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RESUMO
A radioterapia (RT) é uma componente fundamental do tratamento multimodal dos doentes com cancro da 
cabeça e pescoço. Contudo, apesar do surgimento e aperfeiçoamento das técnicas de RT, podem ocorrer com-
plicações tardias, como a osteorradionecrose da mandíbula (ORNM). O seu diagnóstico é baseado em critérios 
clínicos/radiológicos. Na ORNM estabelecida, o processo crónico não resolve espontaneamente e, até à data, não 
foi estabelecida uma abordagem terapêutica ótima. Nas últimas décadas foram considerados diversos tipos de 
tratamento, incluído a oxigenoterapia hiperbárica (HBOT). Contudo, o impacto clínico da HBOT varia de acordo 
com a literatura, o que gera controvérsia em relação aos seus benefícios. Estudos prospetivos e aleatorizados 
adicionais são essenciais para validar a eficácia deste tratamento na prática clínica. O objetivo deste artigo é sin-
tetizar os dados existentes, analisar os resultados de estudos prévios, identificar lacunas no conhecimento e dis-
cutir a abordagem da ORNM, incluindo uma proposta de algoritmo terapêutico com especial enfoque na HBOT.

PALAVRAS-CHAVE: Doenças da Mandíbula/tratamento; Osteorradionecrose/tratamento; Oxigenoterapia Hiper-
bárica

ABSTRACT
Radiotherapy (RT) is a key component of managing head and neck cancer patients. However, despite the emer-
gence and improvement of new RT techniques, late complications may occur, such as osteoradionecrosis of the 
mandible (ORNM). The diagnosis is based on clinical/radiological criteria. In the established ORNM, the chronic 
process does not solve spontaneously, and optimal management still needs to be established. Over the last 
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INTRODUCTION
Osteoradionecrosis of the facial bones, especially of 
the mandible (ORNM), is a potentially debilitating com-
plication of radiotherapy (RT) in the treatment of head 
and neck cancer. The clinical presentation is variable, 
and numerous risk factors are well-known.1

The ORNM is usually defined by the presence of ex-
posed and non-healing irradiated bone for at least 2 to 
3 months, with no evidence of tumour recurrence. Gen-
erally, it is accompanied by contiguous soft tissue necro-
sis.1 The mandible is the bone most frequently affected, 
partly due to its lower vascularisation and thinner mu-
cosa, as well as the constant bone turnover at the level 
of the periodontal ligament, which is subjected to daily 
mechanical action and frequent dental pathology.1,2

The incidence of this complication varies between 5% 
and 15%, with more than 70% of cases presenting in 
the first 3 years after RT. In the literature, there are ref-
erences to cases developed early, within 3-7 months 
and, at the other extreme, anecdotal cases more than 
30 years after the end of RT.1

Several risk factors are described in the literature: total 
radiation dose (>60 Gy) and its fractionation, irradiat-
ed mandibular volume, and the RT technique; concur-
rent chemotherapy; tumour volume and bone infiltra-
tion; exodontia before (<21 days) or after (<2 years) RT; 
local biopsies, local infection and poor oral hygiene; 
malnutrition and alcohol and/or tobacco abuse. Age, 
hypertension, diabetes and connective tissue diseases 
appear to be predisposing factors.1,3-5

Recently, remarkable progress has been made in clar-
ifying this entity’s pathophysiology through advances 
in Molecular Biology and Imaging. The diagnosis is 
based on clinical/radiological criteria, and the thera-
peutic approach is multimodal.1,4

In recent decades, several therapeutic options have 
been considered in the prophylaxis and treatment of 
ORNM, including supportive therapy, ultrasound, hy-
perbaric oxygen therapy (HBOT), surgical resection 

with reconstruction and recently, the use of drugs 
that can reverse the radiation-induced fibroatroph-
ic process (RIF). However, in the established ORNM, 
the chronic process does not solve spontaneously, 
and optimal management has yet to be established.1,3-5 

Currently, HBOT is considered by the European Com-
mittee for Hyperbaric Medicine (ECHM) as a modality 
of treatment for ORNM (degree of recommendation I/ 
level of evidence B).3

The purpose of this article is to review the relevant lit-
erature on ORNM pathophysiology, clinical presenta-
tion and different classifications, as well as to discuss 
its management, with a particular focus on HBOT.

PATHOPHYSIOLOGY
Regarding the pathophysiology of ORNM, two theo-
ries prevail.

The first was carried out by Marx et al,6 in 1983, de-
scribing the “3 H” paradigm to explain its pathogene-
sis. According to this theory, ionising radiation leads 
to peri and endarteritis, hyperaemia, hyalinisation, fi-
brosis and vascular thrombosis (hypovascularisation), 
with subsequent interference in metabolic and tissue 
homeostasis, which will result in decreased oxygen 
diffusion in the tissues (hypoxia) and cellular death (hy-
pocellularity) (Fig. 1).

In 2004, Delanian et al,7 described the RIF as the main 
radio-induced mechanism. This fibroatrophic theory 
required that the key event for the progression of the 
ORNM was related to the activation and dysregula-
tion of fibroblastic activity, leading to the formation of 
atrophic tissue in a previously irradiated area.

According to the work of Canney and Dean,8 the 
transforming growth factor-beta (TGF-β), through 
Smad proteins, is considered the main cytokine in-
volved in RIF. The entire fibrotic process is initiated, 
enhanced and sustained by its TGF-β1 subunit. In 
vitro studies documented that this proinflammatory 
cytokine could induce fibroblast proliferation through 
premature expansion and differentiation from a pool 

decades, a broad therapeutic spectrum has been considered, including hyperbaric oxygen therapy (HBOT). Al-
though, the clinical impact of HBOT varies according to the literature, which is why there is a current controversy 
regarding its benefits. Further prospective and randomised studies are needed to validate its effectiveness in the 
‘real-world’ clinical practice. This article aims to synthesise the existing data, analyse previous studies´ results, 
identify gaps in knowledge, and discuss ORNM’ management, including a proposal for an algorithm, with a par-
ticular focus on HBOT.

KEYWORDS: Hyperbaric Oxygenation; Mandibular Diseases/therapy; Osteoradionecrosis/therapy
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of pre-fibroblastic naïve cells. During the pre-fibrot-
ic phase, the TGF-β1 secreted by platelets initiates a 
cascade of events, including the recruitment/activa-
tion of macrophages and the secretion of chemotac-
tic and mitogenic factors for fibroblasts. During the 
constitutive and chronic phases, circulating and myofi-
broblast-produced TGF-β1 contribute to the self-per-
petuation of the fibrotic process. In this context, the 
overexpression of other inflammatory cytokines will 
favour the proliferation of smooth muscle tissue and 
collagen production by fibroblasts, thus initiating the 
fibrosis process. The expression and activity of these 
different cytokines and growth factors (e.g., thrombin, 
IL-1, IL-4, IL-6, TNF-α, INFβ, IGF-1, PDGF, FGFb) vary 
depending on the affected tissue and the phase of RIF, 
with direct or indirect interference in the onset and 

maintenance of the fibrotic process. These factors, 
which are infiltrated in the stroma in different molec-
ular forms, may be locally released subsequently from 
the receptors of this cellular matrix, allowing persistent 
local inflammatory stimulation (Fig. 1).1,4-5,7-10 The in-
teraction of ionising radiation with tissues directly and 
transiently generates radical oxygen species (ROS) in 
the inflammatory focus. During the exudative phase, 
contact with collagen degradation products stimulates 
polymorphonuclear cells and macrophages, releasing 
supplementary ROS. It is, therefore, a self-sufficient 
process of chronic inflammation through which local 
homeostasis is disturbed.1,4

In addition, hypoxia interferes with the balance of 
species of ROS/nitrogenous radicals, causing the de-

FIGURE 1. Representative scheme from the several pathophysiological mechanisms involved in osteoradionecrosis of the mandible: the 
hypoxia/hypocellularity/hypovascularisation and the radiation-induced fibroatrophic processes. 
FGFb, basic fibroblast growth factor; IFNb, interferon beta; IGF1, insulin-like growth factor 1; IL, interleukin; PDGF, platelet-derived growth 
factor; ROS, radical oxygen species; TGF-b1, transforming growth factor beta-1; TNF-α, tumour necrosis factor-alpha. 
Adapted from Costa DA et al. New perspectives on the conservative management of osteoradionecrosis of the mandible: A literature re-
view. Head Neck. 2016;38:1708-16.1
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pletion of nitric oxide levels by increasing ROS. The 
ROS affect stroma degradation, leukocyte chemotaxis 
and phagocytosis, endothelial cell surface thrombo-
modulin and fibroblast activation in the extracellular 
compartment. In the intracellular compartment, adap-
tive responses to oxidative stress occur by activating 
genes and proteins characteristic of cellular responses 
to stress, acting as a trigger for processes that include 
DNA resistance, cell cycle arrest and secretion and 
growth of cytokines such as IL-1, TNF-α and PDGF. 
These processes can also include c-fos induction, ribo-
sylation, activation of protein kinase C phosphoryla-
tion or induction of manganese superoxide dismutase. 
At last, ROS interfere with biological membranes via 
lipid peroxidation processes, inducing genetic modu-
lation through transcription factors (e.g., NF-κB path-
way) to the redox state of cells.1,4-5,7-10

Recently, a unique intestinal microbiota signature was 
identified in an animal model of radiation proctitis, 
amenable to increasing the expression of IL-1β, IL-6 
and TNF-α (Fig. 1). Mice colonised with previously 
irradiated intestinal microbiota were more prone to 
proctitis when compared to control with naïve intes-
tinal microbiota.11 Ionising radiation in the head and 
neck region appears to modify the oral cavity micro-
biota towards a flora associated with periodontal dis-
ease.12 Hence, is it possible to have an oral microbiota 
signature characteristic of the irradiated regions of the 
oral cavity? And if so, could these microorganisms con-
tribute to an increased risk of ORNM?

CLINICAL PRESENTATION
The clinical presentation of ORNM can vary from mild 
local pain, dysesthesia and halitosis to more severe 
symptoms, such as intractable pain, secondary infec-
tions, orocutaneous fistulas, trismus, bone exposure 
and pathological fracture.1,13

In the early stages of ORNM, chronic exposure of the 
mandibular bone exists. This devitalised exposed bone 
can be observed through the ulcerated and necrotic 
mucosa. As the disease progresses, the pain pattern 
may worsen and be associated with other symptoms, 
such as dysesthesia, paraesthesia or anaesthesia, 
oedema, trismus, impaired chewing/swallowing/pho-
nation, local infection and increased predisposition 
to bacteraemia, halitosis, dysgeusia and impaction of 
food in the area of bone sequestration. In the most 
severe stages, patients may present with fistulisation 
of the oral mucosa or skin, complete bone necrosis 
and pathological fracture. In addition, spontaneous 

osteomyelitis, cellulitis, and risk of bleeding may oc-
cur.1,4,5,13,14

Table 1 is intended to be a summary of the different 
classifications of ORNM that have been proposed in 
the literature.6,15-23

TREATMENT
The most critical aspect of reducing the incidence of 
ORNM is the prevention of local trauma, such as ex-
odontia and placement of dental implants. Therefore, 
adequate dental care must be performed before start-
ing RT. Care for daily oral hygiene, as well as alcohol 
and smoking abstinence, are also fundamental in this 
process (Fig. 2).1,4,5,13

Regarding therapeutic management, there is some 
controversy. Treatment is multimodal, including con-
servative early-stage measures and surgical resections 
with reconstruction for advanced or refractory stag-
es.1,4,5,13

Based on the complex pathophysiology of ORNM, 
different complementary treatments have been pro-
posed (Fig. 2).1,4

According to the classical theory of radiation, trauma, 
and infection, medical treatment would undergo long 
cycles of antibiotics and debridement. In case of in-
sufficient local control, mandibulectomy would be the 
only option.1 Marx et al,24 based on the theory of hy-
poxia, documented that the exposure of irradiated tis-
sue to HBOT would induce fibroplasia and angiogen-
esis. Some authors advocated ultrasound treatments 
with frequencies of 3 MHz during 10-15 min/day for 
40-100 days to promote angiogenesis, although the 
results are disparate in the literature.1,5,25 Corticoster-
oid therapy has shown utility in reducing the acute in-
flammatory reaction associated with fibrosis, although 
ineffective in reversing the RIF.1,26 Pearlman et al stud-
ied osteomyocutaneous grafts for mandibular recon-
struction in irradiated tissue. Later, microvascular flap 
grafting techniques were used to reconstruct mandi-
ble deformities after surgery and RT.1,5,13

Recently, new therapeutic protocols have been devel-
oped based on the potential for reversion of the proin-
flammatory myofibroblastic pathological phenotype. In 
1998, the combination of tocopherol (vitamin E) with 
pentoxifylline was clinically tested for 18 months of 
treatment, with antifibrotic action being demonstrat-
ed in the superficial and deep cervicothoracic region.27 
Tocopherol partially inhibits TGF-β1 and has antioxi-
dant potential. Pentoxifylline demonstrated significant 
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TABLE 1. Classification of stages/grades of osteoradionecrosis of the mandible.
Reference Stages/Grades Description

Marx6

(1983) I-III

Based on the response to 30 sessions of HBOT: 
• I: If better --» + 30 sessions (total of 60 sessions of HBOT). 
• II: Lack of response --» Sequestrectomy and complete mucosal closure + 30 sessions 

(total of 60 sessions of HBOT).
If pathological fracture, orocutaneous fistula, radiological evidence of resorption of the 
inferior border of the mandible:
• III: 30 sessions of HBOT followed by mandibulectomy.
• III-R: 30 sessions of HBOT followed by mandibulectomy and by extra 20 sessions of HBOT. 

Coffin et al.15

(1983) Minor-Major

Based on clinical and imaging findings:
MINOR: A series of small sequestra which separate spontaneously after varying periods of 
weeks or months. These areas cannot be demonstrated radiologically.
MAJOR: Necrosis occurring to an extent that involves the entire thickness of the mandible, 
and a pathological fracture is inevitable. This form can be obviously seen radiologically.

Morton and 
Simpson16

(1986)
Minor-Major

Based on clinical and response to treatment:
MINOR: Ulceration with exposed bone and a history of bony spicules that healed 
spontaneously over a period of months.
MODERATE: Exposed bone and small sequestra limited in nature and healing spontaneously 
with conservative treatment within 6–12 months.
MAJOR: Large areas of exposed bone, with formation of large sequestra, possible fracture 
and sinus formation. These cases often require radical treatment.

Epstein et al.17

(1987)

I-III
Subcategories: 
a) No pathological 
fracture
b) With pathological 
fracture

Disease progression:
I: Resolved, healed.
II: Chronic (>3 months), persistent non-progressive.
III: Active, progressive. 

Glanzmann 
and Gratz18

(1995) 1-5

Duration of bone exposure and treatment necessity:
STAGE 1:  Bone exposure without signs of infection and persisting for at least 3 months.
STAGE 2:  Bone exposure with signs of infection or sequester and with no signs of grades 3–5.
STAGE 3:  Bone necrosis treated with mandibular resection with a satisfactory result.
STAGE 4:  Bone necrosis with persisting problems despite mandibular resection.
STAGE 5: Fatal toxicity.

Clayman19

(1997) I-II
Based on clinical findings:
I: Bone lysis occurs under intact gingiva or mucosa.
II: A more aggressive type in which soft tissues break down, exposing the bone to saliva, and 
causing secondary contamination.

Store and 
Boysen20

(2000)
0-3

Based on clinical and imaging findings:
0: Mucosal defects only.
1: Radiological evidence of necrotic bone with intact mucosa.
2: Positive radiological findings with denuded bone intra-orally.
3: Clinically exposed radionecrotic bone, verified by imaging techniques, along with skin 
fistulae and infection.

Schwartz and 
Kagan21

(2002)
I-III

Based on clinical and imaging findings:
I:  Minimal soft-tissue ulceration and limited exposed cortical bone. Patients are treated with 

conservative management.
II:  Localised involvement of the mandibular cortex and underlying medullary bone.

• IIa: Minimal soft tissue ulceration.
• IIb: Presence of an orocutaneous fistula and mild soft-tissue necrosis. 

III:  Full-thickness involvement of the bone, including the inferior border. Pathological 
fractures may also be present.

Notani et al.22

(2003)
I-III

Based on clinical and imaging findings:
I:  Confined to the alveolar bone.
II: Limited to the alveolar bone and/or the mandible above the level of the inferior alveolar 
canal. 
III: Extended to mandible below the level of the inferior alveolar canal and/or skin fistulae 
and/or pathological fracture. 

NCI CTCAE* 
version 5.023

(2017)
1-5

Based on clinical findings:
1:  Asymptomatic; clinical or diagnostic observations only; intervention not indicated.
2.  ymptomatic; medical intervention indicated (e.g., topical agents); limiting instrumental ADL.
3.  Severe symptoms; limiting self-care ADL; elective operative intervention indicated.
4. Life-threatening consequences; urgent intervention indicated.
5: Fatal toxicity.

* National Cancer Institute Common Terminology Criteria for Adverse Events
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Post-R—T treatment

FIGURE 2. Suggested treatment algorithm for osteoradionecrosis of the mandible based on variables related to the patient, institution, and 
the severity of the clinical context. ENT, otorhinolaryngology; ORNM, osteoradionecrosis of the mandible; PENTOCLO regimen, tocopherol 
1000 IU/day, pentoxifylline 800 mg/day and clodronate 1600 mg/day (weekdays) alternating on weekends with 20 mg of prednisolone and 
1000 mg ciprofloxacin; RT, radiotherapy. Adapted from Costa DA et al.

effects on the modulation of the vascular response, 
anti-inflammatory (e.g., anti-TNF-α) and antioxidant, 
with an impact on fibroblast inhibition and extracel-
lular matrix proliferation.1,7,27,28 However, the evidence 
for pentoxifylline monotherapy seems contradictory in 
treating RIF, with a possible rebound effect after its 
suspension, suggesting that the optimal treatment du-
ration should not be less than 12 months.1,5 One year 
after this pioneering report, Delanian et al29 conducted 
a phase II clinical trial that combined tocopherol 1000 
IU/day with pentoxifylline 800 mg/day in patients 
with superficial RIF, previously irradiated for head/
neck and breast neoplasms. The mean regression rate 
for surface RIF was 53%, and the SOMA scores (sub-
jective, objective, medical management, and analyti-
cal evaluation of the lesion) were 66% and 48% at 6 
and 12 months. In 2011, Delanian et al30 published a 
phase II trial (PENTOCLO) in which the association of 
this doublet with clodronate was tested in refractory 
ORNM, with a poor prognosis. The main objective of 
this study was to determine the maximum efficacy and 
the optimal duration of treatment until the complete 
resolution of the ORNM. Unlike the latest generation 
of bisphosphonates, oral clodronate directly affects 

osteoblastic cells, increasing bone synthesis and de-
creasing osteoclastic activity. In addition to this inhib-
itory effect on bone resorption, an anti-inflammatory 
action has also been described.1,30 Over 8 years, pa-
tients underwent the following oral therapeutic pro-
tocol: tocopherol 1000 IU/day, pentoxifylline 800 mg/
day and clodronate 1600 mg/day (weekdays) alter-
nating on weekends with 20 mg of prednisolone and 
1000 mg ciprofloxacin. The duration of treatment and 
the dosages were based on previous pharmacokinetic 
data and experience in treating approximately 1000 
patients with RIF. The prolonged treatment protocol 
(16 +/- 9 months) was safe and well-tolerated. All pa-
tients improved, with an exponential reduction in ex-
posed bone depending on the time course (2 months: 
42%; 4 months: 62%; 6 months 77%; 12 months 92% 
and 18 months 96%). This medicative therapy was 
combined with sequestrectomies in 36 of the 54 pa-
tients (66.7%). Clinical improvement was determined 
regarding suspension of analgesics, absence of new 
fractures, closure of cutaneous fistulas and radiologi-
cal evolution: SOMA: 6 months 64%; 12 months 89%; 
30 months 96%.30

Patient undergoing radiation therapy

Patient variables

• Age;
• Performance 

status;
• Social context;
• Economic support;
• Comorbidities;
• Chronic 

medication;
• ORNM symptoms;
• Patient preference.

• Geographic 
location;

• Bureaucratic 
burden;

• Economic issues;
• Public/private 

setting;
• Number of ORNM 

cases/year;
• Institutional 

protocol;
• ENT expertise;
• Hyperbaric 

Medicine facility. 

• Chlorhexidine;
• Antibiotics;
• Ultrasound;
• Corticosteroids;
• Hyperbaric 

oxygen;
• PENTOCLO 

regimen.

Surgery

Monitoring

Pre-RT dental 
assessment Asymptomatic

(no bone exposure)
Symptomatic

(with exposed bone)

Dental care;
Regular oral health 

monitoring.

Dentulous

Not 
infected

Minor

Subtotal

Major

Total

Edentulous

Infected

Institution variables Treatment variables
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This triplet therapy bases its clinical benefit on the po-
tential to reverse the RIF. Thus, it interferes decisively 
at several levels, namely: inflammation (anti-TNF-α ef-
fect, inhibition of TGF-β1 and other proinflammatory 
cytokines), oxidative stress (elimination of ROS, pro-
tection against lipid peroxidation of the membrane), 
extracellular matrix (inhibition of fibroblast prolifera-
tion and increased collagenase activity), bone resorp-
tion (reduced activity and the number of osteoclasts 
and increased bone synthesis by osteoblasts) and vas-
odilation/ deformability of erythrocytes.1,30

HYPERBARIC OXYGEN THERAPY
The HBOT is a treatment based on inhaling pure oxy-
gen (100%) in an environment with higher atmospher-
ic pressure than at sea level (1 atmosphere absolute 
- ATA). The HBOT sessions are held inside hermeti-
cally sealed hyperbaric chambers, classified as type 
IIb medical devices (Directive 93/42 ECC of June 14, 
1993, concerning medical devices). This treatment is 
used in several clinical conditions as well as in profes-
sional and military training. Therapeutic HBOT usual-
ly involves pressures higher than 1.4 ATA (141.8 kPa), 
frequently ranging between 2.0 (202.6 kPa) and 2.5 
ATA (253.3 kPa) for 60 to 120 minutes (min).31

Furthermore, HBOT increases the partial pressure of 
oxygen in the tissues, promoting a high availability of 
oxygen and subsequent stimulation of fibroblast pro-
liferation and collagen synthesis, osteoblastic activity 
in irradiated areas, angiogenesis and reepithelialisa-
tion, and the bactericidal/bacteriostatic effect, as well 
as synergism with some antibiotics in the treatment of 
local infections of the oral cavity.1,32,33

In 1976, Hart and Mainous34 suggested that the ben-
eficial action of HBOT was due to the angiogenic and 
cell proliferation effects. Marx et al35 published exper-
imental work on an animal model (rabbit) in which, af-
ter 20 sessions of HBOT (2.4 ATA, 90 minutes daily), 
was observed increase of 8 to 9 times more in vas-
cular density compared to controls under normobar-
ic oxygen or air-breathing (p-value= 0.001). In 1983, 
the same author was also the first to systematically 
describe the use of HBOT in treating human ORNM.6 
At that time, it was defined as 3 stages according to 
the response to 30 initial HBOT sessions (2.4 ATA, 90 
minutes, 5 times a week). With this treatment proto-
col, ORNM resolution was achieved in 15% of cases 
in stage I, 14% in stage II and 70% in stage III (n = 58 
patients) (Table 1).6 In another study, Marx and John-
son36 performed repeated biopsies before and after 
20 sessions of HBOT (2.4 ATA, 90 minutes daily) in a 

subgroup of 50 patients with ORNM. They noted an 
increase in the number of apparently functional capil-
laries and fibroblast cells. In 1997, Thorn et al37 deter-
mined that the partial pressure of oxygen at the level 
of the irradiated gingiva increased from an average of 
20.4 [16.6-23.2] mmHg to 34.7 [27.8-40, 0] mmHg af-
ter 30 sessions of HBOT (2.4 ATA, 90 minutes, 5 times 
a week). Marx et al,24 in another prospective study that 
compared HBOT to penicillin in the prophylactic con-
text of ORNM, also demonstrated the increase and 
long-term maintenance of high transcutaneous oxy-
gen tension in the irradiated tissue after 20 sessions 
of HBOT (2.4 ATA, 90 minutes, 5 to 6 times a week). 
In 1998, London et al,38 using a therapeutic proto-
col practically similar to that of Marx, demonstrated 
clinical benefit in all 16 patients in the study with im-
proved pain patterns. Marx and Ames39 also reported 
the efficacy of HBOT on the viability of osteomyocu-
taneous grafts in previously irradiated tissues with a 
success rate of 91.6%. In 2000, Maier et al40 carried 
out a study with 41 patients with advanced ORNM 
(Marx stage III) treated with or without postoperative 
HBOT (all submitted to debridement and antibiotics) 
with a success rate of 65%. In 2002, Feldmeier and 
Hampson41 published a systematic review analysing 14 
studies and 423 patients, with an overall response rate 
to the treatment of 83.6%.

In 2004, Annane et al42 published the results of the 
only multicentre, randomised, double-blind, place-
bo-controlled study (with a gas mixture of 9% oxygen 
and 91% nitrogen at 2.4 ATA, equivalent to 1 ATA ver-
sus HBOT at 2.4 ATA in the experimental group). The 
data presented did not reveal - as expected - a bene-
ficial clinical effect of using HBOT in treating ORNM. 
However, some criticisms were made (including in a 
Cochrane review)1,5,43,44 to this trial, namely:

• The accepted standard treatment for HBOT in 
ORNM was not followed, having been considered 
an atypical regimen, with 2 daily HBOT sessions for 
a total of 25 sessions, and there was also no uniform 
and precise indication for surgical debridement of 
unviable bone tissue after performing HBOT, contra-
ry to what is reflected in the usual clinical protocols;

• One of the definitions of therapeutic failure deter-
mined in this trial was the need for surgery in the 
subgroup of patients with less severe ORNM when 
it is part of the multimodal therapeutic approach;

• Severe forms of ORNM that include mandibular 
fracture and bone resorption of its lower border 
were not considered, which makes its generalisation 
difficult for these patients;
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• Most patients who have not recovered within 1 year 
would have already demonstrated the absence of a 
proven benefit from previous therapies.

In 2009, Freiberger et al,45 based on the multimodal 
therapeutic approach described by other authors such 
as Marx6,24,35,36,39 and Curi et al,46 reported an overall 
response rate of 88% (57/65 patients) that remained 
stable during the follow-up period with an average 
duration of 86.1 [64.0-108.2] months in non-smok-
ers (n= 20) versus 15.8 [8.4-23.2] months in smokers 
(n= 14). Ideally, the initial therapeutic protocol would 
comprise 30 sessions of HBOT before and 10 after 
surgery. However, the median of HBOT sessions was 
39 [19-55] since not all patients underwent new treat-
ments after the surgical procedure. No correlation 
was established between the total number of HBOT 
sessions and the efficacy of this treatment. Another 
relevant fact of this study was that 72% of patients 
who improved the ORNM with HBOT had previously 
been treated with at least 3 months of conservative 
treatment. On the other hand, some studies have not 
revealed the clinical benefit of HBOT as a complemen-
tary treatment with surgery.47

In 2012, an 8-year prospective follow-up study of 43 
patients with ORNM was published by Hampson et al,48 
in which an overall response rate of 94% was observed 
after an average of 40 [30-60] HBOT sessions (2.4 ATA, 
90 minutes, 5 times a week). In 2015, Tahir et al,49 in 
the largest study carried out in Australasia, aimed to 
assess the efficacy of HBOT in radio-induced lesions. 
In relation to the established ORNM, necrosis of the 
soft tissues of the head and neck and xerostomia, the 
overall response rate to HBOT was 86%, 85% and 64%, 
respectively. The HBOT protocol for these and other 
radio-induced lesions was similar (2.4 ATA, 70 minutes, 
7 times a week), except for the number of sessions that 
varied depending on the clinical indication.

In 2016, Bennett et al,50 in the updated Cochrane 
meta-analysis50 on the efficacy and safety of HBOT 
in treating radio-induced lesions. They reported evi-
dence of moderate quality for the process of reepi-
thelialisation and closure of the mucosa contained in 
the ORNM [risk ratio (RR) of 1.3; 95% confidence in-
terval (CI) 1.1-1.6; p-value= 0.003, number needed to 
treat (NNT) for an additional benefit (NNTB) 5; 246 
patients, 3 studies] and for a lesser probability of cure 
in the postoperative period of ORNM, in case of omis-
sion of adjuvant HBOT (RR 4.2; 95% CI 1.1-16.8, p= 
0.04, NNTB 4; 264 patients, 2 studies) The analysis 
of isolated studies highlights the significant increase 
in the probability of improvement or cure with HBOT 

after hemimandibulectomy (RR 1.4; 95% CI 1.1-1.8, 
p= 0.001, NNTB 5) or flap surgery (RR 8.7; 95% CI 
2.7-27.5, p= 0.0002, NNTB 4). In patients undergoing 
HBOT, there was also an improvement in the prob-
ability of healing irradiated dental alveoli after tooth 
extraction (RR 1.4; 95% CI 1.1-1.7, p= 0.009, NNTB 4).

The more recent HOPON randomised controlled trial, 
conducted by Richard J. Shaw et al (2019),51 challenges 
the long-standing practice of using HBOT to prevent 
ORNM following high-risk surgical procedures in irra-
diated mandibles. All patients received chlorhexidine 
mouthwash and antibiotics. In the HBOT group, pa-
tients underwent 30 HBOT sessions at 2.4 ATA, with 
each session lasting 70 minutes, seven times a week. 
The trial’s primary endpoint was the incidence of 
ORNM at 6 months, and the results showed no signifi-
cant difference between the HBOT and control groups 
(OR 1.13; 95% CI 0.14-8.92, p=1). However, patients in 
the HBOT group experienced milder acute symptoms, 
including reduced pain, swelling, bleeding, improved 
mouth opening, and easier eating.

In 2022, Lone E. Forner et al52 conducted a study that 
combined data from two randomised clinical trials, 
DAHANCA-21 and NWHHT2009-1, to assess the im-
pact of HBOT on ORNM. Patients with ORNM requir-
ing surgical intervention were divided into two groups: 
group 1 received surgical necrotic bone removal in 
conjunction with pre and postoperative HBOT ses-
sions (n=30), while group 2 underwent surgical bone 
removal alone (n=35). One year after surgery, the 
healing rate in group 1 was 70%, compared to 51% 
in group 2 (OR 2.2; 95% CI 0.7-7.0, p=0.13). Howev-
er, the effect of HBOT did not reach statistical signif-
icance, likely due to being underpowered and, there-
fore, susceptible to type II error.

A pilot clinical trial53 is underway to compare HBOT 
(Marx’s protocol)6 to medical treatment with pentoxifyl-
line, tocopherol +/- clodronate (based on the PENTOC-
LO therapeutic regimen)30 in 16 patients with ORNM.

Currently, HBOT is considered by ECHM as a potential 
prophylactic and therapeutic intervention for ORNM 
(degree of recommendation I/ level of evidence B).3

Herein, we report the relevant literature review on the 
pathophysiology of ORNM, clinical presentation and 
different classifications, as well as discuss its manage-
ment, including a proposal for a therapeutic algorithm, 
which takes into account the variables related to the 
patient, institution, and the severity of the clinical con-
text (Fig. 2).
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CONCLUSION
One can conclude that there are several therapeutic 
strategies for this clinical condition, but gold standard 
management has yet to be established. The HBOT is 
often combined with surgery according to Marx ś pro-
tocol or to prevent ORNM when dental extractions or 
implant placement are considered. The most conserv-
ative treatment aims to decrease or delay the need for 
mandibular surgery and improve symptomatic control 
and quality of life. On the other hand, major surgical 
intervention should be considered in severe refractory 
disease with complications.
The authors expect that, shortly, the controversy re-
garding HBOT in ORNM will be dimmed. Further pro-
spective, randomised studies are needed to better 
validate the effectiveness of HBOT in the ‘real world’ 
clinical practice, including the results of the prospec-
tive study comparing HBOT to medicative therapy 
with the PENTOCLO regimen.53
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