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ABSTRACT. .

' Recurrence - Related Factors of Medication Related Osteonecrosis of the Jaw
(MRONJ) ; a Retrospective study

Kyoungseok Choi, Chulyoung Park, Ji Hyun Kim, Hye Jin Kim, Jaeyoung Ryu,
Min-Suk Kook, Hong-Ju Park, Hee-Kyun Oh?, Seunggon Jung*

Department of Oral and Maxillofacial Surgery, School of Dentistry,
Dental Science Research Institute, Chonnam National University

Duration of administration of related medications, presence of bacterial infections in necrotic areas, and methods of treat-

: ment have been suggested as factors related to the recurrence of MRONIJ. The purpose of this study was to investigate recur-

rence risk factors in patients who had undergone surgical treatment. The recurrence rate was statistically significant when

the teeth affected by alveolar bone necrosis were removed together. When comparing patients who received post-operative

antibiotic treatment, recurrence was significantly reduced. Comprehensive surgical approaches, including the extraction of

adjacent teeth during surgery, and appropriate post-operative antibiotic therapy can be effective strategies for reducing the
recurrence rate of MRONJ.
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I . Introduction

The clinical concept of Medication-related osteo-
necrosis of the jaw (MRON]J) was introduced in 2007
by The American Association of Oral and Maxillo-
facial Surgeons (AAOMY) as Bisphosphonate-relat-
ed osteonecrosis of the jaw (BRON]J), marking the
initiation of a systematic approach. Subsequently,
with the addition of antiresorptive agents and an-
tiangiogenic medications, the term was updated to
MRONJ". In 2022, further updates were presented,
focusing on the use of antiresorptive agents in can-
cer patients and new osteoporosis drugs such as Ro-
mosozumab.

MRONJ should be distinguished from other forms
of osteonecrosis of the jaw (ON]) and confirmed
through patient history and clinical examinations.
Establishing the diagnosis of MRONJ requires the
following three clinical criteria?.

1) History of receiving or currently receiving anti-
resorptive agents alone or in conjunction with
immune modulators or antiangiogenic medica-
tions, or a history of prior use.

2) Exposed or non-exposed bone that can be
probed through intraoral or extraoral fistulas
persisting for more than 8 weeks in the maxil-
lofacial region.

3) Absence of a history of radiation therapy to the
jaw or presence of metastatic disease in the jaw.

MRON]J is not a commonly occurring condition
but rather a serious disorder characterized by necro-
sis of the maxilla and mandible bones. It is known to

significantly impact patients quality of life?.

The risk factors for this condition can be catego-
rized into systemic factors and local factors. System-
ic factors include the duration of medication use,
steroid use, age, diabetes, and genetic factors. Lo-
cal factors encompass a history of invasive intraoral
surgery, mucosal thickness, and periodontal condi-
tions*?.

For early-stage MRONJ patients, conservative
treatments such as pain management, antibiotics,
and oral hygiene measures are recommended. The
surgical goal is to remove necrotic bone tissue and
prevent further progression®”.

Research on patients experiencing recurrence af-
ter surgical intervention has been relatively limited.
Some previous studies have explored factors such as
the duration of medication use, bacterial infections,
and surgical techniques as potential contributors to
recurrence®”. Therefore, it is necessary to assess the
risk factors for MRONJ and consider alternative ap-
proaches for patients at high risk of recurrence. The
purpose of this study is to investigate the factors in-
fluencing recurrence in MRON]J patients who have

undergone surgical intervention.

II. Patients and Methods

1. Patients

The study included patients who visited the De-
partment of Oral and Maxillofacial Surgery at Chon-
nam National University Hospital and underwent

surgical intervention from January 2011 to Decem-
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ber 2020. Among a total of 362 patients, those who
had been followed up for a minimum of 4 weeks
were considered eligible for this study, resulting in a

final cohort of 331 patients.

2. Methods

(1) Medical records

The study involved an investigation based on the
medical records of the Department of Oral and
Maxillofacial Surgery at Chonnam National Univer-
sity Hospital. Patient demographics, including age
and gender, MRONJ stage, the type and extent of
surgical procedures (Primary closure vs. Secondary
healing), the history of bisphosphonates (BPs) and
denosumab use, the duration of preoperative medi-
cation hold, and the triggering event leading to the

initial onset of MRON], were examined.

(2) Statistical analysis

All statistical analyses conducted in this study were
performed using Rstudio (version 4.2.1; Rstudio,
Inc., Boston, MA, USA). The recurrence rate was an-
alyzed using Kaplan-Meier estimation and the Cox
proportional hazards model. Use the Kaplan-Meier
survival curve to estimate the cumulative probabil-
ity of event occurrence (recurrence). This is used
to estimate the recurrence rate over time. Plot the
Kaplan-Meier curve and visualize and interpret the
recurrence rate over time. This allows you to under-
stand the likelihood of recurrence at specific time
intervals. Compare Kaplan-Meier survival curves to

statistically evaluate differences in recurrence rates

between different subgroups. This helps assess the
impact of specific factors on the likelihood of recur-

rence.

(3) Pre-op antibiotic medication vs Post-op antibiotic
medication

In the study, the duration of preoperative antibi-

otic use and postoperative antibiotic use was classi-

fied into three groups. Group 1 consisted of patients

with a duration of 1 week, Group 2 with 2 weeks,

and Group 3 with 3 weeks or more.

(4) Analysis of Bone grinding depth

To accurately determine the depth of bone grind-
ing in a systematic manner, the ruler tool in M6 was
primarily employed. The baseline reference point
for accurate identification was established by com-
paring preoperative and postoperative panoramic
images of the patient. In most cases, the distance
ratio between the length of a single tooth and the
Mandible angle on both sides was adjusted and re-
calculated. However, in cases where the reference
point was ambiguous in the imagery, a clear land-
mark from the same patient was measured and cal-
culated in another location(Fig. 1). The Bone grind-
ing group was divided into three categories: Group
1 had a grinding depth of less than 6mm, Group 2
had a depth exceeding 6mm but less than 10mm,
and Group 3 had a depth exceeding 10mm. Tooth
root lengths vary different anatomically between the
anterior, posterior, and upper and lower jaws, and
previous studies have reported a range of 11 to 15

mm as the for Koreans. Considering that the ma-
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Fig 1. Analysis of Bone grinding depth

Prediction value of vertical grinding depth(GD) = § x GD'(M6 measure value)

A. The distance between the bilateral mandible angles on preoperative images

B. The length of the reference tooth on preoperative images

C. D. Line connecting two anatomically distinct points that can serve as a clear anatomical refer—
ence A'. The distance between the bilateral mandible angles on postoperative images B'.
The length of the reference tooth on postoperative images GD'. The height of the removed

elevated maxillary bone during surgery.

jority of our patients were elderly and had general
alveolar bone resorption, and in cases where the
distance from the upper teeth to the maxillary si-
nus was shorter than the length of the tooth roots
lengths, we established a reference point of 10mm.
To mitigate the potential statistical errors due to a
limited sample size for the half of this value, which

is 5Smm, we expanded it to 6mm.

(5) Surgery Method

The study classified patients based on the pres-
ence or absence of soft tissue coverage following al-
veolar bone resection and cortical bone decortica-
tion procedures (Sequestrectomy & Decortication).
The Primary closure group involved direct suturing
of soft tissues after surgery, while the Secondary clo-

sure group involved packing with Vaseline gauze
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Table 1. The number of patients taking BPs and denosumab according to their disease.

62 88 14 46 59

Osteoporosis 29
Cancer Bl 0 0 0 0 2
Table 2. Patient's characteristics

74.0 (45--98)

6.2 (0~42)

52.2 (3~240)

7.1 (0--28)

3.2 (1~14)

241 (73.0)

90 (27.0)

282 (85.0)

49 (15.0)

26 (7.8)

21 (6.4)

T 2

277 (83.7)

40 (12.1)

291 (87.9)
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while leaving the soft tissues open. Vaseline gauze
was first replaced on the 5th postoperative day and

subsequently changed every 2 days.

[II. Results

Among a total of 331 patients who underwent
surgical treatment at Chonnam National Universi-
ty Hospital's Department of Oral and Maxillofacial
Surgery from January 2011 to December 2020, there
were 29 male and 302 female patients. The most
common trigger point for MRONJ development was
tooth extraction, accounting for 63%, followed by
dental implant placement and bone grafting pro-
cedures. Among the stages of MRON], Stage 2 was
the most prevalent, with 66% of patients, followed
by Stage 1 at 22% and Stage 3 at 12%. The mandibu-
lar posterior region was the most frequently affected
site.

Patients were categorized based on their medical
history into Osteoporosis and cancer groups, and
their ongoing medication use was classified. In the
Osteoporosis group, the most commonly used med-
ications were Ibandronate (88 patients), Alendronate
(62 patients), Denosumab (59 patients), Risedronate
(46 patients), Zoledronate (29 patients), and Pami-
dronate (14 patients). Among cancer patients, 31
were using Zoledronate, and 2 were using Deno-
sumab, both of which led to MRONJ complications
during medication use(Table 1).

The average age of the patients was 74 years

(ranging from 45 to 98 years), and the discontinu-

ation of antiresorptive agents or antiangiogenic in-
hibitors before surgery was performed on average
6.2 months prior (ranging from 0 to 42 months). Fur-
thermore, it was found that patients had been tak-
ing medications on average for approximately 52.2
months (ranging from 3 to 240 months) before sur-
gery. The preoperative antibiotic use duration aver-
aged around 7.1 weeks (ranging from 0 to 28 weeks),
while postoperative antibiotic use lasted for approx-
imately 3.2 weeks (ranging from 1 to 14 weeks). Dur-
ing surgery, primary closure was achieved in 73% of
cases, whereas 27% underwent secondary healing.
Among the patients, 85% (282 individuals) dis-
continued antiresorptive agents or antiangiogenic
inhibitors after surgery, while 15% (49 individuals)
were unable to discontinue. Notably, 83.5% (277
patients) did not experience any significant compli-
cations, while 6.5% (21 patients) exhibited exposed
alveolar bone, and 5.5% (18 patients) reported hy-
poesthesia. Among the total of 331 patients, 12% (40
individuals) experienced recurrence and required

further treatment(Table 2).

(1) Depth of bone grinding

The Kaplan-Meier Estimation analysis revealed
that in Bone Grinding Group 2 and Group 3, recur-
rence began to occur more prominently around 12
months (1 year). However, upon long-term follow-
up observation, there was no statistically significant

correlation between the Bone Grinding Groups
(p=0.68)(Fig. 2).
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Depth of bone grinding (group)
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Fig 2. Kaplan-Meier Estimation (Depth of bone grinding)

(2) Surgery method

The Kaplan-Meier Estimation analysis revealed
that there was no statistically significant correlation
between the group that underwent primary closure
after surgery and the group in which vaseline gauze
was packed in the bone grinding site, allowing for
secondary healing (p=0.57)(Fig. 3).

(3) The group based on disease

The Kaplan-Meier Estimation analysis revealed
that there was no statistically significant correlation
between the patient group with osteoporosis and

the patient group with cancer (p=0.94)(Fig. 4)

(4) Drug holiday after surgery

The Kaplan-Meier Estimation analysis results

compared the recurrence rates between patients
who held Antiresorptive agents or antiangiogenic
medications after alveolar bone resection and corti-
cal bone decortication procedures and those who
did not, but it was not statistically significant (p=0.53)
(Fig. 5).

(5) Adjacent tooth extraction

The Kaplan-Meier Estimation analysis results
compared the recurrence rates between cases where
teeth affected by alveolar bone necrosis at the time
of surgery were extracted together and cases where
they were not extracted. It was statistically signifi-
cant that the recurrence rate was lower when teeth
were extracted (p=0.013)(Fig. 6).
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Fig 3. Kaplan—-Meier Estimation (Surgery method)

Disease
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Fig 4. Kaplan—Meier Estimation (Group by disease)
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s

(6) Duration of medication (BPs, denosumab)

The duration of Bisphosphonate and denosumab
use due to Osteoporosis and Cancer before surgery
was divided into three groups for analysis. Group 1
included durations of 24 months or less, Group 2
comprised durations between 24 and 48 months,
and Group 3 consisted of durations exceeding 48
months. However, there was no statistically signifi-

cant difference among these groups (p=0.52)(Fig. 7).

(7) Reconstruction plate plating

Following alveolar bone resection and cortical
bone decortication procedures, an additional sur-
gical procedure involving the use of a reconstruc-
tion plate was performed for patients at high risk

of mandibular fracture due to the limited remaining

30 40 50

Time in Month

Fig 5. Kaplan—-Meier Estimation (Group by Drug holiday)

mandibular bone. However, a comparison between
the group that underwent plating and the group that
did not showed no statistically significant difference

(p=0.56)(Fig. 8).

(8) Cox proportional hawards model(Fig.9)

To identify potential risk factors influencing the
recurrence of MRONJ, a Cox proportional hazards
model analysis was performed. Patients in Group
1, who underwent less bone resection compared to
Group 2 as a reference, exhibited a higher recur-
rence rate, while patients in Group 3, who had more
extensive bone grinding, showed a relatively lower
recurrence rate, although it was not statistically sig-
nificant. When comparing the group with primary

closure and the group with secondary healing after
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Adjacent tooth extraction
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Fig 6. Kaplan—-Meier Estimation (Group by adjacent tooth extraction)
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Fig 7. Kaplan-Meier Estimation (Group by medication duration)
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Reconstruction plate plating
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Fig 8. Kaplan-Meier Estimation (presence or absence of plating)

surgery, the secondary healing group had a higher
recurrence rate, but it was not statistically signifi-
cant. Comparing patients who held Antiresorptive
agents or antiangiogenic medications after alveolar
bone resection and cortical bone decortication pro-
cedures with those who did not, the non-hold group
had a higher recurrence rate, though not statisti-
cally significant. When comparing patients in whom
teeth affected by alveolar bone necrosis at the time
of surgery were extracted together versus those
where they were not extracted, it was statistically
significant that the recurrence rate was lower when
teeth were extracted(p=0.002). Additionally, when
comparing patients who received antibiotics medi-
cation after surgery, the recurrence rate significantly

decreased in Groups 2 and 3 compared to Group 1.

IV. Discussion

This study retrospectively evaluated the factors as-
sociated with recurrence in patients who underwent
surgical treatment for MRON]J at the Department
of Oral and Maxillofacial Surgery, Chonnam Na-
tional University Hospital. Initially, we hypothesized
that patients with a longer duration of antiresorp-
tive agent or antiangiogenic medication use before
MRON] surgery or a shorter discontinuation period,
as well as those in the late-stage of MRONJ, would
experience more recurrences. Additionally, we hy-
pothesized that there would be a higher recurrence
rate in the Secondary healing group compared to
the Primary closure group.

However, when comparing the recurrence rates
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Fig 9. Cox proportional hazards model

0.05 0.1 05 1 5 10

50 100

- Depth of bone grinding Group1(~6mm), Group2(Gmm-~10mm), Group3(10mm-~)
— Duration Group1(~24months), Group2(24~48months), Group3(48months~)
~ Preopanti ; Pre—operation antibiotics medication duration , Group1(~1wks), Group2(1wks~2wks),

Group3(more than 3wks)

— Postopanti ; Post-operation antibiotics medication duration, Group1(~1wks), Group2(1wks~2wks),

Group3(more than 3wks)

based on preoperative medication discontinua-
tion periods or the presence of Stage 3 MRON]J pa-
tients and between the Secondary healing group, it
was found that there was no statistically significant
impact on MRONJ recurrence. Additionally, previ-

ous studies have suggested that surgery, including

extensive procedures, can reduce the probability of
recurrence and result in better outcomes'?. How-
ever, this study demonstrated that these factors were
not statistically significant. The interpretation of this
could be attributed to the fact that surgical proce-

dures were extended until spontaneous bleeding
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from the bone was confirmed during the grinding
of the affected maxillary and mandibular bones.
Consequently, all necrotic bone tissue was removed
in all patients with Stage 1, 2, and 3 MRON]J before
concluding the surgery. Therefore, it can be inferred
that there were no significant factors within the
scope of the surgical procedures that would increase
the risk of recurrence.

Moreover, it is presumed that differences between
the primary closure group and secondary healing
group may have arisen due to various variables such
as the extent of alveolar bone involvement at the le-
sion site, the scope and depth of the surgery, and
the presence of extractions. In conclusion, it is con-
sidered difficult to generalize the recurrence rates
based solely on how the postoperative treatment
was conducted. To obtain meaningful evaluations
of recurrence rates, it is believed that Randomized
Controlled Trials (RCTs) should be conducted.

In the overall MRON] patient cohort, there were 29
males (8.8%) and 302 females (91.2%). As observed in
previous studies, this study also confirmed a higher
incidence of MRON]J in females. However, it's worth
noting that females are more commonly affected by
conditions like rheumatoid arthritis and osteopo-
rosis compared to males, so this difference may be
coincidental'”. Additionally, it has been consistently
reported that MRONJ occurs more frequently in the
mandible than in the maxilla, and this study reached
the same conclusion. There is little doubt about the
site of MRONJ occurrence’?.

The discussion of MRONJ incidence and recur-

rence rates in relation to age has been a topic in

many previous studies. While some research found
no statistically significant correlation between ag-
ing and MRONJ*!9. others have included old age
as a contributing factor to higher MRONJ incidence
and recurrence rates'’'®. These associations have
been analyzed in the context of differences in im-
mune function, decreased blood flow, and altered

192020 n other

abilities of mandibular remodeling
studies, differences in oxidative stress have been
examined®. In fact, in this study, it was observed
that patients experiencing MRON]J recurrence were
older on average than the entire patient cohort of
331 individuals.

To accurately determine the association between
the extent of bone grinding at the lesion site and re-
currence, a three-dimensional volumetric approach
is required, rather than relying on a two-dimension-
al criterion like depth. However, from a clinical per-
spective, quantifying volume during surgery is more
challenging for clinicians. Instead, utilizing depth as
the criterion may provide more practical guidance
to clinicians during the surgical procedure. There-
fore, our investigation was conducted based on the
depth criterion.

This study also has its limitations. While efforts
were made to measure the depth of bone grind-
ing as accurately as possible using radiographic
methods, it was not possible to precisely measure
the actual depth of removal during surgery. Addi-
tionally, there was an inherent limitation in that all
experimental data values were dependent on the
stage of MRON], as it is expected that the depth of
bone grinding would naturally be greater in stage 3
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patients compared to stage 1 patients. Furthermore,
when defining the extent of surgery, we aimed to
compare cases with extensive extraction and those
without, but there was insufficient quantitative evi-
dence to determine whether teeth at the margin of
the lesion were affected or not. In this study, such
determinations were made based on the subjective
judgment criteria of the researchers.

Furthermore, it would have been desirable to ob-
serve the recurrence rates based on the respective
mechanisms of action of Bisphosphonate drugs and
Denosumab. However, it is a limitation that we were
unable to differentiate the groups, as there was only
one patient (n=1) in the recurrence group who was
taking Denosumab, which posed a potential statisti-

cal error.

V. Conclusion

While prior research on MRONJ recurrence has

identified numerous potential factors, this study

revealed some parallels but did not find statistical
significance with regard to the duration of preop-
erative medication use, the type of medication, or
the affected site. Instead, it suggests that Decortica-
tion boundary during operation(including extrac-
tion tooth) and after the procedure (medication)
may play a crucial role in preventing recurrence.
Extensive decortication during surgery, along with
the extraction of adjacent teeth, could contribute to
recurrence prevention. Additionally, postoperative
antibiotics treatment should be administered for an

adequate duration.
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