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Abstract. This study aimed to evaluate the success of hyperbaric oxygen therapy
(HBOT) and surgery in the treatment of mandibular osteoradionecrosis (ORN) in
relation to the extent of the ORN. Twenty-seven patients with ORN were identified
from a total of 509 patients with a history of primary oral or base of the tongue
cancer; these patients had been treated with radiation therapy with curative intent
between 1992 and 2006, with a radiation dose to the mandible of �50 Gy. The ORN
was staged according to the classification of Notani et al. The time from completion
of radiation therapy to the development of ORN varied (median 3 years). Forty
HBOT sessions were offered. After HBOT alone, 3 of 11 stage I lesions, 0 of 8 stage
II lesions, and 0 of 8 stage III lesions had healed (P = 0.0018). An absolute
incidence of 5.3% ORN was found in this population. Of all sites irradiated in this
study, the floor of the mouth was most associated with ORN (8.6%), whereas the
cheek was least associated (0%). Based on the results of this study, HBOT can be
recommended for stage I and II ORN and for selected cases of stage III ORN.
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Osteoradionecrosis (ORN) of the mandi-
ble is a serious complication after radia-
tion therapy for head and neck cancer. It
can be defined as a non-healing condition
in which the irradiated necrotic bone
becomes exposed through dehiscence of
the overlying mucosa or skin. The first
description of ORN of the mandibular
bone after radiation therapy was given
by Regaud in 1922.1 The incidence of
ORN varies widely, with an estimated
incidence of between 1.2% and 15% in
head and neck oncology patients treated
with radiation therapy.2–7 In a review of
studies, Clayman reported an overall inci-
dence of ORN of 11.8% before 1968 and
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Table 1. Absolute incidence of osteoradionecrosis per tumour site.

Site Number ORN Incidence (%)

Border of the tongue 134 5 3.7
Base of the tongue 133 9 6.8
Floor of the mouth 128 11 8.6
Retromolar trigone 53 1 1.9
Cheek 31 0 0
Inferior alveolar process 30 1 3.3
Total 509 27 5.3

ORN, osteoradionecrosis.

Table 2. Radiation therapy dose related to osteoradionecrosis stage at the time of diagnosis.

Radiation therapy dose, Gy Number
ORN stage

I II III

50–60 2 1 1 0
60–70 21 9 4 8
>70 4 1 3 0

ORN, osteoradionecrosis.
5.4% after 1968,8 due to changes in the
way radiotherapy was applied. However,
it should be noted that in most studies, the
absolute incidences were given without
correction for the reduction in number
of patients at risk over time. Therefore
these studies underestimated the real, ac-
tuarial incidence of ORN.

The severity of mandibular ORN in
head and neck cancer patients varies wide-
ly from exposed bone with a loss of soft
tissue to pathological fractures due to
necrotic bone.4 The interval between radi-
ation therapy and the onset of ORN varies
between 4 months and as much as 20
years,9 with a peak incidence at 2–4 years
and a remaining lifelong risk, albeit to a
lesser degree.8 The main cause of ORN is
a high radiation dose to the mandible,
sometimes (but not necessarily) followed
by a trauma.3,10–16 Although chemothera-
py, because of its potential to induce vas-
cular damage, could theoretically
contribute to ORN, no significant associa-
tion has been shown in clinical stud-
ies.17,18 Late stage ORN is observed
several years after radiation therapy and
is often directly related to trauma to the
irradiated tissue.3,10,19

The optimal treatment for ORN of the
mandible remains a matter of debate. Pa-
tient- and therapy-related factors such as
poor oral hygiene, trauma, alcohol and
tobacco use, and a low body mass index
(BMI), may influence the onset and pro-
gression of the disease.18,20–22

The outcome of the treatment of ORN is
usually assessed clinically. Several stag-
ing systems have been suggested for the
assessment of the severity of mandibular
ORN.2,23,24 These range from simple data-
sets of limited radiological features, with
or without some clinical parameters, to
extensive datasets with many clinical pa-
rameters as well as radiological features.
The staging system used in this study was
described by Notani et al. and is based on a
radiological description of the extent of
the ORN lesion in the mandibular bone.25

Patients are divided into three categories:
those with lesions of stage I, II, or III.
Some staging systems come with guide-
lines for the purpose of guiding the clini-
cian to make more standardized decisions
on the treatment of ORN.24,25

In 1983 Marx suggested combined hy-
perbaric oxygen (HBO) and surgical treat-
ment for ORN.19,23 His four criteria for
success were the absence of pain, mandib-
ular salvage or reconstruction, restoration
of mandibular function, and survival of the
overlying oral mucosa.26 This approach
has since been adopted by others, but there
is a lack of high-level evidence for the
efficacy of HBO therapy (HBOT) in the
treatment of ORN due to an absence of
well-designed randomized trials. Many
studies advocate the use of HBOT, where-
as several recent studies have questioned
the added value of its use.3,7,20,26–33 Con-
cern about the possibility that HBOT
could promote tumour growth lacks evi-
dence.34,35

The objective of the present study was
to evaluate the effect of an HBOT–surgery
protocol related to the stage of ORN of the
mandible according to the staging system
of Notani et al. The emphasis of this study
was on the clinical outcome.

Patients and methods

Patient and tumour characteristics

ORN was defined as a wound-healing
problem due to bone necrosis after radia-
tion therapy, which failed to heal over a
period of 6 months.3,23

A total of 509 patients treated during the
period 1992–2006 with primary or adju-
vant radiation therapy for an oral or base
of the tongue tumour, with the mandible in
the high volume area, were evaluated.
Within this patient group, 134 patients
had a carcinoma of the border of the
tongue, 133 had a tumour of the base of
the tongue, 128 had a tumour of the floor
of the mouth, 53 had a tumour of the
retromolar trigone, 31 had a tumour of
the cheek, and 30 had a tumour of the
inferior alveolar process (Table 1).
Patients with tumours of the oral cavity
mostly underwent surgery with postoper-
ative radiotherapy, whereas oropharyn-
geal tumours were generally treated with
primary radiotherapy. Of these 509
patients, 27 had one episode of histologi-
cally proven ORN of the mandible and
received HBOT in combination with sur-
gery as necessary. Their data were re-
trieved from the databases of the
radiation oncology department of the uni-
versity medical centre and the hyperbaric
treatment facilities.

Patients with ORN at locations other
than the mandible were excluded. Of the
27 patients included, 11 had a floor of the
mouth carcinoma, nine had a base of the
tongue carcinoma, five had a border of the
tongue carcinoma, one had a retromolar
trigone carcinoma, and one had an inferior
alveolar process carcinoma (Table 1).

The ORN classification was determined
both clinically and radiologically. A pan-
oramic radiograph was used for the radio-
logical assessment. A biopsy was taken for
histopathological confirmation and to ex-
clude malignancy.

Treatment

All patients underwent radiation therapy
as a primary or adjuvant therapy after
surgery for a primary oral or base of the
tongue carcinoma with curative intention,
with the mandible in the target area. All
patients underwent clinical and radiologi-
cal dental screening prior to radiation; if
necessary, focal infections were eliminat-
ed. Radiotherapy was started after con-
firmed healing of the treated dentoalveolar
focus site. During radiotherapy, patients
received instructions from an oral hygien-
ist who also followed them up and treated
them.

The radiation dose to the ORN site
varied between 50 Gy and 70 Gy. Three
patients were re-irradiated for a recurrence
or secondary primary tumour in the same
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Table 3. Tumour stage related to osteoradio-
necrosis stage.

Tumour stage Number
ORN stage

I II III

I 1 0 0 1
II 8 4 2 2
III 8 3 4 1
IV 10 4 2 4

ORN, osteoradionecrosis.

Table 4. Additional causes of osteoradione-
crosis.

Cause of ORN Number %

Unknown/spontaneous 8 30%
Extractions post RT 6 22%
Extractions pre RT 1 4%
Related to prosthetics 6 22%
Tumour-related surgery 3 11%
Periodontal disease 3 11%
Total 27 100%

ORN, osteoradionecrosis; RT, radiotherapy.

Table 5. Correlation between osteoradionecrosis stage and the effect rate of treatment with
hyperbaric oxygen therapy and surgery. The effect rate is defined as the absence of mucosal
dehiscence of bone at the former osteoradionecrosis site.

Primary ORN stage

I (n = 11) II (n = 8) III (n = 8)

ORN stage after HBOT alone
0 3 0 0
I 4 2 0
II 2 5 0
III 2 1 8
% improved 27% 25% 0%
% healed 27% 0% 0%
% deteriorated 36% 12% 0%

ORN stage after primary therapy
0 8 2 5
I 0 3 2
II 1 1 1
III 2 2 0
% improved 73% 63% 100%
% healed 73% 25% 63%
% deteriorated 27% 25% 0%

ORN stage after subsequent surgery
0 11 8 7
I 0 0 1
II 0 0 0
III 0 0 0
% improved 100% 100% 100%
% healed 100% 100% 87%
% deteriorated 0% 0% 0%

ORN, osteoradionecrosis; HBOT, hyperbaric oxygen therapy.
area. These three patients, together with a
fourth patient who had no recurrence,
received a cumulative physical total dose
to the mandible higher than 70 Gy (Table
2).

ORN classification and treatment

In this study, ORN was categorized into
three stages using the classification of
Notani et al., based on the extent of the
ORN lesion.25 Stage I is defined as ORN
confined to the alveolar bone. Stage II is
ORN limited to alveolar bone and mandi-
ble above the mandibular canal. Stage III
is ORN extending to the mandible under
the level of the mandibular canal, with a
skin fistula and/or pathological fracture.
Panoramic radiographs were used for the
radiological assessment.

All 27 patients received 30 pre-surgical
and 10 post-surgical sessions of HBOT in
accordance with the Wilford Hall guide-
lines.23,26,29 The 30 pre-surgical sessions
of HBOT were followed by surgical de-
bridement and antibiotics, and subse-
quently followed by another 10 sessions
of HBOT if the lesion had not healed after
HBOT alone. Simple removal of a small
piece of sequestrum in the gingival area
that had detached from the mandibular
bone, or the removal of debris, was not
recorded as a surgical procedure.

Follow-up

Follow-up during HBOT was scheduled
on a fortnightly or monthly basis. After
ORN treatment had been completed and a
stable clinical situation had been achieved,
follow-up was scheduled every 3–6
months. Radiological follow-up was done
when indicated by clinical appearance.
The endpoint was defined as the stable
absence of pain, fistulation, and mucosal
dehiscence of bone at the former ORN site
for a period of 2 years. Functional resto-
ration of the mandible was not feasible in
several patients due to co-morbidities.

Statistics

The data obtained were correlated and
analyzed statistically using Fisher’s exact
test. SAS 9.2 software (SAS Institute,
Cary, NC, USA) was used for this analy-
sis.

Results

Twenty-seven patients with ORN of the
mandible, treated between 1992 and 2006
at the university medical centre, were
identified. Eighteen of the 27 patients
underwent surgery for their primary tu-
mour, with postoperative radiation thera-
py. Nine patients were treated with
radiation therapy alone. The time interval
from completion of radiotherapy to the
onset of ORN ranged from 1 to 8 years
(median 3 years). All patients underwent
dental screening prior to the radiation
therapy and were supervised and
instructed by a dental hygienist.
There was no association between the
radiation dose and the stage of ORN (Ta-
ble 2). No significant correlation between
the tumour stage and the stage of ORN
was found (Table 3). No factor provoking
the development of the ORN was identi-
fied for eight cases. Extractions and pros-
thesis-related complaints were an
additional cause of the ORN in seven
and six cases, respectively. Tumour-relat-
ed surgery (three cases) and periodontal
disease (three cases) were also associated
with the development of ORN (Table 4).

Eleven of the 27 ORN cases were
Notani stage I, eight were stage II, and
eight were stage III. All of the initial stage
I lesions healed, all of the initial stage II
lesions healed, and seven of the eight
initial stage III lesions healed (Table 5).
The patient with an initial stage III ORN
that did not heal refused further treatment
with stable stage I disease. The difference
in outcome between the initial ORN stage
I and III patients after HBOT alone was
significant (P = 0.0018).

In this retrospective study, segmental
resection was the most common primary
surgical treatment for ORN,23 followed by
sequestrectomy and decorticalization of
the mandible. Three patients healed after
HBOT alone and did not need surgery.
With regard to secondary surgical treat-
ment, five segmental resections were
needed to treat refractory ORN. Fourteen
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patients did not need secondary surgery to
heal. The initial ORN stage and the re-
sponse to therapy are shown in Table 5.

Fifteen cases healed after primary treat-
ment for ORN (HBOT and surgery). The
other 12 cases needed subsequent surgery.
In one case, the patient had stable disease.

In this study, the primary tumour site
with the highest absolute incidence of
ORN was the floor of the mouth (8.6%),
whereas the cheek had the lowest absolute
incidence (0%). An average of 5.3% was
found for all sites (Table 1).

Discussion

An important finding of this study is that
all patients with stage I and II ORN were
successfully treated with primary therapy
including HBOT, and if needed, subse-
quent surgery. An overall absolute inci-
dence of ORN of 5.3% was found in this
patient population, and the floor of the
mouth tumour site was the site most asso-
ciated with ORN. A significant difference
in outcome between the initial ORN stage
I and III patients was found after HBOT
alone (P = 0.0018). Three patients with a
stage I ORN lesion healed after HBOT
alone. The highest cure rate for stage III
ORN is attained with extensive surgery,
including segmental mandibulectomy and
reconstruction with a free vascularized
osteocutaneous flap.25 HBOT seemed to
be useful for stages I and II ORN, but
might be less useful for bone healing in
stage III ORN. In stage III ORN, a seg-
mental resection, removal of the mandib-
ular bone in the high-dose radiation field,
and reconstruction with a free vascular-
ized osteocutaneous flap has been shown
to be the most effective treatment.36

HBOT does not seem to be effective for
bone healing in this stage.37 HBOT may,
however, improve the surrounding soft
tissues and so may have a positive effect
on wound healing after reconstructive sur-
gery for ORN.38 Healing followed second-
ary surgical treatment in almost all cases.
One ORN lesion did not heal. This patient
had stable disease and refused further
treatment.

Many factors such as tumour character-
istics, drinking and smoking habits, oral
hygiene, and traumatic events, such as
surgery, have been mentioned in the lit-
erature as factors in the development of
ORN.18,20–22 The overall stage, tumour
size, and proximity to bone have been
correlated with the occurrence of
ORN.18,20 ORN stage and tumour size
was not correlated in this study.

It is known that a high external radiation
dose and brachytherapy are risk factors for
the development of ORN. In this study, no
correlation was found between the radia-
tion dose and the stage of ORN.

Developments in the delivery of radia-
tion therapy, such as intensity modulated
radiation therapy (IMRT) and volumetric
modulated arc therapy (VMAT), have in-
creased the conformality of the high-dose
distribution, thereby sparing larger
volumes of mandible and the salivary
glands.39,40 Preliminary reports have sug-
gested that the use of IMRT may reduce
the incidence of ORN.36,39,41,42 These
studies reported that although the preva-
lence of ORN following IMRT was lower
than that following conventional radio-
therapy, additional studies are needed to
determine whether this difference is clini-
cally significant.

The classification of Notani et al. was
used in this study, because it describes the
bone involvement (assessed radiological-
ly) in three stages and is easy to use.25 Due
to the retrospective nature of this study,
soft tissue involvement could not reliably
be assessed. Many of the clinical studies
on HBOT for ORN have followed the
Wilford Hall guidelines for both ORN
staging and treatment.10,31,38,43 In these
guidelines, the proposed type of treatment
is related to the stage of ORN.

In 1983, Marx introduced combined
HBOT–surgical staging as the standard
treatment for ORN of the jaw into the
Wilford Hall guidelines.23 Several
researchers support the use of this proto-
col, despite the retrospective nature of
their studies and a lack of statistically
supported evidence.7,13,41,44–46 However,
others have failed to find a beneficial
effect of HBOT, whether or not used
according to the Wilford Hall guidelines,
and have suggested that it might delay
definite therapy.9,47,48 The staging system
in these guidelines seems more appropri-
ate for clinical use rather than research
purposes, because of the selection bias due
to relating the therapy to the stage.

The floor of the mouth was the tumour
site most related to ORN in the present
study. Others have reported the tongue to
be the most related tumour site.30,47,49

The influence of the primary tumour site
on the onset of ORN has been dis-
cussed.2,31,32,50 Some authors have
found a positive relationship between
ORN and the primary tumour site.20,42,50

Curi and Dib reported that oral cancers
treated with radiotherapy had the highest
incidence of ORN, especially those of
the tongue, floor of the mouth, and retro-
molar region.20

A double-blind, randomized clinical tri-
al published by Annane et al. in 2004
failed to show the benefits of HBOT.28

The authors concluded that HBOT should
not be recommended for patients with
overt mandibular ORN. A discussion
arose regarding the reliability of the meth-
odology of that study. Some authors criti-
cized the study protocol, stating that the
clinical and radiographic criteria barely
corresponded to a known ORN classifica-
tion, which raised doubts as to whether all
the treated lesions could be classified as
ORN.51 The use of a twice daily HBOT
regimen was also in contrast with the
majority of reported studies, in which
HBOT once daily was the standard treat-
ment.52 Therefore, this patient population
may not have been representative of
patients with ORN of the mandible treated
with HBOT according to the standard
guidelines.

A recent systematic review of clinical
evidence concluded that HBOT should
not be recommended for the routine treat-
ment of patients with mandibular ORN,
except when resection/reconstruction sur-
gery is needed.37 Van Merkesteyn et al.,
however, showed that lesions that do not
respond to conservative treatment are best
treated with combined surgical debride-
ment, antibiotics, and HBO.32 In 2004,
Delanian and Lefaix proposed a new theory
for the pathogenesis of ORN.53 The as-
sumption that bone damaged by radiation
is mainly the result of radiation-induced
fibrosis,54 led to the development of a tri-
ple-drug therapy to reduce radiation-in-
duced fibrosis and bone destruction  and to
stimulate osteogenesis via an antioxidant
pathway.55,56 Treatment with pentoxifylline
combined with tocopherol and clodronate
led to complete recovery in most patients at
6 months.57,58

In conclusion this study showed a ben-
eficial effect of HBOT for the lower ORN
stages (I and II). Stage III ORN usually
requires a segmental resection of the af-
fected part of the mandible. With this
treatment, the segment of mandible in
the target area of the radiation therapy is
removed and the region reconstructed. It is
unclear what the added value of HBOT is
to the bone in cases of extensive ORN. If
the soft tissues surrounding the ORN le-
sion are in a poor state, HBOT could be
recommended to promote revasculariza-
tion and support wound healing after free
flap reconstruction.

Based on the results of this study, al-
though performed on a limited number of
patients and without a control group,
HBOT can be recommended for stage I
and II ORN and for selected cases of stage
III ORN, for example those with a poor
state of the surrounding soft tissues.
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The management of ORN is challeng-
ing and no study reporting the ultimate
solution to the problem of ORN – revers-
ing the damage of ORN or controlling its
course – has been published. New theories
on the pathological basis of ORN may lead
to a better understanding of this difficult
condition. The treatment protocol pro-
posed recently by Delanian et al., based
on antioxidant products such as pentox-
ifylline, tocopherol (vitamin E), and
bisphosphonates, might be promis-
ing.54,57–59 More research is needed to
better understand the course of the patho-
logical changes occurring during the de-
velopment of ORN and to identify the
correct treatment for early intervention
in the pathological pathway of ORN.

The efficacy of HBOT as reported in the
literature remains uncertain: several neg-
ative case series and one negative random-
ized clinical trial have been
reported,16,28,60 but there have been many
retrospective reports of successful treat-
ment of ORN with HBOT. More well-
designed systematic research is required
to determine whether HBOT has a signifi-
cant impact on the treatment of ORN.
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