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Abstract.

Osteoradionecrosis (ORN), a severe and potentially deadly bone complication arising from radiation therapy
in the head and neck region, is defined by exposed, irradiated bone that fails to alleviate within three
months, with no signs of remaining tumor or cancer recurrence. Research into more effective, less invasive,
and safer treatments for ORN is of great importance, highlighting the need for Maxillofacial surgeons and
oncologists to carefully select the most suitable treatment plan based on the disease's advancement.
Considering the central role of the RANKL-RANK system in the remodelling and resorbing processes of the
bone, new therapies with denosumab and bisphosphonate have been used recently with promising results.
Materials and methods. This study employed a retrospective review of articles and publications from 2018
to 2024, utilizing databases such as Google Scholar, PubMed, Springer Link, and Science Direct. A
comprehensive search, utilizing the keywords such as: Jaw Osteoradionecrosis, Head and neck cancer,
Radiotherapy, Denosumab, Bisphosphonates, yielded 318 articles. These articles were then meticulously
screened based on their conclusions, and those deemed irrelevant to the research topic were excluded such
as experiments conducted on non-human subjects, as well as treatments with unfavourable prognoses and
recovery rates. Following a comprehensive analysis of the remaining publications, 47 articles were selected
for inclusion in this review.

Conclusion. The management of Osteoradionecrosis (ORN) is dependent on the severity and progression
stage of the condition. Early stages of ORN have demonstrated responsiveness to treatments such as
PENTOCLO and ozone therapy. In contrast, stages Il and Il of ORN require more invasive surgical
approaches. The integration of surgical methods with non-invasive therapies has been associated with
enhanced patient outcomes.
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Introduction

Bone alterations following radiotherapy can
manifest as  post-radiation  osteitis  or
osteoradionecrosis, typically emerging
approximately one year post-irradiation. The
diagnosis of osteoradionecrosis is supported by
the localization of bone changes to the radiation
field, the absence of associated soft tissue masses,
and the stability of bone lesions over time.
Osteoradionecrosis (ORN) represents a significant
and debilitating complication characterized by the
presence of exposed irradiated bone tissue that
fails to heal within a three-month period, in the
absence of residual tumor or recurrence of the
previously treated malignancy [1].

The phenomenon of ORN in the jaw was first
identified by Regaud in 1922, who observed bone

necrosis in cancer patients receiving radiation
therapy [2, 3]. Subsequently, Marx conducted an
extensive investigation of the condition in the
1980s, which led to the development of a
pathophysiological model and the widely
recognized three-stage classification [4, 5]

ORN is associated with several risk factors which
include human papillomavirus (HPV) infection [3]
and the utilization of older radiation therapy
methods  involving  substantial,  unfocused
radiation doses, such as 2D or 3D radiation
therapy. Post Radiation therapy dental extractions
have proven to be a high-risk factor for ORN [6].
This finding is supported by a systematic review
conducted by Carlo Lajolo et al [7], highlighting
the crucial responsibility of dentists and oral
surgeons to execute all dental procedures,
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including extractions and professional oral
hygiene, prior to the commencement of radiation
therapy. In contrast, cutting-edge techniques like
Intensity Modulated Radiation Therapy (IMRT) or
Intensity Modulated Proton Therapy (IMPT)
minimize the risk of ORN [8].

Multiple staging methods for ORN have been
developed to assist maxillofacial surgeons and
oncologists in creating more effective treatment
strategies. These methods consider factors such as
patient response to current medication, extent of
bone loss, radiological images, duration of bony
exposure, ORN progression, and the presence of
any other oral maxillofacial lesions. The
classification of ORN severity employs various
techniques, including Max's staging system,
which relies on the patient's response to
Hyperbaric Oxygen Therapy (HBO) [9]. Another
method is Notani's classification, which
categorizes ORN based on anatomical location
and boundaries. This system can be seen in the
following diagram:

Stag e 1 « |s confined to the alveolar bone

Sta e 2 « Extends to the alveolar bone and/or
g above the inferior alveolar canal

Involves the lower region of the inferior

Stage 3 .alveolar canal, potentially accompanied

by a fistula or bone fracture

Diagram 1: Notani's classification of ORN by
location [10, 11]

ORN can manifest in various clinical forms, such
as pain, unsightly bone exposure, bone separation,
and in certain instances, fistula development. If
left untreated, ORN can advance to serious
complications, potentially resulting in mandibular
fractures, compromised jaw function, and
ultimately sepsis, posing a grave threat to the
patient's life [12].

Difference between osteoradionecrosis, medical
related necrosis of the jaw and osteomyelitits

Differentiating between ORN, medication-related
osteonecrosis of the jaw (MRONJ), and chronic
suppurative osteomyelitis is crucial because these
conditions share similarities and it can be
challenging to make the correct diagnosis without

clinical, radiological, and histological information.
A well-known side effect of treatment with
bisphosphonates,  denosumab, and  other
medications, including anti-angiogenic agents and
cutting-edge anti-cancer medications, is MRONJ.
Patients receiving these drugs for a variety of
cancerous conditions as well as those with
osteopenia and osteoporosis have reported
experiencing it [13]. On the other hand,
odontogenic microbes are the primary cause of
chronic suppurative osteomyelitis, an
inflammation of the bone and bone marrow [14].
Inflammation was found in 100% of the
osteomyelitis cases that were included in a prior
study that was discovered in the literature, but not
in any MRONJ or ORN cases. Conversely, in
osteomyelitis, bacteria were found inside the
marrow spaces as opposed to only on the surface
in MRONJ and ORN, and in 96% of cases of
osteomyelitis, osteoclasts were found as opposed
to none in MRONJ and ORN. These conclusions
are inconsistent with those of previous studies,
that’s why Shuster A. et al in 2019 conducted an
experiment to identify the differences between
these three diagnoses by studying their
histological and microbiological features. The
results of this study failed to identify distinctive
microscopic characteristics in any of the three
entities that could be used to differentiate between
them.

Therefore, it is impossible to reach a specific final
diagnosis based on microscopic findings alone.
The role of microscopic analysis is to serve as an
aid to diagnosis that must be complemented by the
patient’s history and imaging [15].

The pathophysiologic mechanism of ORN is as
follows: lonizing radiation causes tissue injury by
hydrolyzing intracellular water and forming free
radicals, which leads to DNA misrepair and
damage, triggering inflammation  through
proinflammatory cytokine release, vascular injury,
and epithelial mesenchymal transition.
Inflammation, vascular injury, tissue hypoxia,
hypovascularity, and hypocellularity limit tissue
remodeling and activate fibrosis, resulting in
osteoradionecrosis [16, 17, 18, 19].

Therapeutic approaches beyond surgery.
1-Pentoxifylline, Tocopherol and Clodronate
(PENTOCLO protocol)

Pharmacological interventions are most successful
when treating diseases in their early phases or for
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patients experiencing moderate symptoms [20].
Antibiotics can be beneficial for preventative
measures and during surgical procedures.
However, once the bone is exposed, antibiotics
alone are insufficient, necessitating their
combination with other agents, that typically
involves 400mg of Pentoxifylline combined with
500 international units of Tocopherol (Vitamin E)
twice daily, along with 1600mg of Clodronate
daily for duration of five days in a regime called
PENTOCLO [21]. This is followed by a two-day
period of 1000mg ciprofloxacin and 20mg
prednisone, concluding the week-long treatment
course. [22]. This protocol is not advisable for
pregnant women, individuals with drug allergies,
cerebrovascular disorders, or kidney problems
[11] Pentoxifylline demonstrates effectiveness
against radiation-induced tissue fibrosis, boasting
antioxidant and anti-tumour necrosis alpha
properties that can suppress fibroblast activation
and enhance collagenase function. Similarly,
Tocopherol combats radiation-induced fibrosis by
targeting the suppression of procollagen gene
expression. The combined wuse of these
medications, including  Clodronate  which
suppresses osteoclast function and consequently
minimizes bone breakdown, results in enhanced
therapeutic outcomes. The PENTOCLO protocol
IS suggested as a primary treatment for stages O
and I, and as a supplemental therapy alongside
surgery for stages Il and 111 ORN [23]

Denosumab has garnered significant attention as a
therapeutic intervention due to the pivotal role of
RANK (receptor activator of nuclear factor-KB)
and its ligand RANKL in the pathophysiology of
bone necrosis [24]. Denosumab is a monoclonal
antibody specifically designed to target RANKL,
thereby inhibiting its activation on the surface of
osteoclasts, which subsequently influences the
RANK receptor. By obstructing the interaction
between RANKL and RANK, Denosumab
effectively inhibits the differentiation,
functionality, and survival of osteoclasts, leading
to a reduction in bone resorption [25].

In contrast to bisphosphonates, Denosumab
presents several advantages, particularly regarding
its pharmacokinetics. Denosumab has a half-life
of 26 days, whereas Ibandronate, for instance, has
a significantly longer half-life of 10 years.
Furthermore, Denosumab is associated with a
lower incidence of adverse effects, including those
related to renal function [26].

Angeles Vazquez et al in 2015 described a clinical
case of a 4 years old male with osteoradionecrosis
in the first sacral vertebra, ilium and ischium, left
femur, and fibula after being treated with chemo
and radiotherapy in the light of embryonal
rhabdomyosarcoma of the prostate grade Ill. Since
the patient’s condition was extreme and has
experienced multiple pathological fractures in rib
cage, distal third of left ulna, distal shaft of left
tibia, an  experimental  treatment  with
subcutaneous denosumab was proposed. The
frequency with which the drug was scheduled to
be administered approximately every 2 months
(60mgSC every 2 or 2.5 months for 24 months;
total of 10 doses). Additionally, 1000mg calcium,
800IU vitamin D3 (calcifediol),
1600mg/monosodium phosphate/daily
physiotherapy sessions were added. Changes in
bone-remodeling parameters were observed as
soon as 1 month after the first injection. At the
end of the treatment period, it was clear that
denosumab administration normalized the bone
remodeling parameters. The authors made a
conclusion that denosumab, an antiresorptive
drug, and in comparison with bisphosphonates,
achieved a quick response and should be more
considered as an alternative treatment because of
its reversible effects after treatment stoppage if
adverse effects occurred and its easy
administration promotes therapeutic compliance.
Nevertheless, additional research is therefore
needed in this area to confirm the efficacy of
denosumab and understand its mechanism of
action in the treatment of osteoradionecrosis [24].

2-Ozone Therapy

Ozone therapy has demonstrated effectiveness in
treating ORN and mitigating secondary infections.
Oliveira, CCB, and their team [27], reported that
weekly dermal injections of 30 ug/ml Ozone gas
near the ORN site significantly enhance quality of
life. This approach, however, yields even better
results ~ when  integrated  with  surgical
sequestrectomy and debridement procedures [28].
Ozonated oil suspensions can be utilized in the
treatment of ORN, applied directly to the affected
area. Research by Edoardo Bianco and his team,
indicates that this method involves initial manual
cleaning and debridement of the ORN region,
followed by weekly applications of the ozonated
oil suspension to the exposed bone for a duration
of 10 minutes. This approach demonstrated a 75%
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success rate, achieving complete lesion resolution
within a 20-week period. The wound receives
treatment with  saline  solution, systemic
antibiotics, and a 10% hydrogen peroxide
mouthwash. Two days later, the affected area is
rinsed with 250 ml of double distilled water
infused with ozone at a concentration of 8 pg/ml.
Subsequently, a 20 ml oxygen/ozone gas blend,
also at 20 pg/ml, is injected directly onto the
lesion. 1ml injections of ozone gas are
administered around the wound's perimeter.
Finally, ozonated oil is applied directly to the
wound. This entire process is replicated daily for a
period of 30 days [29].

3-Ultrasound therapy

Ultrasound therapy has demonstrated its
effectiveness in slowing the advancement of ORN
by fostering bone regeneration and improved
blood supply. This occurs through the stimulation
of osteoblasts, the growth of new blood vessels
(angiogenesis), and increased cell multiplication,
ultimately enhancing oxygen delivery. The
standard treatment protocol involves 1W/cm2,
3MHz, for 15 minutes daily for a month. Due to
the limited existing research on ultrasound
therapy, it is suggested that clinical trials be
conducted on an experimental basis [30]

4-Mesenchymal Stem Cell (MSCs) therapy
Mesenchymal Stem Cells (MSCs), potent adult
cells residing in bone marrow, are crucial for
blood cell formation. Medical advancements have
enabled the isolation of these cells from various
connective tissues, unlocking their potential for
tissue  repair, combating infections, and
modulating inflammatory responses. MSCs
release bioactive substances that stimulate anti-
cell death, blood vessel growth, immune system
regulation, and the prevention of fibrosis.
Mesenchymal stem cell (MSC) therapy has
demonstrated significant success in treating oral
replantation injuries (ORN) due to its ability to
stimulate tissue regeneration and accelerate
healing. Furthermore, MSCs have the capacity to
directly transform into osteoblasts, thereby
contributing to the development of new bone
tissue [31, 32].

Bone marrow-derived mesenchymal stem cell
(MSC) exosomes stimulate angiogenesis by
activating the Akt/mTOR pathway in response to
dimethyloxalylglycine (DMOG). Recent research

suggests that modulating ferroptosis holds
promise for tumor control and improving
outcomes for osteonecrosis (ORN). These
exosomes release iron, which enhances ferroptosis
resistance and consequently protects against
ferritin-induced osteoporosis and osteonecrosis
[33, 34, 35].

Surgical treatment methods.

Surgical Sequestrectomy + Platelet rich Fibrin
(PFR)

Removing dead bone, a process known as
sequestrectomy, is a highly effective treatment for
osteoradionecrosis.  Clinical experience  has
demonstrated that sequestrectomy is more
successful in the maxilla compared to the
mandible [36]. Unlike traditional surgical burs,
CO2 laser sequestrectomy offers the advantage of
instant wound disinfection, minimizing blood loss
and reducing mechanical tissue trauma. This
therapy has proven successful in promoting
wound healing, alleviating pain, and minimizing
postoperative complications. Its application
extends to the early stages of osteoradionecrosis,
serving as a secondary option when conservative
treatments prove ineffective [37]. Prompt
prosthetic  obturation  following  maxillary
sequestrectomy minimizes postoperative
limitations, enabling patients to resume speaking
and normal function immediately after the
procedure. Furthermore, it minimizes the seepage
of food and fluids into the sinus cavity, enabling
patients to maintain comfort and normal function
until the permanent prosthesis is created. Notably,
a permanent prosthesis is only recommended once
the surgical site has fully healed and achieved
dimensional stability [38]. For individuals with
significant aesthetic concerns, invasive procedures
like mandibulectomy can be bypassed by utilizing
a combination of hyperbaric oxygen therapy and
sequestrectomy [39].

Fascio-cutaneous and fascio-periosteal free
flaps for treatment of intermediate stage
osteoradionecrosis of the jaws

Research indicates that debridement and
vascularized free flap soft tissue transfer,
performed at an intermediate stage of
osteoradionecrosis, offer a faster recovery and
present a simpler, less invasive option compared
to composite reconstruction. This approach
provides a viable alternative to standard ORN
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treatment methods, such as medication, hyperbaric
oxygen therapy, and surgical debridement without
immediate reconstruction, by incorporating free
flap soft tissue reconstruction. This approach
proved successful in halting further bone
deterioration and rapidly healing the mucosal
defect [40]. Research indicates that the
anterolateral thigh fascia lata rescue flap is a
reliable and highly effective long-term solution

for mandibular osteoradionecrosis in suitable
patients [41, 42] This ‘short-stay’ surgical
approach  leverages the flap's  minimal

complications, straightforward harvesting process,
two-team system for ablation and reconstruction,
and rapid recovery, ultimately preventing
osteoradionecrosis ~ from  worsening  and
necessitating extensive treatment involving
segmental bone resection and reconstruction [43]

Mandibular segmental
resection/Mandibulectomy and osseous
reconstruction

Research suggests that the mandible is more
susceptible to osteoradionecrosis than the maxilla
after cancer radiation therapy. This increased risk
stems from the mandible's denser composition,
which leads to greater radiation absorption,
particularly in its posterior areas. Just like
maxillary ORN, mandibular ORN can frequently
involve both sides of the jaw (bilateral
osteoradionecrosis), prompting the consideration

may be deemed necessary early in the course of
treatment if non-surgical approaches fail to yield
positive results, as most mandibular ORN cases
are believed to be progressive and untreatable
without surgical intervention. Determining the
optimal timing for surgical intervention is crucial
and rests with the specialist. Prompt surgical
intervention is preferred due to the progressive
and often irreversible nature of most mMORNSs [45].
Simultaneous tissue flap reconstruction during
necrotic jaw removal is essential for achieving
positive outcomes in stages Il and IV cases. For
bilateral ORNJ, optimal results are obtained when
a fibular musculocutaneous flap is combined with
bilateral mandibular excision and subsequent
fibular myocutaneous flap reconstruction. Despite
facing challenges like hypoproteinemia and
anemia, both pre- and post-operatively, due to
restricted mouth opening and compromised
nutritional status in patients undergoing partial
mandibulectomy  with  experimental  flap
reconstruction, their overall quality of life
remained substantially better compared to those
who didn't undergo mandibulectomy.

Despite the higher success rates observed with
segmental and marginal mandibulectomies, the
marginal mandibulectomy group encountered a
single significant complication, flap necrosis. In
contrast, the segmental mandibulectomy group
faced a concerning number of flap necrosis cases
and deaths, directly attributable to the

of surgical interventions like marginal or complexities of reconstructing the bone structure,
segmental mandibulectomy [44] marginal or a challenge often exacerbated by poverty and
segmental mandibulectomy. These procedures frailty [46, 47].
Surgical Sequestromy Fascio-cutaneous and Mandibular
Fascio -periosteal free flaps | segmental
resection/
mandibulectom
y and osseous
reconstruction
Stage of — Early stages of — Intermediate stage — Late stages
ORN during osteoraadionecrosis — Stage 3 and
which it is — Back up if conservative 4
most fails
effective — In combination with
hyperbaric
Prognosis — good prognosis if — Good prognosis — Good
perfomed in early stages prognosis
and reduces post
operative complications
Combinatio — Can be used together — Combination with | — Combination
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n with other with hyperbaric oxygen other conservative | with
treatment therapy methods  such  as | conservative
methods ozone therapy and | methods and in
hyperbaric oxygen | combination
therapy with free flap
Mechanism In contrast to a surgical — Vascularised free flap | — Removal of
bur, a CO2 laser soft tissue transfer | the necrotic part
sequestrectomy from other part of the | of the jaw or the
disinfects the surgical body for example | whole jaw
wound instantly and thigh
allows for largely
bloodless surgery with
less mechanical trauma
to the tissues
Contraindic A definitive prosthesis is
ations not indicated until the
surgical site is healed and
dimensionally stable
Complicatio — Vascular — Flap
ns complications and as necrosis
well as necrosis if not —  Hypopro
properly donre. teinemia
— Anemia
Important - Short stay free flap surgery
points benefits from the flaps low
morbidity, simplicity of
harvest, two team approach
to ablation and
reconstruction  providing
speedy recovery avoiding
progressing to extensive
diseases

Table 1: A comparative analysis for Surgical treatment methods methods of ORN

Conclusion

The management of Osteoradionecrosis (ORN)
necessitates a meticulous approach that
considers a variety of factors influencing patient
outcomes. These factors include the patient's
oral hygiene, socioeconomic status,
comprehensive  health  history,  hospital
environment, individual patient preferences, and
the surgeon's level of expertise. The selection
and execution of the treatment plan are
dependent on the severity and stage of
progression of the ORN. For early-stage ORN
(stage 0), conservative treatment modalities such
as PENTOCLO and ozone therapy have
demonstrated efficacy. The initial phase of
treatment typically involves minor surgical
interventions, including debridement, curettage,
and the removal of fistulas. In contrast, stages Il

and 111 of ORN require more invasive surgical
procedures. When necrosis is confined to the
alveolar ridge, a marginal mandibulectomy is
deemed the most appropriate intervention.
However, if necrosis extends beyond the
alveolar ridge, a segmental mandibulectomy
accompanied by enterocutaneous flaps is
recommended to ensure the complete excision
of all necrotic and diseased tissue. The
integration of surgical techniques with non-
invasive treatments, such as PENTOCLO, ozone
therapy, and additional therapeutic modalities
like mesenchymal stem cells (MSCs) and
Platelet-Rich Fibrin, has been associated with
enhanced patient outcomes.
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