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Abstract. Osteoradionecrosis (ORN) is an infrequent but serious complication of
radiotherapy, especially in the head and neck region. It is a slowly progressive
condition, with management in the early stages focused on symptom control, and
surgery usually reserved for advanced ORN. However, established ORN is difficult
to treat. The role of hyperbaric oxygen therapy has recently been contested. The use
of pentoxifylline in the management of ORN was first described by Delanian in
2004, but its benefits have not been replicated in other studies. In cases of advanced
ORN with pathological fractures, many centres still advocate surgical resection and
reconstruction. However, in this group of patients who often have multiple medical
comorbidities, many of whom have previously undergone significant surgery, a
resective plan is not always ideal. This paper presents two successful cases of bony
union after the use of pentoxifylline and tocopherol to manage grade III ORN of the
mandible. Both patients had pathological fractures and orocutaneous fistulas and
were deemed unsuitable for surgery. The possible reasons for the success of
pentoxifylline and tocopherol are discussed, and a review of the current literature
evidence of similar cases is presented. Pentoxifylline and tocopherol should be
considered for the management of advanced ORN where surgical management is
not appropriate.
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Osteoradionecrosis (ORN) of the jaws is
one of the most serious complications of
radiotherapy to the head and neck for the
management of oral and oropharyngeal
cancer. The incidence of ORN is believed
to be approximately 7.4% of patients1, and
ORN is most common in patients treated
with over 60 Gy of radiation, patients of
advanced age, smokers, those currently
using alcohol, and those with poor nutri-
tional status2. Medical comorbidities such
as diabetes mellitus, hypertension, and
collagen vascular diseases have also been
found to increase the risk of developing
ORN3. Dental patient risk factors include
active periodontal disease and extrac-
tions4,5. The mandible has been found to
be affected more commonly than the max-
illa1,6, by a factor of 247. Tumour-related
risk factors for developing ORN include
advanced stage at diagnosis (grade III) and
high-risk sites such as the tongue, floor of
the mouth, alveolus, retromolar trigone,
and tonsil. These primary sites have been
reported to be associated with a higher risk
of developing ORN as the radiotherapy
field would inadvertently include the
tooth-bearing alveolus3.
Several definitions of ORN exist. The

definition proposed by Marx in 1983 de-
scribed ORN as ‘‘an area greater than one
centimetre of exposed bone in a field of
radiation that has failed to show any evi-
dence of healing for at least 6 months’’8,9.
Harris amended the definition in 1992 to
reduce the duration of bone exposure and
to include the surrounding soft tissue, as
follows: ‘‘exposed and necrotic bone as-
sociated with ulcerated or necrotic sur-
rounding soft tissue which persists for
greater than three months, in an area that
has been previously irradiated and is not
caused by tumour recurrence’’10. The
need to exclude a malignancy is crucial,
as it prompts the practitioner to perform a
biopsy, thereby avoiding misdiagnosis of
tumour recurrence, which can present with
a similar clinical picture.
The pathogenesis of ORN is not clear,

and many theories have been proposed,
which have guided treatment algorithms.
Watson and Scarborough in 1938 first
identified three crucial factors in the de-
velopment of ORN: radiation, trauma, and
infection11. In 1970, Meyer built on this
and proposed that antibiotics be used in
conjunction with any surgery conducted
on patients exposed to previous radiother-
apy12,13. Marx built on this further in 1983
by proposing that ORN was not an infec-
tion, but instead a deficiency in the ho-
meostatic and metabolic capacity of bone
as a result of irradiation. Marx proposed
that radiation caused the jaw bone to
Please cite this article in press as: Breik O

osteoradionecrosis of the jaws with patholog
become hypoxic, hypocellular, and hypo-
vascular, leading to reduced healing ca-
pacity and remodelling potential, and
resulting in the formation of a chronic
non-healing wound8,9.
In 2004, Delanian and Lefaix proposed

the fibroatrophic theory of ORN pathogen-
esis14. This theory proposed that irradia-
tion results in activation and dysregulation
of fibroblasts, which causes fibroatrophy
of the cellular bone marrow14. This was
hypothesized to occur in three phases. The
first phase is one of ‘pre-fibrosis’ where
there is chronic inflammation. This is fol-
lowed by an ‘organized phase’ of fibrosis
and then a ‘fibroatrophic phase’ in which
there is gradual loss of bone marrow cells.
Delanian et al. suggested that there may be
two pathways to this radiation-induced
fibrosis. The first pathway is one of grad-
ual hypoxia similar to what Marx de-
scribed. The second pathway is the
stromal theory, which suggests that radio-
therapy increases reactive oxygen species
in the bone, which then dysregulate fibro-
blasts and induce metaplasia to myofibro-
blasts15.
The management of ORN has been

controversial and highly variable be-
tween centres. Small areas of exposed
bone have traditionally been treated with
conservative management, consisting of
mouthwash, analgesia, and antibiotics
for acute infective exacerbations. Local
debridement and sequestrectomy may be
offered for grade II ORN, and resection
is usually reserved for late-stage grade
III ORN.
Hyperbaric oxygen therapy (HBO) be-

came widely used after the work by
Marx8,9. Marx proposed the use of
HBO in the management of ORN based
on its neovascularization potential8,9. He
developed a treatment protocol for
patients (the Wolford Hall HBO proto-
col), in which they underwent 30 dives of
100% oxygen at 2.4 atmospheres for
90 minutes. This was followed by seques-
trectomy or debridement for stage II or
resection for stage III ORN cases, fol-
lowed by a further 30 dives8,9. Any re-
construction was deferred for patients
with refractory ORN not responding to
HBO. Although Marx described good
results, these have not been replicated
by other authors, and in fact some studies
have shown worse results after recon-
struction in ORN patients who have
had previous HBO compared to those
who have not16. Even the role of HBO
in the prevention of ORN has been ques-
tioned in recent times based on more
recent studies showing disappointing
results of HBO compared to placebo17.
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HBO is not without its complica-
tions18,19, and many side effects have been
described, mainly caused by barotrauma
(e.g., hearing loss, visual changes, and
seizures). Hence, HBO is relatively con-
traindicated in patients at risk of barotrau-
ma (e.g., those with pneumothorax or
eustachian tube dysfunction). HBO can
also be hazardous to patients with certain
oxygen-sensitive states such as asthma/
chronic obstructive pulmonary disease,
congenital spherocytosis, or those with
claustrophobia.
The use of pentoxifylline, tocopherol,

and clodronate together (PENTOCLO) in
the management of ORN was first pro-
posed by Delanian and Lefaix14. Here, the
specific agents were thought to counteract
the development of radiation-induced fi-
brosis. Pentoxifylline was suggested to
improve blood viscosity and flow, improv-
ing the vascularity of affected tissues.
Tocopherol (a vitamin E analogue) is an
anti-oxidant and is thought to scavenge
reactive oxygen species. Lastly, clodro-
nate, a first-generation non-nitrogenous
bisphosphonate, was added in non-respon-
sive cases and to promote osteoblast dif-
ferentiation and osteogenesis15.
The benefits of PENTOCLO were first

described in a case of sternal ORN in a
female patient who had previously under-
gone radiotherapy for breast cancer20.
Subsequently, PENTOCLO was used suc-
cessfully in 16 of 18 patients with man-
dibular ORN of the jaws not responding to
conservative therapy alone. Of these
patients, four had stage III ORN with
pathological fractures. Although the paper
did not discuss these more advanced
patients in significant detail, it appears
that all of the patients had pathological
fractures without ‘shifting’ or without dis-
placement21. A subsequent study by Dela-
nian et al. in 2011 evaluated the role of the
PENTOCLO protocol in the management
of 54 patients15. Of these, 36 were classi-
fied as having advanced ORN (Epstein III
with fistula, fracture, or osteitis). Howev-
er, it was unclear how many patients ac-
tually had fractures, and in the
conclusions, the authors advised that sur-
gical management should still be consid-
ered in patients with fractures without
displacement.
Unfortunately, these favourable results

could not be replicated by many. Notably,
the Portsmouth UK experience published
in 2012 showed no benefit of pentoxifyl-
line and tocopherol when used in similar
patients with early stage mandibular
ORN21. Hence, there has been resistance
to adopting its use in many units. Also,
due to the paucity of studies with similar
opherol in the management of advanced
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Fig. 1. Panoramic radiograph showing pathological fracture of the right mandibular body, and
sclerotic bone changes consistent with previous radiotherapy.

Fig. 2. Panoramic radiograph showing worsening osteolysis at the site of pathological fracture
(right mandibular body).
success rates as the Delanian studies,
most protocols published so far in the
oral and maxillofacial and head and neck
literature have advised excluding patients
with pathological fractures, as they have
been deemed unlikely to respond
to treatment13,22.
Overall, the use of pentoxifylline and

tocopherol has been an exciting develop-
ment in the management of ORN, and this
combination has even been shown to suc-
cessfully treat cases of medication-related
osteonecrosis of the jaws by several
groups23–25, suggesting that these agents
still show some promise in reversing a
variety of forms of osteonecrotic damage
to the jawbones. The most recent meta-
analysis and systematic review of the lit-
erature by Kolokythas et al. (2019)
suggests that the literature supports the
use of pentoxifylline and tocopherol in
ORN of the jaws but that additional stud-
ies are needed to further validate its use26.
The purpose of this paper is to report

two cases in which pentoxifylline and
tocopherol was used in patients with ad-
vanced ORN with pathological fractures,
who showed subsequent bony union and
thereby avoided the need for resection and
reconstruction. A review of the current
evidence for the use of pentoxifylline
and tocopherol in such advanced cases
is also presented in the Discussion.

Methods and results

The use of pentoxifylline and tocopherol
for the management of early ORN, as well
as for symptomatic relief, is considered for
patients attending the Oral and Maxillofa-
cial Unit at Monash Health. In two
instances, this treatment was used for
patients with late-stage ORN (Notani
grade 327) with pathological fractures
and orocutaneous fistulas who had either
refused surgery or been deemed unsuitable
for further surgery. The cases of these two
patients, who showed surprising results
with unexpected bony union following
the use of pentoxifylline and tocopherol,
are described here. The possible reasons
for the successful results and potential
future applications of pentoxifylline and
tocopherol in the management of ad-
vanced ORN of the jaw are discussed.
The patients are de-identified, and data
were obtained from a retrospective review
of the records. Therefore, this study was
exempt from ethical board review.

Case one

A 59-year-old female patient underwent
chemoradiotherapy for a T3N2b moderately
Please cite this article in press as: Breik O
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differentiated squamous cell carcinoma
of the right tonsillar fossa in 2005. This
was on a background of smoking 30
cigarettes a day and heavy alcohol intake.
Her treatment regimen involved 70 Gy of
radiation, carboplatin, and 5-flurouracil.
She was subsequently lost to follow-up
and then presented 10 years later (in
2015) to an oral and maxillofacial sur-
geon with pain and swelling overlying the
right mandibular body. Intraoral exami-
nation revealed an area of exposed bone
2 cm � 2 cm and she was found to have a
pathological fracture of the right mandib-
ular body (Fig. 1). Biopsy of the bone and
surrounding oral mucosa excluded recur-
rence of her carcinoma and confirmed
grade III (Notani classification) ORN.
The patient refused further surgery

and remained on conservative therapy
for 24 months (chlorhexidine mouth-
wash, oral analgesia, and intermittent
courses of oral antibiotics to treat any
infective exacerbations). The patient
was subsequently reviewed in 2017
with persistent pain, and a panoramic
radiograph demonstrated worsening
osteolysis around the pathological frac-
ture (Fig. 2). Furthermore, she had
developed a 1 cm � 1 cm area of ery-
thema and swelling in the skin overly-
ing the right mandibular body, which
eventually broke down to form an oro-
cutaneous fistula. She was initially
treated with two courses of antibiotics
(first course of 10 days of oral
, et al. Is there a role for pentoxifylline toc
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amoxicillin with clavulanic acid twice
daily, followed by 10 days of clinda-
mycin 300 mg four times daily) to re-
duce the discharge from the
orocutaneous fistula and help resolve
the infection, with no improvement.
Clinically, the fracture was not mobile
on examination, but she did report
clicking from the angle of the mandi-
ble on opening and closing. As she was
still not a suitable surgical candidate,
the patient was commenced on pentox-
ifylline 400 mg and tocopherol 500 IU
twice daily and advised to stay on a
soft diet. She reported a significant
improvement in her pain at 3 months,
with a reduction in the clicking noises,
but persistence of the orocutaneous
fistula. She continued the pentoxifyl-
line for a further 3 months. On subse-
quent review, the patient had no further
clicking noises from the fracture site
and she had complete resolution of the
orocutaneous fistula. Clinically, the ar-
ea of exposed bone intraorally had
reduced in size to approximately 1 cm
� 1 cm. A panoramic radiograph at 6
months showed evidence of bone for-
mation at the site of the pathological
fracture (Fig. 3). The pentoxifylline
and tocopherol were stopped after 6
months due to patient preference.
On review at 12 months since commenc-

ing pentoxifylline and tocopherol, there was
no recurrence of the orocutaneous fistula,
and the patient had no symptoms of the
opherol in the management of advanced
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Fig. 3. Panoramic radiograph after 3 months of pentoxifylline and tocopherol showing evidence
of bone formation.
pathological fracture. The area of exposed
bone intraorally was stable, with no evidence
of progression. She remains on close clinical
follow-up.

Case two

A 44-year-old man underwent a right
hemiglossectomy, bilateral selective neck
dissection, and reconstruction with a radi-
al forearm free flap for a T2N0M0 squa-
mous cell carcinoma of the right tongue in
2003. The patient also underwent adjuvant
chemoradiotherapy. He subsequently
moved to a different city in Australia
and was lost to follow-up.
In 2014, some 11 years later, the pa-

tient presented to an oral and maxillofa-
cial surgeon with a left-sided
orocutaneous fistula, pain, and paraesthe-
sia of the inferior alveolar nerve. Clini-
cally he had a small area of exposed bone
Please cite this article in press as: Breik O
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Fig. 4. Baseline panoramic radiograph of a patien
in 2014.

Fig. 5. Panoramic radiograph 4 months after 

showing pathological fracture of the left mandib
and an orocutaneous fistula. A panoramic
radiograph demonstrated bony sclerosis
of the mandible, but no fracture (Fig. 4).
He was referred for HBO as per the Marx
protocol and underwent 30 dives, but had
continual infections, chronic pain, and
persistent orocutaneous fistula. In Janu-
ary 2016, the patient underwent debride-
ment of the left mandibular necrotic bone
and removal of infected teeth on the
affected side. Four months later, he
reported persistent pain, as well as dis-
charge from the orocutaneous fistula. A
panoramic radiograph now revealed a
pathological fracture (Fig. 5). Following
this, the pathological fracture and the
orocutaneous fistula persisted, requiring
multiple courses of antibiotics due to
recurrent exacerbations. Clinically the
fracture was not mobile, likely due to
the highly fibrotic surrounding radiother-
apy affected tissue.
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t at the time of diagnosis of osteoradionecrosis

surgical debridement and removal of teeth,
ular body.
Surgical resection and reconstruction
was discussed with the patient in June
2016, but deferred due to patient prefer-
ence. As a temporary measure and for
symptomatic relief, the patient was com-
menced on pentoxifylline 400 mg and to-
copherol 500 IU twice daily. Over the next
10 months, the patient reported significant
improvements. Clinically he had no mo-
bility of the mandible, good oral function,
no exposed bone intra-orally, and resolu-
tion of the orocutaneous fistula. A pan-
oramic radiograph showed evidence of
bone healing. At the most recent review,
more than 16 months after commencing
pentoxifylline and tocopherol, a new pan-
oramic radiograph (Fig. 6) and computed
tomography showed persistent bony union
at the site of the previous fracture and no
recurrence of the orocutaneous fistula. The
patient remained on pentoxifylline and
tocopherol for 12 months.

Discussion

Advanced full thickness ORN (Notani
grade III), especially in the setting of a
pathological fracture or an orocutaneous
fistula, has traditionally been treated with
surgical resection and vascularized free
flap reconstruction, with good results
reported in some studies28. However, there
are concerns regarding operating within an
irradiated field, and many of our patients
are unsuitable for resective and recon-
structive therapy, so conservative manage-
ment and supportive care remain a
commonly adopted treatment for ORN.
In addition, many patients refuse further
surgery. In these settings, there may be a
role for the implementation of pentoxifyl-
line and tocopherol.
Pentoxifylline and tocopherol was first

used in the management of early ORN as
the two agents directly counteracted the
proposed fibroatrophic pathogenesis of
ORN14. Initial studies have shown good
results and no significant adverse effects
from the medications14. The role of pen-
toxifylline and tocopherol in advanced
ORN, where patients are unsuitable for
resection, has been reported in the work
of Delanian et al.15,20. In the first study, six
patients with pathological fractures were
included, and five showed an improve-
ment in staging, with resolution of the
pathological fracture20. The authors clear-
ly reported that these patients had patho-
logical fractures without shifting (i.e.,
undisplaced, non-mobile fractures).
Apart from the studies by Delanian

et al., several maxillofacial surgery units
have reported their outcomes in both ret-
rospective and prospective studies, which
opherol in the management of advanced
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Fig. 6. Panoramic radiograph 16 months after the commencement of pentoxifylline showing
evidence of fracture healing.
have been summarized in a recent system-
atic review29. Some of the studies included
in that systematic review included patients
with advanced ORN and their outcomes
with the use of pentoxifylline and
tocopherol20,30–32. Of note, the majority
of the investigators avoided the use of
clodronate in their treatment protocols,
mainly due to their experience with bis-
phosphonate-induced osteonecrosis of the
jaws21. We avoided clodronate in our
patients for the same reasons. Of these
studies, only the one by McLeod et al.
published in 2012 clearly included
patients with pathological fractures man-
aged with pentoxifylline and tocopherol,
and they found that use of pentoxifylline
and tocopherol only improved the staging
from active progressive disease with a
pathological fracture to chronic, non-pro-
gressive disease with a persistent patho-
logical fracture21. The remaining papers
mentioned above reported that advanced
ORN with pathological fractures required
resection and free vascularized tissue
transfer22,32.
The two cases presented in this paper

showed promising improvements in both
the pathological fracture and the orocuta-
neous fistula in patients who were man-
aged non-operatively with pentoxifylline
and tocopherol, avoiding the need for
resection and vascularized free tissue
transfer. Such results have not been
reported by many authors.
What contributed to the unexpected

improvement in the patients reported in
this study? It is difficult to explain such
results; however, one obvious feature is
that in both cases the pathological frac-
tures were not mobile, similar to those
described by Delanian et al.33. Does a
pathological fracture that is not mobile
increase the potential for the anti-fibrotic
medications to minimize the progressive
osteolysis and abnormal fibrous bony for-
mation around the fracture sites? These
findings may warrant consideration of
stabilization of early pathological frac-
tures with external fixation or even
Please cite this article in press as: Breik O
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trans-mucosal fixation. Of course, there
is the concern that external fixation espe-
cially may lead to orocutaneous fistula
formation, so novel ideas are needed to
determine the best way to stabilize the
fracture segments to encourage healing,
especially in cases where vascularized free
tissue transfer is not possible due to patient
comorbidities or patient preference. Prior
to embarking on such treatment consider-
ations, further examples of bony healing
due to pentoxifylline and tocopherol ther-
apy are needed to demonstrate its efficacy
in these advanced cases of ORN.
Although these cases demonstrate po-

tentially promising effects of pentoxifyl-
line and tocopherol in advanced ORN,
several questions remain. Why and how
does an anti-fibrotic agent help in patients
whose bone has long been affected by the
radiotherapy? After establishing ORN, is
the abnormal fibroatrophic process not
already irreversible? The only possible
explanation for the potential beneficial
effects of an anti-fibrotic agent like pen-
toxifylline is that in the setting of acute
inflammation, an orocutaneous fistula, or a
pathological fracture, additional abnormal
fibrosis further compromises the healing
process, preventing healing. Hence, pro-
viding the anti-fibrotic agent may facili-
tate a more favourable healing process that
leads to improvement and potential reso-
lution. In addition, some studies are dem-
onstrating osteogenic effects of
pentoxifylline. Although this mechanism
is still poorly understood, is it possible that
the administration of pentoxifylline pro-
motes osteogenesis, which could explain
its potential effect in promoting fracture
healing34. Further research is needed to
fully understand the mechanism of these
agents in the setting of ORN in order to
explain the potentially beneficial effects.
Another question is how long should the

patient remain on pentoxifylline and tocoph-
erol? In the cases presented herein, the first
patient was on the agents for 6 months, while
the second was on them for 12 months. It is
not clear from other studies how long each
, et al. Is there a role for pentoxifylline toc
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patient was on the agents. From experience
and the results of these studies, the present
authors would advise considering a 12-
month regimen. In the recent meta-analysis
on the topic by Kolokythas et al., 201824, the
authors advised considering pentoxifylline
and tocopherol for at least 6 months and then
for as long as regression is observed. How-
ever, further well-designed prospective stud-
ies are needed to determine the ideal
treatment length.
Pentoxifylline and tocopherol may have

a role in the management of advanced
stage ORN of the jaw with pathological
fracture. In the cases presented in this
paper, both patients showed union of the
pathological fracture, demonstrated
improvements in pain, and their orocuta-
neous fistulas showed signs of significant
healing. The use of pentoxifylline and
tocopherol for advanced ORN should be
explored further, as it may provide an
alternative to surgical resection.
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