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ABSTRACT

Aim: Osteoradionecrosis of the jaws (ORNJs) is aseptic bone
necrosis that develops in post-irradiated bone tissue of patients
who underwent radiotherapy for head-neck tumors. The present
study aims to clinically assess the regenerative ability of the
ozone in the form of oil-based gel applied to the exposed bone
area in the treatment of ORNJ.

Materials and methods: Eight patients who underwent radio-
therapy for the treatment of cervical or neck cancer were diag-
nosed with ORN of the jaws at our Department, for a total of 11
sites of necrotic bone exposure (3 patients were diagnosed with
more than one site of osteoradionecrosis). In the therapeutic
protocol, the exposed bone lesion and osteomucosal margin
were cleaned with manual debridement. Then the ORN lesion
was treated with topical applications of ozone delivered as oil
suspension (Ozosan® — Sanipan, Clivio, Italy) on the exposed
bone for 10 minutes. The application was repeated each week
until movement of the necrotic fragment was noted

Results: In six patients on 8 (75%) lesions resolved with com-
plete mucosal healing with 3 to 19 ozone applications. Total
sequestration of the necrotic bone with spontaneous expulsion
was observed. One patient improved his conditions shifting from
a stage B2S1 to B1S1 according to He et al. classification. A
patient only worsened his conditions with treatment. No toxicity
was reported or observed.

Conclusion: These results showed the efficacy of ozone oil
suspensions in the non-invasive treatment of ORN, probably
related to its properties of stimulation of local revasculariza-
tion and antibacterial activity, and the good tolerability of the
related protocol used.
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INTRODUCTION

Radiotherapy is usually used as adjuvant therapy
following oncological surgery, and it can be administered
together with chemotherapy or as palliative treatment.!

Osteoradionecrosis (ORN) of the maxilla is one
of the most severe and important complications of
radiotherapy administered for head and neck tumors.
It is characterized by an area of exposed necrotic bone
in one or more locations of the upper or lower jaw,
with failure to heal during at least three months in
the absence of local neoplastic disease."* This kind
of complication could also happen when the immune
system of patients is compromised like in hematologic
disorders when dental devices are used.> This kind of
risk is also the reason why some radiographic diagnostic
high-resolution machines could not be applied to living
patient.1%12

It develops due to progressive hypoxia, hypo-
vascularization, and hypo-cellularity of the affected bone.
Radiation causes inflammation of small blood vessels
(endoarteritis) resulting in the development of thrombi
and occlusion of the vascular lumen. It also produces
an increase in free radicals and causes altered collagen
synthesis."'¥!* Compromised tissue perfusion and
impaired repair and remodeling capacity make the bone
vulnerable to necrosis. A minimal external trauma at this
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point can cause ulceration, facilitating contamination and
infection, and thus favoring bone necrosis.”®

The exposed part of the bone shows visible changes
in color and strength, and radiologically a typical loss of
bone structure developing into diffuse radio transparency
corresponding to bone breakdown.!®

Regaud first described it in 1922, and it is most
commonly located in the mandible, probably due to
the relatively poor vascularization of the lower jaw."”
When located in the upper jaw, the ORN develops less
progressively, and the defects are less severe.’®!? It can
develop spontaneously in one-third of all cases correlated
with high doses of radiations (> 65 Gy), but usually appear
after tooth extraction or oral surgery, due periodontal
and apical disease or as a consequence to direct trauma
caused by poorly fitting dentures.?*?!

Extraction or oral invasive treatment before or after
irradiation is said to be the most common initiating factor
in the development of ORN in irradiated jaws, and the
incidence of ORN after tooth extraction in irradiated
patients is estimated to be around 2-18%.%%%

The latest classification for ORN introduced in 2015
by HE et al. differentiate bone and soft tissue lesions
and classify them in multiple stages.”* Development
of antibiotic resistance and the need to find new
antimicrobial agents that would promote the activity of
angiogenesis generated research into the use of ozone in
the form of oil-based gel as a topical treatment of skin or
mucous wounds.

Ozone can be used in three forms: oxygen/ozone
gas, ozonated oil/gel, ozonated water. Ozonated oil has
the ability to entrap ozone and then release it when in
contact with a lesion. Ozonated oil/gel must be kept at low
temperature (+2°C) so that O, fills all of the polyunsaturated
fatty acids in the oils.® At room temperature, O; tends to
separate from the oil, while freezing polyunsaturated
fatty acids leads to an increase in their tensile strengths,
forming a molecular mesh that entraps ozone and prevents
it from migration. Ozone is useful in medicine due to its
antimicrobial activity against bacteria, viruses, protozoa,
and fungi. Ozone also can stimulate blood circulation
and the immune response. Various applications for ozone
have been proposed in dentistry, including the elimination
of bacterial pathogens, periodontal pocket disinfection
and osseous disinfection, prevention of dental caries
and tooth sensitivity, endodontic treatment, pain control,
infection control, accelerated healing, tissue regeneration,
temporomandibular joint treatment and control of
halitosis.”> A more recent application of ozone is in the
treatment of bisphosphonate-related osteonecrosis of the
jaw (BRON]).2%

The objective of this study is to evaluate the
effectiveness and safety of ozone therapy conducted with

topical applications of ozone as a gel (Ozosan® - Sanipan,
Clivio, Italy) in the treatment of osteoradionecrosis of
the jaws.

MATERIALS AND METHODS

Patients included in the study were under radiotherapy
for cervical or neck cancer and had, due to radiations,
areas of necrotic bone tissue exposed in the jawbone
that needed treatment to avoid infection and extension
of the necrotic area. The protocol didn't vary depending
on the dose of Gray given to the patient or the intake
of chemotherapeutic drugs used in combination with
radiotherapy.

The study group consisted of 8 patients. Everyone was
diagnosed with ORN of the jawbone between 07/2013 and
04/2015 at our Department, for a total of 11 sites of necrotic
bone exposure, three patients were diagnosed with more
than one site of osteoradionecrosis). All patients involved
in the study were treated with ozone-based oil gel using
topical applications at the site of bone necrosis. At the
time of diagnosis of ORN, the severity was assessed by
the classification of He et al.

The exclusion criteria were the impossibility for the
patient to show at every scheduled appointment, poor oral
hygiene conditions and follow-up of less than one year.

The therapeutic protocol began with professional oral
hygiene, followed as soon as possible by the first ozone
oil-based gel application. Topical applications included
positioning a small amount of gel (5 mL) over a sterile
gauze compressed on the exposed bone area for 10
minutes restricting contact with other oral fluids.

After this period, the gauze is removed and at a
distance of 7 days, the procedure is repeated until
movement of the necrotic fragment is noted.

Domestic therapy involved topical applications on
the necrotic site with sterile gauze of hydrogenated gel
preparation 1-2 times a day.

The patients were instructed not to smoke or drink
alcoholic beverages during the whole length of the
treatment.

Site healing is evaluated with the release of necrotic
bone fragment and consequent spontaneous wound
closure for a period of 12 months.

The type and location of carcinoma appearance and
co-morbidity of patients are shown in Table 1.

RESULTS

The male/female ratio was 7/1 (Table 1). The age of
patients at diagnosis of ORN ranged from 54 to 76
years (mean 62 years + 7.4 years). For the three patients
with a diagnosis of ORN in two different sites, age was
considered at the time of diagnosis at the first appearance
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of a necrotic bone area. Five patients had undergone a
combination of radiotherapy and chemotherapy, while
three patients had undergone radiotherapy alone. The
average radiation dose received was 68 Gy for the radio/
chemotherapy group (min 66 max 70 Gy) and 76 Gy for the
radiotherapy group (min 68 max 90 Gy). The mean onset
of ORN after the end of radiotherapy was 23, 2 months
for each site of osteoradionecrosis. 4 out of 8 patients
were strong smokers (50%), and 2 out of 8 patients had
problems with alcoholism (25%).

Five out of eight patients (62.5%) were diagnosed with
a post extractive delayed healing of the surgical wound
(Figs 1 and 2). Similarly, a total of seven post-extraction
sites on eleven showed an ORN (63.6%) with dehiscence
of the surgical wound and lack of spontaneous closure.
In the other cases, ORN occurred spontaneously (37.5%
of patients and 36.6% of the total sites with diagnosed
ORN). In six sites of ORN the initial stage was B251, and
in the other five, the initial stage was B1S1. The upper/
lower jaw ratio as the site of the onset of the lesion was
3:8, with a marked predominance of mandibular ORNs
sites than those in the upper jaw.

The average number of sessions for Ozosan® ozone
gel for each site of osteonecrosis was 12.6. The average
number for each patient was 17.3, since three patients
showed more than one osteonecrotic spot.

Six patients out of 8 obtained complete healing (75%),
one patient improved his conditions shifting from a stage
B2S1 to B1S1 according to He classification. A patient
only worsened his conditions shifting from a stage B1S1
to B3S2.

Two patients with three sites affected with no healing
received Ozosan® gel, but in the first case, due to the size
of the ORN, it was decided to complete surgically the
removal of the osteonecrotic bone area with osteoplasty
and mucous flap coverage. In the second case, the patient
was subjected to hemimandibulectomy.

Fig 1: Computerized tomography at TO

DISCUSSION

Osteoradionecrosis is secondary to permanent damage
of the bone-vascular bed and of the osteocytes generated
by radiations. It is a bone lesion characterized by a slow
progression and impossibility for spontaneous healing.
It can’t be considered an autonomous disease, but it is the
consequence of several local and systemic factors capable
of modifying the bony hematic flow and surrounding
tissues thus leading to bone exposition.

The trigger event can result from infections in the
alveolar processes, tooth extractions or other invasive
dental procedures or traumatic events that occurred during
the period of radiotherapy or immediately after it
Osteoradionecrosis may also occur spontaneously, and
in the present study, the outbreak was spontaneous in
four out of the eight patients, even if poor oral hygiene,
poor mandibular vascularization, high radiation doses or
smoking or alcohol abuse may be predisponent factors.

Many different classifications have been proposed
with the aim of standardizing ORN of the jaws (ORN]J)
and their treatment. He et al. proposed in 2015 the newest
classification, based on the presentation of the disease and
radiological findings, in which bone and soft tissue are
classified separately, and the results then combined dividing
patients with ORN]J in 4 stages (from stage 0 to stage 3). The
therapeutic strategy is decided on a clinical stage ratio.*

Currently, there are various treatment options for
ORNJ, but in literature is still unclear which is the best
therapy for this undesired complication.

Conservative management is recommended in BOSO
stage according to the classification proposed by He et al.
and consists of antibiotic therapy, antiseptics, promotion
of dental hygiene, local wound care and hyperbaric
oxygen therapy (HBO). In this early stage, bacterial
culture and an antibiogram are indicated, though broad-
spectrum treatment with penicillins, macrolides, and
fluoroquinolones has yielded good results.?

b2 @* ek

Fig 2: Osteonecrotic lesion at TO
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Surgical treatment in Bl stage is directed to eliminate
necrotized bone in order to leave only healthy bone.

At this stage, due to the small size of the defects, after
debridement, we preferred a limited and conservative
approach, to reduce discomfort and an open surgical
procedure that should be critical especially for patients
with compromised systemic conditions.

Marginal or segmental resection is required in B2
stage patients. The surgical margins are determined
through preoperative CT combined with the appearance
of bleeding bone during surgery. For patients who
underwent extended segmental resection, reconstruction
of the defect is essential to improve both function and
aesthetics. In these cases, pretreatment with ozone gel
could be useful in reducing side effects or secondary
infection of the surgical wound."*

An alternative treatment strategy is a use of laser
therapy, both Low-Level Laser Therapy (LLLT), widely
used to stimulate and accelerate cellular response, and
Er: YAG/Er, Cr: YSGG.*!

In this study, the Authors selected ozonized oil gel
because the application of gel was found to provide a
more extended stay in the oral cavity, adequate drug
penetration, high efficacy and acceptability for both the
patient and the operator, with only minor side effects.*

When ozone bounded to the substrate is released
promotes an oxidizing action due to a series of reactions
of the target organism.*3*

Ozone acts on enzymes and nucleic acids in the
cytoplasm, and proteins and peptidoglycan in virus
capsids. This ozone-induced modification is selective to
microbial cells but does not damage human body cells
because of their major anti-oxidative ability.?>* RNA of
microorganisms, in fact, is degraded into protein subunits
by ozonization. Ozone alters the protein capsid first to
liberate RNA that may be secondarily inactivated by
ozone. Ozone also acts on fungi and protozoa.””*®

Fig 3: Lesion after 4 applications of ozonated oil gel

Ozone has a positive effect on blood circulation,
increasing the concentration of red blood cells and
hemoglobin. This localized stimulation of the circulatory
system leads to increased oxygenation of tissues, and
this effect is more evident in the vessels of smaller
diameter (such as vases intraosseous maxillary or
capillaries) that fill quickly red blood cells by increasing
local microcirculation. The action of stimulation of
angiogenesis finally leads to a more represented vascular
network. This increase in vascularity of the underlying
necrotic bone area causes the formation of granulation
tissue (Fig. 3). Along with an adequate curettage and
frequent washing with saline solution and hydrogen
peroxide, revascularization of the underlying bone
causes by the time the spontaneous dislocation of the
necrotic fragment, exposing a living tissue that will not
be necessary to treat surgically and that will lead to a
partial healing of the wound or at the complete closure
of the wound (Fig. 4).26%%%

As supported by the literature, many oral cancer
patients often have other related pathologies (diabetes,
HBV, HCV, HIV) or history of alcohol abuse or are strong
smokers, and these factors may have increased chances
of developing osteoradionecrosis. Chemotherapy may
also intensify the acute and late reactions of the body to
radiation damage.*’ In our patient sample, it was noted
that all had co-morbidity related to a possible increase in
the risk of developing ORN]J (hepatitis A, B or C, alcoholic
hepatitis, HIV, diabetes, venous thrombosis), as well as
4 patients on 8 (50%) were strong smokers, while two out
of eight (25%) had problems with alcoholism. A marked
predominance of mandibular ORN]J was observed
in the upper jaw. Literature suggests that the ORN]J affects
the lower jaw more frequently than the upper jaw or any
other bone in the head circumference. It should be noted
thatin the present study, cases not solved by ozone therapy
with ozonized oil gel were all osteoradionecrosis localized

-‘I . . »'-1

Fig 4: Partial healing after 8 applications of ozonated oil gel
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at mandibular level. These data are also supported by the
literature that claims that the ORN] affects the jaw more
frequently than the upper jaw or any other bone in the head
circumference, probably because of its relatively reduced
vascularization and/or its very compact bone structure.”
This predisposition is also due to the obliteration of the
lower alveolar artery and the concomitant difficulty of
revascularization by facial artery branches because of
radiation-induced fibrovascular necrosis.”” The male
population included in the present study was of 8
patients, compared to only one female patient. This data
is also in agreement with the literature: Reuther et al. In
a retrospective study on 830 patients show an incidence
three times greater for men than for women. This may be
due to a higher percentage of alcohol and tobacco abuse in
male ORN patients than in female ORN patients.”

CONCLUSION

There is a wide variation in recommendations and
guidelines in international literature for the treatment of
ORNJ. A universally accepted approach to the treatment
of ORN] should be developed.

Authors suggest a therapeutic protocol based upon
minimally invasive debridement of the wound, antibiotic
and antimycotic therapy with ozonated oil gel adopting
ozone itself as regenerating factor for tissues. In 87.5% of
cases, the results have confirmed the effectiveness of this
kind of approach, with six patients healed completely
and one with improvement in the clinical staging (Fig. 5).

According to the Authors’ experience the benefits
of using ozone as stimulation of local revascularization
through the enhancement of angiogenesis and fibroblasts,
make the use of ozonated oil gel an ideal aid in the non-
invasive treatment of osteoradionecrosis of the jaw if used
in conjunction with continuous cleansing of the wound
by the patient.

Fig 5: Complete wound healing with reepithelialisation of oral
mucosa after 19 applications of Ozosan®.

The oil-based gel ozone formulation concerning its
administration as a gas or as ozonized water showed the
ability to remain in stable contact with the bone surface
for a more extended period.

The use of ozone gel should be incorporated in the
treatment of less complex osteoradionecrosis that does
not involve invasive surgical approach, sometimes
responsible for a worsening of the clinical condition of the
patient. The limitation of this protocol is that, compared to
an exclusively surgical approach, alonger time is required
for the necrotic portion of the bone to be removed.

CLINICAL SIGNIFICANCE

The use of a noninvasive, local, easy to use and self-
administered medication able to control, reduce and
eventually solve this severe complication in an oncologic
patient should be useful and included in routine clinical
protocols.
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