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Abstract. Medication-related osteonecrosis of the jaw (MRONJ) is generally difficult
to treat. So far, no optimal strategy for MRONJ has been established. The aim of this
study was to determine whether a new surgical technique, i.e. curettage with cortical
perforations of healthy adjacent bone that enhances bone perfusion would be more
effective than standard curettage in treating patients with MRONJ. Twenty-eight
MRONJ patients who underwent curettage treatment with or without cortical
perforation technique at our institution between June 2014 and May 2016 were
included in this retrospective study. Ten cases treated using cortical perforation
technique were completely cured after primary wound closure with mucoperiosteal
flap. During a long-term follow-up, two cases from the cortical perforation group
relapsed at the mandibular sites 6 and 40 months post-operation, respectively, while
in the control group, 77.8% (14/18) cases relapsed due to infected mucosa fistula or
bone exposure 1–3 months after treatment. It was concluded that the new treatment
approach might be more effective in treating patients with MRONJ caused by
antiresorptive drugs. However, more extensive randomized trials are needed to
further evaluate its efficacy in clinic.
$ This work was previously presented at
the Dentistry and Oral Medicine Forum 2018
in Beijing, China.
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Medication-related osteonecrosis of the jaw
(MRONJ) is an oral complication that can
occur after exposure tomedications, includ-
ing bisphosphonates, RANKL ligand inhib-
itor or anti-angiogenic drugs1–3. MRONJ
remains a clinical challenge due to uncer-
tain prognosis after treatment4. Prevention
strategies for MRONJ include maintenance
of good oral hygiene, oral antibiotics, as
well as local tissue resection4–6. Antibiotic
therapy is commonly combined with chlor-
hexidine mouth rinse, hyperbaric oxygen or
low-level laser therapy7,8. Conversely, sur-
gical treatment includes conservative
ons. Published by Elsevier Ltd. All rights reserved.
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debridement of necrotic bone and major
resection of the necrotic lesion9–11. More-
over, the success rate of surgical treatment
is higher than the one reported for antibiotic
therapy12.
Curettage is a form of therapy that

removes superficial inflammatory soft tis-
sue and necrotic bone and usually leads to
effective relief of maxillofacial osteomy-
elitis13,14. Yet, this type of treatment is not
effective for patients with MRONJ15,16.
Previous studies have suggested that

adequate soft tissue coverage is essential
in promoting the healing of MRONJ. For
example, the use of pedicled buccal fat
pad flap and nasolabial flap has shown to
be more effective than simple mucoper-
iosteal flaps for treating patients with
MRONJ17,18. Apart from the soft tissue
coverage with abundant blood supply, ad-
equate bone lesion resection to reach the
normal bleeding edge, supplementary au-
tologous platelet concentrate such as PRP
(platelet-rich plasma), PRF(platelet-rich
fibrin), and PRGF(plasma rich in growth
factors), or reconstructing the jaw defect
with vascularized free flap (fibular flap or
Fig. 1. Cortical perforation technique applied in 

patientwithmultiplemyelomawas treated with tha
side of the mandible, corresponding to the right firs
surrounding bone. Arrow indicates the sequestrum
drill under continuous irrigation with saline. (C) C
operation, the intraoral wound was fully healed and
by chemotherapy) (For interpretation of the refer
scapula) indicate that providing sufficient
blood supply for the wound can be bene-
ficial to MRONJ symptoms relief19–22.
Drilling holes on the cortical bone, also

known as cortical perforation technique, is
often used to enhance the bleeding during
the autogenous bone grafting process. The
purpose of the present study was to evalu-
ate the healing results of MRONJ patients
who received curettage with or without
cortical perforation. We hypothesized that
the cortical perforations of healthy adja-
cent bone that enhances bone perfusion
would provide favourable structure space
for blood transportation from bone mar-
row or mucoperiosteal flap, which in turn
might promote the wound healing process.

Materials and Methods

Study design and sample

A total of 28 MRONJ patients who un-
derwent curettage surgical treatment at
Peking University Hospital and School
of Stomatology (PKUSS) between June
2014 and May 2016, were selected in
a medication-related osteonecrosis of the jaw (MR
lidomideandzoledronicacid for15months.A 2-mm
t molar. PR (panoramic radiography) imaging show
. (B) After removal of the inflamed tissue and seque
ortical perforations shown in the PR imaging 1 w

 was maintained in good condition until the patient
ences to color in this figure legend, the reader is r
this retrospective clinical study. The
patients were followed up for 30 months
at least. The inclusion criteria were the
following: (1) the MRONJ was diag-
nosed according to the American Asso-
ciation of Oral & Maxillofacial Surgeons
definition4; (2) those who signed the
informed consent. The patients with a
medication history of combined bispho-
sphonates and antiangiogenic drugs were
excluded from the study; antiangiogenic
target drugs can significantly aggravate
the occurrence of MRONJ, and the risk
of wound non-healing after curettage
surgery is high23.
Patients were divided into two groups:

the control group (18 cases) treated with
the conventional approach (sequestrect-
omy and curettage without cortical perfo-
ration) before December 2015, and the
experimental group (10 cases) treated with
a novel approach (sequestrectomy and
curettage with cortical perforations of
the residual healthy bone) from December
2015 to May 2016.
The study was approved by the institu-

tional biomedicine ethics committee of
ONJ) case of stage II. (A) A 55-year-old male
size fistulawasdetectedon the lingualandright
ed the sequestrum had been separated from the
strum, cortical perforations were prepared using
eek post-operation. (D) Three months after the

 death 2 years later (pulmonary infection caused
eferred to the web version of this article).
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PKUSS (PKUSSIRB-201949114). In-
formed consent was obtained from all
patients.

Variables and Data Collection

The treatment type (curettage versus cu-
rettage with cortical perforation) was the
predictor variable. The outcome variable
was the healing status of the skin or mu-
cosal wound defined as the recurrence of
exposed bone or fistula at the operated site
through clinical examination during at last
30 months of postoperative follow-up.
Other study variables recorded from the
patient records were demographic charac-
teristics, including age, gender, cancer
diagnosis, type of antiresorptive therapy,
and predisposing factor for MRONJ onset
(e.g., spontaneous or extraction of teeth).
The data were retrospectively collected
from the patient medical records and an-
alysed.

Cortical perforation technique (CPT)

During the surgery, mucoperiosteal flap
with mesial and distal releasing incision
Fig. 2. Cortical perforation technique applied in
male patient with prostate cancer and bone metas
of teeth sockets after spontaneous teeth loss (14
perforations were prepared on the remaining bon
formation, and the patient recovered to the norm
was raised along the alveolar ridge that
spans across the necrosis region covering
up to two healthy teeth to allow optimal
exposure of the lesion. Then, debridement
of the inflamed granulation tissues and
sequestra was performed, followed by pe-
ripheral ostectomy of the osteosclerotic
area to expose the bleeding margins. In
the control group, the bony edges were
then smoothened to form a saucer-like
depression and achieve the primary wound
closure. In the experimental group, corti-
cal perforations were performed as fol-
lows: multiple burr holes were made on
the residual healthy bone using high-speed
fissure burr (diameter = 1.0 mm) under co-
pious irrigation with normal cold saline.
The distance between the two perfora-
tions was approximately 2 mm. The cor-
tical perforations should reach the bone
marrow space and penetrate both the
buccal and lingual cortex to allow the
infiltration of the adjacent blood supply
to the surgical site. The complete closure
of the wound was achieved by relieving
the tension of the mucoperiosteal flap.
Finally, the low-pressure vacuum drain
was placed for 24 h to evacuate excess
 a medication-related osteonecrosis of the jaw (MR
tasis was treated with zoledronic acid for 2 years. C
/13/12/11/21/22). Sequestrum had been exposed
y field. (D) Postoperative 3.5 years photo reveals c
al status of chewing function with a suitable de
discharge, to prevent potential surgical
site infection. The full surgical procedure
is shown in Figs 1 and 2.
The therapeutic regimens for all

patients included early antibiotic intrave-
nous treatment, which started 24 h before
surgery and continued for 6 days after
surgery. Clinical follow-up was performed
on all patients at regular intervals, includ-
ing radiographic scans at 3- to 6-month
intervals or as clinically indicated.

Statistical Analysis

Descriptive statistics for quantitative vari-
ables are presented as the mean � standard
deviation. Independent-sample t-tests and
x2 analyses were performed to examine
the association between the outcomes and
each factor of interest. The Kaplan–Meier
method was used to plot the curves for
each relapse in two different treatment
groups stratified in terms of staging.
Cox proportional hazard regression mod-
els were used to independently determine
the factors associated with the dependent
variable and the MRONJ relapse. The
ONJ) case of stage III. (A, B) An 83-year old
onsequently, the patient suffered non-healing

 and removed during operation. (C) Cortical
omplete soft tissue healing without any fistula
nture.
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Table 1. Distribution of demographic data and other co-variables by group (n = 28).

Variable
Control group
(curettage; n = 18)

Experimental group
(curettage and cortical
perforation; n = 10) P

Sample size 18 10
Age (years) 0.653*
Mean � SD 62.17 � 2.80 63.50 � 3.38

Gender 0.649z

Male 10 (55.56) 6 (60)
Female 8 (44.44) 4 (40)

Treatment duration (months) 0.579*
Mean � SD 39.89 � 6.43 34.44 � 8 .62

Anatomic location 0.328z

Mandibular 7 (38.89) 6 (60)
Maxillary 8 (44.44) 4 (40)
Maxilla and mandible 3 (16.67) 0

Disease stage 0.412z

2 5 (27.78) 5 (50)
3 13 (72.22) 5 (50)

Duration until MRONJ
relapse (months)

5.71 � 1.13 17.29 � 5.75 0.010*

Treatment result 0.005z

Healed 4 (22.22) 8 (80)
Relapse 14 (77.78) 2 (20)

Data presented as n (%), unless otherwise noted. IQR, interquartile range; MRONJ, medication-
related osteonecrosis of the jaw; SD, standard deviation.

* Independent-sample t-test.
zx2 test.
P-values were two-sided and subject to a
significance level of 0.05.

Results

Twenty-eight patients with MRONJ were
included in the study (Table 1, Supple-
mentary Table S1). All of the patients
completed the 30 months follow-up.
Among the 28 patients, 12 were males
and 16 were females, with an average
age of 62.68 years (44–83 years). In the
control group, the mean age was
62.17 � 2.80 years, while it was
63.50 � 3.38 years in the experimental
group. The mean duration of antiresorp-
tive therapy was 37.21 � 26.34 months
until the diagnosis of MRONJ; in the
control group, the mean duration was
Fig. 3. Graphical depiction of Kaplan–Meier an
groups in stage 2 (A) and stage 3 (B) with P valu
reader is referred to the web version of this arti
39.89 � 6.43 months, while in the experi-
mental group, it was 34.44 � 8.62 months.
In addition, in the control group, there
were five and 13 patients within the dis-
ease stage II and III, respectively; in the
experimental group, there were five and
five patients within the stage II and III,
respectively. In the case of MRONJ re-
lapse, the mean time after surgery for all
patients was 16.25 � 7.59 months. In the
control group, the mean time was
5.71 � 1.13 months compared with
17.29 � 5.75 months in the experimental
group. Moreover, cases within both stage
II and stage III showed a better prognosis
and a lower risk of relapse in the experi-
mental group than the cases in the control
group (Fig. 3).
alysis comparing relapse timing differences in co
es indicated in the pictures (For interpretation of t
cle).
The treatment success was significantly
higher in the experimental group
(P = 0.005; Table 1). In further univariate
analysis of variables in the healed and
relapsed group, variables including age,
gender, type of antiresorptive agent, dura-
tion of antiresorptive therapy until the
occurrence of MRONJ, the site, and stage
of MRONJ did not differ significantly,
except for the type of surgical treatment
(Table 2). Furthermore, multivariate anal-
yses were carried out through the adjusted
regression analysis. The results showed
that only the type of surgical treatment
has a significant value in the relapse of
MRONJ (Table 3).

Discussion

MRONJ is a relatively common form of
osteomyelitis of the jaw, which is usually
caused by antiresorptive and anti-angio-
genic drugs that are prescribed to patients
with various medical conditions, such as
osteoporosis, bone metastases, multiple
myeloma, etc.24. The vasculature is con-
sidered as the primary source of oxygen,
nutrients, hormones, and growth factors,
which have an essential role in bone de-
velopment, regeneration, and remodel-
ling25. The suppression of angiogenesis
and bone remodelling within the alveolar
bone may quickly lead to the accumula-
tion of inflammation and/or infection,
which are a significant risk factors for
the occurrence of MRONJ26–29. Once al-
veolar trauma or chronic inflammation
occurs, impaired bone marrow stromal
cells (BMSCs) from the central area and
peripheral area of MRONJ lesion cannot
function properly, which significantly
affects the new bone formation and wound
healing30,31. Thus, rebuilding the blood
supply that carries BMSCs and growth
nutrients could be essential for an effec-
tive MRONJ treatment.
ntrol (black lines) and experimental (red lines)
he references to color in this figure legend, the
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Table 2. The relationship between the study variables compared with primary outcome variable
(relapse) using univariate analysis (medication-related osteonecrosis of the jaw (MRONJ)
relapse; n = 28).

Variable Hazard ratio 95% CI P

Age (<50 vs >50 years) 0.714 0.230–2.222 0.561
Gender (female vs male) 0.803 0.296–2.179 0.667
Type of antiresorptive drugs
(pamidronate vs zoledronate)

0.672 0.255–1.768 0.423

Duration of antiresorptive therapy until
MRONJ (months)

1.005 0.988–1.023 0.569

Site of MRONJ (mandible vs maxilla
vs mandible and maxilla)

1.834 0.833–4.037 0.132*

Stage of MRONJ (stage II vs stage III) 2.050 0.659–6.383 0.215
Type of surgical treatment (curettage
vs cortical perforation)

0.121 0.026–0.565 0.007*

CI, confidence interval.
* Univariate analyses are performed first to select those factors that with P < 0.2 for further

multivariate analysis.

Table 3. The relation between the study variables compared to primary outcome variable
(relapse) using multivariate analysis (medication-related osteonecrosis of the jaw (MRONJ)
relapse; n = 28).

Variable Hazard ratio 95% CI P

Site of MRONJ (mandible vs maxilla vs mandible
and maxilla)

1.486 0.767–3.289 0.312

Type of surgical treatment (curettage vs cortical
perforation)

0.126 0.098–0.351 0.01

CI, confidence interval.
In the present study, we established a
new surgical approach that was based on
curettage with cortical perforations of
healthy adjacent bone for treating patients
with MRONJ. The goal was to supply a
healthy bone marrow cavity or cortical
bone with new blood, nutritional factors
(BNFs) and MSCs via bone perforations,
which could, in turn, promote the wound
healing process. Additional studies are
required to further confirm this hypothesis.
Briefly, the treatment was applied to 10
patients; it was easy to perform and was
more effective compared with standard
curettage (which was based on stable
wound healing procedure). The treatment
was nearly the same as its use in the
autogenous bone grafting process for en-
hancement of bone perfusion.
Lemond et al. suggested that radical

resection followed by free flap surgery
should be reserved for symptomatic
patients with MRONJ at an advanced
stage and a good prognosis18. Still, the
use of less invasive surgery is more ac-
ceptable for selective patients with a better
prognosis. The perfusion reduction of both
the bone-covering soft tissue and the bone
itself should be carefully considered be-
fore and during the surgery. Sufficient
bone removal to normal edge and applica-
tion of antibiotics help to achieve the local
and systemic control of infection. Besides,
the use of a drainage device can reduce
secondary infection due to the excess dis-
charge after surgery. Protecting the inferi-
or alveolar nerve during operation is
essential for MRONJ patients to maintain
a good quality of life. The accurate assess-
ment of the location of the lesion and the
mandibular neural canal using CBCT
(cone-beam computed tomography) is
beneficial to avoid nerve injury during
the cortical perforation procedure. Ultra-
sonic piezoelectric surgery may be helpful
in reducing the risk of nerve injury32.
Since the introduction of antiangiogenic

target therapies, the life expectancy in
metastatic renal cell cancer patients has
almost tripled, leading to longer exposure
to bisphosphonates treatment and in-
creased occurrence of MRONJ. It has also
been reported that the treatment duration
before the occurrence of MRONJ was
shortened in patients at advanced stage
who were prescribed with antiresorptive-
antiangiogenic drugs over those who re-
ceived antiresorptive drug only23,33. Our
preliminary results showed that standard
curettage is ineffective for patients receiv-
ing antiresorptive-antiangiogenic medica-
tion. Therefore, the type and duration of
the patients’ medication should be care-
fully considered when choosing the surgi-
cal treatment and the extent of radical
resection. In the present study, no patients
were given angiogenesis-targeted drugs,
or checkpoint inhibitors, while bisphos-
phonate drugs were discontinued for at
least 2 months at the time of surgery.
The combination of angiogenesis-targeted
drugs and bisphosphonate drugs can rap-
idly aggravate MRONJ symptoms, and
whether this method can be used for such
patients requires further exploration23.
This study has a few limitations. This

was a retrospective style, non-randomized
study with a relatively small sample size.
More extensive randomized trials are
needed in the future.
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