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Abstract: Osteoradionecrosis {ORN) ol the jaw occurs due 1o
the damaging effects of ionizing radiation used in the treatment
of head and neck cancer. including oral cavity or orophar-
yngeal. nasopharyngeal, and salivary gland sites. Medical
treatments for ORN have limited effectiveness in advanced
cases. often necessitating resection of affected bone with mi-
crovascular reconstruction using a bone-containing free flap in
advanced cases. Surgical innovations in minimally invasive free
fascial and periosteal flaps have shown promise in restoring
blood supply and halting disease progression. although they are
not universally successful. In addition, novel cell-mediated re-
generative treatments for osteoradionecrosis. including the use
of adipose-derived and bone marrow-derived stem cells in cra-
niomaxiliofacial detects, have also demonstrated potential, The
management of intermediate ORN remains a subject of debate,
leading to a review of novel approaches to address this chal-
lenging condition. This review evaluates the efficacy of a range
of treatment options, including new cell-based treatments for
osteoradionecrosis (ORMN) by analyzing literature from Med-
fine. PubMed. and Embase databases using search terms such as
a€osteoradionecrosis A€ A€cestem cellsa€ a€cetherapy,a€ &
Eeradiation.A€ and ACwreconstructive surgery. A€ Relevant pa-
pers for this review were triaged by abstract and title, catego-
rized by lopic or procedure. and subsequently read and
summarized. Experimental studies of ceil-based treatments for
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ORN in human patients and animal modeis show promise and
support further exploration of this emerging treatment strategy.

Key Words: Osicoradionecrosis of the jaw. radiation, re-
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Oslcm'adionecrosis of the jaw (ORN) is caused by the
damaging effects of fonizing radiation used to treat cancer
of the oral cavity or oropharynx. ORN typically develops
months to vears following treatment of cancer of the upper
aevodigestive tract. with the mandible the most frequently af-
focted subsite of the oral cavity. 1t is estintated that 3% to 3% of
paticnts who undergo radiation therapy (XRT) for treatment of
head and neck cancer develop ORN.!

ORN can be a debilitating clinical cendition with a sig-
nificant impact en quality of life, Medical treatment of ORN
has been met with limited success and advanced stage ORN
typically requires resection of involved bone with vascularized
froe tissue reconstruction, ) While surgical management of
ORN is technically challenging and can invelve notable mot-
bidity with an additional donor site, a bony free flap is the gold
standard treatment and is the only option that allows for dental
rehabilitation with implants.* ® Advances in animal modeling of
ORN. coupled with innovations in stem cell therapies and tissue
engineering have set the stage for application of novel cell-
mediated regenerative treatments for ORN. Here, we will re-
view the theory and rationale behind cwrrent treatments for
ORN. as well as the recently developed ammual models that will
potentinlly enable innovation and preclinical trials of novel
treatnients for ORN. including cell-based therapies.

MATERIALS AND METHODS
In this systematic review. we assessed staging systems. patho-
genesis  theories. and therapeutic approaches for osteor-
adionecrosis (ORN). Articles were retrieved from PubMed,
MEDLINE. and the Cochrane Library, using predefined in-
cluston criteria targeting studies on ORN staging classifications,
pathogenesis. risk factors, and treatment interventions, Ex-
tracted data were organized to evaluate ORN pathogenesis
theories and various treatments, inchuding pharmacologic. sur-
gieal. und cell-based interventions. Searches were performed
employing a combination of keywords, inctoding  “osteor-
adionecrosis.” “stem cells.” “therapy.” “radiation.” and “re-
constructive surgery.” in various permutations 1o capture
relevant studics. This study is classified as a review article and
received an exemption from the local institutional review board.
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thereby not requiting formal ethical approval for the analysis of
published data.

Defining the Problem

Defining ORN and establishing a uniformly adoptcd staging
system has remained an ongoing clinical challenge. Classically
ORN has been defined as devitalized and nonhealing necrotic
bone that is exposed through overlying skin or mucosa fol-
lowing radiation therapy persisting 3 months or longer.® The
requirement for bone exposure has recently been called into
question, and it is now recognized that cases of ORN can accur
in which bone is not exposed.” Classification schemes developed
by Marx, Epstein. and Notani have been utilized with varying
lovels of success.™0H A uniformly adopted system has cluded
description, though the model proposed by Epstein et al* is the
most widely adopted. Alternative staging systems have been
reviewed recently, '

Theories of Pathogenesis

Since Ewing 1926 description of a€wradiation osteitisa€
multiple theories have emerged regarding the pathogenesis of
osteoradionecrosis (ORN), with early suggestions linking it to
tauma and infection. though recent views consider bacteria a
surface contaminant rather than a primary cause.'*M In the
1980s. Marx introduced a new theory attributing ORN to ra-
diation-induced vascular injury, leading to hypoxia and chronie
tissue breakdown, supported by Bras et al!? findings of ischemia
from obliterated mandibular arteries in irradiated specimens.'®
Current concepts of the pathogenesis of ORN favor cellular and
metabolic alterations that result in cell death and dercgulation
of collagen production that result in chronic nonhealing
wounds, These theories are summarized below:

The Ostcoclast Theory

Proposes that osteoclast damage from radiation. oceurring
before vascular injury, disrupts bone turnover and leads to
ORN. drawing similarities to medication-related osteonecrosis
of the jaw (MRONJ), where osteoclast inactivation is a key
factor due to bisphosphonates and other medications binding 1o
bone mineral and being internalized by osteoctasts.!” The os-
teoclasts are inactivated and osteoclast-mediated bone re-
sorption. an essential component of healthy bone turnover, 15
disrupted leading 1o risk of ostconecrosis.!®1*

The Fibroatrophic Theory

Developed by Delanian and Lefaix.'? it proposes that radi-
ation depletes fibroblasts: the surviving cells have a reduced
ability for collagen production, leading to dysregulated healing
and tissue atrophy in ORN. The fibroatrophic theory describes
2 phases of ORN: an initial prefibrotic phase with acute m-
flammation and endothelial damage, an organizing phase with
dysregulated fibroblast activity and extracellular matrix dis-
organization. and a late fibroatrophic phase characterized by
tissue remodeling and fragile tissunes prone to reactive in-
flanunation.

The Endothelial Cell Theory

This theory suggests that radiation-induced endothelial in-
jury and some medications generate {ree radicals and chemo-
tactic factors, promoting an influx of inflammatory cells. These
medintors relense more free radicals and reactive oxygen spe-
cies. causing further endothelial damage. microvascular
thrombosis, and myofibroblast profiferation, ultimately feading
to ORN.

2

Risk Factors for ORN

Though the exact pathophysiology underlying ORN rentains
elusive. clinical work has demonstrated a nuswber of risk factors
that are thought to play a role in the development of ORN, In the
absence of curative therapy, mitigating risk is likely the most
impuortant factor in preventing the sequela of ORN. Risk factors
that have been associated with the development of ORN include
T slage and bone invasion of primary tumor, brachytherapy. dose
of XRT >60 Gy. smoking history and smoking during treat-
ment. poor oral hygiene. pre-existing periodontal disease. dia-
betes mellitus (DM} or immunocompromised history, prior
mandibulotomy (7, and alcohol use. 221 Newer techniques of
radiation. including the use of intensity modulated XRT are
thought to be associated with decreased risk. The association of
concureent chemotherapy with XRT is controversial. Dental
surgery. including extractions following therapy have been asso-
ciated with the development of ORN.2%22 2% Dental extraction
mity be necessary. and its link to ORN mught stem from under-
lying infections and inflammation that stress alveolar bone repair,
rather than just extraction trauma= Avoidable risk factors, such
as pre-existing periodontal disease. should be managed before
XRT 1o reduce necrosis risk. However, unavoidable factors like
large tumors or XRT doses over 60 Gy require batter preventive
and therapeutic strategies for ORN, Figure | reviews interveniion
points before. during. and after XRT.

RESULTS

Medical Treatments

Therapeutic interventions for treasing and preventing ORN
are closely linked 1o the prevailing theories ol its pathophysio-
logical mechanisms at the ume these interventions are devel-
oped.

Antibiotics

Initiafly. infection was thought to be crucial in the patho-
gencsis of ORN. but research has shown that microorganisms
are likely just surface contaminants and do not significantly
contribuie to the disease’s onsct.2® Antimicrobial therapy can be
benelicial during symptom exacerbation or in cases ol con-
comitant bone infections like osteomyelitis. using topical
mouthwashes andfor systemic antibiotics. However, long-term
antibiotics have not shown therapeutic benefits in ORN man-
:1gmncm:5 while they may reduce sccondary infections and
symptoms. they can also promote antimicrobial resistance that
requires attention 1o signs and symptoms of infection and an-
libiotic rotation. There is growing interest in researching the
role of the oral microbiome in oral health and disease. partic-
ularly regarding the pathogenesis and progression of ORN.#*

FRE KRY [riaring XAT Fallowing XRY

FIGURE 1. Paints of intervention in the management of steoradionecrosis.
Opportunities to intervene at each point in treatment are outlined. EtOH
inclirates alcohal; HBO, hyperbaric oxygen trealment; IMRT, intensity
modulated adiation Lherapy; XRT, radiation.
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Hyperbaric Oxygen

Hyperbaric oxygen (HBO) was initially adopted for treating
osteoradionecrosis (ORN) based on Marx RE's hypoxia-centric
theory. Initially considered a key treatment for ORN.F HBO's
benefits have since been questioned by further clinical research,
These studies include a prematurely terminated multicenter.
randomized. double-blind. placebo-controiled trial due to lack
of benefit for HBO.2? The discrepancy between early reports
and latet trials may be due 1o the stage of ORN treated.” with
very early ORN potentially responding better to HBO. Current
guidelines no longer recommend HBO for preventing or man-
aging ORN due to lack of demonstrated benefit.”’ However.
many clinicians use HBO before surgery for early-stage ORN.
and evidence suggests it may improve microvascular rc-
constructive outcomes by reducing complications,”

Pentoxifylline and Alpha-tocopherol

Pentoxifylline. an antagonist to inflammatory mediators hike
TNFa, may improve microcirculation and is approved for in-
termittent claudication in Europe. Alpha-tocopherol (vitamin
E) scavenges free radicals and protects cell membranes from
lipid peroxidation. ™ 3 Clodronate, a unique bisphosphonate, is
believed to enhance bone formation and reduce fibroblast pro-
liferation. Several studies have examined clodronate combined
with pentoxifylline and tocopherol for ORN of the mandibie
and temporal bone. ™ In a systematic review of this data the
percentage of a complete cure or clinical improvement is > 60"
with the duration of response ranging from 6 ta 13 months. The
greatest rates of healing and clinical improvement are scen in
mild and moderate stages of ORN. Further prospective clinical
trials will be necessary to cstablish the efficacy of the combi-
nation of these agents as well as the optimat dose.

Teriparatide

Teriparatide, a recombinant human parathyroid hormone. is
hypothesized to enhance osteoblastic activity through its ana-
bolic effects.’” An initial report on teriparatide use for manag-
ing medication-related osteonecrosis of the jaw (MROND
showed complete healing in ail 6 patients within 2 months.t
Furthermore. a study of 17 patients found that combining ter-
iparatide with bone morphogenetic protein {(BMP)-2 led to
ereater bone formation compared with using BMP alone or
with control subjects.”’

Amifostine

While amifostine was approved by the U.5. Food and DPrag
Administration for the prevention of xerostomia in head and
neek cancer patients undergoing radiation therapy. pretreal-
ment with amifostine in a murine model of irradiated pathologic
{racture preserved osteocyle number and function to levels
comparable to nonirradinted bone.? Furthermore, prophylactic
amifostine significantty increased boney union rates to 57% Lo
100%. compared with 20% to 25% in brradiated controls, while
also maintaining bone mineralization at nonirradiated levels 18
weeks postradiotherapy, with no significant differences in min-
eral density or mineral-to-collagen ratios between aroups.™

Deferoxamine

Deferoxamine has been shown to enhance bone healing and
increase vascularity ai fracture sites, and in cases of irradiated
fractured bone, its use significantly boosted bony union rates
from 25% to 67% and improved iocal blood supply compared
with the irradiated control.*® Deferoamine demonstrated a bony
union rate reaching 91%. compared with a low 20% in irradi-
ated controls.’® The 91% union rate demonstrated a significant

Copyright © 2023 by Mutaz B. Hubal, MD

jmprovement in biochemical strength und a 24% increase in
bene healing over the 67% achieved with the standard defer-
ozmine therapy,™

Photodynamic Therapy

Phatodynamic therapy (PDT} involves using low-dose light
treatments witly an exogenous chrmnnphnrc.-"y Unlike photo-
piomodulation. PDT generates higher levels of reactive oxygen
specics 1o destroy target cells, such as microbes, fumors, or
endothelial cells.™ In a patient with ORN. PDT admiinistered
wwice weekly afier dental surgery led to complete healing, with
no recurrence observed at the L-year follow-up.*® Combined
photobiomedulation (PBM) with methylene blue PDT has
shown potential in enhancing osteoblast biological activity and
cell profiferation. which hold significance in osleonecrosis
management.” A preventive PDT protocol for patients at risk
of MRONIJ used 0.1% methylene blue during dental extraction.
followed by weekly photobiomodulation until mucosal wound
heating wis complete.” Using this protocol. none of the 18
paticnts developed MRONJ after the extraction.™

Platelet Rich Fibrin

A few case reporls suggest that platetct-rich fibrin (PRF)
may be beneficial as an adjunct to surgical therapy for osteor-
adivnecrosis (ORNY. although no controlled studies have been
conducted. ™ PRE's potential benefits in preventing and trealing
ORN are linked to its ability 1o promote wound healing, tissue
regeneration, inflammation regulation. and revascularization. ¥
Law et al! proposed using sequestrectomy with PRF and free
far grafts as an aliernalive lo more invasive surgeries, while
Baliga et al™ recommended adding simvastatin to PRE for
Stge | ORN. Malul et al** reported promising results with
PRI' in advanced cases. polentiafly reducing the need for ex-
tensive surgeries. Chen and Chang* also supported the use of
PRI7s alongside sequestrectomy. However, no standardized
treatment protocol has been established. and further clinicat
trials are needed.

Guidelines

The International Socicty of Oral Oncology-Multinational
Association for Supportive Care in Cancer (1ISOO-MASCC}
and ASCO assembled a nuultidisciplinary Expert Panel to de-
velop guidelings for the prevention, assesspient, grading. and
management of ORN of the mandible and maxifla in HNC
paticnts previously treated with RT4 The panel indicated that
patients receiving a radiation dose of 50 Gy or higher to the jaw
shoukd be considered at risk for developing ORNA The rec-
ommended best practices for preventing ORN after radiation
therapy include prescribing oral antibiotics before and after
imvasive dental procedures, such as extractions ar tmplant
placements. for patients al higher risk due to prior radiation
involving the mandible andfor maxitla.? Recommendations for
patients planned 1o receive dental surgery include pentoxityiline
{400 mg twice daily) and tocopherol (1000 111 once daily) for at
least | week before and 4 weeks after the procedure, continuing
until the dental socket has healed

Nonsurgical management of ORN in cancer-lree patients
may include using pentoxifylline. particukuly in combination
with tocopherol, antibiotics, and prednisone. for mild to severe
cases. ¥ Furthermore. HBO therapy. when combined with sur-
gical intervention. may benefit mild cases but can also be con-
sidered for moderate and severe cases. although prospective
study remains necessary.

Surgical management of ORN depends on the severity of the
condition. For partial thickness cases (ClinRad stages I or 113,
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transoral minor interventions may effectively resolve the issue.
Small defects under 2.5 cm may heal spontaneousty with local
measures. whereas larger defects may require coverage with
vascularized tissue."> In cases of full thickness ORN (ClinRad
selected stages 11 and all stage [1I). segmental maxillectomy
or mandibulectomy with free ilap reconstruction s
recommended.?® When conservative treatments fail to control
the discase in extensive partial thickness or full thickness ORN
(ClinRad stages H or 1), scgmental rescetion is recommended.
Maxillectomy defects that extend into the sinus (ClinRad stage
T can be reconstructed using myocutancous or ostcomyocu-
taneous flaps, which offer the added benefit of enabling dentad
implkmtation,*® For patients who are not suitable candidates
for microvascular surgery, obturation of the defect with a
prosthetic appliance may be an option.”® Mandibular continuity
defects are best addressed with osteomyocutancous free fap
reconstruction.®

No recommendations were made for leukocyte-rich and
platelet-rich fibrin or photobiomodulation in preventing ORN.
and hyperbaric oxygen therapy was largely unsupparted for its
prevg?tion and management duc to limited evidence at that
time™”

Photobiomodulation

PBM involves using red or infrared light {630-930 nm) for
biological effects, demonstrating analgesic. anti-inflammatory.
and wound healing properties that may aid in treating
ORN. 47 Mechanistically PBM is thought to mobilize stem
cells and expand epithelial colony forming units in order to

accelerate the repair of damaged tissue. ¥ A meta-analysis of

the effect of PBM on bone regeneration found that PBM im-
pacts cellular and molecular pathways in bone regeneration.
increasing osteocalein, collagen RUNX-2. VEGF, bone mor-
phogenic proteins, and COX-2.%0 In a recent review of the use of
PBM in the treatment of medication-related osteonecrosis, there
was an overall response raie of 35% versus 30% in controls.”

Furthermore. rapid healing of necrotic mucosa in radiated oral
sites has been described in case reports.™ This evidence supports
PBM as a promising treatment modality for ORN of the jaw.
watranting further research to define its potential role and po-
tential role in multimodality therapy. The World Association
for Laser Therapy (WALT) recommends using an intraoral red
(630-680 nm} or transcutancous near-infrared (800-1100 amy
LED/laser device with a power density of i0 to 150 mW/lem’,
delivering 2 Jiem?® per field. 3 to 4 times weekly for 4 10 6 weeks
or until clinical improvement is noted.

Surgical Treatment

Surgery is foundational in managing ORN. Conser cative
surgical options like sequestrectomy or debridement promote
mucosal regeneration and potentially improve outcomes
alongside medical treatments, though high-level evidence from
controlled studies is lacking. Resection of affected bone with
free flap reconstruction may provide definitive treatment for
QRN unresponsive lo conservative approaches, The involved
bony area will certainly impact the dentition in and nearby the
tegion, Without a bony {ree {lap. the dental rehabilitation op-
tions are limited to a dental bridge or denture. While histor-
ically. free flaps were considered quite complicated. advances in
microvascular surgical techniques have led to a more prominent
role for free flap reconstructive surgery in the modern era. Bony
[ree Aaps, with greater versatility, improved outcomes, and al-
lowance Tor dental implants, are currently considered the gold
standard treatment for maxillofacial ORN.* In a few pro-
gpective trials on ORN management. Wang ¢t al™ found that

4

resection with immediate fibula free flap reconstruction im-
proved quality of ife in 73% of patients and eflectively managed
pain. Multiple large retrospective studies support this daia,
showing that mosl palients experienced symptom resolution and
improved quality of life, despite variability in complication
pates, % In Figure 2. a1 case of severe recurrent ORN s
reviewed that required resection of involved bone and
microvascular reconstruction with a fibula free Rap. Bony
reconstruction with an osteomyocutaneous free flap is superior
for enabling dental rehabilitation, however. in salvage cases or
{or patients with compromised medical status, a myocutaneous
flap with a spanning reconstruction plate may be an alternative.

Preclinical Models

Developing an accurate prectinical animal model for ORN
has been chalienging bat is essential for understanding the dis-
cuse’s pathegenesis. While rat models are commonly used.
rabbit and swine models offer advantages due to their larger size
and cloger resemblance te human oral anatomy,

ORN has an enormous disadvantage i terms of a limited
capacity to regenerate the defect given the jack of cellular ele-
ments. vascular and connective tissue clements and compro-
mised healing environment. Improved animal models of ORN,
closely aligned with human disease. have cnabled mechanistic
experiments and testing of cellular treatments. Varjous cell
types are being studied for their roles in osteogenesis. which will
be discussed in the following section.

Mesenchymal Stem Celis

Rone marrow-derived MSCs (BM-MSCs) are the most es-
tablished cell source for clinical studies on bone tissue
regeneration.”” demonstrating regenerative potential in various
cramofacial models due to their accessibility.™ Xu et al®
demonstrated that BM-MSCs are capable of inducing new bone
formation and angiogenesis in a swine model of ORN. Like-
wise. it a rat model of ORN. Jin et al® demonstrated an in-
crease in bone mineral density and bone volume when BM-
MECs were combined with BMP-2. In addition to animal model
data. case series and reports suggest a potential role for mes-
enchiymal stem cells in treating ORN. with successful treatments
in 2 mandible cases using bone marrow concentrates and dental
pulp. The authors propose that dental pulp-derived MSCs can
differentiate into osteoblasts for bone production and can be

FIGURE 2. A clinical case of advanced ustearadlionecrosis. This is a patient with
a thronic draining orocutancous fistuta and a pathologic fracture involving
previously placed mandibular hardware. (A) Preoperative photo, arrow depicts
site of exposed hardware and orocutaneous fistula. (B) Intraoperative photo,
arcow demonstrates exposure of the site of the pathologic fracture. (c,
immediate postoperative photo following reconstruction with a fibula free flap,
and 3 weeks postoperative phota. (E, F) Three-dimensional reconstrucied CT
scans demonstrate the bone defect {arrow), and the restored bane continuity
with a fibula free flap.

Copyright © 2025 by Mutaz B. Habul. MD
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sceded onto scaffolds to repair bony defects. The uuthors
demonstrate neoangiogenesis following stem cell therapy in
ORN.M A report by Cella et al®? demonstrated a case of bi-
sphosphonate related osteonecrosis of the jaws that was suc-
cessfully treated with an autologous transplant of BM-MSCs. In
addition, Mendonca and Juiz-Lopez.%* demonstrate impressive
results using adult cultnred stem and progenitor cells derived
from iliac marrow aspirates 1o regenerale defects caused by
terminal osteoradioncerosis. These authors show  increased
perfusion to graft sites using gadolinium-based MRI, indicating
that reversing hypoperfusion can lead to lasting improvements
in form and tunction.

Adipose Derived Stem Cells

The use of adipose-derived stem cells to treat radiation-
damaged tisswie has been explored for years, lollowing evidence
that these cells can generate osteoid.*! Seminal experiments by
Rigotti et al®® demonstrated the use of lipoaspirates in enabling
the regeneration of chest tissue that had previously been dam-
aged by radiation, In one of the larger casc series. ADSCs from
the anterior abdomina! wall were used to reconstruct cranio-
maxillofacial hard tissue defects in 13 patients. in conjunction
with scaffolds and growth factors like BMP to enhance bone
regeneration.®® The report noted successful restoration of seg-
mental mandibular defecis of 6 1o 10 cm. along with successful
dental implantation. These results suggest that ADSCs. har-
vested with minimal morbidity, hold significant promise for
craniofacial regeneration and potentially for treating ORN.

induced Pluripotent Stem Cells

Induced pluripotent stem cells {(iPSCs) have been proposcd
as 2 cell-based strategy to replace damaged or deficient tissues.
Recently. Levi et al® showed that iPSCs can be directed toward
osteogenic differentiation in the presence of BMP-2 protein. The
expansion of these cells to regenerate dental structures.? and to
restore critical sized calvarial defects,™ foster the hope tha
these cells would be helpful for the treatment of ORN. Alter-
natively. iPSCs could be used as a substrate to grow new bone
following rtesection of diseased bone as an alternative 1o mi-
crovascular reconstructive surgery.

Dental Follicle Stem Cells

Dental Follicle Stem Cells (DFSCs) are recognized for their
strong potential to dilferentiate into osteoblastic lincages. at-
tributed to their neural crest origin. which is shared with cra-
niofacial tissues.”! This makes them valuable in maxillofuacial
tissue regeneration.”! Rescarch has shown that DFSCs express
both early and late osteogenic markers, such as Runt-related
transcription factor 2 {RunX2). osteopontin (OPN). and os-
teocalein (OCN). and secrete bone morphogenetic protein-6
(BMP-6) to support osteoblast differentiation and bonc
formation.™ When cubtured with growth lactor-rich materials
like PRF, DFSCs exhibit improved proliferation. attachment,
mineralization, and osteogenic marker expression. enhancing
their potential for use in maxillofacial surgery and bone defect
repair, ultimately improving clinical outcomes in  tissue
re,gcneration."'2

DISCUSSION

ORN is a common and challenging condition that is difficubt to
manage due to obstacles in understanding its pathogenesis and
establishing a definitive clinical definition or uniform classi-
fication. The molecular pathogenesis remains unclear, compli-
cating clfective management. Despite challenges, recent clinical
advances include better identification of ORN risk factors and

Copvright € 2025 by Muwaz B. Habal. MD

the development of animal models that closely resemble human
disease. enhancing our understanding ol its pathogenesss. Pre-
clinien? trials in these models may also provide early insights
into prevention and treatment efficacy.

Before conducting surgical cure for dental conditions in
high-risk environments, nonsurgical options should be consid-
ered (such as decoronating crowns withfwithout root canals and
feaving the structure in situ). or emploving medical inrer-
ventions oullined above 1o support wound healing and reduce
the risk of necrosis. Outside of surgical treatment. definitive
medical management has been difficult to achieve and in cases
where ONJ progresses. medical management approaches may
enhanice the surgical outcomes. Given the extremely challenging
microenvironment and lack of endogenous progenitor cells that
~an contribute to bong formation. restoration or replenishment
of a progenitor compartment in a depleted environment is an
attractive clinical concept. Cell-based treatments hold promise
in the regencration of bone in other clinicul contexts. Given the
carly success of iPSC in bone regencration in the context of
other hony defects {eg. spine and cranial bone). these cells may
hold promise in restoring the celtular balance that is required for
rormal bone homeostasis and potentially reversing the course of
ORN in the mandible, Further refinement and testing of these
celis in animal models will be eritical for determining il cell-
based therapies are a viable clinical option in the management
ol ORN.

Although multiple case reports have suggesied that ORN
can potentially e treated with cell-based therapies, debate
continues regarding the optimal source of the cells. iIPSCs have
shown a great deab of clinical promise and may be the optimal
building blocks for the reconstruction of complex defects given
the ubility of these cells to differentiate into multiple lincages of
cells, Optimizing treatment for ORN will have to overcome the
myriad challenges of the microenvironment of the disease. in-
cluding the lack of vascularization, compromised immune $ys-
e, and proximity to oral eavity {floru, Furthermore, in
restoring the bone ol the mandible, it is necessary 1o provide
robust bone stock that can withstand the strength necessary for
maslication. This treatment. therefore. should include & com-
hination of a rebust scaffold. highly ostcogenic stem cells. os-
teogenic faclors. neovascularization signals and stimulation of
wound repair. Now that the appropriate preclinical animal
models exist, it will be possible to test various scaffolds and
combinations of cell-based treatments that wili bopefully pro-
vide guidance supporting the best future approaches (o the
matweement of this challenging diseasc.

Current treatment stralegies for ORN lace several limi-
tations, Some nonsurgical interventions for ORN have limited
evidence supporting their long-term efficacy. as they appear 1o
offer benefits primarily in mild to moderite stages. with less
predictable outcomes in advanced cases. Fmerging therapies
also require further validation, Whike surgical management
strategies for ORMN are gencrally guided by disease severity,
current recommendations are largely bascd on clinical staging
systems and expert consensus, with limited high-level evidence
directly comparing outcomes across  dilferent surgical ap-
proaches. Tn addition, a 2014 review suggests 1he use of fibular
ascularized bone grafts for reconstructing dekects larger than
6 cm.’* whereas autogenous nonvascularized bone grafts are
tpically preferred for smaller defects. under 5 to 6 em. espe-
cially in well-vascularized. noninfected sites.”* 77 Qur search
criterin might not have fully captured all articles that discuss all
nonsurgery and surgical treatments. Further linitations of this
studhy include the use ol several studics with retrospective de-
signs. which may introduce potential sclection bias.
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