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Predictive factors of osteoradionecrosis necessitating
segmental mandibulectomy-A descriptive study

Theodore V. Tso, DMD,a,b Keith E. Blackwell, MD,c and Eric C. Sung, DDSd
Objective. The objective of this study was to assess characteristics of patients with mandibular osteoradionecrosis (ORN) of sever-

ity necessitating segmental mandibulectomy and osteocutaneous free flap reconstruction.

Study Design. This study is a retrospective review of patients who underwent free flap reconstruction of the mandible at the UCLA

Medical Center between January 2016 and February 2020 secondary to ORN.

Results. Twenty-nine charts with detailed dental and medical records were identified. Hypertension was reported in 14 of 29

patients, diabetes in 2 of 29, osteoporosis in 2 of 29, antiresorptive use in 3 of 29, tobacco use in 15 of 29, and alcohol use in 19

of 29. Twenty-three patients initially had stage III-IV cancer. The median radiation dose was 68 Gy and median time to ORN was

5.2 years. Chemotherapy was given in 21 patients and 4 had previous mandibular surgery. Twelve of 29 patients had surgical pro-

cedures identified as the causative factor and 17 of 29 occurred spontaneously. Median decayed, missing, and filled teeth score

was 17 and 17 of 29 patients had grade II-IV periodontitis. Periodontitis was present in 8 of 17 of spontaneous and 1 of 12 of sur-

gery cases. Twenty-five of 29 cases occurred in the same oral sextant as the tumor.

Conclusion. Severe ORN occurred at doses >60 Gy in most cases. Location of the primary tumor was predictive of site of ORN

and only molars were involved when precipitated by tooth extraction. Risk of ORN persists indefinitely. (Oral Surg Oral Med

Oral Pathol Oral Radiol 2021;000:e1�e6)
Osteoradionecrosis of the jaw (ORN) after radiation

therapy (RT) for head and neck cancer is a adverse

effect of treatment that has varying degrees of severity.

The pathogenesis is not clear, but Marx hypothesized it

to be due to irradiated tissue becoming hypovascular,

hypocellular, and hypoxic with subsequent tissue break

down and nonhealing. The role of microorganisms and

trauma was also questioned.1 More recent findings of

vascular and fibrotic changes after RT suggest that

changes to tissue may be of prime importance.2-4 Predic-

tive factors of ORN development may include patient

demographic characteristics, tumor staging, amount of

prescribed radiation, tobacco and alcohol use, other sys-

temic medical conditions, surgical trauma, dental dis-

ease, and denture-induced trauma. It may occur

spontaneously or be precipitated by tooth extraction.5-8

The reported incidence of ORN varies widely, but

there seems to be some agreement that it may be

decreasing because of improvements in radiation deliv-

ery methods. Advanced treatment modalities allow for
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targeted dosing that results in sparing of surrounding tis-

sues. Protocols to eliminate dental infection in high-risk

areas as well as rigorous posttreatment oral hygiene also

seems to have contributed to this improvement. Current

estimates of occurrence range from 0% to 5%. Dental

comorbidities include tooth extraction, periodontitis,

and infection. Symptomatic ORN cases with exposed

bone may require surgical intervention.9-12

Multiple authors have proposed grading systems

based on extent of involved bone and response to con-

servative treatment.13-15 Severity ranges from small

self-limiting lesions to persistent pain and pathologic

fracture. Treatment ranges from conservative with anti-

biotics to surgical resection. When segmental resection

is done, bone containing free flaps are a reliable recon-

struction that has acceptable survival and outcomes.16-19

Given the high cost and complexity of such surgery, we

reviewed the medical and dental records of patients who

underwent free flap reconstruction secondary to ORN at

the University of California, Los Angeles (UCLA) over

4 years. The purpose of this article is to identify risk fac-

tors for ORN necessitating composite resection.
Statement of Clinical Relevance

Severe osteoradionecrosis requiring composite

resection occurs most often in the same mandibular

third as the primary tumor radiated to >60 Gy.

Molar extraction can be a causative event and preex-

isting periodontitis may be a risk factor for sponta-

neous development.
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Table I. Patient characteristics (n = 29)

Characteristic

Median age (range) 64 years (42-85 years)

Sex

Male 20

Female 9

Hypertension 14

Diabetes 2

Osteoporosis 2

Antiresorptive medication 3

Smoking

Current 2

Former 13

Never 14

Alcohol

Current 18

Former 1

Never 10

Previous mandibular resection 4

Chemotherapy 21

Radiation delivery method

IMRT 21

Pre-IMRT 8

Median radiation dose (range) 68 Gy (54-70.2 Gy)

Median time RT to ORN (range) 5.2 years (0-28.3 years)

HBOT 21

PTXvE 5
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METHODS
We conducted a retrospective study using the operating

schedule of Head and Neck Surgery at the Ronald Rea-

gan UCLA Medical Center from January 2016 to Febru-

ary 2020. Ethics approval was obtained from the UCLA

review board. This time interval was selected because

January 2016 was when an electronic medical record for

dentistry became available and February 2020 was just

before the coronavirus disease 2019 pandemic. A man-

ual review of the operating room schedule identified 37

cases where composite resection followed by free flap

reconstruction was performed secondary to ORN. Medi-

cal records reviewed included referral forms, history

and physicals, computed tomography imaging, operat-

ing notes, progress notes, and discharge summaries.

Dental records reviewed included clinical notes, chart-

ing, panoramic, and intraoral radiographs. Data extrac-

tion was performed for the following variables: age;

sex; other medical conditions; surgical history; chemo-

therapy; cancer staging; radiation; time since radiation;

decayed, missing, and filled teeth (DMFT); and peri-

odontal status. Patient charts missing more than 1 of

these factors were excluded. Twenty-nine patients met

the inclusion criteria.
IMRT, intensity-modulated radiation therapy; RT, radiation therapy;

ORN, osteoradionecrosis; HBOT, hyperbaric oxygen therapy;

PTXvE, pentoxifylline and tocopherol.
RESULTS
Between January 2016 and February 2020, a total of 37

patients with osteoradionecrosis received segmental

mandibulectomies at the Ronald Reagan UCLAMedical

Center. Twenty-nine met the inclusion criteria. Patient

characteristics are described in Table I. The median age

of patients at time of ORN diagnosis was 64 years old

(range, 42-85). Twenty were male (69%) and 9 were

female (31%). Fourteen patients had hypertension

(48%), 2 had diabetes (6.9%), and 2 had osteoporosis

(6.9%). Two patients were on antiresorptive therapy for

cancer control and 1 for osteoporosis. Fifteen (52%) had

a history of tobacco use with 13 former smokers and 2

current. Nineteen (66%) had a history of alcohol use

with 1 former and 18 current. Median radiation dose to

the primary tumor site was 66 Gy, with a range of 54 to

70.2 Gy. Detailed RT records for 8 (28%) patient

records could not be located. Five of these had treatment

that occurred more than 15 years ago. Twenty patients

were treated with intensity-modulated radiation therapy

(IMRT) and 1 with both IMRT and brachytherapy, and

8 were pre-IMRT. Median time between radiation and

diagnosis was 5.2 years (range, 0 months to 28.7 years).

Twenty-one patients (72%) had adjuvant chemotherapy,

and 4 (14%) had previous bony resection of the mandi-

ble. Hyperbaric oxygen therapy (HBOT) was attempted

in 21 patients (72%). Medical management with pentox-

ifylline and tocopherol (PTXvE) was attempted in 5

patients (17%).
Tumor details are described in Table II. Twenty-five

(86%) were squamous cell carcinomas, 1 (3.4%) was

adenocystic carcinoma, 1 was mucoepidermoid carci-

noma (3.4%), and 2 (6.9%) patients had metastases

from distant sites (colon cancer and adenocarcinoma of

the prostate). Fourteen (48%) patients had stage IV dis-

ease, 9 (31%) had stage III disease, 2 (6.9%) had stage

II disease, and 4 (13.8%) were missing information and

could not be staged. The American Joint Committee on

Cancer seventh edition TNM Staging Classification

was used in the assessment. Eight (28%) primary

tumors sites were of the tonsils; 5 of the base of the

tongue (17%); 4 of the mandible/gingiva (14%), 2 of

which were metastases from distant sites; 4 of the buc-

cal mucosa (14%); 2 of the tongue body (6.9%); 2 of

the floor of mouth (6.9%); 2 of the upper lip or maxilla

(6.9%); 1 of the retromolar trigone (3.4%); and 1 of the

esophagus (3.4%). All tumors had defined left or right

laterality except for the upper lip case and 1 tonsil

case, which were bilateral. Twenty-five of 29 instances

of ORN were in the same sextant when separating the

oral cavity (Figure 1).

Patients were divided into 2 groups: spontaneously

occurring ORN (n = 17) and induced by dentoalveolar

surgery (n = 12). Dental characteristics are reported in

Table III. The median DMFT score of all patients was

17. DMFT for the spontaneous group was 19 and



Table II. Tumor characteristics (seventh edition AJCC

staging)

Characteristic

Histology

Squamous cell carcinoma 25

Adenocystic carcinoma 1

Mucoepidermoid carcinoma 1

Adenocarcinoma 1

Unknown 1

Site

Tonsil 8

Base of tongue 5

Mandible/gingiva 4

Buccal mucosa 4

Tongue body 2

Upper lip or maxilla 2

Floor of mouth 1

Retromolar trigone 1

Esophagus 1

Staging

I 0

II 2

III 9

IVa 8

IVb 1

IVc 3

Distant site 2

Unknown 4

AJCC, American Joint Committee on Cancer.
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DMFT for the surgical group was 15. Periodontitis was

graded according to the American Academy of Perio-

dontology’s 2017 classification system and was consid-

ered present at site if seen at or 1 tooth adjacent to the

site of ORN. Dentition is graded from I to IV based on

interdental attachment loss and residual bone level,

with I being least severe and IV being the most severe.

In the spontaneous group, 11 (61%) had periodontitis

grade II-IV compared with 6 (55%) in the surgery

group. Periodontitis was present at or immediately

adjacent to the site of ORN in 8 patients (47%) in the

spontaneous group and 1 (88%) in the surgery group.
Fig. 1. Diagram separating the
DISCUSSION
Patients in our study had a combination of persistent

pain, fistula, trismus, and pathologic fractures. Figures

2 and 3 are representative examples of clinical presen-

tation at initial visit. Segmental mandibular resection

with osteocutaneous free flap reconstruction was done

in all cases. Twenty-eight flaps were harvested from

the fibula and 1 from the scapula. Depending on insur-

ance and urgency of treatment, implants were placed

primarily or secondarily as seen in Figure 4. Twenty-

one of 29 cases failed treatment with HBOT and 5 with

PTXvE and required aggressive surgery for resolution.

Epstein et al.13 staged ORN from I to III with progres-

sive cases that did not respond to conservative treat-

ment as stage III. Notani et al.14 and Schwartz and

Kagan15 graded cases based on size with grade III

extensive involvement of the mandible. All cases we

reviewed were considered Epstein III, Notani III, and

Schwartz III.

The median patient age was 64 with a male:female

ratio of approximately 2:1. Medically, 14 of 29 (48%)

patients had a history of hypertension, and 2 of 29

(6.9%) had a history of diabetes. Twenty-two of 29

(76%) patients had a history of alcohol and/or tobacco

use with 18 of 19 (95%) alcohol users still drinking

and 2 of 15 (13%) still smoking. Age, sex, hyperten-

sion, diabetes, and tobacco and alcohol use prevalence

were similar to those found in recent studies of

ORN.20,21 These systemic factors are not more preva-

lent in our subset of Grade III ORN.

Most authors report RT dose greater than 50 or 60

Gy as a risk factor for ORN.5,6,8,10,12,20,21 Median radi-

ation dose in our sample was 68 Gy, with all but 3

patients treated with over 60 Gy. For the 3 exceptions,

1 case occurred spontaneously with tumor dose 54 Gy.

This patient had concurrent chemotherapy and had

>14 alcoholic drinks per week. The second had a dose

of 54 Gy that occurred after extraction of tooth #18.

The patient also had induction and concurrent
oral cavity into sextants.



Table III. Dental status of patients separated by occurrence spontaneously or after dentoalveolar surgery.

No. of patients DMFT (median) Periodontitis Stage II-IV Periodontitis at site

All 29 17 17 (59%) 9 (31%)

Spontaneous 17 19 11 (64%) 8 (47%)

Surgical 12 15 6 (50%) 1 (8.3%)

DMFT, decayed, missing, and filled teeth.

ig. 2. Clinical presentation of a patient with exposed bone

r approximately 6 months that progressed to pathologic

acture and malocclusion.

ig. 3. Panoramic radiograph of the same patient before resec-

on and reconstruction. Tooth #30 self-exfoliated. Resection is

nticipated to span from tooth #26 to the R angle.
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Fig. 4. Endosseous implants were placed primarily at time of

resection and reconstruction. The patient is planned for a

removable implant assisted resection prosthesis.
chemotherapy. The third had an unknown dose of radi-

ation with chemotherapy for esophageal cancer treated

over 15 years ago. ORN occurred after extraction of
teeth #17 and #18. We believe that 60 Gy may be the

threshold value for Grade III ORN. Other factors previ-

ously established as risk factors for ORN such as che-

motherapy or heavy ongoing tobacco or alcohol use

may have an additive effect.

Hansen et al.22 found that more advanced tumor

stages led to higher doses and higher volumes to the

entire mandible. Chronopoulos et al.23 found an associ-

ation between tumor stage and ORN severity. Consis-

tent with these conclusions, the present study includes

26 of 29 tumors located in the oral cavity or orophar-

ynx with 23 of 29 stage III or IV cancers. Twenty-eight

of 29 cases of ORN originated in the posterior mandi-

ble. No patients had ORN of the maxilla. Poor dentition

is a risk factor for ORN development, with dentoalveo-

lar surgery as a possible initiating event.7-10,20-23 Of

the 12 cases occurring after dentoalveolar surgery, 11

were after extraction of a molar tooth. The remaining 1

was soft tissue revision of a preexisting osteocutaneous

free flap. This is in agreement with Beumer et al.6 and

Thorn et al.,8 who found that the majority of mandibu-

lar ORN occurred in the molar region. No patients

wore removable tissue-borne dental prostheses, so tis-

sue irritation could not be evaluated as a contributing

factor.

The DMFT index is a measurement to assess the

extent of dental disease in a population. A large survey

by the Centers for Disease Control in 2004 found a

mean DMFT of 15 in seniors aged 65+, with 59% of

patients having periodontitis based on clinical attach-

ment loss levels.24 Our population does not differ

greatly: we found a median DMFT of 17 and periodon-

titis in 59% of patients. A case series by Galler et al. in

1992 detailed 3 cases of ORN from sites of periodontal

disease.25 In 2018, Schuurhuis et al. found that patients

with periodontitis are more prone to develop bone heal-

ing problems after radiation.26 One interesting note

made in the present study was that periodontitis was

present at or immediately adjacent to the site of ORN

in 9 cases. Of these 9, 8 were in patients where ORN

occurred spontaneously and only 1 where ORN was

precipitated by dental extraction.

Twenty-five of 29 cases (86%) occurred in the same

sextant as the primary tumor as drawn in Figure 1.

Attention must be focused on the exceptions. One

patient had a tumor of the R molar gingiva resulting in
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ORN of the anterior sextant. The patient was treated

with composite resection, fibula free flap, and adjuvant

chemoradiation 60 Gy. ORN occurred near the midline

after debulking at a second surgery. A second patient

had radiation treatment of a tumor in the upper lip

resulting in necrosis of the mandibular right and ante-

rior sextants. This patient had induction and concurrent

chemotherapy with bilateral neck radiation 50.4 Gy.

The third had a tumor in the left palate treated to 70 Gy

pre-IMRT with previous marginal mandibulectomy for

ORN. ORN throughout the entire mandible developed

18 years later. The fourth had a tumor in the esophagus

treated with radiation pre-IMRT and chemotherapy

that resulted in necrosis of the lower left sextant. There

were 5 cases with ORN on both the same and contralat-

eral sides of the mandible necessitating angle-to-angle

resection. Two of these were treated pre-IMRT, with 1

having full mouth extraction; 2 included radiation to

bilateral neck in addition to chemotherapy; and 1 had

full mouth extraction after IMRT and brachytherapy.

Hyperbaric oxygen therapy was first proposed by

Marx to prevent ORN because it enhances healing of

the radiation-induced hypoxic wound.27 In our sample,

HBOT was previously attempted and was unsuccessful

in 21 cases (72%). ORN was found 0 months to

28.3 years after RT with a median time of 5.2 years.

Hao et al.28 and Shaha et al.29 treated small samples of

patients with severe ORN and concluded that conserva-

tive management with long-term antibiotics and HBOT

was ineffective. Published studies on HBOT vary

greatly in quality and have conflicting results.30 Because

of the lack of evidence, some large institutions recom-

mend against routine use.31 Although a relationship can-

not be drawn, HBOT may be less effective in cases that

have already progressed beyond a certain stage.

Delanian and Lefaix3 and Delanian et al.4 advocated

a concept of ORN starting with radiation induced fibro-

sis leading to dysfunction of tissue synthesis and degra-

dation. They suggested management through the

antioxidant pathway to arrest or reverse progression.

Pentoxifylline decreases blood viscosity, promotes

vasodilation, inhibits inflammation, and has some anti-

oxidant properties. Tocopherol is a potent antioxidant.

Used in combination, they have a synergistic effect and

have shown some success in reversing ORN after

radiotherapy for head and neck cancer.4,31,32 Hayashi

et al. found a cure rate of 85% in 13 patients but did

not detail severity of initial ORN.32 Delanian et al.

reported some improvement of ORN in 54/54 patients

with a third severity Epstein II and the remainder

Epstein III.33 D’Souza et al. found reasonable response

in cases of Notani I and II with less success in Notani

III.34 Most recently, Patel et al. found a 54% cure rate

where ORN occurred a median 3 years after RT with

greatest success in cases Notani I.35 In the current
sample, PTXvE failed in 5 cases with ORN diagnosed

1 year to 18.4 years after radiation with a median time

of 5.4 years. PTXvE was started after referral to our

center by the outside provider for management of

refractory ORN. Our few cases cannot be used to imply

that medical management of stage III ORN is ineffec-

tive but rather that it may be more successful if

attempted sooner in the process.

There are multiple weaknesses of the present study.

Some of these weaknesses include those inherent to a

retrospective study of a rare disease. Our sample size is

relatively small, some data are missing, and there is no

control group. Dental care before and after radiother-

apy was also not detailed. Periodontitis was staged pri-

marily using panoramic images, so more precise

staging and pocket depths could not be assessed. The

exact treatment regimen with HBOT and PTXvE was

not collected and there is bias regarding efficacy

because only failed cases were reviewed. Medication-

related osteonecrosis of the jaw is another concern

prominent in the literature with a similar clinical pre-

sentation.36 Of the 3 patients on antiresorptive therapy,

1 was on zoledronic acid and 1 was on denosumab and

both stopped more than 5 years before ORN diagnosis.

Another patient was taking alendronate for osteoporo-

sis. All 3 were irradiated to over 60 Gy in the relevant

region of the jaw. Therefore, the potential contributions

or additive effects of antiresorptive therapies could not

be assessed in the present sample. Future prospective

studies should seek to address these issues.
CONCLUSIONS
Stage III osteoradionecrosis occurred in the same sex-

tant as the primary tumor when treated to >60 Gy.

Other factors to consider are chemotherapy, heavy

tobacco/alcohol use, irradiation of neck lymph nodes,

and treatment before IMRT. The risk of developing

osteonecrosis persists for many years and periodontitis

may contribute to spontaneous development.
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