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ABSTRACT

Background: The purpose of this study was to describe the topography, extension (volume), and timing of severe osteora-
dionecrosis (ORN) that required mandible resection in patients previously treated for head and neck cancer at a high-volume
Veterans Affairs Medical Center.

Materials and methods: The records from a reference hyperbaric oxygen clinic were retrospectively analyzed (n = 50,
2018-2021). Inclusion criteria were: I) severe ORN defined as progressive ORN that required resection; Il) pathologic confir-
mation of ORN; and Ill) availability of pre-operative CT-imaging. Using a radiotherapy (RT) imaging software, we performed
a detailed volumetric (3D) analysis of the bone involvement by ORN. Time intervals from RT to surgery for ORN and from
surgery to the last follow-up were calculated.

Results: All patients that met inclusion criteria (n = 10) were male with significant smoking history (median 47.5 pack-years)
and a median age of 57 years old at the time of RT. The primary tumors were: oropharynx (n = 6), oral cavity (n = 3) and na-
sopharynx (n = 1). The median time from RT to ORN surgery was 8 years. The most common ORN location was the posterior
lateral body (molar) and six patients had associated fractures. The mean ORN volume was 3.6 cc (range: 0.6-8.3), correspond-
ing to a mean 6.3% (range: 0.7-14) of the total mandibular volume. After a median follow-up of 13.5 months, no recurrence of
ORN occurred. Three patients died of non-cancer and non-ORN-recurrence related causes (1y OS 77.1%).

Conclusion: Severe ORN occurred after a median of 8 years from the previous RT and usually affected the posterior lateral
body. Surgical resection achieved excellent ORN control.
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Introduction tiple classification systems available [2-5]. The major-

ity highlight that ORN requiring an extended surgical

Osteoradionecrosis (ORN) is a morbid compli- resection [6] indicates a more advanced stage that
cation of radiotherapy (RT) [1], especially when it is considered refractory to conservative treatments
affects the mandible. Currently, there is no consensus (e.g.: vitamin E, pentoxifylline) [7-8], hyperbaric

on how to grade the severity of this sequela, with mul- oxygen (HBO) [9] or focal debridement [10].
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Previous studies on ORN were limited to analy-
ses of predisposing factors [11-14], which include
patient characteristics, clinical presentation of
the previous head and neck malignancy, and ra-
diotherapy parameters. Although contributing to
the risk of ORN, most of these factors are usually
non-modifiable. In this setting, the knowledge of
the natural history of the ORN cases that prog-
ress to late stages may provide more practical in-
sights. These include identifying the mandible
subsites most prone to severe ORN (which could
guide more specific RT dose constraints), deter-
mining the necessary surveillance time frame to
detect these severe cases, and assessing the effec-
tiveness of mandibular resection.

Based on this background, the purpose of
the current study is to describe the natural history,
including the locations and extension of the lesions,
of a retrospective series of ORN cases that required
surgery from a high-volume Veterans Affairs Med-
ical Center. In addition, we analyze the post-opera-
tive outcomes of the mandibular resection.

Materials and methods

Study design

To address the research purpose, the investi-
gators designed and implemented a retrospective
cohort study. The records from a reference hyper-
baric oxygen clinic were triaged (December 2018
to February 2021). Inclusion criteria were: I) severe
ORN (defined as progressive ORN that required re-
section); II) pathologic confirmation; and III) avail-
ability of pre-operative computed tomography (CT)
imaging. Cases of osteoradionecrosis of other bones
without mandibular involvement were excluded.
Clinical and outcome information pertaining to
these head and neck cancer patients were retro-
spectively extracted from the institutional elec-
tronic medical record system. The study followed
the Declaration of Helsinki on medical protocol
and ethics and the institutional review board (IRB)
of the Michael E. DeBakey Veterans Affairs Medical
Center approved this study design and the use of
patient information without individual identifica-
tion before study initiation.

Variables and data collection methods
The pre-operative CT scans of each patient were
transferred from the radiology picture archiving

and communication system (PACS) to the radia-
tion oncology cancer imaging software (Velocity
Version 3.2.0, Varian Medical Systems, Palo Alto,
CA, USA). The ORN was defined as the area of
bone demineralization, without including the sur-
rounding soft tissue alteration. The ORNs were ana-
lyzed in the cancer imaging software using the bone
window (level: 250; range: -650 to 1350 Hounsfield
units) by human evaluation/contouring (consensus
of two radiation oncologists). The relative ORN
volume was calculated by dividing the volume of
the ORN measured in cubic centimeters by the to-
tal mandibular volume measured in cubic centi-
meters. All the ORNs were contoured and trans-
ferred to a model mandible (from a patient without
ORN) to generate a topographic representation of
the more frequently affected mandible subsites. For
this process, rigid fusion was used instead of de-
formable, due to the destruction of the mandible
contours caused by the ORN. The regions with 10%,
30% and 50% involvement by ORN were obtained
by a series of Boolean operations. Finally, a 3-mil-
limeter isometric margin was added to account for
uncertainties of rigid image registration.

Data analysis

The date of the mandibulectomy was consid-
ered the event time for the initial severe ORN-free
survival endpoint and the initial time for the oth-
er time to event endpoints (recurrent ORN-free
survival, complication rate, and overall survival).
Survival curves of these time-dependent endpoints
were analyzed via the Kaplan-Meier method [15].
Due to normal distribution, the Student’s t-test [16]
was used to compare the means of the relative ORN
volume between patients that underwent surgery
before or after 6 years from the time of the initial
cancer treatment. All statistical analyses were per-
formed using IBM SPSS Statistics, Build 1.0.0.1508,
Armonk, NY, USA.

Results

From the initial database (n = 50), ten pa-
tients met all the inclusion criteria. A detailed case
selection diagram is presented in Supplementa-
ry File — Figure S1. All patients were male with
current or former smoking history (median 47.5
pack-years; IQR: 19-132). The median age was 57
years (IQR: 51-64.5) at the time of RT and 70 years
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(IQR: 63.5-73) at the time of ORN surgery. The pri-
mary tumor sites were oropharynx (n = 6), oral cav-
ity (n = 3) and nasopharynx (n = 1). In relation to
the initial cancer treatment, seven patients received
definitive radiation doses to the primary tumor
and involved nodes. One case received two courses
of RT (initially definitive and after developing a re-
currence two years later, adjuvant post-resection).
Six cases received RT at other institutions. Table 1
describes additional patients and treatment char-
acteristics. Details of previous RT dose or dental
procedures were not available.

The mean ORN volume was 3.6 cc (range:
0.6-8.3), corresponding to a mean 6.3% (range:
0.7-14) of the total mandibular volume. The sub-
site of the mandible most commonly affected by
the ORN was the posterior lateral body (molar re-
gion) as seen in Figure 1. Only two cases had RT
plans available for analysis. These cases (I-1I) are
represented in Figure 2. The 70 Gy isodose line
(red) involved multiple parts of the mandible (A:
ramus; B: lateral posterior body; C: anterior body),
but the ORN occurred only in the lateral posterior
body (B). Six cases had associated fractures, which
were also located in the molar region. The median
time from the RT to the ORN surgery was 8.6 years
(range: 1-16) (Fig. 3). The proportion of mandi-
ble involved in the cases that underwent surgery
before and after 6 years from the cancer treatment
were 2.8% and 8.6%, respectively (mean, p = 0.025).
Fractures were associated with 1 of 4 early-onset
cases (before 6 years) and 5 of 6 late-onset cases
(after 6 years).

Regarding the mandibulectomy, segmental re-
moval (n = 6) and bone reconstruction (5 fibular, 1
scapular) were the most common procedures per-
formed. Total, hemi-, and marginal mandibulecto-
my were used in 10%, 20% and 10% of the cases,
respectively. Figure 4 displays the pre-operative ax-
ial CT, post-operative axial CT, and post-operative
digitally reconstructed radiography (DRR) of four
cases (cases 1-4) that required segmental mandi-
bulectomy. The images of the remaining six cas-
es (case 5-10) are shown in Supplementary File
— Figure S2.

After a median follow-up of 13.5 months,
no patient had a recurrence of ORN. Three pa-
tients had complications related to the surgery:
one had hardware exposed in the oral cavity, an-
other had bilateral temporo-mandibular joint dis-

Table 1. Patient and treatment characteristics

Variable N (%)

Sex
Male 10 (100%)
Female 0 (0%)
Smoking history
Current 2(20%)
Former 8 (80%)
Never 0 (0%)
Primary H&N cancer
Oropharynx 6 (60%)
Oral cavity 3 (30%)
Nasopharynx 1(10%)
Laterality of tumor
Right 6 (60%)
Left 2 (20%)
NA 2 (20%)
Tumor stage
T2 2 (20%)
T3 2 (20%)
T4 1(10%)
NA 5 (50%)
Nodal stage
NO 2 (20%)
N1 0 (0%)
N2 3 (30%)
NA 5 (50%)
RT intent
Definitive (D) 7 (70%)
Adjuvant (A) 2 (20%)
D = A (recurrence) 1(10%)
Concurrent chemotherapy
No 2 (20%)
Yes 6 (60%)
NA 2 (20%)
Dentition status*
Edentulous 4 (40%)
Possessing teeth 6 (60%)
Associated fracture
No 4 (40%)
Yes 6 (60%)
ORN surgery
Total mandibulectomy 1(10%)
Hemi-mandibulectomy 2 (20%)
Segmental mandibulectomy 6 (60%)
Marginal mandibulectomy 1(10%)
—
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Table 1. Patient and treatment characteristics

Variable N (%)

Bone reconstruction

No 4 (40%)
Yes 6 (60%)
Fibula 5 (50%)
Scapula tip 1 (10%)

H&N — head and neck; RT — radiotherapy; ORN — osteoradionecrosis;
NA — not available; *dental status at the time of ORN resection

location requiring reduction in the operating room,
and the last had a right lower limb ischemia with
concomitant non-ST segment myocardial infarc-
tion (NSTEMI) four days after the ORN operation.
This last patient died after 2 months in the inten-
sive care unit. The 1y complication rate was 32.5%
(Fig. 5A), with all events occurring within 6 months
post-operation. Three patients died of non-cancer
and non-ORN-recurrence related causes (1 y OS
77.1%, Fig. 5B).

Discussion

The risk factors for ORN [12-14, 17], such as
the RT dose to the whole or to a non-anatomically

defined proportion of the mandible [18-19], do not . o . .

. Figure 2. Radiation isodose-lines and location
fully explain the occurrence of severe ORN events. of the fracture in two cases (I and Il). A. Ramus; B. Lateral
Different mandibular topographies may range in posterior body; C. Anterior body. Red line: 70 Gy isodose

Figure 1. Topographic representation of the affected mandible subsites (iso-frequency volumes). Blue: 10% rate. Yellow: 30%
rate. Red: 50% rate
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Figure 3. Initial severe osteoradionecrosis (ORN)-free-survival post-radiation therapy (T0)

Y

Figure 4. Four illustrative cases (1-4) with mandible resection. Images of pre-operative CT (A), post-operative CT (B),

and post-operative digital reconstructed radiography (C).

Case 1 — 70-year-old* male with severe osteoradionecrosis (ORN) with fracture 15.5 years after definitive radiotherapy (RT)
for oropharynx cancer (base of tongue). Treated with segmental mandibulectomy with reconstruction (fibula).

Case 2 — 75-year-old* male with severe ORN with fracture 1.3 year after adjuvant RT for oral cavity cancer (left side). Treated
with segmental mandibulectomy with reconstruction (fibula).

Case 3 — 72-year-old* male with severe ORN with fracture 10.7 years after definitive RT for oropharynx cancer (right tonsil).
Treated with segmental mandibulectomy with reconstruction (fibula).

Case 4 — 70-year-old* male with severe ORN with fracture 6.8 years after definitive RT for oral cavity cancer (right side).
Treated with segmental mandibulectomy with reconstruction (fibula).

*At the time of mandibulectomy to treat ORN.
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Figure 5. Kaplan Meier curves for (A) complication rate and (B) overall survival after mandible resection

their proclivity for the development of severe ORN.
In this regard, our study found that the posterior
lateral mandible body — the region that supports
the highest-pressure forces during mastication
and that also precedes the division of the terminal
branches (lingual, mental, and incisor) of the infe-
rior alveolar artery (IAA) — was the most affected
region. Two studies [20-21] have previously sug-
gested that the most common location of the ORN
(any grade) is the mandible body, however, they did
not specify the precise sub-region at higher risk of
severe destruction. Based on our data, the molar
region is a potential target for preventive measures,
such as stricter radiation dose constraints or selec-
tive pre-irradiation dental extractions.

Besides anatomic location, prolonged time with
devitalized mandibular bone also seems to be
an important factor for this complication. Most of
the cases in the present study presented with severe
ORN later during the follow-up period, with half of
cases undergoing surgery after 10 years. In the same
direction, Caparrotti et al. [22] showed that ORN
can occur even beyond 5 years after completing
intensity-modulated radiotherapy (IMRT) in a co-
hort of oropharynx cancer patients. Notani et al.
[5] described the association between late ORN
onset and more advanced stage, with no case of
grade I (confined to the alveolar bone) ORN when
the complication developed after 36 months. In our
series, more extensive bone involvement and as-
sociated fractures were detected in the cases that
underwent extensive ORN surgery after more than
6 years from the previous cancer treatment. Taken
in conjunction, these findings reinforce the impor-
tance of prolonged cancer survivorship programs
to detect and treat this possible morbid complica-

524

tion. Of note, recent advances indicate that CT [23]
and nuclear magnetic resonance imaging [24] ra-
diomics are promising tools to guide early detection
of radiation-induced changes in the bone.

After therapeutic resection of the mandible, no
further ORN recurrences were detected. Exten-
sive resections with immediate reconstructions
using bone from a non-irradiated donor area im-
proves functional and aesthetic outcomes at a cost
of increased procedure length and complexity.
The analysis of the complication events (nearly
1/3 of cases in 1 year) provides important in-
sights. The case with a post-op myocardial infarc-
tion highlights the importance of judicious pre-
operative evaluation of surgical risks since many
patients have substantial cardiovascular risk due
to their smoking history [25]. The other two cases
with hardware exposure in the oral cavity and with
bilateral temporo-mandibular joint dislocation in-
dicates that there is opportunity for improvement
in the reconstruction techniques, such as the use
of osteomyocutaneous peroneal artery-based
combined flap [26] for massive defects instead
of double free flaps [27] when appropriate after
surgeon evaluation.

The main limitation of our study is the limited
number of patients, which is due to the rarity
of late stage ORN. These severe cases are usually
referred to tertiary centers with expertise to per-
form extensive mandible resections and recon-
structions. To illustrate that, six cases of the cur-
rent study were referred from outside institutions
to manage the actinic complication. The lack of
detailed data on the previous RT and dental pro-
cedures is a consequence of this pattern of re-
ferral. Finally, we could not perform deformable
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image registrations of the affected mandibles with
the model mandible due to the destruction of
the mandible contours from ORN. To overcome
potential uncertainties of rigid image registra-
tions, we added an isometric 3-millimeter margin
to our ORN regions to represent the final diagram
with the most affected regions.

The precise pathophysiology of ORN is un-
known. It is likely a multifactorial phenomenon,
including vascular changes [23], bone hypoxia
[28], actinic fibrosis [29] and associated infection
[30]. Although absorbed radiation dose is certainly
a relevant predisposing factor for the ORN, es-
pecially for the early events, our study suggests
that subsites of the mandible body have variable
propensities for developing severe ORN and frac-
tures in the long term. Of note, the two cases with
available dosimetric data had high radiation doses
(= 70 Gy) to multiple sites of the mandible, but se-
vere ORN only occurred in the molar area. Further
studies evaluating constraints to specific sub-re-
gions of the mandible (in particular, the molar
area) are warranted.

Conclusions

In summary, severe ORN can present late in
the surveillance period (> 8 years from original
cancer treatment), and it involves the posterior lat-
eral mandible body region in most cases. Mandible
resection provides excellent control of the lesions
with a moderate rate of complications.
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