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Hyperbaric oxygen therapy and osteonecrosis
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Osteonecrosis of the jaw may be caused by radiation,
medication, or infection. Optimal therapy requires a
multimodal approach that combines surgery with adju-
vant treatments. This review focuses on the use of
adjunctive hyperbaric oxygen therapy for this condition.
In addition to evidence regarding the basic and clinical
science behind hyperbaric oxygen therapy, controver-
sies in the field and economic implications are
discussed.

Oral Diseases (2017) 23, 141151

Keywords: therapies;
osteonecrosis

wound healing; hyperbaric oxygen;

Introduction
This review will discuss clinical, mechanistic, and
economic data regarding radiation- and medication-

induced osteonecrosis of the jaw and highlight some cur-
rent controversies in the field. It will also discuss the
mechanisms of hyperbaric oxygen (HBO,) therapy as they
relate to these conditions.

Osteoradionecrosis of the Jaw (ORN)

Background

Osteoradionecrosis of the Jaw is a delayed complication
of radiation therapy presenting months to years after the
treatment for head and neck cancers (Epstein e al, 1987;
Balogh and Sutherland, 1989; Lee ef al, 2009; O’Dell and
Sinha, 2011). Prevalence varies with the total dose of head
and neck irradiation. ORN below the doses of 60 Gray
(Gy) radiotherapy is uncommon, but increases in a dose-
dependent fashion over 60 Gy (Cheng and Wang, 1974;
Bedwinek et al, 1976; Morrish et al, 1981; Beumer et al,
1984; Emami et al, 1991; Thorn er al, 2000; Lee et al,
2009). A reasonable estimate of ORN prevalence in the

Correspondence: Peter Ceponis, MD, PhD, Dip. Sport Med, Center for
Hyperbaric Medicine & Environmental Physiology, Duke University
Medical Center, 40 Duke Medicine Circle, Durham, NC 27710, USA.
Tel: 919 684 6726, Fax: 919 684 6002, E-mail: Peter.Ceponis @duke.edu
Received 23 March 2016; accepted 24 March 2016

irradiated population is 5-15% (Cheng and Wang, 1974;
Bedwinek et al, 1976; Murray et al, 1980; Morrish et al,
1981; Marx, 1983b; Epstein et al, 1987; Wong et al,
1997) (Balogh and Sutherland, 1989; O’Dell and Sinha,
2011). Prevalence also varies with the radiation delivery
method and adherence to dental hygiene protocols. Inten-
sity-modulated radiotherapy combined with a careful
hygiene and extraction practice may lower the rates of
ORN (Sulaiman et al, 2003) (Ben-David et al, 2007;
Ahmed et al, 2009). Mean time from the cessation of
radiotherapy to the onset of ORN varies, but is reported at
between 22 and 47 months (O’Dell and Sinha, 2011). The
development of symptomatic ORN is frequently preceded
by dental trauma or extraction (Marx, 1983b), although
1048% may be spontaneous cases (O’Dell and Sinha,
2011). When ORN occurs, it resolves in approximately
85% of patients with postirradiated, exposed mandibular
bone through a conservative management alone (Million
and Cassisi, 1994).

The fibro-atrophic and destructive vascular effects of
head and neck radiation therapy manifest along a wide
spectrum. Inside the oral cavity, any combination of dys-
geusia, pain, paresthesia, exposed bone, gingival ulcera-
tion, poor dentition, fractured teeth, pathologic mandibular
fracture, xerostomia, and orocutaneous fistula with associ-
ated discharge may be found. Palpation of soft and bony
tissue may elicit pain (O’Dell and Sinha, 2011; Turner
et al, 2013; Omolehinwa and Akintoye, 2016). Soft tissue
woody fibrosis may be apparent, with severe cases experi-
encing a reduced range of motion at the temporomandibu-
lar joint or cervical spine. Serial photographs to document
lesion progress throughout care are prudent (Ettorre et al,
2006; Schaaf et al, 20006).

Mechanistic data

Osteoradionecrosis of the Jaw results from radiation-
induced vascular fibrosis and thrombosis (Bras et al, 1990),
marrow damage, death of lacunar osteocytes, and a subse-
quent impairment of bone and soft tissue healing (Wong
et al, 1997; Jacobson et al, 2010). Initial theories focused
on the anti-angiogenic effects of radiation (Teng and Futran,
2005). However, recent work suggests that stem cell deple-
tion and radiation-induced fibrosis cause a combination of
fibrosis and atrophy, the ‘fibro-atrophic effect’. (Lyons and


info:doi/10.1111/odi.12489
info:doi/10.1111/odi.12489

HBO2 and ORN
P. Ceponis et al

142

Ghazali, 2008; Lyons et al, 2014) (Feldmeier, 2012; Rice
et al, 2015). A concurrent cascade of cytokine release, par-
ticularly transforming growth factor beta (Fleckenstein
et al, 2007), causes additional inflammation, tissue damage,
and a decreased capacity for healing (Delanian and Lefaix,
2007; Omolehinwa and Akintoye, 2016). The use of
tobacco products (Freiberger er al, 2009) or alcohol (Oh
et al, 2009) also impedes healing.

Clinical data

HBO, therapy for ORN. HBO, therapy is endorsed to
treat the late effects of radiation therapy in a variety of
affected tissues including the jaw (Bennett et al, 2012;
Feldmeier, 2012; Undersea and Hyperbaric Medical
Society. Hyperbaric Oxygen Committee and Weaver).
However, HBO, is adjuvant therapy for ORN and is not
recommended without concomitant surgery (Marx and
Ames, 1982; Marx, 1983a; Peleg and Lopez, 2006;
Freiberger et al, 2009). HBO, as a treatment for ORN
was first reported by Mainous in the 1970s (Mainous
et al, 1973; Mainous and Hart, 1975). A randomized
prospective trial then demonstrated an ORN incidence of
5.4% in a group pretreated with HBO, vs 29.9% in those
pretreated with penicillin prior to dental extractions (Marx
and Ames, 1982: 478; Marx et al, 1985). Infection was
not the cause of ORN, but rather extraction-related trauma
to a fibro-atrophic and hypovascular irradiated mandible
(Marx, 1983b). Retrospective data support the use of
HBO,. A 2002 review of 14 papers (13 case series and 1
small RCT) confirmed a role of HBO, therapy in ORN in
all but one paper reviewed (Feldmeier and Hampson,
2002). An additional analysis from 2009 (Freiberger et al,
2009) reported that 57 of 65 (87%) of similar ORN
patients treated with HBO, maintained a long-lasting
improvement out to a mean of 86 months if they
remained cancer and tobacco free. A recent, 411 patient
dataset prospectively collected over 8 years found that
92% of 166 patients undergoing a 20/10 (pretreatment/
post-treatment) HBO, protocol for dental extractions in an
irradiated jaw and 73% of 43 patients undergoing a 30/10
protocol around ORN surgery showed complete healing
(Hampson et al, 2012). A 2012 Cochrane review of 11
trials encompassing 669 subjects found that HBO, therapy
was likely to result in mucosal coverage for ORN patients
(risk ratio (RR) 1.3; 95% confidence interval (CI) 1.1-1.6,
P = 0.003, the number needed to treat for an additional
beneficial outcome 5) (Bennett er al, 2012).

Controversy regarding the utility of HBO, for ORN. Not
all retrospective reviews agree on the utility of HBO,
therapy for ORN. In a 2011 review of 19 articles, the
authors determined that while prophylactic HBO, therapy
appeared to reduce the risk of developing ORN after tooth
extractions, the conclusions were ‘based on weak
evidence’ (Nabil and Samman, 2011). A systematic
review by Fritz et al (2010) also stated that there was
insufficient evidence from 14 articles to prove that HBO,
therapy reduced ORN incidence after tooth extractions,
although only half of studies cited actually tested HBO,,
making any conclusion on HBO,’s efficacy inherently
weak.
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A highly criticized randomized controlled trial (RCT)
by Annane et al (2004) did not support the use of HBO,.
However, the methodology and endpoints were flawed.
Sixty-eight subjects were enrolled from 12 different hospi-
tals, making adherence to one standard of care unachiev-
able. HBO, treatment schedules were not provided, and
one quarter of the treated subjects received less than 22
sessions, a subtherapeutic dose without a statistical power
to find a difference between therapies (Moon et al, 2005).
These flaws enabled the report of a lower ORN resolution
rate in the hyperbaric group (19%) than in the control
group (32%) (Feldmeier et al, 2005) (Freiberger and
Feldmeier, 2010). This observation is not seen in clinical
practice, suggesting a selection bias in group assignment
with more severely affect subjects being assigned to
receive HBO,. Most concerning, however, was the deci-
sion to define treatment failure as the need for surgery.
HBO, is recommended as an adjunct to surgery, not as a
sole therapeutic modality (Undersea and Hyperbaric Medi-
cal Society. Hyperbaric Oxygen Committee and Weaver).
The 2004 trial confirmed what the field already knew:
‘HBO, therapy does not obviate the need for complete
surgical debridement’ (Feldmeier et al, 2005) and that
‘necrotic bone cannot be resuscitated by any therapy,
let alone hyperbaric oxygen’ (Moon et al, 2005). Addi-
tional data are forthcoming. An ongoing randomized trial
called Hyperbaric Oxygen for the Prevention of Osteora-
dionecrosis (HOPON) will compare patients receiving oral
antibiotics and mouthwashes, with or without a 20/10
hyperbaric oxygen therapy protocol, pre- and postproce-
dure (available at: www.Ictu.org.uk).

Other therapies for ORN. Other medical therapies for
ORN are in development. Pentoxifylline is a medication
that increases erythrocyte flexibility to optimize the
microcirculatory flow and is tolerated clinically up to
60 weeks (Fan er al, 2014). It also has antitumor necrosis
factor alpha effects, causes vasodilation, inhibits human
dermal fibroblast proliferation and extracellular matrix
production, and increases collagenase activity (Fan et al,
2014). Tocopherol is a fat-soluble antioxidant with
vitamin E activity that protects cell membranes from lipid
peroxidation, and can inhibit transforming growth factor
betal and pro-collagen gene expression (Fan et al, 2014).
Clodronate is a newer-generation, non-nitrogenous
bisphosphonate that reduces osteoclast numbers and
activity to minimize bone resorption, increases bone
formation, and reduces the fibroblast proliferation
(McCaul, 2014). Glicksman et al (2015) observed a
clinical benefit after administering a combination of
pentoxifylline, tocopherol, and clodronate therapy for
osteoradionecrosis of the temporal bone. Other reviews
report the benefit in similar medical treatment for
osteoradionecrosis refractory to surgery (Delanian et al,
2005, 2011). The addition of a bisphosphonate to
pentoxifylline and tocopherol regime may provide an
increased efficacy (McLeod et al, 2012).

Economic data
The economic impact of radiation injuries may be amelio-
rated by the therapeutic use of HBO,. In a recent
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Australian case study, treatment for radiation cystitis with
HBO, was found to lower the costs of hospital admis-
sions, consultations, investigations, and procedures, for an
estimated cost savings of approximately $A187 483 over
2.5 years (Smart and Wallington, 2012). Although the
costs of clinical progression of osteonecrosis are high,
very few economic analyses specifically address HBO2
therapy in this broad clinical setting (Guo et al, 2003).
Surgical manipulation of irradiated bone is associated with
the high rates of complications requiring multiple subse-
quent surgical procedures with a significant associated cost
and morbidity. Marx’s work found savings of over fifty
percent when HBO2 was used as an adjunct to surgical
treatment of mandibular osteonecrosis:  $140 000 vs
$42 000 in 1992 USD (Marx et al, 1985). Kelishadi et al
(2009) studied a population of patients with intractable
ORN, most of whom failed conventional therapy and
reported a decreased in-hospital cost from $30 030 to
$25 010 when HBO,, minor surgical debridement, and
hospital stay were offered as an alternative to resection
and microvascular flap reconstruction. Although this study
did not consider the role of HBO, in the optimization of
tissue health for microvascular flap reconstruction, avoid-
ing the more invasive but ‘definitive’ procedure effectively
doubled the cost (Kelishadi er al, 2009). HBO, is best uti-
lized to maximize the likelihood of graft success rather
than as a salvage therapy for graft failure, and the UHMS
recommends that a utilization review takes place after the
provision of 60 HBO, treatments for radiation injuries
(Undersea and Hyperbaric Medical Society. Hyperbaric
Oxygen Committee and Weaver).

Non-mandibular Osteonecrosis

Background

Osteonecrosis may occur throughout the skeletal system,
including temporal bone (Vudiniabola er al, 2000), ribs
(Nicholls et al, 2015), femoral head (Camporesi et al,
2010), humeral head (Gruson and Kwon, 2009), lunate
(Lutsky and Beredjiklian, 2012), and bones of the foot
(Gross et al, 2014; Callachand et al, 2016). The epidemi-
ology of many types of osteonecrosis is less well charac-
terized than for ORN, although non-traumatic femoral
head osteonecrosis cases are estimated to occur at an
annual incidence of 1.91/100 000 in Japan with a male-to-
female ratio of 2.1:1 (Ikeuchi et al, 2015). Similar to jaw,
temporal bone osteoradionecrosis shows a delayed presen-
tation with a mean latency of 7.5-7.9 years, but as late as
20-22 years postradiation therapy (Ramsden et al, 1975;
Thornley et al, 1979; Sharon et al, 2014). It presents with
pain, discharge, exposed bone (Vudiniabola er al, 2000;
Sharon et al, 2014), or persistent otitis externa (Thornley
et al, 1979).

Mechanistic data

Corticosteroids (Weinstein, 2012b), coagulation abnormali-
ties (Orth and Anagnostakos, 2013), trauma (Lutsky and
Beredjiklian, 2012), alcohol abuse (Jones and Hungerford,
2004; Callachand et al, 2016) (Fajardo-Hermosillo et al,
2013; Mont et al, 2015), and increased atmospheric pres-
sure experienced by divers and tunnel workers (Kindwall,
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1997; Sharareh and Schwarzkopf, 2015) are causes of
osteonecrosis other than radiation or anti-resorptive medi-
cations. Precise mechanisms are not well established
across all of these causes. However, it is appreciated that
corticosteroids cause osteoblast and osteoclast apoptosis,
decreased vascular endothelial growth factor levels,
decreased blood supply at the femoral head, and may
shunt osteoprogenitor cells toward an adipocyte vs osteo-
blast phenotype (Assouline-Dayan ef al, 2002; Zalavras
et al, 2003; Li et al, 2005) (Sheng et al, 2009; Wang
et al, 2010; Weinstein, 2012a).

Clinical data

HBO, for extraoral facial osteoradionecrosis. Vudiniabola
et al, (2000) treated 14 patients with osteoradionecrosis of
the facial bones with HBO,, including three with affected
temporal bone. Follow-up at 3 and 13 years revealed no
recurrence of osteoradionecrosis or cancer. Metselaar et al
(2009) also published a series of four patients who
received HBO, for external auditory  canal
osteoradionecrosis with successful results. Other recent
series failed to show a benefit (Sharon et al, 2014).

HBO, for femoral head osteonecrosis. Idiopathic femoral
head osteonecrosis may be a candidate for HBO, therapy.
Camporesi et al (2010) conducted a double-blind,
prospective  RCT of 20 patients suffering idiopathic,
unilateral femoral head necrosis. The HBO, treatment
group showed a statistically significant improvement in
both pain and range of motion compared to a sham
hyperbaric air group. After 30 treatments, the sham group
was offered a compassionate crossover, and both groups
received a total of 90 HBO, treatments over 1 year. At
the 7-year follow-up, beneficial effects persisted in all
patients with minimal pain and no contralateral disease or
arthroplasty. Furthermore, Koren et al (2015) found that
HBO, therapy led to radiographic improvement of stage I
and II femoral head osteonecrosis, and survival of 93% of
the joints at a mean of 11.1 4+ 5.1 year follow-up. HBO,
has also been administered as adjuvant therapy in treating
osteonecrosis of other bones, such as ribs (Nicholls et al,
2015), but these less common cases still await rigorous
study.

Economic data

Veenstra e al (1999) reported an estimated $61 700 ten-
year cost for avascular necrosis of the hip as a result of
corticosteroid use in renal transplant patients. Reports to
analyze the impact of HBO, therapy on such costs are not
available.

Anti-resorptive medication-associated
osteonecrosis of the jaw

Background

Beginning in 2003, reports by Marx (2003), Migliorati
(2003), and Ruggiero et al, (2004) established an associa-
tion between intravenous bisphosphonate therapy and
osteonecrosis of the jaw. This recalcitrant disease has
since been reported by others (Ashcroft, 2006; Badros
et al, 2006; Bagan et al, 2006; Dimitrakopoulos et al,
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2006; Leite et al, 2006) and reviewed in the literature
(Freiberger et al, 2012) (Spanou et al, 2015; Williams and
O’Ryan, 2015). The biologics denosumab, bevacizumab,
and sunitib also cause anti-resorptive osteonecrosis of the
jaw  (Neuprez et al, 2014) (Troeltzsch et al, 2012;
Ramirez er al, 2015), and a recent case report shows that
they can affect grafted bone (Gryseleyn et al, 2016). Bis-
phosphonate-related osteonecrosis of the jaw (BRONIJ)
prevalence varies based on the type of bisphosphonate
administered, dosing, administration route, and the patient
population (Khan et al, 2015). In osteoporosis patients,
BRONIJ prevalence is between 0.001% and 0.01%, but it
climbs to 1-15% in oncology patients (Durie e al, 2005;
Hoff et al, 2008; Stumpe et al, 2009; Lo et al, 2010;
Solomon et al, 2013; Khan et al, 2015; Kim et al, 2015).
Intravenous administration of bisphosphonates is associ-
ated with higher risk (0-0.348%) compared to the oral
route (0-0.04%) (Filleul et al, 2010) (Lo et al, 2010;
Walter et al, 2010) (Khan et al, 2015; Kim et al, 2015).
The mean time to the onset of BRONJ after starting bis-
phosphonate was found by Durie ef al (2005) to be
18 months for those receiving zoledronic acid and 6 years
for patients on pamidronate, whereas it was 14.3 months
for pamidronate and 9 months for zoledronate in a case
series of 119 mostly myeloma and breast cancer patients
(Marx et al, 2005), illustrating that the time to onset is
population dependent. Observed incidences may differ
based on indication, attention to prescreening, and avoid-
ance of invasive dental procedures (Coleman, 2008).

Alveolar trauma after dental surgery, intubation, and
denture impressions are reported as precipitators of
BRONJ (Marx et al, 2005) (Ruggiero et al, 2014; Yazdi
and Schiodt, 2015). Diabetes is an identifiable risk factor
(Molcho et al, 2013; Peer and Khamaisi, 2015), and other
comorbidities include age, anemia, history of steroid use,
and other dental diseases (Khan er al, 2015; Kim et al,
2015). A delay in the time from exposure to bisphospho-
nate to clinical manifestation of disease is often noted
(Migliorati, 2003; Ruggiero et al, 2004; Marx et al,
2005). Physical findings include gingival ulceration with
exposed bone, intraoral or extraoral fistula (Ruggiero et al,
2014) (Ruggiero et al, 2009, 2014; Fedele et al, 2010;
Yarom et al, 2010). Painful tongue ulcers responsive to
bone debridement or intralesional steroid are also reported
(Treister et al, 2008).

Mechanistic data

Bisphosphonates inhibit RANKL-dependent signal trans-
duction cascades normally leading to osteoclast formation
in vitro (Green and Clezardin, 2010; Tsubaki et al, 2014).
Human bone biopsy confirmed the presence of dysfunc-
tional giant, multinucleated, apoptotic osteoclasts resistant
to phagocytosis after bisphosphonate treatment (Jain and
Weinstein, 2009; Bi er al, 2010). The net clinical effect is
to inhibit osteoclastic resorption and remodeling in bone
turnover (Ruggiero ef al, 2014). Bisphosphonates also
inhibit angiogenesis (Wood et al, 2002; Bezzi et al, 2003)
and other processes critical to oral wound healing
(Freiberger, 2009; Green and Clezardin, 2010; Tsubaki
et al, 2014) (Landesberg et al, 2008; Williams et al,
2014). A biochemical basis for bisphosphonates as
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farnesyl pyrophosphate synthase inhibitors and disruptors
of the mevalonate pathway with the resultant accumulation
of isopentyl pyrophosphate is being elucidated (van Beek
et al, 1999; Russell, 2011). Excess isopentyl pyrophos-
phate modulates osteoclast signaling (Russell, 2011) and
gamma-delta T-cell activity (Sanders et al, 2005; Ashihara
et al, 2015). Bisphosphonates bound to bone also affect
the adjacent tissue in vitro through the induction of sol-
uble mediators (Cornish et al, 2011). Whether the mecha-
nism of action of denosumab as a RANKL inhibitor
(Kostenuik et al, 2009) represents a common pathway
between this drug and bisphosphonates to osteonecrosis is
unknown.

The oral microbiome plays a role in BRONJ. Biofilm for-
mation may promote the symptomatic disease through bind-
ing exposed bone and propagating osteomyelitis (Hansen
et al, 2006; Sedghizadeh et al, 2009; Kumar et al, 2010;
Lumerman, 2013a,b; Boff er al, 2014; Crincoli et al, 2015;
Jabbour et al, 2016). Mandibular bone exposed to bisphos-
phonate shows an increased susceptibility to necrosis after
the exposure to bacterial lipopolysaccharide (Sakaguchi
et al, 2015). Immune cell function is also altered. Differ-
ences in surface markers are apparent on macrophages from
mandibles of human BRONJ vs ORN patients (Hoefert
et al, 2015). Macrophages in vitro exhibit a decreased sur-
vival and adherence after bisphosphonate treatment (Hoefert
et al, 2016) and an increased sensitivity to lipopolysaccha-
ride-induced apoptosis (Muratsu et al, 2013). These drugs
exert actions on both the innate and adaptive immune sys-
tems, as T-cell function is also altered by bisphosphonates
(Sanders et al, 2005; Kikuiri et al, 2010; Ashihara et al,
2015; Park et al, 2015).

Animal evidence suggests that a subclinical variant of
BRONIJ exists. Anti-resorbant inhibition of bone turnover
may promote senescence-related islands of necrosis in the
jaw of experimental animals. A dog model of BRONJ
showed a silent matrix necrosis in jaw and rib after the
chronic exposure to bisphosphonates (Allen and Burr,
2008). This and other BRONJ animal models provide a
platform for further investigation (Bi et al, 2010; Pautke
et al, 2012; Williams et al, 2014).

Clinical data

HBO, for BRONJ. Case reports and case series suggesting
that HBO, could help or augment the treatment for
BRONIJ are summarized elsewhere (Freiberger, 2009).
RCT data are available from 46 patients enrolled in a
study to test the utility of HBO, as an adjunct to surgery
and antibiotics (Freiberger ef al, 2012). Although the
study was underpowered, lacked blinding, and
experienced a high attrition rate (Rollason et al, 2016), 17
of 25 patients treated with hyperbaric oxygen improved
compared to 8 of 21 controls. HBO, was associated with
the improved pain and quality of life scores. HBO, was
recommended as an adjunct to surgery in cases where the
involvement is extensive and infection is a problem
(Freiberger et al, 2012; Spanou et al, 2015). A recent
review had an overall positive review of HBO, (Fliefel
et al, 2015) for BRONIJ patients, based on two case series
(Freiberger et al, 2007; Chiu et al, 2010) and the
above-cited RCT.
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Alternate therapies for BRONJ. The roles for vitamin D,
calcium, and parathyroid hormone have been postulated in
mandibular recovery from BRONIJ (Spanou et al, 2015;
Leizaola-Cardesa et al, 2016). Laser biostimulation (Martins
et al, 2012) and platelet-rich plasma (Lee et al, 2007)
treatments are also described, but all these options await full
characterization (Spanou et al, 2015; Rollason et al, 2016).

Economic data

The treatment for BRONJ demands the integrated efforts
of multiple medical, and sometimes surgical, services.
Najm et al (2014) demonstrated the direct relationship
between increasing patient costs and the progression of
BRONI. This retrospective analysis of resource utilization
selected 92 cancer patients with BRONJ, and of the five
categories the authors outlined (clinical visits, diagnostic
studies, procedures, medications, and laboratory investiga-
tions), surgical procedures and diagnostic studies were the
primary expenses in patients with the highest cost of care
(Najm et al, 2014). The costs of clinical protocols for
HBO, therapy relative to surgical resection and debride-
ment in BRONIJ have yet to be analyzed, but bear report-
ing (Rollason et al, 2016).

HBO,; mechanistic data

As outlined in the UHMS Hyperbaric Oxygen Therapy
Indications manual (Undersea and Hyperbaric Medical
Society. Hyperbaric Oxygen Committee and Weaver),
HBO, therapy may be used as an adjuvant to surgical
debridement, to promote the healing of both gingiva and
underlying bone in ORN. The ‘Marx’ protocols have been
used for decades to prepare irradiated oral tissues for den-
tal extractions and as multimodal therapy in the cases of
ORN with exposed bone. The total number of treatments,
rather than the temporal frequency, should determine the
course of therapy (Hampson and Corman, 2007). In addi-
tion, HBO, tends to be a well-tolerated therapy (Thom,
2011; Camporesi, 2014).

Under hyperbaric conditions, the alveolar partial pres-
sure of oxygen (PoO,) is acutely elevated proportionally
to the atmospheric pressure (Otis et al, 1948). At 2 atmo-
spheres pressure (Moor et al, 1965; Salzano et al, 1984),
blood arterial oxygen partial pressures (P,O,) greater than
1500 mmHg and tissue levels over 200 mmHg can be
achieved in patients with healthy lungs and normal arterial
flow (Weaver and Howe, 1992; Weaver, 2011) (Thom,
2011). Such levels reverse tissue hypoxia during treatment
and generate reactive oxygen species (ROS) and reactive
nitrogen species (RNS) with signaling properties (Thom,
2009, 2011; Camporesi and Bosco, 2014). RNS generation
leads to endothelial nitric oxide synthase activity, nitric
oxide production, and mobilization of circulating CD34+
stem/progenitor cells, appreciated between 1 and 20 treat-
ments with HBO, in humans (Thom et al, 2006; Heyboer
et al, 2014). Within 24 h of exposure to HBO,, microar-
ray analysis of cultured endothelial cells showed a signifi-
cant up- or down-regulation of over 7000 genes (Godman
et al, 2010a,b). Among the top responding genes were
metallothioneins, but no such experimental data exist for
the cells of bone origin.
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HBO, affects immune function. It inhibits the bacterial
growth and augments an antibiotic activity (Cimsit et al,
2009; Zanon et al, 2012). Phagocytic activity assays on
neutrophils from diabetic foot ulcer patients remained ele-
vated after 2 weeks of HBO, therapy (Top et al, 2007).
In vitro experiments using human neutrophils demon-
strated that a decreased adherence to endothelia, as medi-
ated by beta2 integrin, is sustained up to 21 h after a
single HBO, exposure, without affecting the circulating
numbers of leukocytes (Thom ef al, 1997). Taken
together, such observations support the ongoing and multi-
factorial effects of HBO, therapy dependent on pressure,
well after PaO2 has returned to normal.

In vitro, in vivo, and human data support the decreased
fibrotic injury and the increased vascularity as plausible
mechanisms by which HBO, likely benefits irradiated tis-
sues (Feldmeier, 2012). HBO, induces increased levels of
growth factors that may alter the fibro-atrophic and
depleted vascular nature of irradiated tissue. Those include
vascular endothelial growth factor (Sheikh et al, 2000),
angiopoietin-2 (Lin ef al, 2002), and other effects relevant
to healing tissue and improved vascular function (Thom,
2011; Drenjancevic and Kibel, 2014). Work on a murine
model of irradiated small bowel showed that HBO, treat-
ment reduced the development of tissue fibrosis (Feld-
meier et al, 1995, 1998). Rabbit model work showed that
HBO, at 2.4ATA x 90 min, but not normobaric 100%
oxygen, increased angiogenesis in irradiated tissue (Marx
et al, 1990). Svalestad et al (2014) found that HBO, treat-
ments in a clinical population of 51- to 90-years-olds with
a history of 50- to 70-Gy orofacial irradiation increased
tissue oxygenation and vascularity of facial skin and gin-
gival mucosa, as investigated by transcutaneous oximetry
and laser Doppler flowmetry. Later, both blood vessel and
lymphatic density within buccal mucosa were shown to
increase in an irradiated human patient population post-
HBO, therapy (Svalestad et al, 2015).

HBO, may increase the molecular signaling that pro-
motes bone remodeling. It induced the osteogenic differen-
tiation of mesenchymal stem cells via a Wnt-dependent
pathway (Lin ef al, 2014a,b). HBO, also decreased
RANKL-mediated osteoclast formation and bone resorp-
tion in cell culture (Al Hadi er al, 2013). This observation
was seen on the backdrop of modulating signaling cas-
cades important to bone cell differentiation, including
reduced RANK, NFATcl, Dc-STAMP, and HIF-1lalpha
expression (Al Hadi et al, 2013). Increased osteoblast pro-
liferation and bone nodule formation in cell culture mod-
els are also described after the treatment with HBO, (Wu
et al, 2007; Al Hadi et al, 2015). HBO, decreased the
inflammation and accelerated the bone formation after
acute injury to the femur in a rat model (Rocha et al,
2015). In a higher-fidelity model of human ORN, a mur-
ine model of mandibular radiation damage found that
HBO, improved the parameters associated with bone
health, including decreased osteoclast numbers, increased
bone viability, and increased bone volume (Spiegelberg
et al, 2015). HBO, may also lead to increased testosterone
levels (Passavanti et al, 2010) that could affect the bone
health. These mechanistic data support the beneficial
effects of HBO, therapy upon bony tissue and its
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precursor cells. The mechanisms explain some HBO, ther-
apy effects and reinforce that more work is required to
deepen our understanding in this field of research.

Conclusions and future directions

There is a need for further rigorously designed randomized
controlled trials in the field of hyperbaric medicine, and
specifically as an adjunctive modality in ORN and BRONJ
treatment. Improved methods to select patients likely to
benefit from HBO, therapy would enhance patient care. For
example, positron emission tomography shows a promise in
predicting which BRONI patients benefit from HBO, ther-
apy (Fatema et al, 2015). Future trial design should admin-
ister sham treatments to randomized subjects in a crossover
design, when ethically and logistically feasible (Freiberger
and Feldmeier, 2010), assess optimal HBO, dosing, and
study long-term follow-up of patients. Multimodal therapy
targeting vascular and fibro-atrophic effects of radiation will
suggest whether a more broad approach to treatment is ben-
eficial. Beyond clinical work, basic science knowledge of
HBO, mechanisms needs to be expanded. Preventative cost
models are complex and difficult to study, but given the
high cost of treatment failure, in terms of both patient mor-
bidity and medical expenditures, the economics of
osteonecrosis treatment protocols need more clear defini-
tion. Lastly, while many patients who have undergone
courses of chemotherapy or radiotherapy may find the bur-
den of time and logistics associated with an extended HBO,
treatment protocol familiar, the HBO, therapy provider
must consider the emotional cost of time away from family
and the disruption of a patient’s daily routine. While
research is ongoing, patients diagnosed with osteonecrosis
should continue to benefit from existing supported HBO,
therapy protocols.

Conflict of interests

None to declare.

Author Contributions

P. Ceponis drafted sections on radiation and bisphospho-
nate-induced osteonecrosis of jaw, coordinated authors,
and revised serial drafts. C. Keilman drafted sections on
osteonecrosis of non-facial bones and edited serial drafts.
C. Guerry drafted sections on economics and edited serial
drafts. J. Freiberger edited and revised serial drafts, pro-
vided mentorship in scientific writing, and coordinated the
entire process.

References

Ahmed M, Hansen VN, Harrington KJ, Nutting CM (2009).
Reducing the risk of xerostomia and mandibular osteora-
dionecrosis: the potential benefits of intensity modulated radio-
therapy in advanced oral cavity carcinoma. Med Dosim 34:
217-224.

Al Hadi H, Smerdon GR, Fox SW (2013). Hyperbaric oxygen
therapy suppresses osteoclast formation and bone resorption.
J Orthop Res 31: 1839-1844.

Oral Diseases

Al Hadi H, Smerdon GR, Fox SW (2015). Hyperbaric oxygen
therapy accelerates osteoblast differentiation and promotes
bone formation. J Dent 43: 382-388.

Allen MR, Burr DB (2008). Mandible matrix necrosis in beagle
dogs after 3 years of daily oral bisphosphonate treatment. J
Oral Maxillofac Surg 66: 987-994.

Annane D, Depondt J, Aubert P er al (2004). Hyperbaric oxygen
therapy for radionecrosis of the jaw: a randomized, placebo-
controlled, double-blind trial from the ORN96 study group. J
Clin Oncol 22: 4893-4900.

Ashcroft J (2006). Bisphosphonates and phossy-jaw: breathing
new life into an old problem. Lancet Oncol 7: 447-449.

Ashihara E, Munaka T, Kimura S er a/ (2015). Isopentenyl
pyrophosphate secreted from Zoledronate-stimulated myeloma
cells, activates the chemotaxis of gammadeltaT cells. Biochem
Biophys Res Commun 463: 650-655.

Assouline-Dayan Y, Chang C, Greenspan A, Shoenfeld Y,
Gershwin ME (2002). Pathogenesis and natural history of
osteonecrosis. Semin Arthritis Rheum 32: 94—124.

Badros A, Weikel D, Salama A et al (2006). Osteonecrosis of
the jaw in multiple myeloma patients: clinical features and risk
factors. J Clin Oncol 24: 945-952.

Bagan JV, Jimenez Y, Murillo J er al (2006). Jaw osteonecrosis
associated with bisphosphonates: multiple exposed areas and
its relationship to teeth extractions. Study of 20 cases. Oral
Oncol 42: 327-329.

Balogh JM, Sutherland SE (1989). Osteoradionecrosis of the
mandible: a review. J Otolaryngol 18: 245-250.

Bedwinek JM, Shukovsky LJ, Fletcher GH, Daley TE (1976).
Osteonecrosis in patients treated with definitive radiotherapy
for squamous cell carcinomas of the oral cavity and naso- and
oropharynx. Radiology 119: 665-667.

van Beek E, Pieterman E, Cohen L, Lowik C, Papapoulos S
(1999). Farnesyl pyrophosphate synthase is the molecular tar-
get of nitrogen-containing bisphosphonates. Biochem Biophys
Res Commun 264: 108—111.

Ben-David MA, Diamante M, Radawski JD er al (2007). Lack
of osteoradionecrosis of the mandible after intensity-modulated
radiotherapy for head and neck cancer: likely contributions of
both dental care and improved dose distributions. Int J Radiat
Oncol Biol Phys 68: 396-402.

Bennett MH, Feldmeier J, Hampson N, Smee R, Milross C
(2012). Hyperbaric oxygen therapy for late radiation tissue
injury. Cochrane Database Syst Rev 5: CD005005.

Beumer J, Harrison R, Sanders B, Kurrasch M (1984). Osteora-
dionecrosis: predisposing factors and outcomes of therapy.
Head Neck Surg 6: 819-827.

Bezzi M, Hasmim M, Bieler G, Dormond O, Ruegg C (2003).
Zoledronate sensitizes endothelial cells to tumor necrosis fac-
tor-induced programmed cell death: evidence for the suppres-
sion of sustained activation of focal adhesion kinase and
protein kinase B/Akt. J Biol Chem 278: 43603-43614.

Bi Y, Gao Y, Ehirchiou D ef al (2010). Bisphosphonates cause
osteonecrosis of the jaw-like disease in mice. Am J Pathol
177: 280-290.

Boff RC, Salum FG, Figueiredo MA, Cherubini K (2014).
Important aspects regarding the role of microorganisms in bis-
phosphonate-related osteonecrosis of the jaws. Arch Oral Biol
59: 790-799.

Bras J, de Jonge HK, van Merkesteyn JP (1990). Osteora-
dionecrosis of the mandible: pathogenesis. Am J Otolaryngol
11: 244-250.

Callachand F, Milligan D, Wilson A (2016). Atraumatic Pantalar
Avascular Necrosis in a Patient With Alcohol Dependence. J
Foot Ankle Surg 55: 207-208.

Camporesi EM (2014). Side effects of hyperbaric oxygen
therapy. Undersea Hyperb Med 41: 253-257.

85U8017 SUOWIWIOD BAIIEaD 8|qeal|dde ay) Aq peusenob ae sajoie VO ‘8sn Jo sa|n. 1oy ARiqi8ul|UO A8]1M UO (SUOTHPUOD-pUe-SLLIBIALIO" A3 1M Afe.d Ul |UO//SdIL) SUORIPUOD PUe Swis 1 8y} 89S *[7202/90/ST] Uo Ariqiaulluo A811M ‘68T IPO/TTTT OT/I0P/W00" A8 1M Aeudjpuljuo//:Sciy Wwiouy peapeojumod ‘g *2T0Z ‘SZ80T09T



Camporesi EM, Bosco G (2014). Mechanisms of action of
hyperbaric oxygen therapy. Undersea Hyperb Med 41:
247-252.

Camporesi EM, Vezzani G, Bosco G, Mangar D, Bernasek TL
(2010). Hyperbaric oxygen therapy in femoral head necrosis. J
Arthroplasty 25: 118-123.

Cheng VS, Wang CC (1974). Osteoradionecrosis of the mandible
resulting from external megavoltage radiation therapy. Radiol-
ogy 112: 685-689.

Chiu CT, Chiang WF, Chuang CY, Chang SW (2010). Resolu-
tion of oral bisphosphonate and steroid-related osteonecrosis
of the jaw—a serial case analysis. J Oral Maxillofac Surg 68:
1055-1063.

Cimsit M, Uzun G, Yildiz S (2009). Hyperbaric oxygen therapy
as an anti-infective agent. Expert Rev Anti Infect Ther T:
1015-1026.

Coleman RE (2008). Risks and benefits of bisphosphonates. Br J
Cancer 98: 1736-1740.

Cornish J, Bava U, Callon KE, Bai J, Naot D, Reid IR (2011).
Bone-bound bisphosphonate inhibits growth of adjacent non-
bone cells. Bone 49: 710-716.

Crincoli V, Ballini A, Di Comite M et al (2015). Microbiologi-
cal investigation of medication-related osteonecrosis of the
jaw: preliminary results. J Biol Regul Homeost Agents 29:
977-983.

Delanian S, Lefaix JL (2007). Current management for late nor-
mal tissue injury: radiation-induced fibrosis and necrosis.
Semin Radiat Oncol 17: 99-107.

Delanian S, Depondt J, Lefaix JL (2005). Major healing of
refractory mandible osteoradionecrosis after treatment combin-
ing pentoxifylline and tocopherol: a phase II trial. Head Neck
27: 114-123.

Delanian S, Chatel C, Porcher R, Depondt J, Lefaix JL (2011).
Complete restoration of refractory mandibular osteoradionecro-
sis by prolonged treatment with a pentoxifylline-tocopherol-
clodronate combination (PENTOCLO): a phase II trial. Int J
Radiat Oncol Biol Phys 80: 832—839.

Dimitrakopoulos I, Magopoulos C, Karakasis D (2006). Bispho-
sphonate-induced avascular osteonecrosis of the jaws: a clini-
cal report of 11 cases. Int J Oral Maxillofac Surg 35: 588—
593.

Drenjancevic I, Kibel A (2014). Restoring vascular function with
hyperbaric oxygen treatment: recovery mechanisms. J Vasc
Res 51: 1-13.

Durie BG, Katz M, Crowley J (2005). Osteonecrosis of the jaw
and bisphosphonates. N Engl J Med 353: 99-102; discussion
99-102.

Emami B, Lyman J, Brown A et al (1991). Tolerance of normal
tissue to therapeutic irradiation. Int J Radiat Oncol Biol Phys
21: 109-122.

Epstein JB, Rea G, Wong FL, Spinelli J, Stevenson-Moore P
(1987). Osteonecrosis: study of the relationship of dental
extractions in patients receiving radiotherapy. Head Neck Surg
10: 48-54.

Ettorre G, Weber M, Schaaf H, Lowry JC, Mommaerts MY,
Howaldt HP (2006). Standards for digital photography in cra-
nio-maxillo-facial surgery — Part I: basic views and guidelines.
J Cranio-Maxillo-Faci Surg 34: 65-73.

Fajardo-Hermosillo LD, Lopez-Lopez L, Nadal A, Vila LM
(2013). Multifocal osteonecrosis in systemic lupus erythemato-
sus: case report and review of the literature. BMJ Case Rep
doi: 10.1136/bcr-2013-008980.

Fan H, Kim SM, Cho YJ, Eo MY, Lee SK, Woo KM (2014).
New approach for the treatment of osteoradionecrosis with
pentoxifylline and tocopherol. Biomater Res 18: 13.

Fatema CN, Sato J, Yamazaki Y et al (2015). FDG-PET may
predict the effectiveness of hyperbaric oxygen therapy in a

HBO2 and ORN
P. Ceponis et al

patient with bisphosphonate-related osteonecrosis of the jaw:
report of a case. Odontology 103: 105-108.

Fedele S, Porter SR, D’Aiuto F er al (2010). Nonexposed variant
of bisphosphonate-associated osteonecrosis of the jaw: a case
series. Am J Med 123: 1060-1064.

Feldmeier JJ (2012). Hyperbaric oxygen therapy and delayed
radiation injuries (soft tissue and bony necrosis): 2012 update.
Undersea Hyperb Med 39: 1121-1139.

Feldmeier JJ, Hampson NB (2002). A systematic review of the
literature reporting the application of hyperbaric oxygen pre-
vention and treatment of delayed radiation injuries: an evi-
dence based approach. Undersea Hyperb Med 29: 4-30.

Feldmeier JJ, Jelen 1, Davolt DA, Valente PT, Meltz ML, Alecu
R (1995). Hyperbaric oxygen as a prophylaxis for radiation-
induced delayed enteropathy. Radiother Oncol 35: 138—144.

Feldmeier JJ, Davolt DA, Court WS, Onoda JM, Alecu R
(1998). Histologic morphometry confirms a prophylactic effect
for hyperbaric oxygen in the prevention of delayed radiation
enteropathy. Undersea Hyperb Med 25: 93-97.

Feldmeier JJ, Hampson NB, Bennett M (2005). In response to
the negative randomized controlled hyperbaric trial by Annane
et al. in the treatment of mandibular ORN. Undersea Hyperb
Med 32: 141-143.

Filleul O, Crompot E, Saussez S (2010). Bisphosphonate-induced
osteonecrosis of the jaw: a review of 2,400 patient cases. J
Cancer Res Clin Oncol 136: 1117-1124.

Fleckenstein K, Gauter-Fleckenstein B, Jackson IL, Rabbani Z,
Anscher M, Vujaskovic Z (2007). Using biological markers to
predict risk of radiation injury. Semin Radiat Oncol 17: 89-98.

Fliefel R, Troltzsch M, Kuhnisch J, Ehrenfeld M, Otto S (2015).
Treatment strategies and outcomes of bisphosphonate-related
osteonecrosis of the jaw (BRONIJ) with characterization of
patients: a systematic review. Int J Oral Maxillofac Surg 44:
568-585.

Freiberger JJ (2009). Utility of hyperbaric oxygen in treatment of
bisphosphonate-related osteonecrosis of the jaws. J Oral Max-
illofac Surg 67: 96-106.

Freiberger JJ, Feldmeier JJ (2010). Evidence supporting the use
of hyperbaric oxygen in the treatment of osteoradionecrosis of
the jaw. J Oral Maxillofac Surg 68: 1903—1906.

Freiberger JJ, Padilla-Burgos R, Chhoeu AH ez al (2007). Hyper-
baric  oxygen treatment and  bisphosphonate-induced
osteonecrosis of the jaw: a case series. J Oral Maxillofac Surg
65: 1321-1327.

Freiberger JJ, Yoo DS, de Lisle Dear G et al (2009). Multi-
modality surgical and hyperbaric management of mandibular
osteoradionecrosis. Int J Radiat Oncol Biol Phys 75: 717-724.

Freiberger JJ, Padilla-Burgos R, McGraw T et al (2012). What is
the role of hyperbaric oxygen in the management of bisphos-
phonate-related osteonecrosis of the jaw: a randomized con-
trolled trial of hyperbaric oxygen as an adjunct to surgery and
antibiotics. J Oral Maxillofac Surg 70: 1573—1583.

Fritz GW, Gunsolley JC, Abubaker O, Laskin DM (2010). Effi-
cacy of pre- and postirradiation hyperbaric oxygen therapy in
the prevention of postextraction osteoradionecrosis: a system-
atic review. J Oral Maxillofac Surg 68: 2653-2660.

Glicksman JT, Khalili S, Fung K, Parnes LS, Agrawal SK
(2015). Pentoxifylline-tocopherol-clodronate combination: a
novel treatment for osteoradionecrosis of the temporal bone.
Head Neck 37: E191-E193.

Godman CA, Chheda KP, Hightower LE, Perdrizet G, Shin DG,
Giardina C (2010a). Hyperbaric oxygen induces a cytoprotec-
tive and angiogenic response in human microvascular endothe-
lial cells. Cell Stress Chaperones 15: 431-442.

Godman CA, Joshi R, Giardina C, Perdrizet G, Hightower LE
(2010b). Hyperbaric oxygen treatment induces antioxidant
gene expression. Ann N Y Acad Sci 1197: 178-183.

147

Oral Diseases

85U8017 SUOWIWIOD BAIIEaD 8|qeal|dde ay) Aq peusenob ae sajoie VO ‘8sn Jo sa|n. 1oy ARiqi8ul|UO A8]1M UO (SUOTHPUOD-pUe-SLLIBIALIO" A3 1M Afe.d Ul |UO//SdIL) SUORIPUOD PUe Swis 1 8y} 89S *[7202/90/ST] Uo Ariqiaulluo A811M ‘68T IPO/TTTT OT/I0P/W00" A8 1M Aeudjpuljuo//:Sciy Wwiouy peapeojumod ‘g *2T0Z ‘SZ80T09T


http://dx.doi.org/10.1136/bcr-2013-008980

HBO2 and ORN
P. Ceponis et al

148

Green J, Clezardin P (2010). The molecular basis of bisphospho-
nate activity: a preclinical perspective. Semin Oncol 37(Suppl
1): S3-S11.

Gross CE, Haughom B, Chahal J, Holmes GB Jr (2014). Treat-
ments for avascular necrosis of the talus: a systematic review.
Foot Ankle Spec T: 387-397.

Gruson KI, Kwon YW (2009). Atraumatic osteonecrosis of the
humeral head. Bull NYU Hosp Jt Dis 67: 6-14.

Gryseleyn R, Maes JM, Ferri J (2016). Osteochemonecrosis after
Mandible Reconstruction. N Engl J Med 374: 1097—-1098.

Guo S, Counte MA, Romeis JC (2003). Hyperbaric oxygen
technology: an overview of its applications, efficacy, and
cost-effectiveness. Int J Technol Assess Health Care 19:
339-346.

Hampson NB, Corman JM (2007). Rate of delivery of hyperbaric
oxygen treatments does not affect response in soft tissue
radionecrosis. Undersea Hyperb Med 34: 329-334.

Hampson NB, Holm JR, Wreford-Brown CE, Feldmeier J
(2012). Prospective assessment of outcomes in 411 patients
treated with hyperbaric oxygen for chronic radiation tissue
injury. Cancer 118: 3860-3868.

Hansen T, Kunkel M, Weber A, James Kirkpatrick C (2006).
Osteonecrosis of the jaws in patients treated with bisphospho-
nates — histomorphologic analysis in comparison with infected
osteoradionecrosis. J Oral Pathol Med 35: 155-160.

Heyboer M III, Milovanova TN, Wojcik S er al (2014).
CD34+/CD45-dim stem cell mobilization by hyperbaric oxy-
gen — changes with oxygen dosage. Stem Cell Res 12:
638-645.

Hoefert S, Schmitz I, Weichert F, Gaspar M, Eufinger H (2015).
Macrophages and bisphosphonate-related osteonecrosis of the
jaw (BRONJ): evidence of local immunosuppression of macro-
phages in contrast to other infectious jaw diseases. Clin Oral
Investig 19: 497-508.

Hoefert S, Sade Hoefert C, Munz A et al (2016). Effect of bis-
phosphonates on macrophagic THP-1 cell survival in bisphos-
phonate-related osteonecrosis of the jaw (BRONIJ). Oral Surg
Oral Med Oral Pathol Oral Radiol 121: 222-232.

Hoff AO, Toth BB, Altundag K et al (2008). Frequency and risk
factors associated with osteonecrosis of the jaw in cancer
patients treated with intravenous bisphosphonates. J Bone
Miner Res 23: 826-836.

Ikeuchi K, Hasegawa Y, Seki T, Takegami Y, Amano T, Ishig-
uro N (2015). Epidemiology of nontraumatic osteonecrosis of
the femoral head in Japan. Mod Rheumatol 25: 278-281.

Jabbour Z, do Nascimento C, El-Hakim M, Henderson JE, de
Albuquerque Jr. RF (2016). Bacterial profile and bone healing
in rats receiving cancer therapeutic doses of bisphosphonates
and corticosteroids: a pilot study. Int J Oral Maxillofac Surg
doi: 10.1016/j.ijom.2015.12.017.

Jacobson AS, Buchbinder D, Hu K, Urken ML (2010). Paradigm
shifts in the management of osteoradionecrosis of the mand-
ible. Oral Oncol 46: 795-801.

Jain N, Weinstein RS (2009). Giant osteoclasts after long-term
bisphosphonate therapy: diagnostic challenges. Nat Rev
Rheumatol 5: 341-346.

Jones LC, Hungerford DS (2004). Osteonecrosis: etiology, diag-
nosis, and treatment. Curr Opin Rheumatol 16: 443-449.

Kelishadi SS, St-Hilaire H, Rodriguez ED (2009). Is simultane-
ous surgical management of advanced craniofacial osteora-
dionecrosis  cost-effective?  Plast  Reconstr  Surg 123:
1010-1017.

Khan AA, Morrison A, Hanley DA et al (2015). Diagnosis and
management of osteonecrosis of the jaw: a systematic review
and international consensus. J Bone Miner Res 30: 3-23.

Kikuiri T, Kim I, Yamaza T eral (2010). Cell-based
immunotherapy ~ with mesenchymal stem cells cures

Oral Diseases

bisphosphonate-related osteonecrosis of the jaw-like disease in
mice. J Bone Miner Res 25: 1668—1679.

Kim KM, Rhee Y, Kwon YD, Kwon TG, Lee JK, Kim DY
(2015). Medication Related Osteonecrosis of the Jaw: 2015
Position Statement of the Korean Society for Bone and Min-
eral Research and the Korean Association of Oral and Max-
illofacial Surgeons. J Bone Metab 22: 151-165.

Kindwall EP (1997). Compressed air tunneling and caisson work
decompression procedures: development, problems, and solu-
tions. Undersea Hyperb Med 24: 337-345.

Koren L, Ginesin E, Melamed Y, Norman D, Levin D, Peled E
(2015). Hyperbaric oxygen for stage I and II femoral head
osteonecrosis. Orthopedics 38: e200-e205.

Kostenuik PJ, Nguyen HQ, McCabe J et al (2009). Denosumab,
a fully human monoclonal antibody to RANKL, inhibits bone
resorption and increases BMD in knock-in mice that express
chimeric (murine/human) RANKL. J Bone Miner Res 24:
182-195.

Kumar SK, Gorur A, Schaudinn C, Shuler CF, Costerton JW,
Sedghizadeh PP (2010). The role of microbial biofilms in
osteonecrosis of the jaw associated with bisphosphonate ther-
apy. Curr Osteoporos Rep 8: 40—48.

Landesberg R, Cozin M, Cremers S et al (2008). Inhibition of
oral mucosal cell wound healing by bisphosphonates. J Oral
Maxillofac Surg 66: 839-847.

Lee CY, David T, Nishime M (2007). Use of platelet-rich
plasma in the management of oral bisphosphonate-associated
osteonecrosis of the jaw: a report of 2 cases. J Oral Implantol
33: 371-382.

Lee 1J, Koom WS, Lee CG et al (2009). Risk factors and dose-
effect relationship for mandibular osteoradionecrosis in oral
and oropharyngeal cancer patients. Int J Radiat Oncol Biol
Phys 75: 1084-1091.

Leite AF, Figueiredo PT, Melo NS ef al (2006). Bisphospho-
nate-associated osteonecrosis of the jaws. Report of a case and
literature review. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 102: 14-21.

Leizaola-Cardesa 10, Aguilar-Salvatierra A, Gonzalez-Jaranay M,
Moreu G, Sala-Romero MJ, Gomez-Moreno G (2016). Bis-
phosphonates, vitamin D, parathyroid hormone, and
osteonecrosis of the jaw. Could there be a missing link? Med
Oral Patol Oral Cir Bucal 21: e236—e240.

Li X, Jin L, Cui Q, Wang GJ, Balian G (2005). Steroid effects
on osteogenesis through mesenchymal cell gene expression.
Osteoporos Int 16: 101-108.

Lin S, Shyu KG, Lee CC et al (2002). Hyperbaric oxygen selec-
tively induces angiopoietin-2 in human umbilical vein
endothelial cells. Biochem Biophys Res Commun 296: 710—
715.

Lin SS, Ueng SW, Niu CC er al (2014a). Effects of hyperbaric
oxygen on the osteogenic differentiation of mesenchymal stem
cells. BMC Musculoskelet Disord 15: 56.

Lin SS, Ueng SW, Niu CC er al (2014b). Hyperbaric oxygen
promotes osteogenic differentiation of bone marrow stromal
cells by regulating Wnt3a/beta-catenin signaling—an in vitro
and in vivo study. Stem Cell Res 12: 260-274.

Lo JC, O’Ryan FS, Gordon NP ef al (2010). Prevalence of
osteonecrosis of the jaw in patients with oral bisphosphonate
exposure. J Oral Maxillofac Surg 68: 243-253.

Lumerman HS (2013a). Exposed bone in bisphosphonate-related
osteonecrosis of the jaws may be induced and maintained by
localized microbial biofilm osteomyelitis. J Oral Maxillofac
Surg 71: 1307.

Lumerman HS (2013b). Exposed bone in bisphosphonate-related
osteonecrosis of the jaws may be induced and maintained by
localized microbial biofilm osteomyelitis. J Oral Maxillofac
Surg 71: 2011.

85U8017 SUOWIWIOD BAIIEaD 8|qeal|dde ay) Aq peusenob ae sajoie VO ‘8sn Jo sa|n. 1oy ARiqi8ul|UO A8]1M UO (SUOTHPUOD-pUe-SLLIBIALIO" A3 1M Afe.d Ul |UO//SdIL) SUORIPUOD PUe Swis 1 8y} 89S *[7202/90/ST] Uo Ariqiaulluo A811M ‘68T IPO/TTTT OT/I0P/W00" A8 1M Aeudjpuljuo//:Sciy Wwiouy peapeojumod ‘g *2T0Z ‘SZ80T09T


http://dx.doi.org/10.1016/j.ijom.2015.12.017

Lutsky K, Beredjiklian PK (2012). Kienbock disease. J Hand
Surg Am 37: 1942—-1952.

Lyons A, Ghazali N (2008). Osteoradionecrosis of the jaws: cur-
rent understanding of its pathophysiology and treatment. Br J
Oral Maxillofac Surg 46: 653-660.

Lyons A, Osher J, Warner E, Kumar R, Brennan PA (2014).
Osteoradionecrosis—a review of current concepts in defining
the extent of the d and a new classification proposal. Br J
Oral Maxillofac Surg 52: 392-395.

Mainous EG, Hart GB (1975). Osteoradionecrosis of the mand-
ible. Treatment With Hyperbaric Oxygen. Arch Otolaryngol
101: 173-177.

Mainous EG, Boyne PJ, Hart GB (1973). Elimination of sequestrum
and healing of osteoradionecrosis of the mandible after hyper-
baric oxygen therapy: report of case. J Oral Surg 31: 336-339.

Martins MA, Martins MD, Lascala CA et al (2012). Association
of laser phototherapy with PRP improves healing of bisphos-
phonate-related osteonecrosis of the jaws in cancer patients: a
preliminary study. Oral Oncol 48: 79-84.

Marx RE (1983a). A new concept in the treatment of osteora-
dionecrosis. J Oral Maxillofac Surg 41: 351-357.

Marx RE (1983b). Osteoradionecrosis: a new concept of its
pathophysiology. J Oral Maxillofac Surg 41: 283-288.

Marx RE (2003). Pamidronate (Aredia) and zoledronate (Zometa)
induced avascular necrosis of the jaws: a growing epidemic. J
Oral Maxillofac Surg 61: 1115-1117.

Marx RE, Ames JR (1982). The use of hyperbaric oxygen ther-
apy in bony reconstruction of the irradiated and tissue-deficient
patient. J Oral Maxillofac Surg 40: 412—-420.

Marx RE, Johnson RP, Kline SN (1985). Prevention of
osteoradionecrosis: a randomized prospective clinical trial of
hyperbaric oxygen versus penicillin. J Am Dent Assoc 111:
49-54.

Marx RE, Ehler WJ, Tayapongsak P, Pierce LW (1990). Rela-
tionship of oxygen dose to angiogenesis induction in irradiated
tissue. Am J Surg 160: 519-524.

Marx RE, Sawatari Y, Fortin M, Broumand V (2005). Bisphos-
phonate-induced exposed bone (osteonecrosis/osteopetrosis) of
the jaws: risk factors, recognition, prevention, and treatment. J
Oral Maxillofac Surg 63: 1567-1575.

McCaul JA (2014). Pharmacologic modalities in the treatment of
osteoradionecrosis of the jaw. Oral Maxillofac Surg Clin
North Am 26: 247-252.

McLeod NM, Pratt CA, Mellor TK, Brennan PA (2012). Pentox-
ifylline and tocopherol in the management of patients with
osteoradionecrosis, the Portsmouth experience. Br J Oral Max-
illofac Surg 50: 41-44.

Metselaar M, Dumans AG, van der Huls MP, Sterk W, Feenstra
L (2009). Osteoradionecrosis of tympanic bone: reconstruction
of outer ear canal with pedicled skin flap, combined with
hyperbaric oxygen therapy, in five patients. J Laryngol Otol
123: 1114-1119.

Migliorati CA (2003). Bisphosphonates and oral cavity avascular
bone necrosis. J Clin Oncol 21: 4253-4254.

Million RR, Cassisi NJ (1994). Management of head and neck
cancer: a multidisciplinary approach. Lippincott: Philadelphia.

Molcho S, Peer A, Berg T, Futerman B, Khamaisi M (2013).
Diabetes microvascular disease and the risk for bisphospho-
nate-related osteonecrosis of the jaw: a single center study. J
Clin Endocrinol Metab 98: E1807-E1812.

Mont MA, Pivec R, Banerjee S, Issa K, Elmallah RK, Jones LC
(2015). High-Dose Corticosteroid Use and Risk of Hip
Osteonecrosis:  meta-Analysis and Systematic Literature
Review. J Arthroplasty 30(1506): 1512. e5.

Moon RE, McGraw TA, Blakey G III (2005). Hyperbaric oxy-
gen therapy for radiation necrosis of the jaw: comments on a
randomized study. Undersea Hyperb Med 32: 145—-147.

HBO2 and ORN
P. Ceponis et al

Moor GF, Brown IW Jr, Salzano J, Starmer F (1965). Influence
of venous desaturation on the alveolar-arterial oxygen gradient.
Surg Forum 16: 19-21.

Morrish RB Jr, Chan E, Silverman S Jr, Meyer J, Fu KK, Green-
span D (1981). Osteonecrosis in patients irradiated for head
and neck carcinoma. Cancer 47: 1980-1983.

Muratsu D, Yoshiga D, Taketomi T et al (2013). Zoledronic acid
enhances lipopolysaccharide-stimulated proinflammatory reac-
tions through controlled expression of SOCS1 in macrophages.
PLoS ONE 8: e67906.

Murray CG, Daly TE, Zimmerman SO (1980). The relationship
between dental disease and radiation necrosis of the mandible.
Oral Surg Oral Med Oral Pathol 49: 99-104.

Nabil S, Samman N (2011). Incidence and prevention of osteora-
dionecrosis after dental extraction in irradiated patients: a sys-
tematic review. Int J Oral Maxillofac Surg 40: 229-243.

Najm MS, Solomon DH, Woo SB, Treister NS (2014). Resource
utilization in cancer patients with bisphosphonate-associated
osteonecrosis of the jaw. Oral Dis 20: 94-99.

Neuprez A, Coste S, Rompen E, Crielaard JM, Reginster JY
(2014). Osteonecrosis of the jaw in a male osteoporotic patient
treated with denosumab. Osteoporos Int 25: 393-395.

Nicholls L, Gorayski P, Harvey J (2015). Osteoradionecrosis of
the Ribs following Breast Radiotherapy. Case Rep Oncol 8:
332-338.

O’Dell K, Sinha U (2011). Osteoradionecrosis. Oral Maxillofac
Surg Clin North Am 23: 455-464.

Oh HK, Chambers MS, Martin JW, Lim HJ, Park HJ (2009).
Osteoradionecrosis of the mandible: treatment outcomes and
factors influencing the progress of osteoradionecrosis. J Oral
Maxillofac Surg 67: 1378-1386.

Omolehinwa TT, Akintoye SO (2016). Chemical and Radiation-
Associated Jaw Lesions. Dent Clin North Am 60: 265-277.

Orth P, Anagnostakos K (2013). Coagulation abnormalities in
osteonecrosis and bone marrow edema syndrome. Orthopedics
36: 290-300.

Otis AB, Rahn H, Fenn WO (1948). Alveolar gas changes dur-
ing breath holding. Am J Physiol 152: 674—-686.

Park S, Kanayama K, Kaur K e al (2015). Osteonecrosis of the
Jaw Developed in Mice: disease variants regulated by gam-
madelta T cells in oral mucosal barrier immunity. J Biol Chem
290: 17349-17366.

Passavanti G, Tanasi P, Brauzzi M, Pagni MR, Aloisi AM
(2010). Can hyperbaric oxygenation therapy (HOT) modify
the blood testosterone concentration? Urologia 77: 52-56.

Pautke C, Kreutzer K, Weitz J et al (2012). Bisphosphonate
related osteonecrosis of the jaw: a minipig large animal model.
Bone 51: 592-599.

Peer A, Khamaisi M (2015). Diabetes as a risk factor for medica-
tion-related osteonecrosis of the jaw. J Dent Res 94: 252-260.

Peleg M, Lopez EA (2006). The treatment of osteoradionecrosis
of the mandible: the case for hyperbaric oxygen and bone graft
reconstruction. J Oral Maxillofac Surg 64: 956-960.

Ramirez L, Lopez-Pintor RM, Casanas E, Arriba L, Hernandez G
(2015). New Non-Bisphosphonate Drugs that Produce
Osteonecrosis of the Jaws. Oral Health Prev Dent 13: 385-393.

Ramsden RT, Bulman CH, Lorigan BP (1975). Osteoradionecro-
sis of the temporal bone. J Laryngol Otol 89: 941-955.

Rice N, Polyzois I, Ekanayake K, Omer O, Stassen LF (2015).
The management of osteoradionecrosis of the jaws—a review.
Surgeon 13: 101-109.

Rocha FS, Gomes Moura CC, Rocha Rodrigues DB, Zanetta-Bar-
bosa D, Nakamura Hiraki KR, Dechichi P (2015). Influence of
hyperbaric oxygen on the initial stages of bone healing. Oral
Surg Oral Med Oral Pathol Oral Radiol 120: 581-587.

Rollason V, Laverriere A, MacDonald LC, Walsh T, Tramer
MR, Vogt-Ferrier NB (2016). Interventions for treating

149

Oral Diseases

85U8017 SUOWIWIOD BAIIEaD 8|qeal|dde ay) Aq peusenob ae sajoie VO ‘8sn Jo sa|n. 1oy ARiqi8ul|UO A8]1M UO (SUOTHPUOD-pUe-SLLIBIALIO" A3 1M Afe.d Ul |UO//SdIL) SUORIPUOD PUe Swis 1 8y} 89S *[7202/90/ST] Uo Ariqiaulluo A811M ‘68T IPO/TTTT OT/I0P/W00" A8 1M Aeudjpuljuo//:Sciy Wwiouy peapeojumod ‘g *2T0Z ‘SZ80T09T



HBO2 and ORN
P. Ceponis et al

150

bisphosphonate-related osteonecrosis of the jaw (BRONJ).
Cochrane Database Syst Rev 2: CD008455.

Ruggiero SL, Mehrotra B, Rosenberg TJ, Engroff SL (2004).
Osteonecrosis of the jaws associated with the use of bisphos-
phonates: a review of 63 cases. J Oral Maxillofac Surg 62:
527-534.

Ruggiero SL, Dodson TB, Assael LA er al (2009). American
Association of Oral and Maxillofacial Surgeons position paper
on bisphosphonate-related osteonecrosis of the jaws—2009
update. J Oral Maxillofac Surg 67: 2—12.

Ruggiero SL, Dodson TB, Fantasia J et al (2014). American
Association of Oral and Maxillofacial Surgeons position paper
on medication-related osteonecrosis of the jaw—2014 update. J
Oral Maxillofac Surg 72: 1938-56.

Russell RG (2011). Bisphosphonates: the first 40 years. Bone 49:
2-19.

Sakaguchi O, Kokuryo S, Tsurushima H eral (2015).
Lipopolysaccharide aggravates bisphosphonate-induced
osteonecrosis in rats. Int J Oral Maxillofac Surg 44: 528-534.

Salzano JV, Camporesi EM, Stolp BW, Moon RE (1984). Physi-
ological responses to exercise at 47 and 66 ATA. J Appl Phys-
iol Respir Environ Exerc Physiol 57: 1055-1068.

Sanders JM, Song Y, Chan JM et al (2005). Pyridinium-1-yl bis-
phosphonates are potent inhibitors of farnesyl diphosphate syn-
thase and bone resorption. J Med Chem 48: 2957-2963.

Schaaf H, Streckbein P, Ettorre G, Lowry JC, Mommaerts MY,
Howaldt HP (2006). Standards for digital photography in cra-
nio-maxillo-facial surgery—part II: additional picture sets and
avoiding common mistakes. J Cranio-Maxillo-Faci Surg 34:
366-377.

Sedghizadeh PP, Kumar SK, Gorur A, Schaudinn C, Shuler CF,
Costerton JW (2009). Microbial biofilms in osteomyelitis of
the jaw and osteonecrosis of the jaw secondary to bisphospho-
nate therapy. J Am Dent Assoc 140: 1259-1265.

Sharareh B, Schwarzkopf R (2015). Dysbaric osteonecrosis: a lit-
erature review of pathophysiology, clinical presentation, and
management. Clin J Sport Med 25: 153-161.

Sharon JD, Khwaja SS, Drescher A, Gay H, Chole RA (2014).
Osteoradionecrosis of the temporal bone: a case series. Otol
Neurotol 35: 1207-1217.

Sheikh AY, Gibson JJ, Rollins MD, Hopf HW, Hussain Z, Hunt
TK (2000). Effect of hyperoxia on vascular endothelial growth
factor levels in a wound model. Arch Surg 135: 1293-1297.

Sheng H, Zhang G, Wang YX et al (2009). Functional perfusion
MRI predicts later occurrence of steroid-associated osteonecro-
sis: an experimental study in rabbits. J Orthop Res 27: 742-747.

Smart D, Wallington M (2012). A cost-analysis case study of
radiation cystitis treatment including hyperbaric oxygen ther-
apy. Diving Hyperb Med 42: 92-97.

Solomon DH, Mercer E, Woo SB, Avorn J, Schneeweiss S,
Treister N (2013). Defining the epidemiology of bisphospho-
nate-associated osteonecrosis of the jaw: prior work and cur-
rent challenges. Osteoporos Int 24: 237-244.

Spanou A, Lyritis GP, Chronopoulos E, Tournis S (2015). Man-
agement of bisphosphonate-related osteonecrosis of the jaw: a
literature review. Oral Dis 21: 927-936.

Spiegelberg L, Braks JA, Groeneveldt LC, Djasim UM, van der
Wal KG, Wolvius EB (2015). Hyperbaric oxygen therapy as a
prevention modality for radiation damage in the mandibles of
mice. J Cranio-Maxillo-Faci Surg 43: 214-219.

Stumpe MR, Chandra RK, Yunus F, Samant S (2009). Incidence
and risk factors of bisphosphonate-associated osteonecrosis of
the jaws. Head Neck 31: 202-206.

Sulaiman F, Huryn JM, Zlotolow IM (2003). Dental extractions
in the irradiated head and neck patient: a retrospective analysis
of Memorial Sloan-Kettering Cancer Center protocols, criteria,
and end results. J Oral Maxillofac Surg 61: 1123—-1131.

Oral Diseases

Svalestad J, Thorsen E, Vaagbo G, Hellem S (2014). Effect of
hyperbaric oxygen treatment on oxygen tension and vascular
capacity in irradiated skin and mucosa. Int J Oral Maxillofac
Surg 43: 107-112.

Svalestad J, Hellem S, Thorsen E, Johannessen AC (2015).
Effect of hyperbaric oxygen treatment on irradiated oral
mucosa: microvessel density. Int J Oral Maxillofac Surg 44:
301-307.

Teng MS, Futran ND (2005). Osteoradionecrosis of the mand-
ible. Curr Opin Otolaryngol Head Neck Surg 13: 217-221.
Thom SR (2009). Oxidative stress is fundamental to hyperbaric

oxygen therapy. J Appl Physiol (1985) 106: 988-995.

Thom SR (2011). Hyperbaric oxygen: its mechanisms and effi-
cacy. Plast Reconstr Surg 127(Suppl. 1): 131S-141S.

Thom SR, Mendiguren I, Hardy K er al (1997). Inhibition of
human neutrophil beta2-integrin-dependent adherence by
hyperbaric O2. Am J Physiol 272: C770-C777.

Thom SR, Bhopale VM, Velazquez OC, Goldstein LJ, Thom
LH, Buerk DG (2006). Stem cell mobilization by hyperbaric
oxygen. Am J Physiol Heart Circ Physiol 290:
H1378-H1386.

Thorn JJ, Hansen HS, Specht L, Bastholt L (2000). Osteora-
dionecrosis of the jaws: clinical characteristics and relation to
the field of irradiation. J Oral Maxillofac Surg 58: 1088—1093;
discussion 1093-5.

Thornley GD, Gullane PJ, Ruby RR, Heeneman H (1979).
Osteoradionecrosis of the temporal bone. J Otolaryngol 8:
396—400.

Top C, Yildiz S, Oncul O et al (2007). Phagocytic activity of
neutrophils improves over the course of therapy of diabetic
foot infections. J Infect 55: 369-373.

Treister NS, Richardson P, Schlossman R, Miller K, Woo SB
(2008). Painful tongue ulcerations in patients with bisphospho-
nate-associated osteonecrosis of the jaws. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 105: el—e4.

Troeltzsch M, Woodlock T, Kriegelstein S, Steiner T, Messlinger
K, Troeltzsch M (2012). Physiology and pharmacology of
nonbisphosphonate drugs implicated in osteonecrosis of the
jaw. J Can Dent Assoc 78: c85.

Tsubaki M, Komai M, Itoh T er al (2014). Nitrogen-containing
bisphosphonates inhibit RANKL- and M-CSF-induced osteo-
clast formation through the inhibition of ERK1/2 and Akt acti-
vation. J Biomed Sci 21: 10.

Turner L, Mupparapu M, Akintoye SO (2013). Review of the
complications associated with treatment of oropharyngeal can-
cer: a guide for the dental practitioner. Quintessence Int 44:
267-279.

Undersea and Hyperbaric Medical Society. Hyperbaric Oxygen
Committee and Weaver. LK Hyperbaric oxygen therapy indi-
cations: the Hyperbaric Oxygen Therapy Committee report.

Veenstra DL, Best JH, Hornberger J, Sullivan SD, Hricik DE
(1999). Incidence and long-term cost of steroid-related side
effects after renal transplantation. Am J Kidney Dis 33:
829-839.

Vudiniabola S, Pirone C, Williamson J, Goss AN (2000). Hyper-
baric oxygen in the therapeutic management of osteora-
dionecrosis of the facial bones. Int J Oral Maxillofac Surg 29:
435-438.

Walter C, Al-Nawas B, Frickhofen N ez al (2010). Prevalence of
bisphosphonate associated osteonecrosis of the jaws in multi-
ple myeloma patients. Head Face Med 6: 11.

Wang G, Zhang CQ, Sun Y ef al (2010). Changes in femoral
head blood supply and vascular endothelial growth factor in
rabbits with steroid-induced osteonecrosis. J Int Med Res 38:
1060-1069.

Weaver LK (2011). Hyperbaric oxygen in the critically ill. Crit
Care Med 39: 1784-1791.

85U8017 SUOWIWIOD BAIIEaD 8|qeal|dde ay) Aq peusenob ae sajoie VO ‘8sn Jo sa|n. 1oy ARiqi8ul|UO A8]1M UO (SUOTHPUOD-pUe-SLLIBIALIO" A3 1M Afe.d Ul |UO//SdIL) SUORIPUOD PUe Swis 1 8y} 89S *[7202/90/ST] Uo Ariqiaulluo A811M ‘68T IPO/TTTT OT/I0P/W00" A8 1M Aeudjpuljuo//:Sciy Wwiouy peapeojumod ‘g *2T0Z ‘SZ80T09T



Weaver LK, Howe S (1992). Normobaric measurement of arte-
rial oxygen tension in subjects exposed to hyperbaric oxygen.
Chest 102: 1175-1181.

Weinstein RS (2012a). Glucocorticoid-induced osteonecrosis.
Endocrine 41: 183-190.

Weinstein RS (2012b). Glucocorticoid-induced osteoporosis and
osteonecrosis. Endocrinol Metab Clin North Am 41: 595-611.

Williams WB, O’Ryan F (2015). Management of Medication-
Related Osteonecrosis of the Jaw. Oral Maxillofac Surg Clin
North Am 27: 517-525.

Williams DW, Lee C, Kim T et al (2014). Impaired bone resorp-
tion and woven bone formation are associated with develop-
ment of osteonecrosis of the jaw-like lesions by
bisphosphonate and anti-receptor activator of NF-kappaB
ligand antibody in mice. Am J Pathol 184: 3084-3093.

Wong JK, Wood RE, McLean M (1997). Conservative manage-
ment of osteoradionecrosis. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 84: 16-21.

Wood J, Bonjean K, Ruetz S er al (2002). Novel antiangiogenic
effects of the bisphosphonate compound zoledronic acid. J
Pharmacol Exp Ther 302: 1055-1061.

HBO2 and ORN
P. Ceponis et al

Wu D, Malda J, Crawford R, Xiao Y (2007). Effects of hyper-
baric oxygen on proliferation and differentiation of osteoblasts
from human alveolar bone. Connect Tissue Res 48: 206-213.

Yarom N, Fedele S, Lazarovici TS, Elad S (2010). Is exposure
of the jawbone mandatory for establishing the diagnosis of bis-
phosphonate-related osteonecrosis of the jaw? J Oral Maxillo-
fac Surg 68: 705.

Yazdi PM, Schiodt M (2015). Dentoalveolar trauma and minor
trauma as precipitating factors for medication-related
osteonecrosis of the jaw (ONJ): a retrospective study of 149
consecutive patients from the Copenhagen ONJ Cohort. Oral
Surg Oral Med Oral Pathol Oral Radiol 119: 416-422.

Zalavras C, Shah S, Birnbaum MJ, Frenkel B (2003). Role of
apoptosis in  glucocorticoid-induced  osteoporosis  and
osteonecrosis. Crit Rev Eukaryot Gene Expr 13: 221-235.

Zanon V, Rossi L, Castellani E, Camporesi EM, Palu G, Bosco
G (2012). Oxybiotest project: microorganisms under pressure.
Hyperbaric oxygen (HBO) and simple pressure interaction on
selected bacteria. Med Gas Res 2: 24.

151

Oral Diseases

85U8017 SUOWIWIOD BAIIEaD 8|qeal|dde ay) Aq peusenob ae sajoie VO ‘8sn Jo sa|n. 1oy ARiqi8ul|UO A8]1M UO (SUOTHPUOD-pUe-SLLIBIALIO" A3 1M Afe.d Ul |UO//SdIL) SUORIPUOD PUe Swis 1 8y} 89S *[7202/90/ST] Uo Ariqiaulluo A811M ‘68T IPO/TTTT OT/I0P/W00" A8 1M Aeudjpuljuo//:Sciy Wwiouy peapeojumod ‘g *2T0Z ‘SZ80T09T



