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Abstract

Purpose We previously reported that the periosteal reaction (PR) in medication-related osteonecrosis of the jaw (MRONYJ) is a
poor prognostic factor in surgical cases, but it is not clear how PR changes during conservative therapy. The purpose of this
retrospective study was to compare computed tomography (CT) findings at the first visit and during follow-up visits in MRONJ
patients subjected to conservative therapy and to investigate factors associated with the exacerbation of PR during conservative
therapy.

Methods Sixteen patients with MRON]J of the lower jaw who underwent conservative therapy and experienced a PR on CT
images at the first visit and underwent CT examination again after 6 months or more were enrolled in the study. Clinical features
and CT findings (extent of osteolytic lesion, extent of PR, type of PR, and changes during conservative treatment) were
investigated.

Results On the second CT scan, the osteolytic lesion improved in 4 patients, had not changed in 5, and deteriorated in 7, whereas
the PR improved in 5 patients, had not changed in 4, and deteriorated in 7 patients. PR was significantly deteriorated in patients
who continued to receive antiresorptive agents during conservative treatment and in patients with deteriorated osteolytic lesions.
Conclusion PR in MRONJ often expands during conservative therapy and the PR type progresses from the attached type to the
gap type, and the irregular type, but discontinuation of antiresorptive agent may improve PR as well as osteolytic lesions.

Keywords Medication-related osteonecrosis of the jaw (MRONJ) - Periosteal reaction - Osteolytic lesion - Conservative
treatment - Computed tomography

Introduction

Mitsunobu Otsuru equally contributed first author . . .
auaTy Antiresorptive agents such as bisphosphonates and

denosumab are widely used to prevent osteoporotic fractures
and for treating skeletal-related events associated with bone
metastasis of malignant tumors or multiple myeloma. A seri-
ous late-onset adverse event of these drugs is medication-
related osteonecrosis of the jaw (MRONJ), which is a cause
of marked deterioration in the patient’s quality of life. There
are conservative and surgical treatments for MRONJ avail-
able, but in recent years, many reports have recommended
surgical treatment [1-9]. The MASCC/ISOO/ASCO Clinical
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Fig. 1 Findings of the first CT
image. a Localized type of
osteolytic lesion in which
osteolysis is localized above the
mandibular canal. b Extended
type of osteolytic lesion in which
osteolysis includes the
mandibular canal. ¢ Localized
type of PR in which PR is present
on the buccal or lingual side of the
mandible only. d Extended type
of PR in which PR is found on
both the buccal and lingual sides
beyond the lower margin of the
mandible. e Attached type of PR
defined as new bone formed
parallel to the bone surface
without any gap between the
mandible and new bone. f Gap
type of PR in which new bone is
formed parallel to the bone
surface with a gap between the
mandible and new bone. g
Irregular type of PR in which PR
develops an irregular-shaped new
bone (PR, periosteal reaction)

elevation, block resection of necrotic bone, or soft tissue clo-
sure) may be used if MRONI results in persistent symptoms or
affects function despite initial conservative treatment. We pre-
viously reported that surgical treatment was superior to con-
servative treatment in 361 patients with MRONJ using pro-
pensity score matching analysis [11]. However, some patients
are not cured by surgical treatment alone. We investigated the
factors that influence the cure rate of surgical treatment and
found that treatment outcomes were poor in cancer patients
who received high-dose antiresorptive agents and in patients
with evidence of periosteal reaction (PR) on preoperative
computed tomography (CT) [12, 13].

PR is often found on CT images in MRONJ, but the details
and clinical significance have not been clarified. We recently
reported that the PR of MRONIJ can be classified into three
types according to the morphology on CT. In type 1 PR (at-
tached type), new bone is formed parallel along the mandible,
and there is no gap between them. In type 2 (gap type), new
bone is formed parallel to the mandible with a gap between
them. Type 3 PR (irregular type) develops an irregularly
shaped new bone. Patients with grade 1 PRs are expected to
be cured even with residual PRs after surgery, but those with
grade 3 PR do not heal with residual PRs on surgery [14].
However, the clinical significance of PR in cases of conserva-
tive therapy and how it changes over time are unknown. The
purpose of this retrospective study was to compare CT find-
ings at the first visit and during follow-up in MRON]J patients
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who received conservative therapy and to examine factors
related to the advancement of PR during conservative therapy.

Materials and methods
Patients

A total of 330 patients with MRONJ were treated at the
Kansai Medical University Hospital or Nagasaki University
Hospital between 2011 and 2019. Among them, 71 patients
received conservative treatment such as oral hygiene guid-
ance, gargling with antibacterial mouthwash, local lavage,
and administration of oral antibiotics. The remaining 259 pa-
tients underwent surgery. The subjects of this study consisted
of 16 of the 71 patients who with MRONI in the lower jaw,
and who underwent conservative therapy, with evidence of a
PR on CT images at the first visit, and had undergone CT
again after 6 months or more (6—15 months, mean; 9.0
months).

Clinical factors examined

The variables examined were as follows: sex, age, primary
disease (osteoporosis/malignant tumor), type of antiresorptive
agent (bisphosphonate/denosumab), MRONJ stage according
to the AAOMS Position Paper [15], administration of
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Table 1  Patient characteristics
Factor Number of patients/
mean + SD

Sex Male 8

Female 8
Age (years) 76.1 £12.6
Primary disease Osteoporosis 3

Malignant 13

tumor

Sort of antiresorptive agent Bisphosphonate 9

Denosumab 4

Both 3
MRON! stage Stage 1 1

Stage 2 9

Stage 3 6
Corticosteroid -) 14

(+) 2
Diabetes -) 13

(+) 3
Leukocyte (/uL) 6060 + 1068
Albumin (g/dL) 3.84 +0.480
Creatinine (mg/dL) 1.13 £0.585
Duration of administration of <4 years 11

antiresorptive agent >4 years 5

corticosteroids, history of diabetes, minimum leukocyte
count, lowest serum albumin, and highest serum creatinine
during conservative treatment, duration of administration of
antiresorptive agent (< 4 years/> 4 years), and drug holiday
during treatment.

CT findings

On the first CT image, the extent of the osteolytic lesion, the
extent of PR, and the type of PR were determined. The assess-
ment of the CT image was decided by consultation between
two dental radiologists and three oral surgeons. The extent of
osteolytic lesions was divided into two categories: the local-
ized type in which osteolytic lesions are localized above the
mandibular canal and the extended type in which osteolytic
lesions include the mandibular canal. The extent of the PR
was also divided into two types: the localized type in which
the PR is present on the buccal or lingual side of the mandible
but does not include the lower edge of the mandible and the
extended type in which the PR is present on both the buccal
and lingual sides beyond the lower margin of the mandible.
The type of PR was classified into three categories, as reported
previously [14]: type 1 PR (attached type) defined as new
bone formed parallel to the bone surface without any gap
between the mandible and new bone. Type 2 PR (gap type)

is defined as new bone formed parallel to the bone surface
with a gap between the mandible and new bone. Type 3 PR
(irregular type) develops an irregularly shaped new bone (Fig.
1). Cases with both type 1 and type 2 were classified as type 2,
and cases with type 3 and other types were classified as type 3.

In CT images taken again after 6 months or more, changes
in osteolytic lesions and PR were examined. Regarding
osteolytic lesions, those with a reduced range, or progression
with separation of sequester were classified as “improved,”
those with no change were classified as “no change,” and
those with an expanded range were classified as “deteriorat-
ed.” Changes in the PR were classified into three categories:
“Improvement,” defined a reduction in PR range, or as chang-
es in PR type from the irregular type to the gap/attached type,
or from the gap type to the attached type; “No change,” indi-
cating that the range or type did not change; and
“Deterioration,” defined an expansion in range, or when an
attached type changed to a gap/irregular type, or a gap type
changed to an irregular type.

Statistical analysis

All statistical analyses were performed using SPSS software
(version 26.0; Japan IBM Co., Ltd., Tokyo, Japan). The cor-
relations between each variable and changes in PR were ana-
lyzed using Fisher’s exact test and one-way ANOVA. In all
analyses, two-tailed p values < 0.05 were considered statisti-
cally significant.

Ethics

The study protocol conformed to the ethical guidelines of the
Declaration of Helsinki and the Ethical Guidelines for Medical
and Health Research involving Human Subjects by the Ministry
of Health, Labor and Welfare of Japan. Ethical approval was
obtained from the Institutional Review Board (IRB) of
Nagasaki University Hospital and the Kansai Medical
University Hospital. Japanese law does not require individual
informed consent from participants in non-invasive observational
trials, such as the present study. Therefore, the need for informed
consent was waived. As this was a retrospective study, identifi-
able information regarding patients was removed, and the re-
search plan was published on the homepages of the participating
hospital websites, along with an opt-out option for study partic-
ipation in accordance with IRB instructions.

Results
Patient characteristics

Demographic features of the 16 patients enrolled in the study
are summarized in Table 1. Eight patients were male and 8
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Fig. 2 Changes in PR during
conservative treatment a A 90-
year-old female with osteoporo-
sis. Irregular type PR and
osteolytic lesion is observed at the
first CT. b Ossification is
progressing in both the osteolytic
lesion and PR 12 months later. ¢
A 75-year-old female with osteo-
porosis. Localized and attached
type PR is found. d The range of
PR is expanded and the type is
changed to gap type. e A 52-year-
old female with breast cancer.
Localized and gap type PR is ob-
served. f PR is extremely ex-
panded as well as progression of
osteolytic lesion. g A 88-year-old
male with prostate cancer.
Attached type PR is observed. h
The extent of PR is expanded and
type is changed to gap type.
Osteolytic lesion also increases
(PR, periosteal reaction)

were female, with an average age of 76.1 = 12.6 years. The
primary disease was osteoporosis in 3 patients and malignant
tumor in 13 patients. Antiresorptive agents were administered
for more than 4 years in 5 patients.

Changes in PR during conservative treatment

In the first CT scan, the extent of osteolysis was localized in 9
cases and was extended in 7 cases, and the extent of PR was
localized in 8 cases and extended in 8 cases. The type of PR
was the attached type in 7 cases, the gap type in 5 cases, and
the irregular type in 4 cases. During conservative treatment,
the antiresorptive agent was stopped in 11 patients, while it
was continued in 5. On the second CT scan, the osteolytic
lesion improved in 4 patients, had not changed in 5, and had
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deteriorated in 7, whereas the PR improved in 5 patients, did
not change in 4, and deteriorated in 7 patients (Fig. 2).

Factors related to worsening PR

Table 2 shows the correlation between each variable and
worsening PR by univariate analysis. PR significantly wors-
ened in patients who continued to receive antiresorptive
agents during conservative treatment (p = 0.036) and in pa-
tients with deteriorated osteolytic lesions (p = 0.035). PR
tended to be worse in younger patients, in patients with ma-
lignant tumors than in those with osteoporosis, or in patients
receiving denosumab rather than bisphosphonate, though the
difference was not statistically significant. Multivariate anal-
ysis could not be performed because of the small number of
cases.
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Table 2  Factors related to worsening of periosteal reaction

Factor Change of PR p Value

Improved/no change Deteriorated

Sex Male 6 2 0.608
Female 4 4

Age (years) 80.4 +9.58 69.0 + 14.7 0.080

Primary disease Osteoporosis 4 0 0.234
Malignant tumor 6 6

Sort of antiresorptive agent Bisphosphonate 7 2 0.190
Denosumab 1 3
Both 2 1

MRONJ Stage Stage 1 1 0 0.660
Stage 2 5 4
Stage 3 4 2

Corticosteroid =) 8 6 0.500
(+) 2 0

Diabetes =) 8 5 1.000
+) 2 1

Leukocyte (/uL) 6267 +821.6 5750 £ 1385 0.378

Albumin (g/dL) 3.79 £ 0.467 3.92 +£0.531 0.637

Creatinine (mg/dL) 1.11 £0.417 1.17+0.823 0.855

Drug holiday before treatment <4 years 7 4 1.000
>4 years > 4 years 3 2

Duration of administration of antiresorptive agent Discontinued 9 2 0.036
Continued 1 4

Extent of osteolytic lesion Localized 5 4 0.633
Extended 5 2

Extent of PR Localized 5 3 1.000
Extended 5 3

Type of PR Attached type 4 3 0.833
Gap type 3 2
Irregular type 3 1

Change of osteolytic lesion Improved/no change 8 1 0.035
Deteriorated 2 5

Discussion

The periosteum is a fibrous capsule on the outside of the
cortical bone, which is usually not visible on X-rays.
However, when the periosteum is stimulated by a bone tumor,
trauma, or osteomyelitis, osteogenesis may occur and is visu-
alized as a shadow on the X-ray, which is called PR. Ida et al.
[16] observed various oral and maxillofacial diseases using
CT imaging and found that 39 of 97 (40.2%) patients with
osteomyelitis, 7 of 236 (3.0%) with trauma, 2 of 409 (0.5%)
with cysts, 4 of 279 (1.4%) with benign tumors, and 18 of 121
(14.9%) with malignant tumors of the jaw exhibited PR. Some
investigators have reported that PR is often seen in patients
with MRONJ. Baba et al. [17] stated that 4/10 (40%) of those
receiving denosumab and 7/65 (10.1%) of those receiving
bisphosphonate showed PR. Akashi et al. [18] reported that

11 of 61 MRONIJ patients (18.0%) had PR, but 27 patients
with osteoradionecrosis (ORN) did not. Obinata et al. [19]
also reported that PR was observed in 13 of 34 MRONIJ pa-
tients, but in none of the 16 ORN patients. According to Suei
[20], PR was observed in 15 of 25 (60%) MRON!J in 2 of 36
(6%) ORN in 39 of 92 (42%) cases of suppurative osteomy-
elitis, and in 29 of 34 (85%) of diffuse sclerosing osteomyeli-
tis. Similarly, PR may be observed in inflammatory diseases
of MRONJ as in osteomyelitis, but it is unclear whether both
share the same pathology.

Ida et al. [16] reported that the average age of osteomyelitis
patients with PR was 33 years, which is significantly younger
than the average age of 51 years of cases without PR. In
contrast, our observational study of 164 patients with
MRON]J revealed that the average age of PR (+) patients
was 75 years and that of PR (—) was 77 years, with no
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Fig. 3 The possible mechanisms of forming PR. a MRONJ arising in the
lower jaw. b Micro-perforation through the cortical bone. ¢ Attached type
PR is formed. d Gap type PR is formed by abscess or inflammatory
granulation tissue. e Irregular type PR is formed by perforation of the
periosteum (PR, periosteal reaction)

significant differences between the two groups. Since PR in
osteomyelitis is common among young people with active
bone remodeling activity and is often seen in non-infectious
chronic mandibular osteomyelitis, it may be a biologically
responsive lesion to an inflammatory stimulus in the bone.
Conversely, PR in MRONIJ occurs in patients whose bone

Fig. 4 The possible route of
expansion of PR. a PR in the
lingual side of the lower jaw. b
Progression via bone marrow. ¢
Progression via periosteum (PR,
periosteal reaction)

@ Springer

remodeling is impaired by antiresorptive agents, and it also
occurs in elderly patients. We first reported that MORNIJ pa-
tients with PR achieved significantly poorer treatment out-
comes after surgical treatment [12, 13]. Furthermore, the pres-
ence of many microorganisms has been identified in the PR by
real-time PCR, and histological examination has revealed ab-
scess formation and inflammatory granulation in PR [14]. We
believe that PR in MRONJ is an infectious lesion rather than a
reactive lesion.

In this retrospective study, we examined the changes in PR
during conservative treatment and in factors related to wors-
ening PR. Our findings showed that the extent of PR was
expanded and the type of PR changed from the attached type
to the gap type and to the irregular type in most patients who
continued to receive antiresorptive agents. Although there was
no significant difference, PR tended to worsen in younger
patients. This was thought to be because older patients were
more likely to receive low-dose antiresorptive agent for oste-
oporosis, whereas younger patients were more likely to re-
ceive high-dose antiresorptive agent for malignant tumors.

We proposed the hypothesis that different types of PR were
formed [14]. When an infection reaches the cortical bone and
micro-perforations through the cortex occur, the attached type
of PR is formed as a protective response (Fig. 1b and d). Next,
if the infection overwhelms the host immunity, a gap
consisting of abscess and inflammatory granulation tissue is
formed between the cortical bone and the PR, resulting in a
gap type PR (Fig. 1f). Further, if the infection is aggressive
and perforates the periosteum, the irregular type of PR is
formed (Figs. 1g and 3).

There are two possible routes for the expansion of perios-
teal reactions. The first is the route by which the lesion in the
bone marrow expands and the periosteal reaction expands by
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perforating the cortical bone from the lesion. Second, the le-
sion in the bone marrow does not spread, but it is a route that
spreads along the periosteum (Fig. 4). Since magnetic reso-
nance imaging (MRI) was not performed, it was not possible
to clarify whether the bone marrow or periosteal route was the
main route for the exacerbation of PR.

The study revealed that PR also worsened when osteolytic
lesions increased and when antiresorptive agents were contin-
ued. Since the effect of conservative treatment is low, it is easy
to imagine that MRONJ lesions including osteolytic lesions
and PR will worsen if the antiresorptive agent is continued.
The withdrawal of antiresorptive agents during MRON!J treat-
ment is controversial. In a multicenter observational study of
427 patients with MRONJ, a drug holiday of antiresorptive
agents improved the cure rate with conservative therapy, but it
did not affect the cure rate of patients undergoing surgical
treatment [21].

The standard treatment for MRONTJ is surgery [11], but
some patients choose conservative therapy for a variety of
reasons. MRONYJ lesions with PR are more aggressive and
have a higher possibility of exacerbation in a short period of
time, but it has been suggested that withdrawal of
antiresorptive agents may suppress the progression of PR
and leads to improvement of MRONJ lesions. However, since
drug holidays have a negative effect on the treatment of the
primary disease, it was considered that drug change should be
considered rather than drug withdrawal.

This study has some limitations. First, this was a retrospec-
tive study with a small number of patients, and detailed statis-
tical analysis was not possible. Second, since this study only
included patients who underwent a second CT scan, there may
be some selection bias. In the future, we would like to collect a
larger number of cases from more institutions and investigate
the pathophysiology of PR in MRONIJ and its clinical
significance.

Conclusion

PR in MRONJ often expands during conservative therapy and
the type of PR progresses from the attached type to the gap
type and then to the irregular type, although withdrawal of
antiresorptive agents may represent a strategy to improve PR
and progression of osteolytic lesions.
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