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Abstract

Background: Osteoradionecrosis (ORN) of the calvarium is a complex
reconstructive problem that can have severe consequences if not
identified and managed appropriately. This is a systematic review of the
risk factors and treatment modalities for ORN of the calvarium and the
associated patient outcomes.

Methods: Two independent researchers conducted a computerised search
via Ovid of MEDLINE, Embase and the Cochrane Library for studies
relevant to ORN of the calvarium published up to and including 1 June
2024. The researchers extracted information including patient population,
treatment modality, patient outcomes and study design. All study designs
and patient populations were eligible to be included in the review.

Results: Of a total of 1050 screened studies, 20 met criteria to be included
in the systematic review. These studies involved a total of 79 patients with
a mean age of 52.9 years. Risk factors for calvarial ORN included higher
radiotherapy fractions, cumulative radiotherapy dose and skin grafting.
Approximately half of the patients required surgical intervention (49%),
including cranioplasty and soft tissue reconstruction, 32 per cent of
patients were treated conservatively with debridement and dressings, and
24 per cent received hyperbaric oxygen therapy (HBOT) as part of their
treatment. Surgical management was complicated by wound dehiscence,
infection or failed reconstructions requiring revisions in 10 patients.
Conservative management appeared to yield low rates of intracranial
infection, but was also resource intensive with prolonged healing times.

Conclusion: There is a paucity of high-quality evidence to inform the
management of ORN of the calvarium, and both surgical and conservative
strategies may be effective. Robust soft tissue reconstruction should be
considered in patients undergoing adjuvant radiotherapy to mitigate the risk
of ORN, and long-term follow-up is required to ensure early identification
and intervention in patients who develop ORN of the calvarium.
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Background

Osteoradionecrosis (ORN) is a severe complication
of radiotherapy for the management of head and
neck malignancies in which there is exposure of
irradiated bone that fails to heal for three months.!
Fundamentally, ORN is a problem of impaired
and inadequate cellular turnover and impaired
wound healing.? One key theory proposed by
Marx! for the pathogenesis of ORN describes
radiation-induced hypoxia, hypovascularity and
hypocellularity as the precursor to tissue necrosis.
Radiation-induced dysregulation of fibroblast
and osteoblast activity has also been proposed
to result in necrosis via the deposition of fibrotic
tissue susceptible to breakdown.® Exposure to
radiation also generates reactive oxygen species,
and the resulting oxidative stress may contribute
to impaired cellular repair mechanisms and
exacerbate the fibrogenic response.® Risk factors
for ORN of the head and neck region include
tumour site, stage, presence of bone invasion, and
radiation dose and duration.*>

The scalp and calvarium play an important role
in the protection of the brain, and therefore it is
vital that ORN of the calvarium is managed early
and effectively. Patients with ORN of the calvarium
may be generally asymptomatic and identified
incidentally, or may present clinically with
headaches, pain and discharge from the overlying
scalp wound.® Management of ORN depends on
the extent of the disease. In the early stages it
can be managed conservatively with intravenous
antibiotics, wound debridement and hyperbaric
oxygen therapy (HBOT).? Established ORN with
bone necrosis and overlying soft tissue defects,
however, necessitates radical debridement and
reconstruction of the resulting defect with healthy
vascularised tissue.? This reconstruction is often
best achieved with a microvascular free flap from
a distant site (unaffected by radiation), which has
been associated with high success rates (86-100%)
in reconstructing defects resulting from maxilla
or mandible ORN.”#

Most literature on the incidence, evolution and
treatment of ORN relates to maxilla, mandibular,
temporal bone or skull base ORN as sequelae of
radiotherapy for mucosal head and neck cancers.
On the other hand, ORN of the calvarium and
associated scalp wounds following radiotherapy
for cutaneous scalp and intracranial malignancies
are frequent occurrences in clinical practice,
but are less widely studied. Literature relating
to ORN of the frontal, parietal and occipital
bones is particularly sparse.® This systematic

review examines the literature to date on the
management of ORN of the calvarium in patients
who have had radiotherapy for non-mucosal head
and neck cancers.

The primary objective of this systematic review
is to investigate the risk factors, management
and treatment outcomes for patients with ORN of
the calvarium.

Methods

Search strategy

In accordance with the Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA)
guidelines,® we conducted a comprehensive search
of the literature to identify studies relevant to the risk
factors and management of ORN of the calvarium.
Two researchers performed a computerised search
via Ovid of MEDLINE, Embase and the Cochrane
Library for studies on the subject of calvarial ORN
with the following key words: ((osteoradionecrosis
OR ((radiation OR radiotherapy) AND necrosis)))
AND (skull OR cranium OR scalp) AND (malignancy
OR carcinoma OR cancer OR sarcoma). Papers
on mandibular ORN were excluded with the
additional key words: NOT mandible and NOT jaw.
Studies that were published up to and including
1 June 2024 were included. Appraisal of titles,
abstracts and full text articles was conducted by
two independent reviewers. This review was not
prospectively registered.

Eligibility and exclusion criteria

Studies with patients of any demographic who
developed ORN of the calvarium (frontal, parietal
and occipital bones) following radiotherapy
were included. All surgical and conservative
approaches to treatment of calvarium ORN were
included. All study methodologies were included,
and there were no restrictions on study location
or publication language. Studies which exclusively
examined mandible, skull base or temporal bone
ORN were excluded.

Data collection

Two independent researchers analysed all full-
text articles that met the inclusion criteria. Key
data collected included study type, number of
subjects with calvarial ORN, underlying pathology
and radiotherapy details, key patient demographic
details and method of surgical reconstruction or
other management. Any complications resulting
from the management of calvarial ORN reported in
any study were recorded independently by the two
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researchers and collated after each researcher had
completed their analysis. Studies were assessed
independently for methodological quality and risk
of bias using a combination of the Methodological
Index for Non-Randomised Studies (MINORS)
criteria and the Joanna Briggs Institute (JBI)
checklists for case reports and case series. Data
from all included studies were collated including
key demographics, radiotherapy treatment details
prior to the development of calvarial ORN, the
common surgical and conservative treatments of
the condition, and the complications associated
with different treatment modalities.

Results

A total of 1050 studies were initially screened
by title and abstract; after removal of duplicates
and full-text screening, 20 studies'®?® were
included in the review (Figure 1). These studies
involved a total of 79 patients with a mean age of
52.9 years, of whom 42 were male. The included
studies comprised one cohort study, 11 case series
and eight case reports, with an overall quality
assessed as low to moderate based on MINORS
criteria; however, case series and reports scored
favourably when assessed using the JBI checklists
specific to these study designs (see Table 1 for a
summary of study characteristics).

Osteoradionecrosis primarily affected two
patientpopulations: thosewithskinmalignancies
(n=33), mainly squamous cell carcinoma (SCC,
n =24), and patients with brain tumours (n = 34)
who underwent craniotomy and adjuvant
radiotherapy. The pathologies reported included

SCC, melanoma, basal cell carcinoma,
astrocytoma, medulloblastoma, glioblastoma
and rarer conditions such as atypical

fibroxanthoma and haemangioma, though some
studies did not specify the pathology.

The mean radiotherapy dose was 44.88 Gy,
with a range of 14-160 Gy, administered over
an average of 26.81 fractions. Fourteen patients
received multiple courses of radiotherapy. The
latency between radiotherapy and the onset of ORN
averaged 4.2 years (excluding an outlier with likely
delayed diagnosis of ORN at least 70 years after
radiotherapy), ranging from six months to 70 years.

Management strategies varied widely (Table 2).
Approximately one-third of patients were
treated conservatively with debridement and
dressings, while 24 per cent received HBOT as
part of their management. Surgical interventions
were performed in about half of cases, including
cranioplasty (most commonly with titanium mesh)
and soft tissue reconstruction. Twenty-eight patients
underwent free flap reconstruction (two requiring
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Table 1. Summary of study characteristics

Characteristic Data
Subjects: n 79

Sex

Male: n (%) 42 (53%)
Female: n (%) 25 (32%)
Unspecified: n (%) 12 (15%)
Age (years): mean (range) 52.9 (18-83)
Study design

Cohort study 1

Case series (n > 2) n

Case report 8

MINORS score (out of 16 for non-

comparative study): mean (range) 7 (4-10)
MINORS score (out of 24 for comparative | 16 (cohort
study) study)
JBI_chgcinst (case reports and case 89% (70-100%)
series): mean (range)

Total dose of RT (Cy): mean (range) 44.88 (14-160)
Number of fractions: mean (range) 26.81 (1-42)
Multiple courses of RT: n (%) 14 (18%)
(%?e% :é;?rizgrf(?rgrgsge'at)/diagnosis of ORN | /5 (0.5-70)

RT = radiotherapy

Table 2. Management of calvarial ORN

Management Data
debridement and dressings) 24 (32%)
Intracranial infection 1

Free flap reconstruction 1

Hyperbaric oxygen therapy (HBOT) | 19 (24%)
Surgery 39 (49%)
Cranioplasty 1 (15%)

Local flap 4 (5%)

Free flap 28 (37%) (30 total)

— Latissimus dorsi

10

— Anterolateral thigh 10

- Serratus anterior 1

— Radial forearm 2

— Scapular 2

- Omental 1

— Not specified 4
Multiple revisions 10 (13%)
Inadequate ORN debridement 3
Cranioplasty removal 4
Further free flap reconstruction 3

Note: Patients may have undergone multiple interventions; therefore,

categories are not mutually exclusive and totals may exceed 100%.

more than one free flap), with the anterolateral
thigh and latissimus dorsi flaps being the most
commonly used. Among patients who underwent
surgical management, 10 patients required
multiple revisions due to wound dehiscence,
infection or failed reconstructions. Four patients
ultimately required removal of their cranioplasty
and secondary free flap reconstruction.

Conservative management appeared to yield
low rates of intracranial infection; however,
healing times were inconsistently documented
across the studies. Table 3 provides an overview
of the management strategies of calvarial ORN
documented in the 20 studies reviewed and
summarises the treatment complications.

Discussion

Osteoradionecrosis of the calvarium is a late
complication of radiotherapy that is rare but it
can have a significant impact on patients. It is
defined as exposed irradiated bone that fails to
heal over a three-month period (or two-month
period in Weerakkody and colleagues?®) without
the recurrence of local neoplastic tissue.! Most
commonly ORN affects bones with a low intrinsic
blood supply, most notably the mandible. It can
also involve the calvarium; however, reports of
calvarial ORN in the literature remain limited.'*?°

Advancements in irradiation techniques
and protocols for managing head and neck
cancers have led to a decline in the incidence
of craniofacial ORN. Nevertheless, it remains
a substantial source of morbidity for patients
undergoing high-dose radiotherapy, often
presenting significant challenges for surgical
reconstruction.’® Management of calvarial ORN
is particularly complex due to the advanced age
and high comorbidity burden of affected patients,
which increase perioperative risks. A better
understanding of the incidence and associated
risk factors for calvarial ORN is essential to
identify high-risk patients and develop effective
prevention strategies.92°

The incidence of calvarial ORN reported by
Weerakkody and colleagues is approximately
8 per cent.?® While no other cohort studies have
specifically examined the incidence of calvarial
ORN, this figure is comparable to the reported rates
of mandibular ORN, which range from 5-15 per
cent.®® Two distinct patient populations appear to
be at higher risk of developing calvarial ORN. The
firstincludes patients with scalp skin malignancies,
particularly SCC. The second group comprises

Australasian Journal of Plastic Surgery | ISSN: 2209-170X 4



f management and patient outcomes

ic review o

: a systemat|

um

ionecrosis of the calvari

Osteorad

Y08 u1ys ssauxyo1yl N1ds = HSLS vy 09.4f WUDaLOf DIPDL = IITY S1SO.L09U0IPD.L02ISO = NYO ‘dDYf 1D20] = 17T ‘1S40p SNWISSUID] = QT “dDY 29.4f = 14 SNOUIA0ILIAD = AV YS1Y] [D12ID]04dIUD = [TV

(2) @40 Apnas e|jeJisny

punom |eoo| ‘(1) dey} [euolba1020] ‘(1V L ‘A1 $) 44 + Ysaw winiuelll yum Aisejdolueld L 110Yyod aAI30adsol1ay /%202 :S2NbHEed||0D pue APOXMEISSAA

A1se|dolueld abels puodss pue 4444 L 1iodal sse) | AuewiaD/6LOT :SoNbEes||0D pue punuwbals

44 SN0 URIND0AW 7 PUE SN0SSSO-0AW JOlId1ue SN1elIaS L 1odai ased A|€11/L00T 52nBEes||0d pue ellas

1USWIIEaI] SAI}OR OU ‘9DUB||IBAINS Bulfewl| ‘Uo1eAIasqO z s1iodas ased VSN/Z20T «52NBes||0d pue ule1sje|yds
(po1iodasiou ‘z=u

‘syusiled NHO |BIBAED 1810 404 S|IB18P D14108dS ‘| = U) 44 g7 (€ = U) uoIIONIISUODaI 44 2 S31195 958D 9N399ds0NSY VSN/LOOT :53NBe3||0 pue |spues

(L=u) 44 4e|ndeds ‘(¢) 44 A1 4 S9118S 8582 9AI108dS0418Y | Bl|eAISNY/686L ».Senbes||oo pue uoibuluusd

sBUISSalp ‘SO1101g1IUE ‘LU UIBPIIGSP PUNOAA 6l S9149S 9580 9AI1109dS0419Y epeueD/0Z0T SoNbes||0d pue |a1ed
(DS1S + (deyy 1ey doy-di) 47 'DSLS + (SNOdUELINDOINISNW

|eixe) 47 + Awoloaiueld uona|dwod uayl ‘0SS + (JusuwadueApe |euollelod) 47 + L 1odal ased VSN/LLOZ zSoNnbes||j0d pue usAnbN
Auwoyosiueld [elnied) sUoisiAal |B101 ¢ :SUOIIED||AWIOD "DS]S + dejj JUSWISdUBAPE [EUOIIR10H

44 eie| elosey + Vv L S9119s 9582 9A1309ds0119Y VSN/LZ0T Senbes||od pue eds|aN

4444 L S8149S 9580 9A109ds0419Y uemIe] /8661 o,seNBes||0d pue zinT
(L= u) punom Buljeay-uou 01 aNp sieak 9

J914e 44 Q71 + Aw03o81UeID [SUOIRDI|dW0D 'SD130IgIIue ‘'SBUISSalp ‘JusulsplIgap apispag 2 S31195 958D 9N308ds0 Y VSN/910Z 5:59nBe3]|0> pue pAop

Yyelb suoqg snobojoine + 44 [eruswQO L 1lodal ased |ebn1iod/+z0T gSenbes||0d pue olezueT

pue (upAweliqol pareubaidul w_ummn_u\_nwww_cn“_%cnw_ﬂ_ﬁ_uwml__&wm3+memMnm»_._uﬂw_ﬂ_4n_u%m%_w »rumﬂ_ﬁwwwmmr_w L 1odal ased el11en1sny/zL0z ,Ssenbes||0d pue samy
UOI1084Ul PUNOM puUE _m.wc__mwg Jood ‘eousosiyap punom

pHeiSdorzon 0} SORTG 3410 1T 0 N0 1P PUSIUSUSPUGSE | 1 | seues oseo snposctsone coI0H/2202 453052103 b i
'suopedldwod (z) 47 (patoads 10u ‘a1 L1V L) (+) 44 ‘(LL) sdejy 2uoqg jo [erowisy

44 17V L S9149S 9580 9AI10ads0419Y VSN/600Z qsenbes||0d pue Ipeysijay

‘9ouaosiysp 1asul deyt ‘Aunful aniau [esso|bodAy twmmwwmwuw_@ﬂ%%%@uﬂ_.o_ww_ﬂ L vodau esed VSN/£20T »s9nbes|0d pue mol|bio

44 @7 pue dooj AV 4O UoI1eaid Yim abels-g L 1lodai ased VSN/0Z0Z sisenbes|jod pue 668D

panodal NHO 40} UOIIUSAISIUl ON ol S9149S 95BD 9A1109dS0419Y UBPaMS/996L Senbes||od pue Bisg

1Jelf auoq |elieAled + 44 Jejndeds L S9149S 9580 9AI1109ds0419Y epeued/g00z (senbes||od pue Buy

(£ =u) 44 17V + ysaw + arejhioeyrawAyraw Aysejdojuesd c S9119S 958D 9A1309ds0.119Y VSN/0LOZ aisenbes||od pue 1111y

suonedijdwod pue Juswabeuew SAIIBAISSUOD/UOIIDNIISUODII Jo odAL muw‘wn““:m ubisag uoleso0| “eak ‘loyiny

mCO_HGO__QEOO pue juswijeall mC_“vS_OC_ S3aIpN1s NJO |elieAjed JO MIIAISAQ g dl|qel

Australasian Journal of Plastic Surgery | ISSN: 2209-170X



Osteoradionecrosis of the calvarium: a systematic review of management and patient outcomes

patients who have undergone craniotomies for
brain tumours. Unlike the mandible, which has
inherently poor blood supply, the scalp is highly
vascularised and would theoretically exhibit
resistance to devascularisation; however, the
incidence of ORN in the calvarium is comparable to
other subsites. In craniotomy patients specifically,
the elevation of a bone flap disrupts the vascular
supply to the affected segment. Subsequent
radiotherapy further compromises the bone’s
integrity, placing these patients at particularly
high risk for developing ORN.!¢

Weerakkody and colleagues? identified several
risk factors for the development of calvarial
ORN. These include a strong association between
cumulative radiotherapy dose, higher fraction
counts, and the likelihood of developing ORN.
Interestingly, tumour size and stage were not
associated with the development of calvarium
ORN, in contrast to studies of mandible ORN.%5
Additionally, the method of reconstruction
followinginitial treatment influences risk. Patients
who underwent skin grafting were found to have
a higher likelihood of ORN compared to those who
received more robust reconstructive approaches,
such aslocal or free flap coverage.

Another significant risk factor for cranial ORN
is a history of craniotomy. While ORN typically
does not occur at radiation doses below 50-60 Gy,
a study by Kim and colleagues'® demonstrated
that ORN can develop at doses as low as 30 Gy
in patients who have undergone -craniotomy.
This increased vulnerability may stem from the
compromised healing capacity of the bone flap,
as the process of creating the flap detaches it from
the dura, periosteum and surrounding cranial
bone, disrupting its vascular supply. This highlights
the compounded risk for patients receiving
radiotherapy following craniotomy, emphasising
the need for tailored preventive measures and
close monitoring in this population. This review
also demonstrated that calvarial ORN can develop
at varying intervals following radiotherapy.' The
median time to ORN onset is reported as 4.9 years,
with arange from 0.5 to 70 years. This latency period
is consistent with that observed for mandibular
ORN, underscoring the need for long-term follow-
up and proactive screening in high-risk patients.

The literature supports radical surgery
for treating osteoradionecrosis (ORN), with
conservative treatment failing in 70-83 per cent
of cases.’> Hyperbaric oxygen therapy is often
considered a logical treatment option for ORN
due to its ability to enhance tissue oxygenation

and promote healing; however, its clinical efficacy
remains contentious, particularly in advanced
stages of the disease.’® The evidence supporting
HBOT is limited; a randomised controlled trial by
Annane and colleagues® in 2004 demonstrated
no benefit for HBOT in the treatment of patients
with mandibular ORN, although anecdotal reports
suggest it may aid wound healing when used as an
adjunctive treatment.

Hyperbaric oxygen therapy has shown
potential in improving soft tissue healing in
irradiated wounds, potentially by enhancing
vascular remodelling and reducing thrombosis
within the radiation zone.!! Despite these
theoretical advantages, the treatment is
associated with significant practical challenges.
The logistical demands of repeated sessions can
be burdensome for patients, and the therapy
also carries risks of complications, including
middle ear dysfunction, tension pneumothorax,
seizures, pulmonary alveolar collapse, arterial
gas embolism and exacerbation of acute viral
infections.’>*> While HBOT may have a role in
select cases, particularly in early or less severe
ORN, its utility in advanced disease remains
uncertain, warranting further investigation to
establish its efficacy and cost-effectiveness.

Conservative  treatment regimens  are
demanding and resource-intensive. For instance,
one study® outlined a protocol involving daily
wound cleaning with soap and water, application
of petroleum ointment, quarterly follow-ups,
bedside debridement of necrotic bone during each
visit, wound cultures, and treatment with oral
antibiotics and topical gentamicin 0.3 per cent
solution when indicated. Despite the risks of severe
infections such as osteomyelitis, cranial abscess
and meningitis, the reported infection rates in
conservative treatment cohorts were surprisingly
low. However, no studies documented the exact
time required for complete wound healing, which
can span months to years.

While local debridement and dressings may
be effective in some cases, failure to achieve
resolution should prompt consideration of
radical surgical approaches. Radical debridement
followed by free tissue transfer is particularly
effective in advanced ORN and has been shown
to provide superior outcomes in terms of efficacy
and cost-effectiveness compared to prolonged
conservative management.!s

Kelishadi and colleagues?®
most patients with craniofacial
initially = underwent conservative

reported that
ORN who
therapy
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ultimately required radical resection and free
flap reconstruction. The total cost per patient
averaged US$55,040, with nearly half of this cost
attributable to failed conservative management.
Earlier implementation of definitive surgical
intervention may reduce costs and shorten
treatment duration. Developing clear guidelines
to classify ORN severity and guide the choice
between conservative and surgical management
could optimise outcomes and resource utilisation,
ensuring that patients with advanced disease
receive timely, cost-effective treatment.

We acknowledge several limitations of this
review. Most of the data reviewed are derived
from case series and case reports, with only
one cohort study available. Additionally, no
randomised controlled trials comparing outcomes
of conservative versus surgical treatment for
calvarial ORN exist in the current literature. As a
result, the findings are potentially influenced by
confounding factors and biases. Areview is limited
by the evidence presented in its included studies
and these do not address a number of important
considerations in the evaluation and treatment of
calvarial ORN. For instance, these studies did not
provide evidence relating to patient demographics,
comorbidities or the specific anatomical location
of ORN (eg, watershed areas of the scalp) as
potential independent risk factors for ORN, and
there was insufficient data available to allow
these factors to be assessed in this review. Future
studies are needed to provide clear diagnostic
and management algorithms for calvarial ORN,
including assessment of the extent of bony
involvement. Clear evidence-based guidelines are
needed for staging ORN of the calvarium and to
elucidate indications for cranioplasty, the precise
extent of bony resection and the modality of soft
tissue reconstruction associated with the best
patient outcomes in specific patient populations.

Inadditiontothe paucity ofhigh-qualityevidence
available to inform the management of calvarial
ORN, the significant variability and heterogeneity
in methodologies of the studies presented here
complicated data synthesis and interpretation.
Study methodologies, patient demographics, types
ofreconstruction or conservative management, and
follow-up periods varied widely between studies
and precluded valid comparisons between studies

or meta-analysis of the effectiveness of different
treatments for calvarial ORN. To overcome these
limitations, future research should focus on larger,
prospective, multicentre studies with standardised
data collection and reporting protocols, and work
towards a nuanced and clinically useful treatment
algorithm for the management of patients with
calvarial ORN.

In summary, we advocate for the early
identification of patients at risk of developing ORN,
ensuring they receive long-term follow-up due to
the latency of the condition. Robust reconstruction
methods, such as locoregional or free flap coverage,
should be considered in patients undergoing
adjuvant radiotherapy to mitigate the risk of ORN.
There is a clear need to develop evidence-based
guidelines for staging the severity of ORN, which
would aid in determining the appropriateness
of conservative versus surgical management.
This approach would help ensure that patients
with advanced disease receive timely surgical
intervention, avoiding unnecessary costs and delays
associated with prolonged conservative treatment.

Conclusion

Calvarial ORN is an under-reported but seriouslate
complication of radiotherapy to the scalp. Based on
the findings of this review, we advocate for early
identification of patients at risk of developing ORN
to ensure effective long-term follow-up and early
intervention. Early robust locoregional or free flap
reconstruction in appropriate patient populations
should be considered in patients undergoing
adjuvant radiotherapy to mitigate the risk of ORN;
however, there is currently insufficient evidence
to elucidate the best management for established
ORN. Further prospective, randomised trials are
required to provide vital information on the key
risk factors and most effective management of
ORN of the calvarium to inform best practice in
the prevention and treatment of these patients.
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