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Abstract 
Osteoradionecrosis is a condition in which the nonvital irradiated bone, fails to heal to over for 

three to six months, causing the bone to open and disrupt the mucosa or overlying skin without 
cancer recurrence. Osteoradionecrosis most often occurs at mandibular sites, one of the treatments 
is hyperbaric oxygen therapy (HBOT) but it’s still a contradiction whether HBOT has a good effect 
or not. This study aims to determine the effectiveness of HBOT in osteoradionecrosis of the 
mandible.  

This scoping review was on studies reporting the use of HBOT in osteoradionecrosis of the 
mandible. Search for articles refers to Preferred Reporting Items for Systematic Review and Meta-
analysis (PRISMA) through PubMed and Google Scholar that meet the criteria according to the 
PICO (Population, Intervention, Comparison, Outcome) framework. The filterings were the year 
published, indexed by Scopus, the title and abstract, and the contents of the entire article.  

There were 7 articles related to the administration of HBOT in the treatment of mandibular 
osteoradionecrosis with the majority as multimodality therapy.  

HBOT has a positive role in the healing process of mandibular osteoradionecrosis, especially as 
a multimodality therapy. 
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 Introduction 
 

Head and neck cancer can be cured by 
either surgery, radiotherapy, chemotherapy, 
targeted therapy, or a combination.1 
Approximately 75% of head and neck cancer 
patients require radiotherapy as the main 
treatment, adjunct to surgery, in combination with 
chemotherapy, or as palliation.2 The increase in 
the incidence of head and neck cancer 

malignancy relates to the increased use of 
radiotherapy.3 Radiotherapy is currently one of 
the popular treatments for various types of 
cancer, but radiotherapy can damage normal 
tissue resulting in short-term and long-term side 
effects4 including sialadenitis, mucositis, 
xerostomia, loss of taste sensation, trismus, tooth 
hypersensitivity, infection (especially candidiasis), 
nausea, vomiting, periodontal changes, and skin 
desquamation.5–7 Another complication of 
radiotherapy is an injury to the periosteal blood 
vessels, decreased osteoblast and osteoclast 
activity, and increased adipose tissue and fibrotic 
connective tissue in the bone marrow, resulting in 
decreased blood vessels and cellularity causing 
the bone marrow to become hypoxic and bone 
demineralization that can lead to increased bone 
fragility and osteoradionecrosis.7 
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Osteoradionecrosis (ORN) is a non-
healing condition in the irradiated area so that the 
bone becomes necrotic and causes the area to 
open and disrupt the mucosa or skin that covers 
it without cancer recurrence.3,6,8–10 

Clinically, ORN presents as a painful, 
exposed area of bone with purulent drainage and 
sometimes progresses to fistula formation 
(mucosal or skin).11 ORN occurs when a 
radiation dose is given >60 Gy.  The most 
common location is the mandible6, with incidents 
ranging from 2.6% to 15%. The mandible 
receives limited blood supply only from the 
inferior alveolar and facial arteries, which are 
lesser than the other facial bones.12 The primary 
healing process is not different between ORN 
that occurs in the mandible or maxilla.13 Marx 
described the pathophysiology of 
osteoradionecrosis as an injury to the irradiated 
area that is difficult to heal. Radiotherapy can 
damage healthy cells of the vascular endothelium 
thereby creating conditions of hypoxia, 
hypocellularity, and hypovascularity making the 
damaged tissue can no longer repair itself.14 One 
treatment that can be done is hyperbaric oxygen 
therapy (HBOT), but it’s still a contradiction 
whether HBOT has a good effect or not.15 

There are several staging methods on 
ORN, with Marx's approach remaining the most 
extensively used. The approach is based on a 
sequential treatment strategy in which a patient 
advances through each level after failing more 
conservative treatments. Stage I: exposed 
alveolar bone without pathologic fracture, which 
responds to hyperbaric oxygen therapy, stage II: 
disease does not respond to HBOT, and requires 
sequestrectomy and saucerization, stage III: full 
thickness bone damage or pathologic fracture, 
usually requires complete resection and 
reconstruction with free tissue.16 Notani classified 
ORN patients into grades I, II, and III based on 
the amount of the damage. ORN restricted to the 
alveolar bone was classified as Grade I. ORN in 
Grade II was limited to the alveolar bone and/or 
the jaw above the level of the mandibular 
alveolar canal. ORN with a cutaneous fistula 
and/or a pathologic fracture was classified as 
Grade III.17,18 

HBOT is the use of 100% oxygen at a 
pressure greater than normal atmospheric 
pressure, which is 1 ATA (Absolute Atmosphere), 
1 ATA is equal to 760 mmHg.19–22 HBOT has 
existed since the 1600s, but for decades, its use 

was unfounded.23 HBOT for surgical patients has 
been known since 1956.24 HBOT in dentistry is 
used to help the healing process of mandibular 
ORN of the mandible, increased intraoral wound 
healing and symptom improvement.19,25 
   

Materials and methods 
 
The first step in conducting a 

comprehensive systematic review was to define 
the problem through an organised study. This 
study was a scoping review  using PICO to 
identify research questions: (1) population: 
mandibular osteoradionecrosis patients; (2) 
intervention: administration of HBOT; (3) 
comparison: none, (4) outcome: HBOT plays a 
role in the healing process of mandibular 
osteoradionecrosis.  

Inclusion/Exclusion Criteria 
The eligibility criteria were determined by 

inclusion and exclusion criteria. The inclusion 
criteria in this study were articles discussing the 
benefits of hyperbaric oxygen therapy, 
osteoradionecrosis, and osteoradionecrosis of 
the mandible, published in 2011-2021, written in 
English and indexed by Scopus. The exclusion 
criteria were HBOT as a preventive therapy, 
animal studies, and review articles. Article 
screening was carried out in four stages, 
including (1) excluding articles published under 
2011; (2) selecting articles indexed by Scopus 
journals; (3) selecting titles and abstracts that are 
not relevant; (4) reading the entire contents to 
see the correlation with the topic. Selected 
articles were analyzed using thematic methods 
(identifying, analyzing, and reporting in the form 
of conclusions). 
 

 
Figure 1. Preferred Reporting Items in 
Systematic Reviews and MetaAnalyses 
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(PRISMA) Flowchart 
 

Systematic Literature Search 
The data was achieved from the PubMed 

and Google Scholar search engines indexed by 
Scopus following the PRISMA (Preferred 
Reporting Items for Systematic Review and 
Meta-Analysis) flow scheme. The keywords used 
in the PubMed search engine are “((((hyperbaric 
oxygen therapy) OR (HOT)) OR (HBOT)) OR 
(Hyperbaric Oxygen Treatment)) AND 
((((((((osteoradionecrosis)) OR (jaw 
osteoradionecrosis) )) OR (osteoradionecrosis of 
the jaw)) OR (osteoradionecrosis in dentistry)) 
OR (dental osteoradionecrosis)) OR (Mandibular 
Osteoradionecrosis)) OR (mandible 
Osteoradionecrosis))). The search strategy 
carried out on the Google Scholar search engine 
used the hand-searching method with the search 
terms: (1) with all words: osteoradionecrosis, 
mandible, hyperbaric; (2) with at least one word: 
adjunctive, efficacy; (3) where the word appears: 
anywhere in the article; (4) articles dated 
between 2011 – 2021. 

Evaluation of the Included Articles' 
Quality 

The collected articles were subjected to a 
quality assessment or critical appraisal in order to 
systematically examine and understand the 
research's validity, conclusions, and importance. 
The following criteria were used to assess the 
research' internal and external validity: 
descriptive bias, selection bias, measurement 
bias, analytic bias, and interpretation bias. Three 
reviewers (not including the authors) 
independently assessed the quality of all 
included papers. The National Institutes of Health 
(NIH) quality assessment criteria were used to 
determine whether the quality was "good," "fair," 
or "poor", as shown in Table 1. 
 

Results 
 
From the search results on the PubMed 

search engine, 369 articles were found and 1 
article from the hand-searching on Google 
Scholar. Initial screening (not been published in 
the last 10 years and available in full text) 
resulted in 99 articles. The second screening 
(indexed in Scopus) obtained 72 articles. The 
next screening was done by selecting titles and 
abstracts so that a database of 26 articles was 
obtained. Articles that were excluded for 
irrelevant reason, so that the final database was 
7 articles. 

Gupta et al25 conducted a study on 33 
patients with a history of radiation therapy for 
head and neck cancer for stage I mandibular 
ORN based on Marx's classification. HBOT is 
administered once daily in a multiplace chamber 
at 2.4 atmospheres absolute pressure (ATA) for 
90 minutes, 6 days a week for up to 30 
consecutive sessions along with wound care and 
supportive care. The study showed that 16 
patients (48%) had complete wound healing, 6 
patients (18%) showed significant improvement, 
8 patients (24%) had slight improvement, and 3 
patients (9%) had no change. The HBOT 
resulted in a significant reduction in pain (70%), 
improvement in eating ability, reduced oral 
dryness, improved speaking and improved 
speech and jaw opening. Changes in overall 
well-being as ‘good’ recovery was observed in 
33% (n = 11), ‘moderate’ recovery in 52% and 
‘poor’ recovery in 15% (n = 5) cases. The poor 
recovery may be due to 3 patients only 
performing HBOT without continuing surgical 
treatment, one patient receiving irregular HBOT 
sessions, and one patient having tumour 
recurrence. 
 

Author(s) 
(Year) Study Design Title Sample 

Method 
Result 

Biased 
Examination 

HBOT Treatment Other Treatment 
Gupta et al.25  
(2013) 

Retrospective 
Study 

A Retrospective 
Study of Outcomes 
in Subjects of Head 
and Neck Cancer 
Treated with 
Hyperbaric Oxygen 
Therapy for 
Radiation-Induced 
Osteoradionecrosis 
of Mandible at a 
Tertiary Care 
Centre: An Indian 
Experience 

n = 33 mandibular 
ORN patients 
(Marx stage 1)  

100% O2, 2.4 ATA, 
90 mins, 30 
sessions, six days 
every week 

Conservative care, 
wound care, and 
supportive care. 

a) Intraoral wound healing. 
- Complete  = 48% 
- Significant = 18% 
- Slight = 24% 
- No change = 9% 

b) Improvement of symptoms 
- Pain reduction = 70% 
- Eating ability = 52% 
- Dryness = 71%  
- Speaking = 41%  
- Jaw opening = 62% 

c) Overall Welfare Change 
- Good = 33% 
- Enough = 52% 
- Bad = 15%  

Good 
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Jenwitheesuk 
et al.6 
 (2018) 

Retrospective 
Study 

Efficacy of 
Adjunctive 
Hyperbaric Oxygen 
Therapy in 
Osteoradionecrosis 
 

n = 84 mandibular 
ORN patients (all 
stages) 

100% O2, 2.4 ATA 
Duration = 90 mins 
Total sessions = 30 
 (20 before and 10 
after the action) 

Tooth extraction for 
stage 1 and 2 
mandibular ORN and  
bone debridement for 
stage 3 

HBOT plays a significant role 
in stage 1 and 2 mandibular 
ORN. 
Stage 3 mandibular ORN has 
a negative correlation with 
the amount of HBOT 
administration. 

Good 

Jenwitheesuk 
et al.26  
(2021) 

Case-control 
study 

Is Adjunctive 
Hyperbaric Oxygen 
Treatment Alone or 
with Surgery the 
Proper 
Management for 
Active and 
Persistent 
Osteoradionecrosis
? 
 

n = 61 
Active, persistent, 
or stage III Marx. 
mandibular ORN 

O2  level = 100% 
O2  
Pressure = 2.4 
ATA 
Duration = 90 mins 
Total sessions = 40 
(30 before and ten 
after surgery) 

Antibiotics and 
sequestrectomy, 
bone resection and 
reconstruction, 
reconstruction of 
fascia, or muscle 
flaps, 
fistulectomy. 

30 patients recovered 
31 patients did not recover 
during the study period 
with nine delayed operations 

Good 

Dieleman et 
al.10  
(2016) 

Retrospective 
Study 

The efficacy of 
hyperbaric oxygen 
therapy related to 
the clinical stage of 
osteoradionecrosis 
of the mandible 

n = 27 
(all stadiums 
Notani et.al) 

O2  level = 100% 
O2 

Pressure = 2.4 
ATA 
Duration = 90 mins 
Total sessions = 40 
(30 sessions before 
and ten after 
surgery) 

HBOT followed by 
surgical debridement 
and antibiotics before 
surgery 

Recovered after HBOT only 
= 3 cases 
HBOT and surgery = 15 
cases 
Requires next operation = 12 
cases 
The patient has stable 
disease = 1 case 
 
With final result = 
11 stage 1 = all healed 
8 stage 2 = all healed 

Good 

D’Souza et 
al.17  
(2014) 

A Retrospective 
chart 

Changing trends 
and the role of 
medical 
management of the 
mandible: 
experience from a 
regional head and 
neck unit 

n = 71 
All Notani stadiums 
 
HBOT 
Stage I = 9 
Stage II= 8 
Stage III= 11 

N/A Flap free 
reconstruction 

HBOT only 
Stage I = 5 cured, three 
stable, 1 ORN 
Stage II = 5 cured, 3 ORN 
Stage III = 2 cured, six 
stable, 3 ORN 
 
Partially with free flap 
reconstruction 
Stage I = 1 out of 1 cured 
Stage II = 5 out of 6 cured, 1 
ORN 
Stage III = 2 out of 8 cured, 
six stable 

Good 

Skeik et al.27 
(2014) 

A retrospective 
review 

Hyperbaric Oxygen 
Treatment 
Outcome for 
Different 
Indications from a 
Single Center 

Mandibular ORN 
n = 23 

O2  level = 100% 
O2  
Total sessions = 
median 30 (24-40 
sessions) over 39-
64 days 

N/A The condition of mandibular 
ORN had the highest 
success rate of 95.7%, and 
only 1 out of 23 patients 
failed to respond to HBOT 
administration. 

Good 

Hampson et 
al.28  
 (2011) 

Prospective 
Assessment 

Prospective 
Assessment of 
Outcomes in 411 
Patients Treated 
With Hyperbaric 
Oxygen for Chronic 
Radiation Tissue 
Injury 

Chronic radiation 
tissue injury n = 
411 

100% O2 , 2.36 
ATA, 90 mins 
Total sessions = 30 
– 60 treatments 
maximum 

N/A Positive results in 94% of 
mandibular ORN patients  
with 73% cured, and 21% 
significantly improved 

Good 

Table 1. Research Data Related To Hyperbaric Oxygen Therapy And Mandibular Osteoradionecrosis. 
 

Jenwitheesuk et al6 conducted a study of 
84 patients with mandibular ORN comprised of 
stage I (n = 53), stage II (n = 7), and stage III (n = 
24). The surgical procedure for patients with 
stage I and II mandibular ORN was tooth 
extraction, while stage III was bone debridement. 
All of the patients got 2.4 ATA-90 minutes HBOT 
in the monoplace chamber as additional 
prophylactic therapy every day for 20 sessions 
before undergoing surgery and 10 sessions after 
the surgical procedure. HBOT had a significant 
role in improving wound healing in patients with 
stage I and II mandibular ORN. Stage III 
mandibular ORN showed a negative correlation 
with the number of HBOT sessions (p = 0.001, 

incidence ratio = 0.85 ). Stage II mandibular ORN 
required more sessions of HBOT, whereas stage 
III required fewer sessions because had been 
initiated with the debridement. 

Jenwitheesuk et al26 conducted a 
retrospective case-control study for patients 
diagnosed with stage III mandibular ORN. The 
three main treatments are specific surgical 
treatment, HBOT, and antibiotics. The surgical 
included sequestrectomy, bone resection and 
reconstruction, reconstruction of fascia or muscle 
flaps, and fistulectomy. The patients were 
administered HBOT according to Marx's protocol 
(HBOT daily at 2.4 ATA for 90 minutes in a 
monoplace chamber for 30 days before surgery 
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and 10 after surgery). Of the 61 stage 3 ORN 
patients, 30 recovered and 31 did not recover. 
Nine patients from the group who did not recover 
decided not to have surgery and believed that 
HBOT alone could solve the problem. 
Jenwitheesuk et al26 concluded that HBOT alone 
was not sufficient for healing. HBOT only 
improved in terms of reducing pain, swelling, 
wound repair, and wound size but did not 
completely cure mandibular ORN.  

Dieleman et al10 conducted a study to 
evaluate the efficacy of HBOT and surgery in the 
treatment of mandibular ORN. Twenty-seven 
ORN patients who had a history of primary oral 
or tongue base cancer were treated with a 
radiation dose of 50 Gy. HBOT was administered 
in 30 preoperative and another 10 sessions of 
HBOT were administered if the HBOT alone the 
lesion did not heal. Eleven of the 27 cases of 
mandibular ORN were Notani stage I, 8 were 
stage II, and 8 were stage III. An important 
finding of this study was that HBOT appeared to 
be useful for stage I and II mandibular ORN, but 
maybe less useful for stage III. Stage III 
mandibular ORN were successfully treated by 
extensive surgery. Based on the results of this 
study, HBOT can be recommended for stage I 
and II mandibular ORN and certain cases of 
stage III.  

D'Souza et al17 conducted a retrospective 
review study on 71 patients with mandibular ORN 
at all stages according to Notani et al.18 The 
study was conducted by comparing the initial 
conservative treatment consisting of debridement 
and HBOT with medicament management. It was 
concluded that HBOT gave positive results in 
stages I and II either as a single therapy or a 
combination with free flap reconstruction. Only 
one patient in stage II had a recurrence. However, 
in stage III, HBOT healed only four patients. 

Skeik et al27 conducted a retrospective 
review of mandibular ORN patients receiving 
HBOT. Mandibular osteoradionecrosis had a 
success rate of 95,7% and only 1 out of a total of 
23 patients failed to respond to HBOT 
administration. This study also presents a 
systematic review of 14 published studies that 
found that 84% of 371 patients with mandibular 
ORN showed improvement after HBOT. 

Hampson et al28 performed a prospective 
assessment in 411 patients treated with HBOT 
for chronic radiation tissue injury. HBOT is 
administered at 2 - 2.36 ATA for 90 minutes. 

Patients received 20 preoperative care and 10 
postoperative care. Outcomes of treatment were 
classified into: 1) cured (90-100% improved); 2) 
significantly improved (50-89% experienced 
improvement); 3) improved (0-49% experienced 
improvement); 4) no change (0% improvement); 
and 5) worse. This study showed that 59% of 
patients recovered, 28% of patients were 
significantly improved, 7% of patients were 
improved, and 6% of patients were not repaired. 
No patients got worsened during therapy.  

 
Discussion 
 
Radiotherapy is one of the treatment 

modalities for head and neck cancer that uses 
high doses of radiation to target cancer cells and 
shrink tumours, but it may also damage normal 
cells surrounding the irradiated cancer cells29, but 
it may also damage normal cells surrounding the 
irradiated cancer cells.30 Radiotherapy causes 
the fibroblastic activity to be activated and 
dysregulated, resulting in tissue atrophy.31 
Radiotherapy can potentially damage endothelial 
cells directly or indirectly by affecting the 
formation of reactive oxygen species (ROS).32 
Endothelial cells that have been injured create 
chemostatic cytokines, which cause an initial 
inflammatory response and the generation of 
ROS.31 Endothelial cell destruction combined 
with vascular thrombosis can result in endarteritis, 
blood circulation disruption, constriction of the 
arterial lumen, a decrease in oxygen and 
nutrients, and hypoperfused, hypoxic, 
hypovascular, and hypocellular tissues. This is 
the primary mechanism for persistent tissue 
damage.28 Microvascular necrosis, local ischemia, 
and tissue loss can all be caused by 
radiotherapy.2 
 ROS-mediated cytokines including tumour 
necrosis factor (TNF-a), platelet-derived growth 
factor (PDGF), fibroblast growth factor-B, 
interleukins 1, 4, and 6, transforming growth 
factor B1 (TGF-1) and connective tissue growth 
factor triggers irregular fibroblasts and maintain a 
myofibroblast phenotype2,15 characterized by 
very high rates of proliferation, secretion of 
abnormal products from the extracellular matrix, 
and decreased ability to degrade it.31 The 
imbalance between synthesis and degradation in 
irradiated tissue is most pronounced in bone.15 
The failure of osteoblasts to repopulate and 
overproliferate myofibroblasts following 
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irradiation can diminish bone matrix and cause it 
to be replaced by fibrous tissue.2,15 ORN 
microradiography analysis reveals four possible 
mechanisms of bone destruction: progressive 
osteoclast resorption mediated by macrophages 
without osteogenesis; periosteocytic lysis, a 
pathognomonic feature of osteoradionecrosis; 
extensive demineralisation caused by external 
stimuli such as saliva and bacterial products; and 
accelerated bone ageing.31 Even decades after 
radiotherapy, myofibroblasts suffer apoptosis. 
ORN is caused by fragile cellular tissue with 
aberrant myofibroblasts.33 Mandibular ORN 
occurs following radiotherapy for head and neck 
cancer, which is frequently performed in the 
mandibular area.34 
 The Marx classification of mandibular 
ORN is divided into three stages based on 
therapy response, such as HBOT. Stage I 
includes exposed alveolar bone with no 
pathological fractures that respond to HBOT; 
stage II does not respond to HBOT and 
necessitates sequestrectomy and cauterisation; 
and stage III consists of full-thickness bone 
damage or pathologic fractures that necessitate 
complete resection and reconstruction with free 
tissue.35 Notani classified mandibular ORN into 
three stages: stage I (alveolar bone primarily), 
stage II (alveolar bone and/or mandible above 
the inferior alveolar canal), and stage III 
(mandible below the inferior alveolar canal, skin 
fistula, and/or pathological fracture).18,36 
 ORN-related risk factors, which include 
the primary site of cancer (more commonly the 
posterior mandible due to its dense bony nature), 
the proximity of the tumour to the bone, how far 
the mandible is included in the primary radiation 
field, poor oral hygiene including odontogenic 
and periodontal disease, state of dentition, 
radiation dose above 60 Gy, nutritional status, 
concomitant chemo-radiation, chronic trauma 
from poorly-tailored prostheses, and acute 
trauma following jaw surgery.16 

Some hypotheses contend that ORN is a 
complicated metabolic and tissue homeostatic 
insufficiency caused by radiation-induced cellular 
destruction rather than an underlying infection of 
the irradiated bone. Meyer suggested a radiation, 
trauma, and infection hypothesis and reported 
that oral microbial flora penetrates the underlying 
irradiated bone following injury.37 Endothelium, 
bone, and periosteum have all been 
demonstrated to become hypoxic, hypocellular, 

and hypovascular as a consequence of ORN.38 
The typical sequence of radiation, trauma, and 
infection, according to this idea, can be replaced 
by a series of metabolic and cellular alterations in 
which cellular death and collagen lysis outweigh 
synthesis and cellular multiplication, leading to 
chronic non-healing wounds.39 

An intriguing concept known as the "fibro-
atrophic theory" has recently emerged, and it 
argues that in response to radiation exposure, 
fibroblast populations not only suffer total cellular 
destruction but also show a diminished ability to 
synthesise and secrete collagen into the 
surrounding tissue. This approach relies on the 
idea that osteoclasts are damaged by radiation 
before vascular changes develop.37,40 As a result, 
the stimulation and deregulation of fibroblastic 
activity, which leads to atrophic tissue inside a 
previously irradiated area, is the fundamental 
event in the course of ORN.37 The prefibrotic 
phase, constitutive organised phase, and late 
fibroatrophic phase are the histopathologic 
phases of ORN development. Changes in 
endothelial cells are predominant in the initial 
prefibrotic phase, along with the acute 
inflammatory response; in the constitutive 
organised phase, abnormal fibroblastic activity 
predominates, and the extracellular matrix is 
disorganised; and in the late fibroatrophic phase, 
tissue remodelling occurs, along with the 
formation of fragile healed tissues, which carry a 
serious inherent risk of late reactivated 
inflammation in the event of local injury.16,40 

Endothelial cells get damaged after 
radiotherapy due to both direct radiation damage 
and indirect damage caused by radiation-
generated reactive oxygen species or free 
radicals. Injured endothelium cells produce 
chemotactic cytokines, which initiate an initial 
inflammatory response and cause polymorphs 
and other phagocytes to release reactive oxygen 
species. Endothelial cell degeneration, along with 
vascular thrombosis, results in microvessel 
necrosis, local ischemia, and tissue loss. When 
the natural endothelial cell barrier fails, different 
cytokines are released, causing fibroblasts to 
transform into myofibroblasts.16 

ORN treatment can be challenging and 
not always successful due to a lack of 
appropriate, effective methods corresponding to 
the varied lesions of the oral cavity and jaw, as 
well as various risk factors. ORN of the jaw is 
usually treated conservatively or surgically. 
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During infectious periods, conservative 
treatments include periodic saline irrigation and 
antibiotic medicines. Hyperbaric oxygen therapy 
(HBOT) is another conservative technique. 
These options for therapy are determined based 
on the stages of ORN, with a focus on the 
effective treatment of early and advanced ORN. 
Stage I ORN is treated conservatively with 
therapy such as local wound care, HBOT, and 
antibacterial medicines. Stage III ORN is 
surgically treated with broad excision and 
immediate microvascular reconstruction. It is 
difficult to offer a definitive treatment procedure 
for stage II, moderate stage ORN.16,30,41,42 

Antibiotics should always be started 
following bacterial identification and sensitivity 
testing, and surgical delays should be avoided. 
Until bacterial identification is available, penicillin 
plus metronidazole or clindamycin is usually used. 
Previous clinical studies have demonstrated that 
the polymicrobial character of ORN results in a 
microflora range that is highly sensitive to the 
therapy regimens often used to treat odontogenic 
infections. Wound debridement, which involves 
the removal of infected and devitalized teeth and 
associated soft tissues, sequestrectomy, which 
involves the removal of devitalized bony 
fragments or an involucrum of the jaw, 
decortication, which involves the removal of 
lateral and inferior cortical plates of bone to gain 
access to the infected medullar cavity, and 
resection with health bony margins with 
immediate or delayed reconstruction.16,41 

HBOT is widely believed to improve 
surgical outcomes by stimulating angiogenesis in 
irradiated tissues. HBOT not only improves the 
oxygen supply in hypoxic tissue, causing 
fibroblastic proliferation and capillary 
development, but it also improves tissue 
vascularity, viability, and regenerative capacity. 
HBOT generates these outcomes most likely by 
an intricate number of alterations in impacted 
tissues. The osmotic physiological effect of 
oxygen presumably reduces tissue swelling, and 
the steep oxygen gradient generated across an 
irradiated tissue edge promotes the formation of 
new blood vessels. Furthermore, increasing 
oxygen levels promotes white blood cell and 
fibroblast function, which aids in wound healing.16 
 Administration of 100% oxygen at a 
pressure of 2.4 atmospheres increases the 
oxygen pressure in the blood up to 17 times.43 
Dalton and Henry's theory shows how the 

physiological effects of HBOT alter the oxygen 
concentration in plasma and help hemoglobin 
reach its full oxygen-carrying capacity.44 Henry 
stated that the amount of oxygen that can be 
dissolved in the plasma is proportional to the 
partial pressure of oxygen (PO2).45 The oxygen-
carrying capacity of blood depends on the 
oxygen bound to hemoglobin and the dissolved 
oxygen in the plasma, one gram of hemoglobin 
can bind 1.39 mL of oxygen. The amount of 
oxygen that can be dissolved in the plasma is 
proportional to the partial pressure of oxygen 
(PO2). HBOT dramatically increases the partial 
pressure of oxygen resulting in the increased 
dissolved oxygen component in the blood. The 
dissolved oxygen fraction under hyperbaric 
conditions may be as 20 times higher than in 
normal conditions.44 During HBOT, oxygen 
pressure in arterial blood can increase up to 
2000mmHg (~266.6 kPa)46 causing increased 
blood and tissue oxygen levels, infection control, 
stimulation of angiogenesis, increased collagen 
deposition, and reduced edema and 
inflammation.46,47  

HBOT increases oxygen supply and 
stimulates neovascularization25 but has a side 
effect of the increase of reactive species 
production which can be positive or negative 
effects depending on intracellular concentration 
and localization.48 HBOT stimulates fibroblast 
proliferation, and stem cell activation8,43, restores 
impaired leukocyte function. The production of 
ROS, reactive nitrogen species (RNS), and nitric 
oxide (NO) plays a role in VEGF synthesis48 so 
theoretically it contributes to promoting wound 
healing as well as bone remodelling.49 HBOT is 
rarely used as the sole treatment modality but is 
more commonly used as a surgical adjunct.50 

Based on the present review, two studies 
were conducted in uncategorized ORN. The 
study by Skeik showed that HBOT as adjunctive 
therapy gave excellent results to 95.7% of 
mandibular ORN patients.27 Meanwhile, the study 
of Hampson et al reported positive results in 94% 
of mandibular ORN patients.28 

Five articles classifying mandibular ORN 
into 3 stages, gave positive results in each stage 
after administration of HBOT. Stage I gave the 
best results (Gupta et al25, Jenwitheesuk et al6, 
Dieleman et al10 and D'Souza et al17) to the 
administration of HBOT, especially as stage I 
was the multimodality therapy. HBOT is not 
effective as a single therapy in stage II  but it 
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gives good results when followed by minimal 
surgical treatment. Dieleman et al10 showed that 
stage II only experienced an improvement in 
symptoms when HBOT was administered with 
antibiotics and surgical debridement. 
Jenwitheesuk et al6 used HBOT as additional 
prophylaxis before and after tooth extraction. 
D'Souza et al17 recommended the addition of free 
flap reconstruction to HBOT. The lesions in stage 
II began to be more severe and there was the 
development of a sequestrum, so other 
treatments such as conservative and minimal 
surgery were needed. HBOT alone is not 
recommended at stage III but requires other 
treatments, especially extensive surgery. It is 
following the study of Jenwitheesuk et al26 which 
stated HBOT improved only in terms of 
decreasing pain, swelling, repair of lesions, and 
size of the lesion. Mandibular ORN was not 
completely healed and recommended other 
treatment modalities including antibiotics and 
extensive surgical treatment such as 
sequestrectomy, bone resection and 
reconstruction, fascia or muscle flap 
reconstruction, and fistulectomy. Dieleman et al 
and D'Souza et al showed that stage III did not 
respond to HBOT alone. The optimal results will 
be achieved when HBOT is combined with 
extensive therapy, because this stage has a very 
severe and complex level of damage with the 
presence of an overall loss of mandibular bone 
density, fistula or may be followed by 
pathological fracture. HBOT only acts as an 
additional therapy that promotes and helps the 
healing process after surgery. 

According to Marx, mandibular ORN is a 
complex tissue metabolic deficiency caused by 
radiation-induced cellular injury with the 
formation of hypoxic, hypocellular, hypovascular 
tissue, and persistent hypoxia-driven tissue 
damage that can lead to chronic irreversible 
injury. Hypoxia can be defined as tissue that fails 
to receive adequate amounts of oxygen. The 
term hypoxia quantitatively relates to organs, 
tissues, and even cell types. The state of hypoxia 
indicates an oxygen imbalance so that basic 
functions are disrupted. The tissue damage in 
mandibular ORN is driven by hypoxia.  

HBOT alone usually can not heal the 
ORN because HBOT can only be compromised 
by living tissue. So necrotic bone or damaged 
soft tissue must still be removed with 
conservative therapy (irrigation, antibiotics, and 

local debridement). Therefore, HBOT is an 
adjunct therapy and not a “stand-alone” 
therapy.36,45 The administration of HBOT alone 
does not eliminate the need to complete the 
healing process with conservative therapy 
(irrigation, antibiotics, and local debridement) or 
surgery. Local or surgical debridement is used to 
clean or remove necrotic bone, as all necrotic 
bone needs to be removed. This is consistent 
with research data suggesting HBOT plays an 
optimal role when given as a multimodality 
therapy. 

The limitation of this study is that the 
majority of articles are retrospective studies of 
mandibular osteoradionecrosis with HBOT. The 
existence of these limitations can be used as an 
opportunity for further experimental research that 
can clinically prove the role of HBOT in the 
healing process of mandibular 
osteoradionecrosis. 

 
Conclusions 
 
Beyond the limitation of this present 

review, it can be concluded that HBOT has a 
positive role in the healing process of mandibular 
ORN, especially as a multimodality treatment. 
HBOT plays a positive role in each stage of 
mandibular ORN. HBOT gives the best result in 
stage I ORN. HBOT combined with minimal 
surgery gives good results in stage II mandibular 
ORN. Extensive surgery is needed when HBOT 
is administered in stage III ORN to assist in 
repair, control symptoms, and promote the 
healing process. 
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