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Abstract

Aim: The aim of this study was to investigate the incidence of osteoradi-
onecrosis following various surgical procedures, including tooth extraction,
periodontal surgery, pre-prosthetic surgery, removal of bone spicules and
removal of bone reconstruction/osteosynthesis plates.
Material and methods: The charts of 68 patients who had undergone
post-radiotherapy surgical procedures were reviewed. The following
information was obtained: gender, age, radiotherapy dose and field, type
of surgical procedure and time between the end of radiotherapy and the
surgical procedure.
Results: Osteoradionecrosis developed in 14 patients and did not statisti-
cally correlate with gender, radiotherapy dose and field or time between the
end of radiotherapy and the surgical procedure. Removal of bone spicules
was significantly associated with osteoradionecrosis (P = 0.033), compared
with tooth extraction, pre-prosthetic surgery, removal of reconstruction/
osteosynthesis plates and periodontal surgery.
Conclusions: Our findings show removal of bone spicules is a significant
risk factor for the development of osteoradionecrosis, suggesting that
careful evaluation and management of spicules in previously irradiated
patients is particularly important in the prevention of osteoradionecrosis.

Clinical relevance

Scientific rationale for study: Although it is widely
known that tooth extractions may lead to the devel-
opment of osteoradionecrosis, few studies have
addressed the impact of other oral and maxillofa-
cial surgical procedures on the development of the
condition.

Principal findings: The removal of bone spicules
was significantly associated with the development of
osteoradionecrosis.

Practical implications: Our findings indicate that
clinicians must be especially vigilant when removing
spicules in previously irradiated patients.

Introduction

Radiotherapy (RT) is largely employed as primary
therapy, adjuvant to surgery, or in conjunction with
chemotherapy for the treatment of head and neck
cancer (HNC). Although RT can increase cure rates, it is
unfortunately associated with several side effects1.
Osteoradionecrosis (ORN), one of the most serious RT
complications, is defined as the ischemic necrosis of the
irradiated bone that becomes hypovascular, hypocel-
lular and hypoxic2–4.

Clinically, ORN may vary from small asymptomatic
regions of exposed bone that remain stable over time
to full-blown osteonecrosis that is characterised by
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severe pain and suppuration2. Radiographic examina-
tion shows decreased bone density and, occasionally,
fractures. ORN occurs most frequently on the mandi-
ble’s posterior portion. The mandible is more affected
than the maxilla, probably due to its smaller vascular
component5. Management of ORN is still controversial,
and the condition can be treated conservatively or sur-
gically6. Importantly, it is estimated that more than half
of all patients who develop the condition will require
some form of surgical intervention5,7.

Despite extensive research, controversy still exists
regarding aetiology and mechanisms of ORN8. Several
risk factors have been associated with the condition,
including tumour size and stage, RT dose, poor oral
hygiene and smoking/drinking habits5. Additional risk
factors include bone biopsy, salvage surgery, trauma by
prosthesis, periodontal disease and extractions per-
formed after radiotherapy9. The latter may be the most
important single risk factor in the development of
ORN10–12.

Although it is generally accepted that trauma, typi-
cally via post-RT tooth extraction, is an important risk
factor in the development of ORN, the literature lacks
studies that address the impact of other oral surgical
procedures on its incidence. Identification of which
procedures are more likely to cause ORN will improve
our ability to prevent this complication. Thus, the aim
of this study was to investigate the incidence of ORN
following various surgical procedures in previously
irradiated patients, namely: teeth extractions, pre-
prosthetic surgery, removal of bone spicules, removal
of bone reconstruction/osteosynthesis plates and peri-
odontal surgery.

Material and methods

A retrospective, descriptive study was conducted. The
charts of all patients seen between 2002 and 2007 at
the Oral Oncology Service of the Universidade Federal
de Minas Gerais were reviewed, and patients who had
undergone oral and maxillofacial surgical procedures
after completion of RT were included in the study. All
subjects had biopsy-proven malignant neoplasms of
the head and neck region, and received external beam
RT at a minimum of 45 Gy. ORN was defined as
chronically exposed bone, in the absence of recurrent
cancer, for at least 3 months observed on clinical
examination. All clinical examinations had been per-
formed by specialists in oral surgery and/or oral medi-
cine, with extensive experience in the management of
patients undergoing radiotherapy.

The following information was obtained from the
charts: patients’ gender and age; tumour site and Union

for International Cancer Control stage; RT field, dose
and number of sessions; type of surgical procedure; and
time between the end of RT and the surgical procedure.
To evaluate the influence of various surgical procedures
on thedevelopmentofORN,proceduresweredividedas
follows: extractions, pre-prosthetic surgery, removal of
reconstruction/osteosynthesis plates, periodontal
surgery and removal of bone spicules. Pre-prosthetic
surgery consisted of bone re-contouring to facilitate the
retention of dentures. Removal of reconstruction/
osteosynthesis plates consisted of removing devices
employed for the stabilisation of mandibulectomies.
Removal of bone spicules consisted of removal of small
bone fragments, remnants of a previous extraction.
Spicules were present at the extraction site and were
superficially located at the margins of the jaws. The
fragments appeared vital upon clinical inspection, and
theunderlyingboneshowednormalaspect.

As part of our service protocol, all patients had been
prescribed a single 600 mg clindamycin dose, 1 h prior
to the surgical procedure. The drug was maintained for
7 days, in a 300 mg dose, four times a day.

For statistical analysis, the Mann–Whitney and
Fisher tests were employed, using the SPSS software
(SPSS Inc., Chicago, IL, USA). Significance was con-
sidered for P < 0.05.

Results

The charts of 240 patients were analysed. Of these, 68
had undergone post-RT surgical procedures (58 males,
10 females;meanage55years, range23–88years).ORN
developed in 14/68 (20%) patients. Table 1 shows
demographic, tumour and treatment characteristics of
the 14 patients who developed ORN. No demographic

Table 1 Demographic, tumour and treatment characteristics of 14

patients that developed osteoradionecrosis

Variable Category n (%)

Age (years) Mean 58.3

Range 44–80

Gender Male 10 (71)

Female 4 (29)

Tumour site Mouth 11 (78)

Larynx 3 (22)

Clinical Stage (UICC) I/II 3 (21)

III/IV 11 (79)

Radiation dose (Gy) Mean 59.7

Range 50–71

Radiotherapy field Included jaws 11 (78)

Excluded jaws 3 (22)

Radiotherapy sessions Mean 33

Range 30–44

UICC, Union for International Cancer Control.
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(age, gender), tumour (location, stage) and treatment
(radiotherapy dose and sessions) differences were
observed between patients with and without ORN. Ten
patients with ORN were males (10/58 = 17.2%; P =
0.197), and four were females (4/10 = 40%; P = 0.114).
No statistical correlation was found between gender and
development of ORN. Time between the end of RT and
the surgical procedure varied from 1 to 60 months.
There was no correlation between the development of
ORN and time (P = 0.381). Of the 68 post-radiotherapy
surgeries, 48had the jaws included in the radiationfield.
Of these, 11 (11/48 = 22.9%) developed ORN. In 20
cases, the jaws were outside radiation fields. Of these, 3
(3/20 = 15%) developed ORN. There was no signifi-
cance between inclusion of jaws in the RT field and
development of ORN (P = 0.532). ORN incidence
increased with higher RT doses, but without statistical
significance(P = 0.3).

When considering the different types of surgical pro-
cedures, the highest ORN incidence was seen in pati-
ents submitted to removal of bone spicules (66%) and
lowest following teeth extractions (16.3%). ORN did
not develop following removal of reconstruction/
osteosynthesis plates and periodontal surgery (Table 2).
There was a significant association between removal of
bone spicules and development of ORN (P = 0.033),
compared with tooth extraction, pre-prosthetic surgery,
removal of reconstruction/osteosynthesis plates and
periodontal surgery. Thirteen cases of ORN were treated
exclusively with surgery; one patient underwent
hyperbaric oxygen therapy in addition to surgery. No
follow-updatawereavailable.

Discussion

Despite extensive research, the pathogenesis of ORN is
still unclear. Radiation-generated free radicals and
damage to endothelial cells lead to hypovascularity,
tissue hypoxia, destruction of bone-forming cells and
marrow fibrosis2. In addition, bone turnover is likely
suppressed and involved in the initiation of ORN3.
Recently, it was shown that anaerobe bacteria might

play a key role in pathophysiology of ORN, instead of
being merely surface contaminants4. A fibro-atrophic
theory, in which three successive clinical and his-
topathological phases (pre-fibrotic a specific inflam-
matory, constitutive fibrotic cellular and matrix
densification/remodelling) may lead to terminal tissu-
lar necrosis, has also been proposed13.

The incidence of ORN in HNC patients varies from
0.4% to 56%5. Such variation may be a result of differ-
ences in study populations and observation periods14.
Importantly, the incidence of ORN has declined in
recent decades. Before 1968, the incidence was 11.8%,
and from 1968–1992, rates changed to 5.4%15. In 1997,
incidence rates of approximately 3% were described16.
Finally, a recent study found a 2% overall incidence
rate17. Such decrease is presumably due to the advent of
megavoltage RT and to the increased awareness of the
importance of oral health care3. Indeed, ideally all
required dental work and oral hygiene instructions
should be accomplished before RT16. Also, there is
growing consensus that multidisciplinary teams can
reduce the irradiation sequelae1. In our study, the
overall incidence was 20% (14 cases in 68 patients that
underwent surgery). Our incidence after dental extrac-
tions was 16.3%, which is higher than the 7% incidence
found in a recent meta-analysis18. Although new tech-
niques of RT (such as IMRT) are available in Brazil, few
patients have access to this treatment modality19, thus
explaining a higher incidence. Still, the incidence we
found might have been even higher if not for the proto-
col we follow at our service, which emphasises pre-RT
oral health care. Briefly, all patients are assessed prior to
surgery and/or radiotherapy. A dental treatment plan is
thendeveloped,andoralhygiene instructionsaregiven.
Extractions of unrestorable teeth are performed when-
ever a minimum 21 days interval of healing time can be
respected prior to initiation of RT. During RT, patients
are seen on a weekly basis and receive comprehensive
treatment in various dental specialties (oral medicine,
oral surgery, operative dentistry, endodontics, peri-
odontics, prosthodontics and radiology). In addition,
patients are seen by nutritionists, psychologists and
physiotherapists. Patients continue to be followed-up
upon completion of RT to prevent, identify and manage
lateRTcomplications.

Several risk factors for the development of ORN have
been identified but, despite the extensive literature,
evidence of consistent and conclusive risk exists for
only a fraction of factors examined8. Studies have
shown that the incidence of ORN is approximately
three-fold higher for men than for women. However,
this is probably a reflection of the population profile of
patients with HNC, which is more common in males14.

Table 2 Development of osteoradionecrosis according to the type of

surgical procedure

Surgical procedure Cases Osteoradionecrosis (%)

Extraction 55 9 (16.3)

Pre-prosthetic surgery 3 1 (33.3)

Removal of bone spicule 6 4 (66.7)

Removal of reconstruction/

osteosynthesis plates

2 0 (0)

Periodontal surgery 2 0 (0)

Total 68 14 (20)
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In our study, most patients were males, but the inci-
dence of ORN was higher in women (40%) than in
men (17%). However, gender did not correlate signifi-
cantly with development of the disease.

Though radiation dose undoubtedly contributes to
the development of ORN, no consensus exists in the
literature as to maximal safe dosing8. Thorn et al.20

observed that in more than 90% of the ORN cases, RT
doses employed were above 64 Gy. In our study, all
patients were submitted to over 50 Gy of radiation.
Although RT dose was not statistically related to the
development of ORN, we verified that with increasing
doses (60 Gy and 70 Gy), the incidence of ORN also
increased. Field of RT has occasionally been shown to
affect ORN risk, particularly when the jaws are
included5,21. In our study, the incidence of ORN was
higher in patients when the jaws were included in the
field, although not reaching statistical significance.
However, ORN developed even when the jaws were
not included in the RT field. Similarly, Epstein et al.10

observed 5.4% ORN rates after extractions in non-
irradiated fields. Cases of ORN that develop outside the
RT field are possibly a consequence of obliteration of
the area’s primary vascular supply and insufficient
secondary blood supply20.

The risk of ORN for post-RT teeth extractions ranges
from 0 to 43%21. In our study, 16.3% (9/55) of the
patients developed ORN following extractions without
statistical significance. Many authors agree that
post-RT extractions yield a higher rate of ORN10–12 and
thus advocate dental extractions should be delayed
until at least 9 to 12 months after the end of RT5. In
contrast, other studies claim ORN may develop even 10
years after RT due to a progressive and irreversible
reduction in biologic activity, and thus risk may actu-
ally increase with time22. In our study, the time
between the end of RT and the surgical procedure
varied from 1 to 60 months and did not significantly
increase the risk of ORN development. Finally, some
studies have shown that post-RT extractions have a low
risk of complications23 and failed to show a particularly
high incidence of ORN following extractions16.

Any surgical procedure performed within an irradi-
ated field increases the risk of developing ORN9.
However, few studies have addressed the effects of
other surgical procedures, other than extractions, on
the development of the condition. Thus, in our study,
we aimed to verify the impact of not only dental
extractions, but also types of surgical procedures, on
the development of ORN. ORN did not develop fol-
lowing reconstructive/osteosynthesis plates and peri-
odontal surgery. It developed in 1/3 (33%) patients
who underwent pre-prosthetic surgery. Our most

important finding was that the removal of bone spi-
cules – a relatively simple procedure – was a significant
risk factor for ORN development. Possibly, hypovas-
cularity induced by RT was more pronounced in the
bone surface where the spicules were located. Further,
loss of periosteal blood supply may occur following a
marginal resection9 and could have contributed to
hypovascularity in the bone surface. Consequently,
the area was unable to heal properly, ultimately
resulting in ORN. It should be noted that the bone
spicules were likely derived from pre-RT extractions;
in fact, spicules are frequent and a part of the bone
remodelling process, and it may be virtually impossible
to predict if they will arise following an extraction24.
Considering that 50% of the patients seen in our
service require at least one extraction before RT, and
that we extract on average 11 teeth per patient25, the
number of patients requiring spicules removal may be
considered low. Further, since all extracted teeth were
decaying and non-restorable, not extracting those
(with the purpose of avoiding later formation of bone
spicules) would have led to serious consequences as
well. To prevent the occurrence of spicules in patients
that will undergo radiotherapy, atraumatic extraction
(to preserve the integrity of the perisoteum) and
alveoloplasty should always be performed18.

The effectiveness of prophylactic antibiotics to
prevent ORN is still controversial16. Nonetheless, anti-
biotic prophylaxis before the extraction procedure is
the most common initiative to prevent ORN. Indeed,
86% of surveyed surgeons would recommend pro-
phylactic antibiotics for extraction of a residual root in
an irradiated mandible26. Marx et al.27 recommended
large doses of intravenous penicillin, yet 30% of the
patients developed ORN. Tong et al.28 observed delayed
wounding and ORN following extractions under anti-
biotics in 6.3% and 9.3% of the patients, respectively.
In contrast, Maxymiw et al.29 prescribed prophylactic
antibiotics to 72 irradiated patients submitted to 96
extractions and found no cases of ORN. Similarly, Carl
et al.30 reported uneventful healing in 47 irradiated
patients that underwent extraction of 187 teeth under
antibiotic therapy. Among antibiotics, clindamycin is
commonly chosen because it is active against most
strains of Staphylococcus aureus, several other gram-
positive cocci and gram-negative anaerobic pathogens.
Importantly, the drug provides good penetration into
the bone and has been proven successful for the treat-
ment of osteomyelitis31. Clindamycin has been previ-
ously for prevention of ORN with daily doses of
1200 mg, for 21 days, starting 3 days before surgery32.
In our service, we employed the same drug, in a lower
dosage and for a shorter period. ORN developed in 20%
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of patients that underwent surgery, and in 16.3% of
patients that underwent extractions. However, since
the aim of our study was not to assess the efficacy of
prophylactic antibiotic, our results regarding clin-
damycin should be interpreted with caution. Consid-
ering that antibiotics carry a risk of development of
resistant strains, and given the conflicting data existent
in the literature, it is clear that large, well-controlled,
double-blind, randomised trials are warranted to
determine their effectiveness in the prevention of ORN.

Similarly to antibiotics, the usefulness of HBO in the
prevention of ORN is also still in debate. Recently, a
systematic review found insufficient information to
prove that HBO reduces the incidence of ORN in
patients requiring tooth extractions33. In contrast,
another study found a 4% incidence of ORN following
extractions with HBO, compared to a 7% incidence
when HBO was not employed. The authors concluded
that, based on weak evidence, prophylactic HBO is
effective in reducing ORN18. In our study, only one
patient was submitted to hyperbaric oxygen therapy
(HBO). Thus, we were unable to analyse the impact of
this procedure on our findings.

Our results need to be interpreted in light of its limi-
tations. The major drawback of our study was that the
information was collected retrospectively, thus being
subject to inherent inaccuracies, including the inability
to control bias and confounders. Small sample size
(particularly after stratification by different surgical
procedures) and the imbalance between the numbers
of cases between the subgroups, coupled with the low
incidence rate of ORN, were also additional limitations.
Finally, it should be noted that it is possible that the
bone spicules observed in this study represented in
reality early osteoradionecrotic lesions and that the act
of removing the bone spicules might actually have been
a minor sequestrectomy procedure itself. However, as
stated previously, the bone spicules removed in this
study were neither necrotic nor exposed upon clinical
inspection, and the underlying bone was also clinically
normal. Considering these facts, and the definition of
ORN (area of exposed devitalised irradiated bone that
fails to heal over a period of 3–6 months), we believe
we were in fact dealing with spicules, rather than early
osteoradionecrotic lesions.

In conclusion, removal of bone spicules in previously
irradiated patients was a significant risk factor for ORN,
even under antibiotic therapy. This is particularly
important since HNC patients commonly undergo
several extractions prior to RT initiation and are thus
prone to the development of spicules. Additional
studies with larger samples are warranted to confirm
our findings.
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