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Introduction

Osteoradionecrosis (ORN) is a late and persistent 
condition of non-vital bone in an irradiated site; 
most often ORN occurs between 4 months and 
2 years after radiotherapy (RT) and continues more 
than 3 months.1,2

The severity of ORN is usually classified in 
three grades of disease:3 the first (I) with simple 
exposition of the alveolar bone; the second (II), as 
a process unresponsive to medical and hyperbaric 
oxygen therapy (HBOT), requiring surgery. Grade 
III is characterized by a complete involvement of 
the bone, with or without pathologic fracture.

Smoking, alcohol abuse, diabetes, and dental 
treatment are the most relevant risk factors for 
grade III ORN, as described by Chronopoulos et al. 
in a study on 115 patients (153 lesions).4

ORN is a rare complication (<6%) in patients 
who receive less than 60 Gray (Gy) and the 

association of RT with chemotherapy seems to 
increase the risk to develop it, as reported by 
Delanian and Lefaix5

Among head and neck bones, the mandible is 
the most affected subsite, with a reported incidence 
between 2% and 22%.6

Nowadays, a large number of patients affected 
by head and neck tumors underwent heavy ion (HI) 
RT; such therapy allows optimal dose distribution 
at a specific depth, reducing the involvement of the 
contiguous tissues if compared with intensity mod-
ulated radiotherapy (IMRT). The theoretical 
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advantage of HI is to decrease the probability of 
late RT-induced side effects, including ORN.

Sasahara et al.7 confirm the correlation between 
photon or heavy ion RT and ORN, suggesting also 
a correlation with dosimetric parameters.

We report a rare case of grade III ORN arose in 
a patient affected by oral cavity tumor, who under-
went surgery and adjuvant C-ion RT.

Case report

A 51-years-old man underwent partial maxillec-
tomy (right) extended to pterygoid process, vomer 
and partially to the inferior right turbinate for an 
adenoid cystic carcinoma of the right posterior part 
of hard palate (T4b Nx).

Post-surgical outcomes are showed by magnetic 
resonance imaging (MRI) in Figure 1.

The tumor board suggested adjuvant C-ion RT 
(68.8–4.3 GyE/day, 4 day/week in 4 weeks), due to 
histopatologic features (massive bone invasion and 
deep margins positive). The mean and maximum 
doses of RT were respectively 43.6 and 69.4 GyE for 
maxillary bone, 27.2 and 52.4 GyE for mandibular 
site; no major or minor complications were reported 
during and after C-ion RT, except for a grade I 
mucositis.

One year later, the patient developed mild tris-
mus and severe pain. Antibiotics (cephalosporins 

iv) and local medications with chlorhexidine were 
immediately administered, daily for 10 days.

The patient also had 1.4 dental extraction (that 
seemed to cause local infection) and section of a 
right gingival synechia, with normal healing after 
10 days.

One month later, the patient complained severe 
pain again and showed local signs of bone necro-
sis; a HBOT was precociously suggested.

After a normal course, 3 months later, pain and 
trismus started again and the necrosis area enlarged.

On extra oral examination, skin on lower right 
side of cheek showed scar of a healed sinus.

Intra-oral examination was difficult due to lim-
ited mouth opening (2 cm maximum), but a diffuse 
mucositis was detected. Exposed necrotic bone 
from right lower retromolar area extended toward 
midline as shown in Figure 2(a) and (b).

Again, antibiotic intravenous therapy was admin-
istered associated with oral pentoxifylline; local 
medications and a sequestrectomy were performed.

Radiological and endoscopic control after 
7 months of therapy are shown in Figure 3; contrast 

Figure 1. Axial MRI image after resection of the tumor: 
partial right maxillectomy extended to pterygoid process, 
vomer and partially to the inferior right turbinate.

Figure 2. Exposed necrotic bone from right lower retromolar 
area extended toward midline: upper part (a) with maxillary 
sinus opened, inferior part (b) with mandibula.
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MRI and contrast computed tomography (CT)-
scan in Figures 4 and 5, respectively. Clinical find-
ings were enlargement of cutaneous fistula and 
severe osteonecrosis of the jaw.

Currently, with a follow-up of 11 months since 
the beginning of ORN, the clinical picture is sta-
ble; the feasibility of major surgery is going to be 
evaluated (jaw partial resection and curettage of 
necrotic tissues).

Discussion

Carbon-ion radiotherapy (C-ion RT) showed excel-
lent results in the treatment of radio-resistant 
tumors such as adenoid cystic carcinoma, mucosal 
malignant melanoma, and adenocarcinoma.

Although C-ion RT seems to reduce the risk of 
ORN in comparison with conventional treatments 
(e.g. photon-RT), the association of high doses 
delivered to the mandible with other risk factors 
(smoking, trauma, or teeth extraction) strongly 
increases the incidence of such complication.8,9

Well-known risks factor to develop ORN are 
tobacco and alcohol abuse.10

Chronopoulos et al.4 report that active smoking 
(OR: 13.542, 95% Cl: 2.085–87.947), excessive 
alcohol consumption (OR: 5.428, 95% Cl: 1.622–
18.171) and dental treatment and/or local pathologi-
cal conditions (OR: 0.237, 95% Cl: 0.086–0.655) 
were significant predictors for stage III necrosis.

The correlation between the presence of teeth 
within the planning target volume (PTV) and ORN 
in photon-RT has been reported by Morrish et al.10 
in a population of 78 irradiated patients; among the 
patients, 19 of 78 (24.4%) with in-field teeth devel-
oped ORN, whereas only 3 of 22 (13.6%) without 
in-field teeth experienced the condition.

The presence of teeth within the PTV was indi-
cated as an independent risk factor for ORN after 
C-ion RT.11

Teeth extraction (<21 days before RT, <2 years 
after RT) and also local trauma (including biopsy) 
are generally considered the main risk factors in 
ORN.10

Here, we report the case of a radio-resistant 
tumor (adenoid cystic carcinoma of the palate) in a 
young active-smoking man (more than 15 ciga-
rettes daily), who underwent C-ion RT.

Figure 3. Endoscopic view of necrotic bone, mucosal inflammation, and cutaneous fistula (enlarged) with exposition of 4 cm of 
the jaw.
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Less than 1 year after the adjuvant treatment, the 
patient became symptomatic (pain and trismus) 
and developed local infection, due to 1.4 tooth 
extraction and section of a gingival synechia.

According to the literature, he counts three of 
the main risk factors acting in ORN development: 
tobacco abuse, tooth extraction less than 1 year 
after treatment and C-Ion RT > 60 GyE.2

How reported by Oki et al.,12 ORN can 
develop until many months after RT. Even if 
ORN tend to occur in the first 3 years after RT, 
the patients should be considered at risk for a 
longer period.

As reported in literature, good management of 
ORN includes prevention and a multimodal treat-
ment after its developing.

Figure 4. Contrast MRI shows right jaw necrosis and cutaneous fistula.
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Conservative measures are recommended for 
early stage while surgical approach should be 
reserved to the advanced cases. Analgesic and 
superinfection control are mandatory to avoid 
major mutilating surgery.

HBOT can be applied because of its role in stim-
ulating peripheral blood volume redistribution, 
local angiogenesis, re-epithelialization, collagen 

synthesis, osteoblastic proliferation and to antago-
nize local infections. Costa et al.13 reported that the 
inhalation of pure oxygen must be repeated for 
almost 30 sessions (2.4 ATA, once a day and 5 
times/week, for 90 mins).

Medicative therapy includes tocopherols (TCP), 
an antioxidant which improves clearance of reactive 
oxygen species (ROS) and pentoxifylline (PTX), an 

Figure 5. Contrast CT-scan: the necrosis extended to the maxillary anterior wall.
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hemorheologic agent that reduces blood viscosity, 
decreasing the risk of thrombotic diseases.13,14 Costa 
et al.13 suggest to use clodronate (CLO) to reduce 
number and activity of osteoclasts.

Gold standard in treatment of ORN does not 
exist, but an association of HBOT, medical ther-
apy, and sequestrectomy as ultimate option seems 
to be the best approach.10

In conclusion, the therapy of stage III ORN must 
be tailored on the patients’ characteristics and often 
the results are partial and disappointing.

Even if the literature seems to suggest a lower 
rate of ORN with HI therapy, the present report 
points out the need to avoid, if possible, dental 
treatment close to the end of C-ion therapy and the 
importance of prevention measures, reducing 
smoking, and alcohol use.
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