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Abstract

Purpose: Medication-related osteonecrosis of the jaws (MRONJ) is a known complication of 

antiresorptive medications with surgical and nonsurgical treatment options. The aim of this study 

was to evaluate the effectiveness of nonsurgical therapy using local wound care on management of 

MRONJ lesions.

Materials and Methods: The authors conducted a retrospective cohort study of patients who 

presented to the University of California–Los Angeles School of Dentistry Oral and Maxillofacial 

Surgery Clinic for evaluation and treatment of MRONJ. The primary predictor variable was wound 

care score; secondary predictors were demographics (age, gender), anatomic location, primary 

condition, and type and time of antiresorptive treatment. Outcomes assessed were disease 

resolution and time to disease resolution. Statistical analysis was carried out using the Spearman 
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correlation for continuous and ordinal variables or the χ2 test for categorical variables. Time-to-

event statistics and Cox proportional hazards models were calculated; a Kaplan-Meier plot was 

generated to assess time to healing.

Results: One hundred six patients with 117 MRONJ lesions were treated using local wound care; 

complete disease resolution was observed 71% of lesions, with an additional 22% of lesions 

undergoing disease improvement. Wound care score was statistically associated with disease 

resolution and time to resolution, whereas demographics, anatomic site, condition, and type and 

time of antiresorptive treatment had no effect on resolution.

Conclusion: Local wound care increased the likelihood of MRONJ resolution and decreased the 

time to disease resolution. This strategy can be used in patients who cannot undergo surgery and 

should be implemented in all patients with MRONJ lesions who are managed nonsurgically.

Antiresorptive agents, such as bisphosphonates and denosumab, are commonly used to treat 

osteoporosis and bone malignancies.1,2 Although the therapeutic effects have long been 

documented, side effects, specifically medication-related osteonecrosis of the jaws 

(MRONJ), can be serious and devastating.3 MRONJ is defined as exposed bone in the oral 

and maxillofacial region for at least 8 weeks in the presence of antiresorptive or 

antiangiogenic agents without any history of radiation.4,5

Osteoporosis and low bone density affect more than 50 million Americans older than 50 

years, leading to at least 2 million osteoporotic-related fractures.6,7 With the risk of MRONJ 

in osteoporotic patients estimated at 0.001 to 0.15%, the use of antiresorptive agents in these 

patients is warranted.5 Similarly, antiresorptive agents have been very effective in decreasing 

skeletal-related events in patients with cancer.8,9 However, the incidence of MRONJ 

increases to 1 to 16% in patients on oncologic doses of bisphosphonates or denosumab.5,10 

Although antiresorptive agents are central in the management of osteoporosis and osseous 

malignancy, recent studies have shown that MRONJ markedly decreases quality of life in 

many affected patients.8,11,12

Once MRONJ is established, current therapies vary and are often dictated by the preference 

of the treating clinician, as shown by numerous treatment approaches in the literature.13–18 

The American Association of Oral and Maxillofacial Surgeons (AAOMS) treatment 

guidelines include antibacterial mouth rinse and pain control debridement for stages 0 and 1; 

the more advanced stages 2 and 3 are treated by surgical debridement or resection.4 The 

American Society for Bone and Mineral Research International Task Force on Osteonecrosis 

of the Jaws also recommends nonsurgical therapy, reserving surgical therapy for more severe 

refractory cases.5 Although these clinical guidelines exist, several studies advocate 

debridement or surgical resection regardless of disease stage, with success rates ranging 

from 53 to 92%.14–16,19–22 However, more aggressive surgical approaches might not 

consider the morbidity associated with surgery in medically compromised patients. Studies 

of nonsurgical treatment also exist, with disease resolution ranging from 18 to 90%.17,18 An 

overall challenge in comparing clinical approaches in the management of MRONJ is the 

definition of disease resolution, which can vary from the absence of symptoms to complete 

mucosal epithelization.
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The authors present an alternative approach to traditional nonsurgical therapy and surgical 

debridement or resection, focusing on local wound care of MRONJ lesions. Disease 

resolution was defined as complete mucosal coverage, assessed clinically, and lack of bony 

sequestrum, assessed radiographically. The purpose of this study was to investigate the 

effectiveness of nonsurgical therapy using local wound care on management of MRONJ. 

The authors hypothesized that nonsurgical therapy using local wound care could lead to 

successful disease resolution in patients with MRONJ lesions. The specific aim of this study 

was to measure the effectiveness of local wound care on disease resolution.

Materials and Methods

STUDY DESIGN AND SAMPLE

To address the research question, the authors designed and implemented a retrospective 

cohort study. The study population was composed of all patients presenting to a single 

clinician (T.L.A.) at the University of California–Los Angeles (UCLA) School of Dentistry 

Oral and Maxillofacial Surgery Clinic for evaluation and treatment of MRONJ from June 

2008 through July 2017. To be included in the study sample, patients had to be 1) diagnosed 

with MRONJ, confirmed clinically and radiographically, according to AAOMS guidelines 

and 2) return for follow-up appointments at the designated recall interval. Exclusion criteria 

were 1) a failure to return for follow-up appointments (>3 consecutive appointments missed) 

and 2) a pathologic fracture of the mandible at the initial consultation appointment.

STUDY VARIABLES

The primary predictor variable measured in this study was local wound care score. MRONJ 

lesions were assessed for the presence of bleeding at the affected site and plaque 

accumulation on the exposed bone. A scale of 1 to 3 was used for bleeding and plaque 

accumulation, with scores 1, 2, and 3 representing mild, moderate, and severe, respectively. 

An overall wound care score from 1 to 6 was assigned by compiling the data measured 

(points for bleeding + points for plaque accumulation = total wound score). The wound care 

score used was obtained from the most recent clinic visit. If disease resolution occurred, 

then the score from the visit before healing was used. Secondary variables assessed were 

demographics (age, gender), anatomic location, primary condition, and type and time of 

antiresorptive treatment.

The primary outcome factors evaluated were resolution of disease and time to disease 

resolution. Disease resolution was defined categorically as disease progression, 

improvement, or resolution. Disease progression was defined as an increase in disease stage, 

a larger area of infection or necrotic bone, an increase in inflammation or infection of the 

exposed area, or pathologic fracture. Disease improvement was defined as lesser disease 

stage or a decreased area of inflammation or infection. Disease resolution was defined as 

complete mucosal coverage with a lack of exposed necrotic bone. Time to disease resolution 

was assessed, defined as a length of time, in months. In patients with disease resolution, this 

time was defined as the number of months needed for resolution of the disease. In patients 

without resolution, this was defined as the number of months from the initial clinic visit until 

the last noted clinical visit.
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PATIENT MANAGEMENT AND DATA COLLECTION METHODS

Patients were treated using the AAOMS guidelines, with modifications. No surgical 

intervention was performed other than removal of a detached mobile sequestrum. Instead, 

local wound care, defined as mechanical vigorous debridement and cleaning of exposed 

bone, was used. All patients, at each appointment, regardless of staging or disease 

progression, were educated on the importance of oral hygiene, including local wound care, 

and routine dental care. Non-restorable teeth were referred for endodontic treatment, and the 

crown was sectioned at the gingival level.

Patients were prescribed an antibacterial solution (chlorhexidine 0.12%) but instructed to 

perform local wound care instead of oral lavage. Specifically, they were instructed to dip a 

cotton swab or small toothbrush in the chlorhexidine solution and then vigorously and 

mechanically clean, scrub, and debride the exposed bone or fistula to remove all visible 

plaque and debris. The clinician confirmed patient understanding after a brief demonstration. 

Patients were informed that discomfort, bleeding, and irritation, when cleaning, are expected 

and will subside with continued treatment when inflammation or infection decreases. This 

information also was relayed to a primary caregiver or family members if the patient was 

physically limited or a lack of compliance was noted at subsequent appointments. Patients 

who received antibiotics were given a 3-week regimen of amoxicillin (500 mg orally 3 times 

per day); if they were allergic to penicillin, then doxycycline (100 mg orally twice per day) 

was prescribed. A follow-up interval of 1, 2, or 3 months was determined based on disease 

stage and symptomatology.

Patients with stage 1 and exposed bone but no evidence of infection were given 

chlorhexidine to be used for local wound care. Patients with stages 2 and 3 and exposed 

bone, infection, and pain were given a course of antibiotics, analgesic medications, and 

chlorohexidine to be used for local wound care. Patients did not receive any other 

medications or growth factors.

Patient records were de-identified before data collection. The records were examined for 

demographics; underlying condition; type, duration, and dose of antiresorptive use; clinical 

staging; and sites of disease. Antiresorptive medications were discontinued in only 3 patients 

(with stage 1 MRONJ for osteoporosis) according to the recommendation of their primary 

doctor. All others remained on bisphosphonates or denosumab.

DATA ANALYSES

Patient characteristics were compared for healing status (complete, improvement, or 

progression) using Spearman correlation for continuous and ordinal variables (eg, age, 

stage) or χ2 test for categorical variables (Tables 1,2). Time to complete healing was 

compared using Cox proportional hazards (Cox PH) models and summarized against each 

effect with the estimated hazard ratio (95% confidence interval). A full Cox PH model was 

completed using all terms (Table 3) to see whether wound score remained relevant after 

accounting for all other measured patient characteristics. A Kaplan-Meier plot was 

generated to assess the time to healing in patients with high (≥3) versus low (<3) wound 
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scores (Fig 1). Statistical analyses were run using IBM SPSS 25 (IBM Corp, Armonk, NY). 

P values less than .05 were considered statistically significant.

Results

PATIENT POPULATION AND DEMOGRAPHICS

One hundred six patients with 117 MRONJ sites were included in this retrospective study 

(Table 1). The average patient age was 71.7 years. Age had no statistically relevant effect on 

disease resolution. Seventy-one percent of lesions were seen in women; gender had no effect 

on disease resolution. Similarly, MRONJ prevalence was greater in the mandible. There was 

no effect on disease resolution based on anatomic location. Sixty-two percent of lesions 

occurred in patients taking antiresorptive medications for bone malignancies, and the 

remaining lesions were in osteoporotic patients. The underlying condition had no effect on 

disease resolution.

Most patients had been treated with a bisphospho-nate, whereas only 15% had taken 

denosumab. No statistical difference in resolution was observed based on antiresorptive 

treatment. Interestingly, the duration of antiresorptive treatment had no effect on resolution 

status. Although most MRONJ lesions resulted from tooth extraction, all lesions healed 

equally, with no difference among inciting events. At initial presentation, most lesions were 

stage 1. However, disease stage did not have an effect on disease resolution. Of note, 1 

patient with a stage 3 MRONJ lesion in the mandible had a pathologic fracture after 2.5 

years of local wound care; however, this patient had very poor compliance with home wound 

care (score, 6) at all follow-up appointments.

Of importance, wound care score was the only variable associated with disease resolution. 

Patients with disease resolution had an average wound care score of 2.4, indicating mild 

levels of plaque and bleeding. In patients with refractory lesions, the average wound care 

score was 4.8, indicating high levels of bleeding and plaque accumulation. Interestingly, 

patients with disease improvement had an intermediate score of 3.7. Wound care score was 

strongly associated with disease resolution (P < .001). Wound care was not associated with 

any other patient characteristic (Table 2). After adjusting for other patient demographics, 

wound care score remained highly statistically associated with disease resolution and time to 

resolution (Table 3). Using Kaplan-Meier analysis, time to resolution was calculated. 

Patients with good wound care scores (<3) healed at a much faster rate than those with poor 

wound care scores (≥3). At 24 months of treatment, only 20% of patients with good wound 

care (score, <3) had unresolved lesions, whereas 60% of those with poor wound care (score, 

≥3) had unresolved lesions (Fig 1).

CLINICAL AND RADIOGRAPHIC MANIFESTATIONS OF REPRESENTATIVE CASE

Patient With Stage 2 MRONJ—A 68-year-old man presented to the clinic with 

complaints of pain and purulent drainage for 8 months after extraction of the right second 

mandibular molar. On examination, exposed bone on the mucosa lingual to the missing 

second mandibular molar was noted with associated pain, erythema, and bleeding (Fig 2A). 

Radiographically, areas of irregular cortication, diffuse trabecular sclerosis, and lack of 
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remodeling were noted in the extraction socket of the missing tooth. However, no bony 

sequestrum was seen radio-graphically (Fig 2D-D2). After 9 months of wound care, a large 

area of sequestrum exfoliated, showing epithelized mucosa on the undersurface of the bone 

(Fig 2B). The underlying tissue was fully epithelized at the 1-week follow-up visit (Fig 2C). 

The follow-up radiograph displayed a well-defined defect in the socket of the missing 

mandibular molar, with no evidence of further sequestrum formation (Fig 2E-E2). However, 

sclerotic and lytic bone changes of the mandible were still apparent, with loss of bony 

support of the adjacent first mandibular molar.

Discussion

The authors performed a retrospective analysis of local wound care, a novel nonsurgical 

treatment, for the management of MRONJ lesions. The purpose of this study was to evaluate 

whether nonsurgical therapy using local wound care could be effective in the treatment of 

MRONJ lesions. The authors hypothesized that local wound care could lead to disease 

resolution without the need for surgery in patients with MRONJ. Using local wound care, 

71% of MRONJ lesions resolved completely, with an additional 22% showing disease 

improvement. Specifically, the data show that this nonsurgical management protocol is 

effective for MRONJ treatment. Indeed, patients with better wound care scores had complete 

disease resolution at a faster rate than those with poor wound care.

Although studies of MRONJ treatment exist, none focus on local wound care for MRONJ 

lesions, despite the well-established associations of poor oral hygiene and biofilm with 

MRONJ development.17,23–25 Similarly, preventative dental measures before antiresorptive 

treatment are of the utmost importance and known to attenuate MRONJ development.26,27 

From these observations, the authors’ treatment protocol centered on local wound care of 

exposed necrotic bone. Current AAOMS treatment guidelines advocate the use of 

chlorhexidine as an oral lavage.4 However, this lavage does not remove biofilm from the 

exposed bone, which acts as a continued source of irritation, inflammation, and often 

infection. For these reasons, patients in this study were instructed to use a cotton swab or 

small toothbrush dipped in chlorhexidine and to remove all plaque and debris from the 

exposed bone, which was defined as local wound care.

To assess the patient’s wound care, the authors assigned a cumulative score measured by the 

presence of bleeding and plaque. Of importance, patients with disease resolution had a 

markedly lower wound care score, indicating low levels of plaque and bleeding. In contrast, 

patients who had refractory disease displayed considerably more bleeding and plaque. 

Furthermore, patients with better wound care scores underwent disease resolution at a faster 

rate, with 60% of lesions completely healing within the first year. By 2 years of treatment, 

disease resolution had been obtained in 80% of patients with good wound care scores. In 

contrast, patients with poor wound care did not undergo disease resolution at a similar rate. 

At 1 year of treatment, only 20% of lesions had resolved; at 2 years of treatment, only 40% 

of lesions had resolved. This suggests that oral hygiene, specifically local wound care of 

MRONJ lesions, is extremely important for disease resolution in patients with established 

MRONJ.
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In this study, demographics, anatomic site, underlying condition, disease stage, and length 

and type of antiresorptive treatment had no effect on disease resolution. Initial disease stage 

had no meaningful effect on resolution. Interestingly, 94% of lesions (16 of 17) in patients 

on denosumab resolved. Although there are known differences in the pharmacologic effects 

of bisphosphonates and denosumab, no conclusions can be made because of the small 

sample of these patients.28,29 Similarly, only 6 patients presented with stage 3 MRONJ 

lesions; as such, any conclusions made for the treatment of these patients should be limited.

Importantly, disease resolution in the present patients resulted from sequestration of the 

offending bone, with only 5% of resolved lesions recurring. In addition, wound care therapy 

duration was shorter for patients who initially presented with radiographic sequestra 

compared with patients without obvious radiographic signs. Local wound care eliminates the 

noxious inflammatory environment surrounding exposed bone. In addition, follow-up cone-

beam computed tomograms showed that osseous changes, including dense trabeculation, 

crater-like defects and periosteal bone formation, remained underneath the healed mucosa. 

These findings suggest that although osteoclast inhibition was central in the initial formation 

of MRONJ lesions, it was not required for subsequent mucosal healing after exfoliation of 

the sequestered necrotic bone. Because this abnormal osseous architecture remains under the 

healed mucosa, it would not be a suitable site for further surgical procedures, such as dental 

implant placement.

MRONJ management is largely empirical, often focused on treating symptoms, rather than 

complete disease resolution. Treatment decisions are frequently based on general guidelines, 

without prospective clinical trials to support a single mode of therapy.4 An increasing 

number of studies advocate surgical management, with disease resolution reported in 60 to 

70% of cases.14–16,19–22 However, recurrence rates are widely varied or unreported.15,30 In 

addition, the risk of intra- and postoperative complications is increased during surgical 

treatment.31–34 It is important to note that metastatic cancer has been identified in MRONJ 

specimens in 5.3% of patients taking antiresorptive agents for malignancies.35 Although 

rare, this must be considered in patients who undergo nonsurgical therapy.

In contrast, studies of nonsurgical management are few in number and have been less 

effective in disease management. This is further complicated by varied definitions of disease 

resolution, such as mucosal healing, lack of symptoms, or disease improvement. Lerman et 

al36 reported 23% re-epithelization; another study defined disease resolution only as the 

absence of pain, rather than mucosal healing, which might not be considered true resolution.
17 A more recent study reported 65% resolution, but these patients discontinued 

antiresorptive treatment, which might not be indicated for patients with malignancies or 

severe osteoporosis.37 A large multicenter study reported 25% disease resolution of 202 

patients receiving nonsurgical treatment for MRONJ.38 Furthermore, a systematic review of 

97 studies reported that nonsurgical medical management of MRONJ lesions led to 

resolution in 45% of cases.39 Although no single treatment approach is proven superior, the 

literature shows that complete disease resolution occurs more often after surgical 

intervention.38
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Although complete disease resolution was achieved in 71% of patients, with an additional 

22% undergoing disease improvement, there are limitations to this study. MRONJ is a rare 

event that occurs in a diverse patient population. Therefore, it is inevitable that this study 

would include a heterogeneous population. However, the large number of patients allows 

evaluation of several variables, including the specific antiresorptive agent, disease stage, and 

primary diagnosis. Similarly, the resolution times might under-represent total treatment time, 

because some patients were managed by other clinicians before presentation at the UCLA 

clinic. Furthermore, the retrospective nature of this study is subject to bias. Prospective 

studies with multiple treatment interventions (nonsurgical vs surgical) would be needed to 

establish the validity of this approach.

With the large sample and single treatment modality, this study showed that nonsurgical 

therapy using local wound care is a viable alternative to surgical intervention in patients with 

stage 1 and 2 disease or patients who cannot tolerate a major surgical procedure. Indeed, 

prospective studies using this approach will be conducted to confirm the present findings. 

Although MRONJ is a serious disease with major morbidity, the authors have provided an 

alternative therapy to surgical treatment that provides disease resolution in most patients. 

This can be easily implemented and shifts the focus of patient care.
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FIGURE 1. 
Kaplan-Meier plot of disease resolution status based on wound care score. Poor (≥3) and 

good (<3) wound care scores were used to assess the percentage of patients with unresolved 

lesions. Red line represents the percentage of lesions without disease resolution as a function 

of time in patients with poor wound care scores (≥3). Blue line represents the percentage of 

lesions without disease resolution as a function of time in patients with good wound care 

scores (<3).
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FIGURE 2. 
Clinical and radiographic presentation of a patient with stage 2 medication-related 

osteonecrosis of the jaws. A, Initial clinical presentation shows a small area of bone 

exposure on the lingual mucosa of the mandibular posterior teeth. B, Exfoliation of necrotic 

bone after local wound care. C, Clinical healing after exfoliation of necrotic bone. D, D1, 
D2, Cone-beam computed tomographic examination at the time of initial presentation 

depicts sclerotic changes in the area of the right posterior mandible, with an unhealed 

extraction socket. E, E1, E2, Radiographic examination after sequestration shows a well-

defined osseous defect, with increased sclerosis and lytic changes, and a loss of periodontal 

support around the adjacent first mandibular molar.
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Table 1.

VARIABLES ASSOCIATED WITH DISEASE RESOLUTION AND TIME TO RESOLUTION

Healing Status Time to Resolution

Complete
Resolution

Disease
Improvement

Disease
Progression P Value Cox Hazard Ratio (95% CI) Cox P Value

Age (yr) 72.0 71.6 70.4 .489 1.00 (0.98–1.02) .772

Gender, n (%) .176 0.81 (0.49–1.65) .424

 Women 63 (76) 15 (18) 5 (6)

 Men 20 (59) 10 (29) 4 (12)

Anatomic site, n (%) .949 1.01 (0.64–1.59) .968

 Maxilla 30 (70) 10 (23) 3 (7)

 Mandible 53 (72) 15 (20) 6 (8)

Condition, n (%) .487 1.20 (0.77–1.87) .417

 Osteoporosis 34 (75) 7 (16) 4 (9)

 Malignancy 49 (68) 18 (25) 5 (7)

Antiresorptive drug, n (%) .079 0.80 (0.45–1.40) .434

 Bisphosphonate 65 (67) 24 (24) 9 (9)

  Alendronate 31 (72) 10 (23) 2 (5)

  Zoledronate 31 (62) 13 (26) 6 (12)

  Other 3 (60) 1 (20) 1 (20)

 Denosumab 16 (94) 1 (6) 0

  Prolia* 10 (100) 0 0

  Xgeva* 6 (86) 1 (14) 0

 Unknown 2 (100) 0 0

Staging, n (%) .452 0.82 (0.58–1.18) .286

 Stage 1 47 (72) 16 (25) 2 (3)

 Stage 2 32 (70) 9 (20) 5 (10)

 Stage 3 4 (67) 0 2 (33)

Time on antiresorptive drug (yr) 5.5 3.7 4.8 .819 1.01 (0.96–1.06) .806

Inciting event, n (%) .269 — .686

 Extraction 50 (76) 10 (15) 6 (9)

 Spontaneous 16 (68) 9 (32) 0

 Dental disease 7 (64) 3 (27) 1 (9)

 Implant 7 (64) 2 (18) 2 (18)

 Denture 3 (75) 1 (25) 0

Wound care score 2.4 3.7 4.8 <.001 0.32 (0.22–0.46) <.001

Abbreviation: CI, confidence interval.

*
Amgen, Inc (Thousand Oaks, CA).
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Table 2.

VARIABLES ASSOCIATED WITH WOUND CARE SCORE

Variable Spearman P Value

Age −0.07 .433

Gender 0.13 .164

Anatomic site 0.00 .981

Condition −0.10 .268

Antiresorptive drug 0.10 .291

Stage −0.05 .595
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Table 3.

FULL COX PROPORTIONAL HAZARDS MODEL

Variable Hazard Ratio (95% CI) P Value

Age 0.99 (0.97–1.01) .433

Gender 1.06 (0.59–1.88) .583

Site 1.22 (0.75–2.01) .424

Condition 1.15 (0.61–2.17) .656

Antiresorptive drug 1.06 (0.59–1.91) .841

Stage 0.65 (0.41–1.01) .057

Wound care score 0.29 (0.20–0.44) <.001

Abbreviation: CI, confidence interval.
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