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Management of osteoradionecrosis of oral cavity
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ABSTRACT
The treatment of head and neck cancer remains a challenge. Despite advances in surgical reconstructive techniques, most
patients will require adjuvant therapy in the form of radiotherapy or chemoradiotherapy to improve locoregional control. The
short- and long-term side effects of radiotherapy can be difficult to treat. The initial effects of radiotherapy to the oral tissues
such as mucositis and loss of taste are troublesome but short-lived resolving within a few weeks. Xerostomia may be more
persistent but can be managed with supportive therapy such as sialogogues and artificial saliva. Osteoradionecrosis (ORN)
is the long-term and most serious side effect of radiotherapy. ORN develops as irradiation diminishes the bone’s ability
to withstand trauma and avoid infection, and it can be facilitated by poor nutrition and hygiene. ORN usually occurs in
the mandible and causes chronic pain and surface ulcerations. All patients who require extraction of teeth in a previously
irradiated field should be considered at risk of developing ORN.
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INTRODUCTION
The treatment of head and neck cancer remains a
challenge. Despite advances in surgical reconstructive
techniques, most patients will require adjuvant therapy in
the form of radiotherapy or chemoradiotherapy to improve
locoregional control.[1,2] Radiation treatment is an as often
as possible utilized treatment methodology for head and
neck disease, either as a remain solitary choice or in
blend with medical procedure (adjuvant or neoadjuvant
radiotherapy) or potentially chemotherapy. A standout
among the most all-around reported entanglements
of radiation treatment in the head and neck area is
osteoradionecrosis (ORN).[3] The short- and long-term
side effects of radiotherapy can be difficult to treat.[4]
The initial effects of radiotherapy to the oral tissues such
as mucositis and loss of taste are troublesome but shortlived resolving within a few weeks. Xerostomia may
be more persistent but can be managed with supportive
therapy such as sialogogues and artificial saliva.[5] ORN
or bone death of the facial skeleton is the long-term and
most serious side effect of radiotherapy. The clinical
appearance of Osteoradionecrosis is that of necrotic bone
present in the oral pit.[6] Marx characterizes ORN as “a
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region more prominent than 1 cm of uncovered bone in a
field of illumination that had neglected to demonstrate any
confirmation of recuperating for not less than a ½ year.”[7]
ORN comes about because of the traded-off bloodstream
to the mandible optional to radiation instigated vascular
harm. This diminished bloodstream debilitates the typical
recuperating limit of the bone after even the scarcest
affront. It likewise inclines to optional disease of the
bone. This inconvenience of radiation treatment is once in
a while announced in the jaws of youngsters and hence
would not be talked about further here.[8] In any case, ORN
limits the essence of the sore to 3 months and peruses there
after: ORN is a condition portrayed by bone that moves
toward becoming devitalized and uncovered through
the overlying skin or mucosa, without mending for 3
months tumor report has been discounted. This condition
occurs in 3–10% of patients.[9] ORN usually occurs in the
mandible and causes chronic pain and surface ulcerations.
The difference between its blood supply and anatomical
structure may make it be more affected than maxilla.[10,11]
This review will discuss about the etiology, the various
treatment option, and the prevention of ORN a serious
complication of oral and maxillofacial radiotherapy.
Etiology
The cause of ORN is radiation-induced tissue damage.
This damage is compounded by the fact that the mandible
is essentially an end-artery system supplied by the
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inferior alveolar artery, with minor supply from the bony
attachments.[12] The incidence of ORN after radiotherapy
for head and neck cancers has been reported to be due to
the loss of soft tissue, which naturally recovers, and the
exposure of necrotic bone for over 6 months.[13] Trauma
to the soft tissue overlying bone in the oral cavity induces
bacteria to enter the underlying demineralized bone
and leads to osteomyelitis.[14] The radiation destroys
some of the very small blood vessels within the bone.
These blood vessels carry both nutrients and oxygen
to the living bone. Tissue breakdown and chronic nonhealing wounds are sequelae of endarteritis that results
in tissue hypoxia, hypocellularity, and hypovascularity.
A reduction in these vessels correlates to a reduction
in the bone’s ability to heal itself.[15] In an irradiated
field, minor insult such as periodontal disease, pulpal
infections, and procedures such as dental extractions
can result in delayed healing and in some cases develop
into ORN.[16] Remodeling cells such as fibroblasts,
osteoblasts, and osteoclasts will show changes when they
try to divide, such as during healing.[1] Damage to the
microvasculature results in initial hyperemia, followed
by endarteritis, thrombosis, and eventual obliteration.
This results in the 3 “H”s or hypocellularity, hypoxia,
and hypovascularity. Intraoral tissues are damaged by
irradiation, which causes mucositis and xerostomia.
These conditions, in combination with poor dental care
or a poorly fitting tissue-borne prosthesis, will give rise
to odontogenic and periodontal infections. This again
can lead to ORN.[17,18]
This hypothesis depends on the idea that osteoclasts
endure radiation harm sooner than the improvement
of vascular changes.[19,20] In like manner, the key
occasion in the movement of ORN is the actuation
and dysregulation of fibroblastic action that prompts
atrophic tissue inside a formerly illuminated zone.[19]
The histopathologic periods of the improvement of
ORN incorporate the prefibrotic stage, the constitutive
sorted out stage, and the late fibroatrophic stage. In the
underlying prefibrotic stage, changes in endothelial
cells prevail, alongside the intense fiery reaction; in the
constitutive composed stage, anomalous fibroblastic
movement prevails and there is complication of the
extracellular grid; in the late fibroatrophic stage,
tissue rebuilding happens alongside the development
of delicate recuperated tissues that convey a genuine
characteristic danger generally reactivated aggravation
in case of nearby damage.[21]
Meyer proposed a hypothesis including radiation,
injury, and contamination and detailed that oral
microbiological verdure attacks the fundamental
lighted bone after damage.[19] Endothelium, bone, and
periosteum are extremely imperative tissues that have
been appeared to end up hypoxic, hypocellular, and
hypovascular because of ORN.[20] With this hypothesis,
the great succession of radiation, injury, and
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contamination can be supplanted by an arrangement of
metabolic and cell changes as cell demise and collagen
lysis surpass combination and cell replication, bringing
about incessant non-recuperating wounds.[21]
Management
Hyperbaric oxygen (HBO) and ORN

When ORN develops, tissue destruction devolves into
the breakdown of overlying tissues and symptomatic
destruction of bone. During this process, the response
to antibiotics can be poor. In many cases, the situation
can be improved with the use of HBO therapy.Once in a
while, foundational anti-infection agents will be required
if ORN creates. In fact, it is anything but a contamination
of bone but instead a non-healing hypoxic wound.[22]
Systemic antimicrobials are of restricted an incentive
to the mandible itself due to the diminished vasculature
and consequent poor medication conveyance to the
site. No endeavor ought to be made at first to acquire
essential delicate tissue conclusion of bone since most
injuries under 1 cm or less will mend in weeks to a long
time without careful mediation other than expelling
sequestrum.[23] For expansive imperfections in the
jaw, medical procedure will be required with bony and
delicate tissue remaking with the helper of pre-operative
and post-operative HBO. HBO has been shown to be
more effective than penicillin. HBO therapy is a mode
of treatment in which a patient breathes 100% oxygen
intermittently while the treatment chamber’s pressure is
increased above 1 atmosphere absolute. HBO therapy
for radiation damaged tissue was introduced in 1973
by Greenwood and Gilchrist and Mainous et al.[24,25] It
is known that HBO increases the amount of oxygen in
tissue fluids by a 10-fold factor.[26] In addition, the HBO
stimulates angiogenesis in the healing tissue. It can
produce angiogenesis in previously irradiated tissue.[27]
A series of treatment using pentoxifylline, tocopherol,
and Vitamin E are sometimes used as an alternative.[28]
HBO therapy is a relatively safe treatment. If pressures
within the chamber are kept below 3 times of normal
atmospheric pressure and if sessions last no longer than
2 h, complications can be minimized.[29] At the end of
an HBO session, patients often feel light headed and
tired, but more serious problems can occur. Milder
problems associated with HBO therapy include
claustrophobia (in monoplace chambers), fatigue, and
headache. More serious complications include myopia
(short-sightedness) that can last for weeks or months,
sinus damage, ruptured middle ear, and lung damage.
Oxygen toxicity, a major complication, can result in
convulsions, fluid in the lungs, and even respiratory
failure.[30]
Pentoxifylline and Vitamin E

Pentoxifylline is a tri-substituted methylxanthine
derivative chemically designated as 1-(5-oxohexyl)3,7-dimethylxanthine and is a hemorrheologic agent,
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unlike theophylline. Pentoxifylline is a white to
creamy white crystalline powder. It is freely soluble in
chloroform and methanol, soluble in water, sparingly
soluble in ethanol, sparingly soluble in toluene, and
slightly soluble in ether. It has a melting point of
104–107°C, within a 3°C range.[31] Pentoxifylline
exerts an antitumor necrosis factor-α effect,
increases erythrocyte flexibility, vasodilates, inhibits
inflammatory reactions in vivo, inhibits human dermal
fibroblast proliferation and extracellular matrix
production, and increases collagenase activity in
vitro.[32] Pentoxifylline and its metabolites improve
blood flow by decreasing its viscosity. Tissue oxygen
levels have also been shown to increase significantly
with therapeutic doses of pentoxifylline in patients
with peripheral arterial disease.[33,34] Pentoxifylline has
been used concurrently with antihypertensive drugs,
β-blockers, digitalis, diuretics, and antiarrhythmics.
If needed, dosage of antihypertensive agents should
be reduced.[35] Concomitant administration of
pentoxifylline and theophylline-containing drugs
leads to increased theophylline levels and theophylline
toxicity in some individuals.[36]
Tocopherol

Tocopherols are a class of organic chemical compounds
consisting of various methylated phenols, many of
which have Vitamin E activity. Tocotrienols are related
compounds that also have tocopherol activity. All of
these derivatives with vitamin activity may correctly
be referred to as “Vitamin E.”[37] Tocotrienols have the
same methyl structure in its ring and the same Greek
letter-methyl-notation but differ from tocopherols
due to the presence of three double bonds in the
hydrophobic side chain. Whereas tocopherols have
three centers and eight possible stereoisomers per
structural formula, the unsaturation of tocotrienol tails
has only a single stereoisomeric carbon and, thus, two
possible isomers per structural formula, one of which
occurs naturally.[38] Vitamin E exists in eight different
forms, four tocopherols and four tocotrienols. All
feature a chromane ring, with a hydroxyl group that
can donate a hydrogen atom to reduce free radicals and
a hydrophobic side chain that allows for penetration
into biological membranes. Each form has different
biological activiies; the unnatural l-isomers of
tocotrienols lack almost all vitamin activity, and half
of the eight possible isomers of the tocopherols, those
with 2S chirality at the ring-tail junction, also lack
vitamin activity. Both the tocopherols and tocotrienols
occur in α (alpha), β (beta), γ (gamma), and δ (delta)
forms, determined by the number and position of
methyl groups on the chromanol ring.[39]
Mandibular reconstruction

Bony reconstruction of the jaws in cancer-related
deformities presents several unique problems that
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have historically produced low success rates and high
morbidity. Large spans of discontinuity, soft tissue
deficiency, irradiated tissue, and extreme scarring
with bony displacement are some of the more obvious
problems. Particular goals of reconstruction are to
restore the function of the jaw bone, especially with
regard to food processing, swallowing, and intelligible
speech production, and to restore the appearance of the
lower face.[40] It has been generally accepted that wide,
radical resection of necrotic bone with immediate free
flap reconstruction is often the only and best option
for the treatment of advanced ORN.[41,42] In addition,
perioperative adjunctive HBO therapy is often given,
although it has not been conclusively proven to be of
benefit. Furthermore, it should be realized that ORN
affects surrounding soft tissue and is not only a disease
of the bone.[43,44] Several free flaps such as the scapula
bone flap (in combination with either a parascapular
skin island or partial latissimus dorsi muscle), iliac
crest flap, or soft tissue only flaps (rectus abdominis
and latissimus dorsi myocutaneous flaps) have
been used, but the osteocutaneous fibula free flap is
generally considered the workhorse flap. Furthermore,
the donor-site morbidity is generally minimal and
compares favorable to the iliac crest flap.[45] Sometimes,
after radical ORN resection, composite through-andthrough defects exist, which require a second free flap
for the reconstruction of the external skin defect of the
lower face or neck. As already mentioned, recipient
vessel identification and dissection in a previously
operated and irradiated neck can be tedious. It often
requires more delicate dissections, sometimes with the
aid of a microscope.[46]
Prevention

The patient should have a full dental evaluation. This
should include radiographs to show all the teeth as
well as the jaws to check for unerupted teeth and any
bony pathology. Preventive measures are vital to avoid
the need for dental intervention such as extractions
and may have led to a significant decline in rates of
ORN over the past few decades.[47] However, even
with adequate care, the extraction of diseased teeth
may become inevitable. A minimal trauma technique
is, especially, indicated in the irradiated patient, and
therefore, experienced clinicians should perform
the procedure. A panoral radiograph should be a
minimum, but ideally, periapical views of all the teeth
should be taken. All the teeth should be meticulously
charted for caries and periodontal pocketing.[48] Each
tooth should be given an individual prognosis and
a treatment plan completed and discussed with the
patient. It is important to educate the patient regarding
meticulous oral hygiene and the need for lifelong
regular follow-up. All teeth should be cleaned and
scaled. The patient should be encouraged to rinse with
a fluoride and antibacterial mouthwash on a regular
Drug Invention Today | Vol 12 • Issue 1 • 2019
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basis and high-risk patients should have custom trays
made to assist in regular fluoride treatment.[49,50]
Patients with no teeth are easier to treat but should still
have a baseline radiographic evaluation to check for
buried teeth. Dentures should be inspected for fitting
to ensure minimal trauma to the tissues. The timing
of extractions is controversial, but 2–3 weeks before
radiotherapy are advised to ensure timely healing. The
extractions should be carried out in a non-traumatic
manner with minimal damage to the surrounding
tissues. Teeth with questionable prognosis should
be carefully discussed with the patient. During
radiotherapy, the patient will experience mucositis
and xerostomia. Regular review with the dentist is
essential to minimize discomfort. The xerostomia
will cause dryness of the mouth due to lack of saliva,
which is essential to wash away debris and dilute the
plaque. Regular mouthwashes and meticulous oral
hygiene are essential during this period.[51-53]

CONCLUSION
Head and neck cancer patients continue to pose a
challenge for surgeons and oncologists. ORN can
be a cruel blow to patients and their families who
have already had to endure treatment for cancer.
Improved radiotherapy protocols, multidisciplinary
preventive care, and reconstructive surgery can
help to improve the quality of their lives. ORN of
craniofacial skeleton is a severe complication of head
and neck radiotherapy and may be acute or appear
later. Main complications observed were exposure
of synthesis material, extraoral fistula, relaxation,
and loss of fixation screws. The advantage of the
organization of diagnosis and treatment through the
protocol established by Marx is in its ability to select
those patients who present conditions to undergo
less aggressive treatments and less oxygenotherapy
sessions, besides preparing patients for reconstruction,
thus keeping facial contour and avoiding collapse of
cervical-mandibular soft tissues.
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