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Abstract: Osteoradionecrosis is a radiation induced disease of the jaw bones. During the past 80 years, a humber of
theories for the pathogenesis of ORN have been proposed, with consequent implications for its treatment. Until recently,
the triad of hypoxia, hypocellularity, and hypo vascularity proposed by Robert Marx was accepted as the primary cause,
leading to the use of hyberbaric oxygen therapy for both treatment and prevention of the disease. This article deals with a
new theory of pathogenesis of ORN, which proposes that damage to bone is caused by “radiation induced fibrosis”. New
treatments have therefore been devised, which include the use of pentoxyphylline and tocopherol for future treatment and
prevention of ORN.
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INTRODUCTION- e Pain is a common symptom
Definition - Osteoradionecrosis of the jaws is a disease e Dysaesthesia[3]
characterized by chronic non-healing wound secondary e Food impaction in area of exposed sequestra
to irradiation and superimposed infection. [4]

e  Fistulation from the oral mucosa or skin
Synonyms e Pathological fractures

Radiation osteitis,
Radio-osteonecrosis,
Radio-osteitis,

Septic osteoradionecrosis

e Predisposing factors include - dental
extractions [5, 6], injuries, infections, immune
deficiencies malnutrition, etc

Theories of pathophysiology — A critical appraisal
e Watson & Scarborough reported 3 crucial
factors in the development of ORN-exposure

o to radiotherapy above a critical done local
e Seen after radiation of more than 60Gy and injury & infection [7].

more commonly whe_n brachytherapy is used e Meyer then proposed his radiation, trauma &
¢ Interval between radiotherapy & onset of ORN infection theory [8].
is usually 6-12 months [2]
o Exposed devitalized bone through ulcerated
mucosa or skin

Clinical presentation —
e Affects the mandible more often than the
maxilla[1]

e Marx’s theory of hypoxia, hypocellularity &
hypo vascularity was the most popular [9].
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RADIATION

BONE TISSUE CELL IRREVERSIBLE CELL
DEATH FROM DIRECT CHANGE AND
IRRADIATION DAMAGE DYSFUNCTION
| [\
DAMAGE TO OTHER BONE | VASCULAR DAMAGE |
| HYPOCELLULARITY | TISSUE COMPENSENTS

OSTEOBLASTS, OSTEOCYTES

[ ENDRATERITIS OBLITERANS |

l [ HYPOVASCULARITY |
Y
[TISSUEBREAKDOWN | | Gonoiem e AND [GRADUAL ISCHAEMIA |
. i « HYPOXIA

CHRONIC NON-HEALING WOUND IN PREVIOUSLY IRADIATED BONE i.e.
OSTEORADIONECROSIS

Pathophysiology of ORN according to Marx

Stage [
- 30 x (100%0, for 90 min at 2.4 ATA)
- Examine Exposed Bone

- No Surgery
- No Antibiotics
RESTONSE - Saline Rinse Only
- 10x %(100 O, for 90 min at - Cutaneous Fistula
2.4 ATA (Stage | Responder) NO - Pathological Fracture

RESPONSE - Resorption of inferior
border of mandible

Stage 11
- Surgery (Maintain Inferior
Border of mandible)
- 10 x (100 % O2 for 90 min at
2.4 ATA
RESPONSE
HEALING WITHOUT
EXPOSED BONE
(STAGE II [ NO RESPONSE |
RESPONSE)

Stage III
- Excision of Non- Viable Bone
- Fixation of mandible segments
- 10x (100% O for 190 min at 2.4 ATA)
- Reconstruction after 3 months
- No further HBO Required

Lreaiment protocol for ORN gccording ro Marx
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RADIATION

Generation Of Free
Radial Oxygen
Species (ROS)

[ INJURED ENDOTHELIAL CELLS | | FIBROBLASTS |

ROS MEDIATED
CYTOKINE PRODUCTION

— [ MYOFIBROBLASTS |
Y - OSTEOBLASTS ] i
[ MICROVESSEL NECROSIS _| OSTEOCYTES
OSTEOCLASTS [TNF-a | [ PDGF |
[[IL-1,1L-4,1L-6 |

[ VASCULAR THROMBOSIS |

PREVERSIABLE DAMAGE
TO DNA. BONE TGF—BI

CELL NECROSIS l
[ TISSUE LOSS |
DYSRESULATION
OF COLLAGEN
METABOLISM
FRAGILE PAUCICELLULAR l
. TISSUE REPLACED
" BY ABNORMAL -—
MYOFIBRO BLASTS

TRAUMA

[ OSTEORADIO NECROSIS |

RADIATION INDUCED FIBROATROPHIC THEORY
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[ MEDICAL TREATMENT |

FOR ALL PATIENTS
NEEDING EXTRACTION

l

I WEEK BEFORE
DATE OF PLANNED
EXTRACTION

|

PENTOXYPHYLLINE
400 mg TWICE DAILY +
TOCOPHEROL 1000 W
ONCE DAILY

'

CONTINUE FOR 8
WEEKS

IF ESTABLISHED ORN

PRESENT CONTINUE
FOR & MONTHS

|

IF
UNRESPONSIVE
AT 3 MONTHS,
ADD
CLODRONATE
1600 mg/day

COMBINED MEDICAL
AND | SURGICAL TREATMENT |
SURGICAL TREATMENT
i PATHOLOGICAL
ORN WITH LARGE FRACTURE PRESENT
AREA OF OR IMMINENT
SEQUHSTRUM l

START PENTOXYPHYLLINE REQUIRE
400 mg TWICE DAILY + VASCULARISED
TOCOPHEROL 1000 W ONCE COMPOSITE TISSUE
DAILY + CLODRONATE TRANSFER

1600mg / DAY 3 MONTH
BEFORE PLANNED DATE
OF SEQUESTRECTOMY

[SEQUESTRECTOMY ]

CONSIDER
EXTENDING ANTI -
OXIDANTS AFTER
SEQUESTRECTOMY

New Treatment Protocol

CASE REPORT

A 62 year old female patient reported to the
Department of Oral and Maxillofacial Surgery with a
chief complaint of a non-healing wound in the lower
left side of the mouth since two weeks. History of
surgery and radiation therapy for carcinoma of upper lip
one year ago and extraction of 45 and 46 fifteen days
ago. Extraction wounds have failed to heal indicating
osteoradionecrosis of the lower right side of the
mandible.

A combined approach was decided for the
case. A sequestrectomy of the affected area was carried
out to remove the necrotic bone and induce fresh
bleeding. Simultaneously the patient was started on the
above mentioned regimen.
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Post-operative after 4 months

Current understanding of the pathophysiology and
new protocol for the prevention & treatment of ORN-
Radiation induced fibrosis is a new theory that
accounts for the damage to normal tissues, including
bone after radiotherapy. This theory suggests that the
key event in the progression of ORN is the activation
and dysregulation of fibroblastic activity that leads to
atrophic tissue within a previously irradiated area.

After radiotherapy, endothelial cells are
injured both directly from radiation, and indirectly from
reactive oxygen species or free radicals. These reactive
oxygen species then mediate the release of cytokines,
which result in unregulated fibroblast activation and the
myofibroblast phenotype characterized by unusually
high rate of proliferation, excretion of abnormal
products of the extracellular matrix, and a reduced
ability to degrade such components persists. Ultimately
these myofibroblasts undergo apoptosis, and even
decades after radiotherapy, the bone remains pauci

cellular, poorly vascularised and fibrosed, so that they
have an increased tendency to develop ORN.

To reverse changes in these reactive oxygen
species, new therapeutic regimens have been developed,
which include the use of-
1-Pentoxyphylline - a methyl xanthine derivative that
dilates blood vessels increases erythrocyte flexibility,
inhibits inflammatory reactions in —vivo, inhibits
proliferation of human deprival fibroblasts & increases
collagenase activity in-vitro.
2-Tocopherol (Vitamin E) - Scavenges the reactive
oxygen species that were generated during oxidative
stress by protecting cell membranes against
perioxidation of lipids, partial inhibition of TGF —B1,
reduction of fibrosis.
3-Clodronate - a new generation bisphosphonate that
inhibits bone resorption by reducing the numbers &
activity of osteoclasts [10].

All patients having dental extractions could be
given 8 weeks of pentoxyphylline 400 mg twice daily
with tocopherol 1000 IU, starting a week before the
procedure. If ORN develops, they could be used for a
further 6 months, with clodronate prescribed after three
months, if there has been no appreciable response.
Patients with established ORN follow this regimen for 6
months, with clodronate added after three months if
there is no appreciable response. Antibiotics should be
used for established ORN, where there is clinical
evidence of infection and frank pus, including draining
sinuses or collections.
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