%), odontogenic infection (n=4, 7.7%), and periodontal treatment (n=1, 1.9%).
3. Radiological feature
All patients underwent orthopantomogram and CT. The extent of osteolysis was confirmed by CT. A total of 32 patients
showed osteolysis in less than 1/3 of the jawbone, while 20
patients showed osteolysis in more than 1/3 but less than 1/2
of the jawbone.
The most common MRONJ location was mandible only
(n=34, 65.4%), followed by maxilla only (n=16, 30.8%) and
then both mandible and maxilla (n=2, 3.8%).
4. Treatment outcome
Treatment results for 52 patients are shown in Table 2.
There were 33 patients (63.5%) with absent ONJ lesion, 12
patients (23.1%) with reduced ONJ lesion, 4 patients (7.7%)
with unchanged ONJ lesion, and 3 patients (5.8%) with increased ONJ lesion. Total healing occurred in 33 patients
(63.5%), while incomplete healing occurred in 19 patients
(36.5%).
The mean value±standard deviation (SD) of UCONNS
used as a predictor of MRONJ was 13.15±3.17, which was
categorized as the moderate ONJ risk group of UCONNS.
The minimum value of UCONNS was 10, while the maximum value was 23. In patients with benign disease (n=45),
the mean±SD value of UCONNS at 12.29±1.80476) indicated moderate ONJ risk. In patients with malignant disease
undergoing IV therapy (n=5), the mean±SD UCONNS value
of 18.57±4.42 indicated significant ONJ risk.
CRP, WBC, serum ALB, serum ALP, PTs, Hb, total CHL,
UCONNS, and size of osteolysis were used as variables
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Table 1. University of Connecticut Osteonecrosis Numerical Scale1
Parameter
Medical condition (maximum 10)

Comorbidity (maximum 10)

Bisphosphonate therapy
(osteoporosis, BP, oral administration)
Bisphosphonate therapy
(osteoporosis, BP, IV over 1 year)
Bisphosphonate therapy
(cancer, BP, IV/zoledronate)

Bisphosphonate therapy
(cancer, BP, IV/pamidronate, etc.)
Orodental health (maximum 7)

Therapy (maximum 5)

Criteria

Point

Healthy
HIV
Osteoporosis
Diabetes mellitus
Rheumatoid arthritis
Soft tissue tumor
Breast/prostate cancer
Multiple myeloma
Nonsmoker
Former smoker (>6 months)
Inhaled steroids (last 12 months)
Smoker (10 cigarettes/day)
Steroids per os (last 12 months)
Steroids IV/IM (last 12 months)
Immuosuppression, chemotherapy
Immunomodulation (rheumatoid disease, organ transplantation; last 12 months)
Beginning <3 years
Beginning 3-5 years
Beginning >3 years
<3 doses, 3-10 mg
3-5 doses, 15-20 mg
>5 doses, >25 mg
1-6 doses, 4-24 mg
7-12 doses, 28-48 mg
13-18 doses, 52-72 mg
19-24 doses, 76-96 mg
25-36 doses, 100-144 mg
>36 doses, 144 mg
1-12 doses
13-24 doses
>25 doses
Good oral hygiene (no tooth mobility, no inflammation)
Moderate oral hygiene (plaque)
Poor oral hygiene (tooth mobility)
Acute inflammation (suppuration)
Osteomyelitis
Prophylaxis
Conservative treatment, crown bridge
Endodontic treatment
Removable denture, repair
Periodontal initial therapy
Mucogingival surgery, implantation
Periodontal/periapical surgery
Tooth extraction
Osteotomy for tooth extraction
Bone augmentation
Bone/ONJ lesion resection

0
1
1
2
2
2
3
5
0
1
1
2
2
3
5
5
1
2
3
1
2
3
3
4
5
6
7
8
2
3
4
0
1
2
4
5
0
0
1
1
2
2
2
3
4
5
6

(HIV: human immunodeficiency virus, IV: intravenous, IM: intramuscular, BP: bisphosphonate, ONJ: osteonecrosis of the jaw)
Risk assessment: minimal ONJ risk, <10; moderate ONJ risk, 10-15; significant ONJ risk, >15.
Revised from the article of Landesberg et al. (Ann N Y Acad Sci 2011;1218:62-79)1.
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Table 2. Treatment outcomes of medication-related ONJ
Complete healing

No. of patients
Total

Incomplete healing

Absent ONJ

Reduced ONJ

Unchanged ONJ

Increased ONJ

33
33

12

4
19

3

(ONJ: osteonecrosis of the jaw)
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in multivariate logistic regression analysis with backward
elimination, where independent variables were removed at
each step. With the full model coefficient test (Table 3) and
Hosmer-Lemeshow test (Table 4), the 7th step showed the
most appropriate and significant model. This model also
showed a predictive power of 82.7%. In the 7th step, the following variables remained statistically significant (P <0.05):
CRP, UCONNS, ALP, and size of osteolysis.(Table 5) After
multivariate logistic analysis, Student’s t-test showed that
mean differences in CRP and UCONNS were statistically
significant between the complete healing group and incomplete healing group.(Table 6)

Table 3. Full model coefficient test

1 Step
7 Step

Chi-square

Degrees of
freedom

P -value

28.227
28.227
–1.201
24.284

10
10
1
4

0.002
0.002
0.273
0.000

Step
Model
Step
Model
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IV. Discussion
The incidence of MRONJ is increasing due to the high
risk of infection by resident bacteria in the oral cavity and
frequent surgical operations such as extraction. However,
treatment for MRONJ remains controversial7,17-19. In recent
years, many papers have demonstrated the effectiveness of
surgical methods for MRONJ. Some systemic review papers
have compared surgical methods with non-surgical methods
and showed better outcomes after surgical treatment20-22.
In addition, early surgery with single radical treatment has
been shown to be better than several less invasive surgical
interventions12. Although many published papers have demonstrated the effectiveness of surgical methods, there is still
a lack of research on factors that predict postoperative outcomes for MRONJ.
Many studies have shown that more complications (such
as diabetes and steroids)15,23,24, longer BP administration period6,25,26, and higher BP dose27,28 are associated with MRONJ.
However, few studies have determined factors that predict
postoperative outcomes for MRONJ. In this study, UCONNS
and all possible factors were evaluated by multivariate logisTable 6. Student’s t-test
Complete
healing
C-reactive protein

Table 4. Hosmer-Lemeshow test method
Step
1 Step
7 Step

Chi-square

Degrees of
freedom

P -value

9.277
6.029

8
8

0.319
0.644
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UCONNS

Mean±SD
P -value
Mean±SD
P -value

Incomplete
healing

0.53±0.44

0.85±0.55
0.03
12.35±2.20
14.66±43.14
0.011

(SD: standard deviation, UCONNS: University of Connecticut
Osteonecrosis Numerical Scale)
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Table 5. Multivariate analysis of variables relating to incomplete healing in 55 original patients
B
1 Step

7 Step

C-reactive protein
White blood cell
Serum albumin
Alkaline phosphate
Platelets
Hemoglobin
Total cholesterol
UCONNS
Size
Age
C-reactive protein
Alkaline phosphate
UCONNS
Size

2.128
0.168
–0.925
–0.057
–0.007
0.160
0.017
0.418
2.661
0.109
1.636
0.046
0.327
2.237

SE

P -value

Exp(B)

95% CI

1.011
0.250
1.280
0.027
0.007
0.420
0.015
0.159
0.970
0.097
0.758
0.021
0.137
0.821

0.035
0.502
0.470
0.037
0.318
0.704
0.230
0.008
0.006
0.263
0.031
0.033
0.017
0.006

8.400
1.183
0.396
0.945
0.993
1.173
1.018
1.520
14.312
1.115
5.134
0.955
1.386
9.367

1.158-60.921
0.724-1.931
0.032-4.874
0.896-0.977
0.980-1.007
0.515-2.675
0.989-1.047
1.113-2.074
2.138-95.814
0.921-1.350
1.162-22.694
0.916-0.996
1.059-1.815
1.874-46.836

(UCONNS: University of Connecticut Osteonecrosis Numerical Scale, SE: standard error, CI: confidence interval)
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tic regression analysis. Serum biomarkers and size of osteolysis were also evaluated.
In this study, 33 of 52 patients with MRONJ showed
complete healing. Multivariate logistic regression analysis
showed that higher CRP, lower ALP, higher UCONNS value,
and larger size of osteolysis were associated with higher
chance of incomplete healing.
UCONNS is a numerical scale that includes all conditions
related to MRONJ, including systemic diseases, dose, method, duration, applied trauma, and oral status1. The present
study is the first to perform multivariate logistic regression
analysis of UCONNS with other independent variables.
CRP, ALP, and size of osteolysis also showed statistical
significance as factors predicting postoperative outcomes
for MRONJ (P -values of 0.031, 0.033, and 0.006, respectively). The odds ratios of CRP, ALP, UCONNS, and size of
osteolysis were 5.134, 0.955, 1.386, and 9.367, respectively.
This indicates that, as CRP increases by one, the probability
of incomplete recovery increases by 5.134 times. The probability of incomplete recovery is 9.367 times higher when the
size of osteolysis operation ranges from 1/3 to 1/2 of the jaw
compared to 1/3 of the jaw or less.
Among WBC and CRP evaluated for inflammation, only
CRP was statistically significant. A previous report has shown
that CRP is significantly higher in patients with MRONJ than
in control patients29. Among patients with MRONJ in this
study, there were statistically significant differences of CRP
in postoperative results. This is related to a previous study
showing that increased inflammatory markers can indicate
the degree of infection at the site of osteonecrosis30. According to Coxon et al.31, bacterial infections appear at sites where
soft tissues are opened due to soft tissue toxicity caused by
BP, which can increase the level of inflammatory markers.
The size of osteolysis used to evaluate the extent of surgery
also showed statistical significance, similar to results of a previous study12. However, there was a limitation in that the size
of osteolysis was classified into just two categories. Therefore, more systematic classification is needed in the future.
ALP used to assess bone activity was statistically significant (P =0.033). Serum ALB, total CHL, PTs, or Hb used to
evaluate the reduced blood supply caused by BP showed no
significant differences.
Student’s t-test showed that mean differences in CRP and
UCONNS were significantly different between the complete
healing group and the incomplete healing group. The mean
CRP of the complete healing group was 0.53 mg/dL, which
is nearly the normal value of CRP (0-0.5 mg/dL). Mean CRP

was 0.85 mg/dL in the incomplete healing group. The mean
UCONNS value of the complete recovery group was 12.35,
which is categorized as moderate. In the incomplete healing
group, the mean UCONNS value was 14.66, which is also
categorized as moderate.(Table 1)1
In this study, the incidence of MRONJ (n=34, 65.4% in the
mandible; n=16, 30.8% in the maxilla; and n=2, 3.8% in both
mandible and maxilla) was similar to that reported in other
papers. This might be because the soft tissue is thinner and
there is less vascular distribution in the mandible than in the
maxilla.
The success rate of complete healing was 63.46%, lower
than that reported in other papers (50%-76.7%)10,12,26,32. This
might be due to the definition of complete healing. In the
present study, cases with postoperative infection, bone exposure, or abnormal reactions were excluded. In addition, since
the surgical treatment used in this study was mostly saucerization and sequestrectomy, it is possible that the safety margin was not sufficient to include MRONJ. In some papers,
major surgery has been reported as more effective for patients
with MRONJ than minimally invasive surgery10. In this study,
necrotic bone was removed during surgical treatment, and
the surgical range was set until fresh blood emerged from the
surrounding bone. However, the extent of this surgery is still
controversial. Pautke et al.33 have advocated fluorescenceguided resection. Carlson and Basile34 have asserted that a
safety margin of 1 cm should be established.
This study has several limitations. First, the sample size is
relatively small because this is a retrospective study conducted at a single institution. Furthermore, this is the first study
to use UCONNS as a factor for multivariate logistic analysis.
Therefore, more studies of UCONNS are needed. These preliminary data are promising, but larger, long-term studies are
needed to better define the role of UCONNS and other factors as prognostic factors for MRONJ.

V. Conclusion
This study demonstrated that CRP, UCONNS, serum ALP,
and size of osteolysis were statistically significant factors in
predicting the prognosis of 52 patients with MRONJ who underwent surgery. Among these factors, UCONNS can help to
predict the prognosis of MRONJ surgery with a scale including various influencing factors, and it should be used as a predictor first. Multivariate logistic regression analysis showed
that higher CRP was associated with lower serum alkaline
phosphate, higher UCONNS, larger size of osteolysis, and
179
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higher chance of incomplete healing. These variables indicate
poor prognosis, and more aggressive surgical treatment and a
definite surgical margin are needed.
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