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ABSTRACT

Background. Osteoradionecrosis of the jaw (ORN) is an infre-
quent yet potentially devastating complication of radiation
therapy to the head and neck region.Treatment options include
antimicrobial therapy, local sequestrectomy, resection, and the
use of hyperbaric oxygen (HBO). Published data on ORN are dif-
ficult to compare because of the lack of a universally accepted
classification and staging system, and the literature on the use
of HBO to either prevent or successfully manage ORN is contro-
versial and inconclusive. Therefore, we aimed to establish a
standard approach for using HBO at our institution.
Materials and Methods. A literature search was conducted of
articles published in the English language between January
1980 and January 2016. Retrieved articles were evaluated by
two independent reviewers. Isolated case reports, abstracts,

case series, review articles, and cohort studies without a control
group were excluded; summary data were extracted from the
remaining studies. A panel of experts from Head and Neck
Oncology and Oral Medicine from the Dana-Farber Cancer Insti-
tute and Brigham and Women’s Hospital reviewed the sum-
mary data and established multidisciplinary guidelines on the
use of HBO for the prevention andmanagement of ORN.
Results. Seven studies were evaluated and reviewed by the mul-
tidisciplinary panel. There was no consistent evidence in support
of HBO for either the prevention or management of ORN.
Conclusion. Based on the available evidence and expert opin-
ion, routine use of HBO for the prevention or management of
ORN is not recommended and is rarely used at our institution.
The Oncologist 2017;22:343–350

Implications for Practice: The Division of Head and Neck Oncology of Dana-Farber/Brigham and Women’s Cancer Center does not
recommend the routine use of HBO for the prevention or management of ORN. Adjunctive HBO may be considered for use on a
case-by-case basis in patients considered to be at exceptionally high risk who have failed conservative therapy and subsequent
surgical resection.

INTRODUCTION

Osteoradionecrosis of the jaw (ORN) is an infrequent yet poten-
tially devastating complication of head and neck radiation ther-
apy (RT). ORN is defined as non-healing exposed necrotic bone
in a previously irradiated site that has been present for at least
3 months [1]. ORN may be associated with pain, infection, dis-
ability, and a diminished quality of life [2, 3]. ORN can develop
spontaneously without a clear precipitating event, or it can be

secondary to denture-induced trauma or periodontal disease
[1]. However, most cases develop following dental extractions
[1, 4]. The median time reported from initiation of RT to ORN
onset is 13 months (range: 2–122 months) [4]. For this reason,
it is standard of care for patients to undergo dental evaluations
prior to RT and to have infected teeth, teeth at high risk for
infection, or teeth with a poor prognosis extracted at this time
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[5–7]. It is also recommended that the remaining dentition
be well-maintained subsequent to completing RT in order to
avoid future extractions and thus reduce the risk of developing
ORN [6].

To date, many preventive strategies for ORN have been pro-
posed that have yet to be validated by high-level evidence.
These measures include, but are not limited to, pre-RT dental
evaluation and treatment, antibiotic treatment following
post-RT extractions, pentoxifylline and tocopherol prophy-
laxis, or hyperbaric oxygen (HBO) prophylaxis [8, 9]. Once
diagnosed, treatment of ORN ranges from conservative surgi-
cal approaches, such as local surgical debridement and
sequestrectomy, to more extensive surgical intervention,
such as resection with or without osteomyocutaneous flaps.
Surgical approaches may be complemented by adjunctive
medical therapies such as antibiotics (topical and/or sys-
temic), pentoxifylline and tocopherol, or HBO [8, 10, 11]. Cur-
rently, there are no consensus statements or universal
guidelines for the prevention or management of ORN, leaving
clinicians and patients faced with uncertainty as to best-care
decisions.

The use of HBO to treat ORN was initially suggested by
Marx in 1983 [12] and was later proposed as a means to pre-
vent ORN in 1985 [13]. The proposed mechanism focuses on
the potential role of HBO to facilitate wound healing by increas-
ing local tissue oxygen tension, resulting in enhanced collagen
synthesis, angiogenesis, bone regeneration, and oral tissue epi-
thelization to overcome the underlying pathogenesis of ORN
that consists of hypoxia, hypocellularity, and hypovascularity
due to the effects of RT [10, 14]. Many clinicians have subse-
quently utilized HBO prior to dental extractions in order to pre-
vent ORN or as monotherapy or adjunctive therapy for treating
existing ORN [15–20]. A recent Cochrane systematic review
concluded that there was “some evidence” to support the use
of HBO to prevent the development of ORN following tooth
extraction in an irradiated field, but further research is neces-
sary to validate this approach [21]. Considering the lack of irref-
utable supporting evidence, the high cost of treatment
(average cost of 1 HBO session5 $1,333; average cost of 30
sessions5 $40,000; personal communication with billing
departments of the Norman Knight Hyperbaric Medicine Center,
Boston, MA, and St. Elizabeth’s HBO Medical Center, Brighton,
MA), and the limited number of HBO facilities, the use of HBO in
this clinical setting remains controversial. The objective of this
report is to provide pragmatic and evidence-based clinical guide-
lines for the use of HBO at our institution to prevent and treat
ORN based on the current available literature.

MATERIALS AND METHODS

A review of English language publications reporting on ORN
prevention and treatment utilizing HBO between January 1980
and January 2016 was performed using PubMed and Medline.
Ninety citations were identified and evaluated for content and
level of evidence by two independents reviewers (A.S. and
G.J.H.). Inclusion criteria required both of the following: (a)
articles published in the English language and reporting on
ORN prevention or treatment using HBO and (b) randomized
clinical trials and cohort studies (prospective or retrospective)
with a control group. Exclusion criteria were as follows: (a)
studies not published in the English language and (b) single

case reports, case series, review articles, and cohort studies
without a control group.

Each study was evaluated for the following parameters:
study design, study endpoints, ORN stage, and ORN preven-
tion and treatment regimens. Each study was also evaluated
for overall strengths, limitations, and level of evidence
according to the Centre for Evidence-Based Medicine sys-
tem [22]. An expert panel composed of medical oncologists,
surgical oncologists, radiation oncologists, and oral medi-
cine specialists met in September 2015 to review and dis-
cuss the summary data and establish multidisciplinary
guidelines.

RESULTS

A total of seven studies met the inclusion criteria: three for pre-
vention and four for management of ORN (Fig. 1, Table 1).

The Use of HBO for the Prevention of ORN Prior to and
Following Dental Extraction(s) in Previously Irradiated
Patients
There were three studies in this category: one randomized clini-
cal trial and two retrospective cohort studies [13, 15, 16]. In the
1985 study by Marx et al. [13] including 3 centers, 74 patients
who had previously received RT and were scheduled for dental
extraction(s) were randomized to receive either HBO only
(without antibiotics) or preoperative and postoperative oral
antibiotics only (control arm). Patients in the HBO arm received
20 sessions (dives) of HBO prior to dental extractions followed
by an additional 10 HBO sessions following dental extractions,
while those in the antibiotic arm received 1 million units of
aqueous penicillin G intravenously prior to dental extractions
followed by 500 mg of phenoxymethyl penicillin 4 times daily
for 10 days post dental extractions. ORN was documented in 2
of 37 patients (5%) in the HBO arm compared with 11 of 37
patients (30%) in the antibiotic arm.

Vudiniabola et al. [15] in 1999 performed a retrospective
cohort study and included 37 patients who were post RT,
scheduled for dental extraction(s), and at risk for ORN. Thirty
patients (30/37; 81%) received HBO according to the protocol

Figure 1. Flow diagram of literature search and study selection.
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byMarx et al. [13], while seven patients (19%) did not. Informa-
tion regarding other interventions (e.g., antibiotic therapy)
were not described. ORN was reported in one patient who
received HBO and in one patient who did not receive HBO (3%
versus 14%, respectively). Subsequently, Sulaiman et al. [16] in
2003 carried out a retrospective cohort study and included 107
patients who were post RT, scheduled for dental extraction(s),
and at risk for ORN. Seven patients received pre-extraction HBO
treatment according to the protocol by Marx et al. [13], while
100 patients did not. Information regarding other interventions
such as antibiotic therapy were not described. None of the 7
patients (0%) who received HBO developed ORN, and 2 of 100
patients (2%) who did not receive HBO developed ORN.

The Use of HBO for the Management of ORN
There were four studies in this category: one prospective
randomized clinical trial and three retrospective cohort studies
[17–20]. Annane et al. [17] in 2004 performed a prospective
double-blind, randomized, placebo-controlled, multicenter clinical
trial that investigated the use of HBO monotherapy (without sur-
gery) and adjunctive HBO (with surgery) for the management of
ORN (only mild to moderate stages of ORN were assessed, and
severe ORN characterized as mandibular fracture or bony resorp-
tion to the inferior border of the mandible was not included).
The primary outcome measure was recovery from ORN at one-
year follow-up. “Recovery” was defined as the absence of pain,
bone exposure, pathologic fracture, cutaneous fistula, and by evi-
dence of stabilization or regression on radiographic findings. The
HBO arm consisted of two groups: group A received 30 HBO ses-
sions as monotherapy without surgery, whereas group B received
20 HBO sessions as adjunctive therapy prior to surgical resection

of necrotic bone followed by 10 sessions postoperatively.
Patients in the placebo arm received a gas containing 9% oxygen
and 91% nitrogen. Six of 31 patients (19%) in the HBO arm recov-
ered from ORN compared with 12 of 37 patients (32%) in the
placebo arm. As a result of this, the study was terminated early
due to worse outcomes in the HBO arm.

Three single-center retrospective cohort studies have inves-
tigated the use of HBO as monotherapy or as an adjunctive
treatment modality for ORN [18–20]. In 2001, David et al. [19]
reported complete resolution of ORN in 7 of 19 patients (37%)
when HBO was used as monotherapy, whereas when HBO was
used as adjunctive therapy, 18 of 20 patients (90%) treated
with sequestrectomy and 11 of 12 patients (92%) treated with
surgical resection showed complete resolution. Complete reso-
lution criteria included the absence of bone exposure, closure
of fistula if initially present, and a pain-free status. No further
details on ORN stages were provided.

In a retrospective cohort study of patients with severe ORN
(defined as failed surgical intervention and/or evidence of
severe osteolytic destruction on radiographic imaging), Maier
et al. [18] reported a success rate of 13 of 20 patients (65%)
with HBO monotherapy, which was comparable to the success
rate of 14 of 21 patients (67%) treated with surgery only. The cri-
teria for “success” wasn’t provided. In 2014, D’Souza et al. [20]
assessed the benefit of HBO monotherapy compared with surgi-
cal debridement and medical management using a combination
of pentoxifylline, tocopherol, and doxycycline, based on the
ORN staging system proposed by Notani et al. [23] (Table 2). A
total of 71 patients were enrolled with grade 1 (n 5 28), grade 2
(n 5 16), and grade 3 (n 5 27) ORN. Treatment response was
categorized as complete healing (criteria not specified), stable

Table 2. Osteoradionecrosis of the jaw staging systems

Author Year Staging system

Marx [12] 1983 Based on treatment site-specific response to HBO

Stage I: evidence of complete clinical improvement following 30 dives of HBO

Stage II: no evidence of clinical improvement following 30 dives of HBO but
clinical improvement following transoral sequestrectomy with primary mucosal
closure and an additional 10 dives of HBO

Stage III: presence of orocutaneous fistula or oral dehiscence despite a minimum of
30 dives of HBO and surgical resection

Stage III-R: following a total of 60 accumulated dives or until healthy mucosal closure,
patients are advanced to this stage and receive an additional 20 HBO dives in preparation
for bone graft reconstruction

Epstein et al. [41] 1987 Based on clinical progression of ORN

Stage I: healed/resolved

Stage II: chronic/persistent

Stage III: active/progressive

Schwartz and
Kagan [42]

2002 Based on clinical and radiographic findings of mandibular ORN

Stage I: superficial mandibular involvement

Stage II: localized mandibular involvement

Stage III: diffuse mandibular involvement

Notani et al. [23] 2003 Based on the anatomical extent of ORN

Stage I: confined to the alveolar bone

Stage II: extent above the mandibular alveolar canal

Stage III: extent below the level of the mandibular alveolar canal with a skin fistula
and/or pathologic fracture

Abbreviations: HBO, hyperbaric oxygen; ORN, osteoradionecrosis.
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ORN with control of patient symptoms, and progressive ORN.
HBO resulted in complete healing of ORN in 4 of 28 patients
(14%), stable disease in 2 of 28 patients (7%), and progressive
disease in 22 of 28 patients (79%). Surgical debridement pro-
vided complete healing of ORN in 5 of 18 patients (28%), stable
disease in 4 of 18 patients (22%), and progressive disease in 9 of
18 patients (50%). Medical (nonsurgical) management resulted
in complete healing of ORN in 5 of 25 patients (20%), stable dis-
ease in 12 of 25 patients (48%), and progressive disease in 8 of
25 patients (32%).

DISCUSSION

Since the first reported case of ORN in 1922 [24], various preven-
tive and treatment approaches have been proposed. Because
infection plays a significant role in the development of ORN, pre-
ventive measures have focused on a comprehensive dental eval-
uation and removal of all existing and potential sources of
infection prior to RT. This includes restoration of all carious teeth,
scaling and root planing to improve periodontal health, and
extraction of teeth with questionable or hopeless prognosis that
may require extraction in the future following RT. The goal is to
restore the patient to optimal dental health. Careful planning of
RT also plays a key role in minimizing the risk of ORN by limiting
radiation dose to the mandible and maxilla, where possible. Post
RT, patients are asked to maintain their dental health by seeing
their dentist regularly and by using fluoride treatments [6]. In
spite of these measures, some patients may still require ex-
tractions due to the very high risk of dental caries and tooth
loss in this patient population [25, 26].

HBO generated much attention within the scientific com-
munity and amongst clinicians as a promising new preventive
modality for ORN and as therapy for the management of exist-
ing ORN [27]. In 1983, Marx proposed the theory that hypoxia,
hypocellularity, and hypovascularity were the basis for develop-
ment of ORN [12]. Based on this concept, high oxygen tension
provided by HBO putatively leads to enhanced collagen synthe-
sis, angiogenesis, and the facilitation of epithelization for im-
proved wound healing [10].

Since then, several published studies questioned the role of
HBO in preventing and managing ORN. However, there is great
heterogeneity among the studies, and the results are vastly con-
flicting from study to study [13, 15–20, 27–37].The only prospec-
tive randomized clinical trial on ORN prevention prior to dental
extraction(s) demonstrated improved outcomes with HBO pro-
phylaxis compared with antibiotic prophylaxis [13]. In this trial,
ORN developed in 5% of patients in the HBO-only arm versus
30% in the antibiotic-only arm. However, critical details such as
the site and number of extracted teeth for each patient, median
radiation dose given to study participants, and methodology for
randomization or blinding were not provided. Two retrospective
cohort studies investigating ORN prevention had large discrepan-
cies in the numbers of patients between the HBO arms and con-
trol arms, which render the results difficult to interpret [15, 16].
If the numbers of patients are pooled from these two studies, a
total of 3 of 130 patients (2%) in the HBO arm and 1 of 14
patients (7%) in the non-HBO arm developed ORN. Moreover, a
survey conducted on hyperbaric medicine physicians and radi-
ation oncologists revealed that the majority were concerned
by the lack of evidence to support the use of HBO for ORN

prevention and expressed the need for more randomized clini-
cal trials to support its clinical application [38].

Retrospective case series with small sample sizes suggest
that combining HBO with surgical intervention may be benefi-
cial in the resolution of ORN, but these studies lacked control
arms, and the HBO protocols and definitions for ORN varied
greatly amongst the studies [27–37]. The highest level of evi-
dence available to date on the management of ORN using HBO
comes from the Annane et al. [17] 2004 multicenter trial. The
trial was terminated early due to worse outcomes in the HBO
arm (19% resolution with HBO versus 32% resolution with pla-
cebo). However, this trial did not investigate the role of HBO in
severe forms of ORN. Three further retrospective studies dem-
onstrated no benefit from using HBO as monotherapy to treat
ORN and demonstrated superior outcomes when conventional
surgical therapies were used alone [18–20]. Nevertheless, in
2012, the Royal College of Surgeons of England and the British
Society for Disability and Oral Health published a clinical guide-
line on the prevention andmanagement of ORN [6]. This guide-
line recommends the use of HBO prior to and following dental
extractions in order to prevent ORN. In addition, it was sug-
gested that HBO may potentially be considered for the man-
agement of advanced and severe cases of ORN [6].

The highest level of evidence available to date on the
management of ORN using HBO comes from the
Annane et al. 2004 multicenter trial. The trial was ter-
minated early due to worse outcomes in the HBO arm
(19% resolution with HBO versus 32% resolution with
placebo).

From reviewing all included studies, we identified several
important limitations. First, most studies were retrospective,
single-center studies with vast differences in follow-up times
and small numbers of subjects, often with uneven distribution
of patients in the study arms. Second, critical details on the
number of extractions performed, extraction techniques,
degree of baseline bone damage, and details of specific treat-
ments provided to patients in the non-HBO arms were consis-
tently lacking. Third, in patients who developed ORN, only a
few studies reported on disease staging and, as such, it is diffi-
cult to be certain whether the severity of lesions was compara-
ble between treatment arms (or between studies). Last,
radiation dose to the oral cavity is typically associated with risk
of ORN and deterioration of tooth/teeth structure leading to

Table 3. Suggested guidelines for dental extractions using
an atraumatic technique

Avoid raising a gingival flap whenever possible, thereby
avoiding injury to the Periosteum.

Avoid reducing alveolar bone whenever possible; however,
mobile or sharp bone fragments should be removed.

Following the extraction, curette the socket and irrigate with
saline to ensure the removal of any remaining infected tissue or
debris.

Reevaluate the extraction site in approximately 2 weeks to
ensure closure of the gingiva and adequate healing, with
additional follow-up scheduled as needed.
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extractions [39]. However, most of the included studies were
conducted in the era of older radiation techniques prior to the
use of intensity-modulated radiation therapy, which provides a
greater degree of accuracy to deliver radiation to the site of
interest and spares radiation exposure to healthy jaw bone
[40]. In addition, studies did not provide the range of radiation
doses delivered to the mandible and/or maxilla for each
patient, which also may affect the risk of ORN after extractions.

Several staging systems for ORN exist in the literature (Table
2). However, to date, no single system has been universally
accepted. Marx [12] proposed the first ORN staging system
based solely on treatment response to HBO, while Epstein et al.
[41] devised a staging system based on clinical progression of
ORN. The systems by Schwartz and Kagan [42] and Notani et al.
[23] are all based on a combination of clinical and radiographic
findings for only mandibular ORN, but the definition of extent
of disease is vague and remains unclear.

Aside from the relatively high cost burden (average cost of
30 HBO sessions5 $40,000; personal communication with
billing departments of the Norman Knight Hyperbaric Medi-
cine Center, Boston, MA, and St. Elizabeth’s HBO Medical Cen-
ter, Brighton, MA) and limited patient access to local facilities
for HBO, several safety concerns should be considered when
discussing HBO intervention with patients [1]. Treatment com-
plications of HBO include middle ear barotrauma, myopia,
pneumothorax, arterial air embolism, and pulmonary oxygen
toxicity [1]. Furthermore, HBO is contraindicated in patients
with chronic obstructive pulmonary disease or chronic heart
failure [1]. Other considerations include the risk of cancer pro-
gression or recurrence in this patient population [1], although
this has been refuted by several review articles [43–45]. Fur-
thermore, it has been postulated that HBO may in fact possess
tumor-inhibitory effects in certain cancer subtypes [43–45].
One possible mechanism to account for the tumor-inhibitory
effects of HBO is that HBO results in the production of exces-
sive amounts of reactive oxygen species and, through exces-
sive oxidative stress, causes tumor inhibition [45].

In summary, the current available evidence based on two
retrospective cohort studies and one prospective randomized
clinical trial indicates that there may be a slightly reduced risk
of ORN with the use of prophylactic HBO [13, 15, 16]. These
data must be interpreted with caution due to significant heter-
ogeneity between studies. Three retrospective studies and a
single prospective randomized clinical trial demonstrated
improved outcomes when conventional surgical therapies were
used alone compared with HBO in the management of ORN

[17–20]. One limitation of the current study is the risk of litera-
ture review bias as a result of the study design.

Based on our review of the literature, we propose the fol-
lowing recommendations for the use of HBO for ORN preven-
tion and management. These guidelines are independent of
the radiation dose received to the mandible or maxilla, or to
specific extraction sockets.

One possible mechanism to account for the tumor-
inhibitory effects of HBO is that HBO results in the
production of excessive amounts of reactive oxygen
species and, through excessive oxidative stress, causes
tumor inhibition.

RECOMMENDATIONS

HBO for the Prevention of ORN
The Division of Head and Neck Oncology- Dana-Farber/Brigham
and Women’s Cancer Center (HNO-DF/BWCC) does not recom-
mend the routine use of HBO for the prevention of ORN prior
to dental extractions in patients who have been treated with
RT to the head and neck area.

Suggested Best Practice Guidelines for Patients Who

Have Received Head and Neck RT, Are at Risk for

ORN, and Require Dental Extractions

Because of the known risk of poor healing after RT and the risk
for development of ORN after dental extraction following head
and neck RT, initiation of appropriate systemic antibiotic treat-
ment and topical chlorhexidine 0.12% rinses are recommended
on the day of extraction(s) and continuation until documented
healing has occurred on follow-up evaluation. It is recommended
that dental extractions be performed with as little trauma as
possible according to the guidelines listed in Table 3. This recom-
mendation is based on expert opinion (level 5 evidence) [22].

HBO for the Management of ORN
HNO-DF/BWCC does not recommend HBO monotherapy or
HBO as an adjunctive therapy for the routine management of
ORN.

Table 4. Suggested treatment sequence for osteoradionecrosis of the jaw based on expert consensus

Phase I
(Initial treatment)

� Topical antimicrobial mouth rinses with chlorhexidine 0.12%

� Nonsurgical sequestrectomy and/or debridement

Phase II
(Initiate if adequate response*
is not achieved following
phase I therapy)

� Maintain topical antimicrobial mouth rinses with chlorhexidine 0.12%

� Initiate systemic antibiotic therapy of adequate class, dose, frequency, and duration

� Nonsurgical sequestrectomy and/or debridement as needed

Phase III
(Initiate if adequate response*
is not achieved following
phase II therapy)

� Continue conservative treatment with topical antimicrobial mouth rinses with
chlorhexidine 0.12%, systemic antibiotic therapy of adequate class, dose, frequency,
and duration, and nonsurgical sequestrectomy and/or debridement

� Consider surgical intervention (e.g., block resection of necrotic bone),
with or without adjunctive HBO

*Adequate response is defined as the absence of pain and infection.
Abbreviations: HBO, hyperbaric oxygen.
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Suggested Best Practice Guidelines for Patients Who

Have Received Head and Neck RT and Developed ORN

A conservative approach to management (antibiotics and/or
nonsurgical sequestrectomy) is advised (Table 4). Appropriate
antibiotics, based on microbial culture, should be administered
in cases of active ORN infection, signs and symptoms of soft tis-
sue infection/cellulitis, or infected dentition. Patients with
symptomatic ORN who do not respond adequately to conserv-
ative treatment or patients with extensive ORN may be consid-
ered for surgical intervention (i.e., site debridement and block
resection with or without osteomyocutaneous flaps). Adequate
response is defined as the absence of pain and infection.
Adjunctive HBO in conjunction with surgery may be considered
on a case-by-case basis, with considerations for high-risk
patients who have failed conservative therapy and subsequent
surgical resection.

CONCLUSION
ORN can be a devastating disease with a significant impact
on quality of life. Due to limited data demonstrating efficacy
as well as cost and patient access considerations, the use of
HBO for ORN remains controversial. Based on a critical
review of the literature, HNO-DF/BWCC does not recom-
mend the routine use of HBO for the prevention or manage-
ment of ORN. Adjunctive HBO may be considered for use

on a case-by-case basis in patients considered to be at
exceptionally high risk who have failed conservative therapy
and subsequent surgical resection. Current research contin-
ues to investigate various methods to best address preven-
tion and management of this disease. As new data emerge,
HNO-DF/BWCC will continue to review and revise the afore-
mentioned recommendations.
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