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Abstract: A standard treatment for osteoradionecrosis (ORN) has not yet been established because 

of the diversity. Therefore, identifying the risk factors for a poor prognosis is essential. This study 

retrospectively investigated the factors associated with the prognosis of ORN in 68 patients. Rele-

vant clinical data of all patients were obtained. Of the patients, 16 who underwent extensive surgery 

underwent histopathological analysis. The necrotic changes of the anterior and posterior margins 

in the cortical and cancellous bones were investigated. Multivariate analyses showed statistically 

significant associations between poor prognosis in patients with ORN and high radiation dose (haz-

ard ratio [HR] 1.15), orocutaneous fistula (HR 2.93), and absence of sequestration (HR 2.49). Histo-

pathological analysis showed a viable anterior margin of the middle portion of the cortical bone for 

all recovered cases; in contrast, most cases (75%) with a poor prognosis showed necrotic changes. 

The anterior margin of the cancellous bone was viable and resilient to high irradiation, regardless 

of the prognosis. These results suggest that patients with orocutaneous fistula should receive early 

surgical intervention, even if the affected area is limited or asymptomatic. In extensive surgery, a 

sufficient safety margin of necrotic bone, particularly in the anterior region, is required to improve 

the prognosis. 

Keywords: osteoradionecrosis; radiation dose; orocutaneous fistula; sequestration; extensive  

resection 

 

1. Introduction 

Radiation therapy (RT) is vital in head and neck cancers (HNCs) for the preservation 

of biological functions. Of patients with HNCs, 73.9–84.4% will receive RT with or without 

chemotherapy once in the course of their disease [1]. Osteoradionecrosis (ORN) of the jaw 

is one of the most severe chronic complications of RT for patients, and it progresses slowly 

[2]. It is commonly defined as the exposure of irradiated bone through a wound of the 

overlying skin or mucosa that persists without healing for at least 3 months [3–5]. In some 

cases, ORN can be visualized radiographically without any bony exposure [6,7]. The in-

cidence of ORN in patients with HNCs is estimated to be 2–22%. Recent publications re-

ported that the incidence rate dropped to 5–8% because of developments in the radiation 

technique [8–10]. The mean duration from completion of RT to the onset of ORN is less 

than 6 months [3] with a range of 22–47 months [11,12]. Most patients with HNCs develop 

ORN at 2 or 3 years [6,13]. The symptoms of ORN include asymptomatic bone erosion, 

localized pain, trismus, severe bone and soft-tissue necrosis, bone exposure, orocutaneous 

fistula, and pathological fracture [14,15]. To assess progression, radiological 
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investigations are required to detect the presence, severity, and extent of ORN [15]. Com-

puted tomography (CT) is necessary to accurately evaluate the extent and severity of 

ORN, as well as the associated soft-tissue changes [5,15]. The typical CT findings of ORN 

are cortical disruption, trabecular disorganization, and fragmentation (sequestration) [16]. 

Conservative therapies such as saline washing, antibiotics, debridement, hyperbaric 

oxygen therapy, and pharmacotherapy are commonly used for early ORN. Surgical inter-

vention is considered for advanced cases (intractable pain, osteomyelitis, orocutaneous 

fistula, and pathological fracture) [5,17–19]. In advanced cases, segmental or hemi-man-

dibulectomy with a vascularized free flap reconstruction is performed as a surgical inter-

vention [20]. Matsuo et al. described that the cure rates of ORN treatment were 44% by 

only conservative therapy and 63% by combination therapy including surgery [21]. The 

success rate of ORN treatment remains average, and standard treatment for ORN has not 

yet been established because of the diversity of symptoms and imaging findings. There-

fore, identifying the risk factors for poor prognosis is essential [22]. No study has compre-

hensively analyzed the influence of pre-treatment findings on prognosis. Previous studies 

have analyzed the histopathological features of patients with ORN who underwent man-

dibular resection [23–25]; however, their relevance to prognosis has not been reported. In 

this study, we retrospectively investigated the relationships between various symptoms, 

imaging findings, and the histopathological features of patients with ORN treated at our 

department and their prognoses. 

2. Materials and Methods 

2.1. Patients 

This retrospective cohort validation study included 68 patients with ORN who 

received and underwent CT between July 2015 and March 2020 at the Department of Oral 

and Maxillofacial Surgery, Kobe University Graduate School of Medicine. The study 

adhered to the tenets of the Declaration of Helsinki and was approved by the Institutional 

Review Board of Kobe University Graduate School of Medicine (No. B200392). All patients 

consented to treatment after being informed of ORN and its associated risks. CT was 

performed to diagnose and assess the degree of ORN and to rule out local recurrence and 

metastasis of HNCs. Patients with non-invasive (in situ) HNCs, incomplete clinical charts, 

or inadequate follow-up data were excluded. 

2.2. Definition and Classification of ORN 

For this study, ORN was defined as the exposure of irradiated bone that had not 

healed for more than 3 months, and all other diagnoses were excluded [1–5]. As Lyons et 

al. described [7], we classified ORN into 4 stages: (Stage 1) length of bone affected (dam-

aged or exposed) is <2.5 cm, asymptomatic; (Stage 2) length of bone affected is >2.5 cm, 

asymptomatic, including pathological fracture or involvement of inferior dental nerve, or 

both; (Stage 3) length of bone affected is >2.5 cm, symptomatic, no other features despite 

medical treatment; and (Stage 4) length of bone affected is 2.5 cm, pathological fracture, 

involvement of the inferior dental nerve, presence of orocutaneous fistula, or a combina-

tion. 

2.3. Data Collection 

From the clinical charts of patients with ORN, the following data were collected: age, 

sex, stage, onset site and trigger, radiation dose, duration of healing or recurrence, tumor 

primary site, medical history, clinical symptoms, treatment method, CT image findings, 

and prognosis. The radiation dose to the site of ORN was investigated using the radiation 

dose distribution map. The resolution of bone exposure and clinical symptoms for >6 

months were considered to indicate recovery (good prognosis). The following CT findings 

were investigated: the presence of osteolysis, osteosclerosis, periosteal reaction, and se-

questration (Figures 1 and 2). 
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Figure 1. Computed tomography images of a male patient (age 66) who received external radiother-

apy (70 Gy) for nasopharyngeal carcinoma and was treated with antibiotics. An extensive osteolytic 

lesion (white arrows) is seen in the left mandible. Osteosclerosis is observed in the right mandible. 

 

Figure 2. Computed tomography images of a male patient (age 69) who received external radiother-

apy (60 Gy) for nasopharyngeal carcinoma and was treated with right segmental mandibulectomy 

with simultaneous left fibular free flap reconstruction. Periosteal reaction (white arrows) and se-

questration (black arrows: devitalized bone) in the right mandible. 

2.4. Histopathological Analysis 

Of the patients who underwent segmental or hemi-mandibulectomy, 16 patients for 

whom it was possible to perform histopathological analysis were included. Each specimen 

was decalcified and fixed in formalin but not frozen. The details of the decalcification 

method were as follows: Formic acid (98%) (Wako, Osaka, Japan) was diluted to 10% with 

distilled water. Bone specimens were immersed in 10% formic acid with an ion-exchange 

resin and treated with an ultrasonic histoprocessor Histra-DC (Jokoh, Tokyo, Japan). Thin 

sections were obtained from the paraffin blocks and stained with hematoxylin and eosin 

for light microscopy. Image acquisition of whole bone specimens (×4) was performed us-

ing a BZ-X 700 bright-field microscope (Keyence, Osaka, Japan) [24]. We analyzed the ne-

crotic changes in the cortical and cancellous bones, as previously reported [10,23,24]; com-

plete obstruction of the Haversian canals in the cortical bone specimens and the absence 

of osteocyte nuclei within the lacunae in cancellous bone indicated necrosis. Representa-

tive specimens are included in Figure 3. All specimens were independently analyzed by 

two observers (TH and YT). TH is an oral and maxillofacial surgeon with more than 10 

years of experience, and YT is a graduate fellow in our department. 
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Figure 3. Histopathological images of a male patient (age 83) who received radiotherapy (60 Gy) for 

oropharyngeal carcinoma and was treated with right segmental mandibulectomy. The specimens 

were stained with hematoxylin and eosin—original magnification ×4 and ×40. (A) A resected bone 

specimen. The anterior and posterior specimens were prepared separately from the true resection 

margin to avoid heat artifacts caused by the surgical saw (white lines). The most advanced area of 

bone destruction was observed in the white box specimen. (B) White box specimen in (A); the most 

advanced area of bone destruction (white box). In the enlarged view, osteocyte nuclei within the 

lacunae are absent. (C) Anterior margin. (D) Viable cancellous bone. (E) The viable cortical bone at 

the middle level of the mandible. In the enlarged view, there are osteocytes and blood vessels in the 

Haversian canal. (F) Necrotic cortical bone near the inferior border of the mandible. In the enlarged 

view, the Haversian canal has been completely obstructed. (G) Posterior margin. (H) Viable cancel-

lous bone. (I) The viable cortical bone in the middle portion of the mandible. In the enlarged view, 
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there is a lack of osteocyte nuclei despite the presence of viable blood vessels in the Haversian canal. 

(J) Viable cortical bone near the inferior border of the mandible. In the enlarged view, there are 

osteocytes and blood vessels in the Haversian canal. 

2.5. Statistical Analysis 

Statistical analyses were performed using SPSS version 22.0 (IBM Corp., Armonk, 

NY, USA) and Ekuseru-Toukei 2012 software (Social Survey Research Information Co., 

Ltd., Tokyo, Japan). The association of each variable with ORN was analyzed using the 

Mann–Whitney U nonparametric test for ordinal variables and Fisher’s exact test or chi-

squared test for categorical variables. Statistical significance was set at p < 0.05. The re-

maining variables were introduced into a Cox proportional hazards model. The durations 

from the onset of ORN treatment to the last date of contact with patients who were lost to 

follow-up, or the date of recurrence were considered. 

3. Results 

3.1. Patients’ Clinical Characteristics and CT Image Findings 

Patient clinical characteristics are shown in Table 1. Patients with ORN included 55 

men and 13 women, and their mean age was 69.2 ± 11.1 (range, 21–90) years. There were 

no significant differences in the prognosis of ORN related to age, sex, onset site and trig-

ger, duration of healing or recurrence, primary tumor site, and medical history (hyperten-

sion, diabetes, and steroid therapy). There were 16, 3, 21, and 28 patients with ORN stages 

1 to 4 according to Lyons’ classification, with recovery rates of 62.5%, 0%, 23.8%, and 

60.7%, respectively. Patients with advanced ORN, especially those with stages 2 and 3, 

had significantly more difficult recovery (p = 0.012). The mean radiation dose was 66.4 ± 

6.9 (range, 30–81) Gy, and the average observation period was 75.8 ± 40 (range, 1–144) 

months. The radiation dose for the poor prognosis group was significantly higher than 

that for the good prognosis group (p = 0.003); however, there was no significant difference 

in the prognosis of ORN related to the onset site (mandibular vs. maxilla, or incisal vs. 

molar place) or primary HNC (oral vs. other cancers). Orocutaneous fistulas were ob-

served in 15 cases (22.1%). Univariate analysis of the clinical symptoms and prognosis 

demonstrated that orocutaneous fistula was a significant risk factor for a poor prognosis 

(p = 0.021). Pathological fractures and involvement of the inferior dental nerve were not 

significant risk factors. 

Table 1. Characteristics of patients according to whether osteoradionecrosis led to a poor prognosis. 

Variables Prognosis p-Value 

 
Good  

n (%) 

Poor 

n (%) 
 

Sex   <0.550 * 

Male 27 (84.4) 28 (80.9)  

Female 5 (15.6) 8 (19.1)  

Age   0.431 ** 

Range (years) 54–84 21–90  

Mean ± SD 69.1 ± 8.0 69.3 ± 13.3  

ORN Stage   <0.013 *** 

Stage 1 10 (31.3) 6 (16.7)  

Stage 2 0 (0.0) 3 (8.3)  

Stage 3 5 (15.6) 16 (44.4)  

Stage 4 17 (53.1) 11(30.6)  

Jawbone   <0.886 *** 

Maxilla 4 (12.5) 6 (16.7)  

Mandible 25 (78.1) 27 (75.0)  
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Maxilla and Mandible 3 (9.4) 3 (8.3)  

Onset Site    0.166 * 

Molar region 27 (84.4) 25 (69.4)  

Incisal region 5 (15.6) 11 (30.6)  

Onset Trigger   0.257 *** 

Spontaneous onset 20 (62.5) 18 (50.0)  

Tooth extraction 7 (21.9) 8 (22.2)  

Infection 5 (15.6) 6 (16.7)  

Others 0 (0.0) 4 (11.1)  

Primary Tumor Site   0.401 *** 

Oral 8 (25.0) 14 (38.9)  

Pharynx 22 (68.8) 19 (52.8)   

Others 2 (6.3) 3 (8.3)  

Radiation Dose   0.003 ** 

Range (Gy) 30–70 60–81  

Mean ± SD 63.7 ± 9.0 66.4 ± 6.9  

Observation Period  <0.390 ** 

Range (months) 1–144 0–144  

Mean ± SD 80.8 ± 39.4 71.2 ± 40.6  

Medical History    

Hypertension   <0.550 * 

No 24 (75.0) 30 (83.3)  

Yes 8 (25.0) 6 (16.7)  

Diabetes   1.000 * 

No 31 (96.9) 35 (97.2)  

Yes 1 (3.1) 1 (2.8)  

Steroid Therapy    

No 29 (90.6) 36 (95.6)  

Yes 3 (9.4) 0 (4.4)  

Clinical Symptoms   1.000* 

Pain    

No 6 (18.8) 6 (16.7)  

Yes 26 (81.3) 30 (83.3)  

Nerve Paralysis   0.182 * 

No 21 (65.6) 29 (80.6)  

Yes 11 (34.4) 7 (19.4)  

Pus Discharge   1.000 * 

No 13 (40.6) 14 (38.9)  

Yes 19 (59.4) 22 (61.1)  

Pathological Fracture   0.461 * 

No 27 (84.4) 33 (91.7)  

Yes 5 (15.6) 3 (8.3)  

Orocutaneous Fistula   0.021 * 

No 29 (90.6) 24 (77.9)  

Yes 3 (9.4) 12 (33.3)  

Trismus   0.331 * 

No 18 (56.3) 15 (41.7)  

Yes 14 (43.8) 21 (58.3)  

Treatment   0.016 *** 

Conservative Therapy 12 (37.5) 24 (66.7)  

Minimal Debridement 2 (6.3) 4 (11.1)  
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Resection 18 (56.3) 8 (22.2)  

Osteolysis   1.000 * 

No 4 (12.5) 5 (13.9)  

Yes 28 (87.5) 31 (86.1)  

Osteosclerosis   0.443 * 

No 9 (28.1) 14 (38.9)  

Yes 23 (71.9) 22 (61.1)  

Periosteal Reaction   0.616 * 

No 31 (96.9) 33 (91.7)  

Yes 1 (4.0) 3 (3.1)  

Sequestration   0.047 * 

No 15 (46.9) 26 (72.2)  

Yes 17 (53.1) 10 (27.8)  

*: Fisher’s exact test. **: Mann–Whitney U test. ***: Chi-squared test. 

The 68 patients were treated using three approaches: conservative treatment (36 

cases, 52.9%), minimal debridement (6 cases, 8.8%), and extensive surgery (26 cases, 

38.2%); the cure rates were 33.3%, 33.3%, and 69.7%, respectively. There was a statistically 

significant association between treatment and prognosis was found (p = 0.015). The fol-

lowing were determined based on the CT imaging findings: osteolysis (59 cases, 87.5%), 

osteosclerosis (45 cases, 71.9%), periosteal reaction (4 cases, 3.1%), and sequestration (27 

cases, 53.1%). Of the 36 patients with poor prognosis, 31 (86.8%), 22 (66.2%), 3 (5.9%), and 

10 (39.7%) had osteolysis, osteosclerosis, periosteal reaction, and sequestration, respec-

tively. Non-sequestration was significantly associated with poor prognosis (p = 0.047). 

As shown in Table 2, the associations between the variables and prognosis were an-

alyzed using the Cox model. The data showed that the following factors were associated 

with a higher risk of a poor prognosis in ORN patients: a high radiation dose (hazard ratio 

[HR] 1.15, 95% confidence interval [CI], 1.04–1.26; p = 0.05), orocutaneous fistula (HR 2.93, 

95% CI 1.37–6.25; p = 0.05), and the absence of sequestration (HR 2.49, 95% CI 1.11–5.62; p 

= 0.28). 

Table 2. Results of multivariate logistic regression analysis of the risk factors for ORN. 

   95% CI 

Variable p-Value Hazard Ratio Lower Upper 

Radiation Dose 0.005 1.148 1.042 1.264 

Orocutaneous fistula 0.005 2.929 1.374 6.246 

Non-Sequestration 0.028 2.493 1.106 5.624 

CI: Confidence interval. 

3.2. Histopathological Analysis 

Sixteen mandible specimens from patients who underwent extensive surgery were included in 

this study, and the results of bone survival are shown in Table 3. There was no difference in re-

sults between analysts. Compared with the cases that recovered, the necrotic rate was higher in 

patients with poor prognoses for every bone level. The anterior margin of the middle portion of 

the cortical bone was viable for all recovered cases; in contrast, most cases (75%) with poor prog-

noses showed necrotic changes. The anterior margin of the inferior border of the cortical bone was 

necrotic for all cases with poor prognoses and 50% of recovered cases. No necrotic change was 

found in the anterior margin of the cancellous bone, regardless of the prognosis. 
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Table 3. Histopathological results of the bone specimens. (V: Viable; N: Necrosis). (A) Recovered 

cases. (B) Poor prognosis cases. 

Case Number  Anterior Margin  
Medial Area 

(Central Area of Bone 

Destruction) 

 Posterior Margin  

 Cortical Bone 

Inferior Border 

Cortical Bone 

Middle Level 

Cancel-

lous Bone 
Cancellous Bone 

Cortical Bone 

Inferior Border 

Cortical Bone 

Middle Level 

Cancellous 

Bone 

(A) 

1 V V V N V V V 

2 N V V V V V V 

3 V V V N V V V 

4 V V V N N V V 

5 V V V N V V V 

6 N V V N V V V 

7 N V V N V V V 

8 N V V V N N V 

9 V V V V V V V 

10 N V V N V V V 

11 N V V N N N N 

12 V V V N V V N 

Necrosis rate (%) 50 0 0 75 25 16.7 16.7 

(B) 

13 N N V N N N V 

14 N N V N V V N 

15 N V V N N V N 

16 N N V N N N V 

Necrosis rate (%) 100 75 0 100 75 50 50 

4. Discussion 

ORN is a devastating side effect of RT, and it is considered a public health problem 

because of the difficulty in healing. To the best of our knowledge, no prior studies have 

analyzed the associations between prognosis and various clinical symptoms, CT imaging 

findings, or pathological findings. In the present study, the risk factors for ORN in patients 

with a poor prognosis were investigated. 

Lyons’ classification was used for the ORN staging, as it is based on clinical and ra-

diological signs [7,26]. The treatment plan described by Lyons et al. was applied according 

to the ORN stage [7]. Surgical management is considered a radical treatment for patients 

with ORN: sequestration or marginal resection is considered in cases of localized lesions, 

and aggressive resection followed by free-flap reconstruction is performed for advanced 

ORN [5,19,27]. The present study found a statistically significant association between the 

treatment methods and prognosis. All patients with stage 2 ORN receiving conservative 

therapy, although only three, were unresponsive to antibiotics and had a poor prognosis. 

The patients were asymptomatic and did not undergo radical treatment. Conversely, the 

cure rate of stage 4 patients who underwent extensive resection was 69.7%. With the elim-

ination of diseased soft and hard tissues, patients who undergo extensive surgery tend to 

have a better prognosis. Extensive jawbone resection with immediate free fibula flap re-

construction should be aggressively applied to patients who have not recovered after 

medical treatment, as well as those who present with advanced lesions [5,19,27]. 

Several previous studies have reported a relationship between a high radiation dose 

and ORN incidence [25,28–30]. Chang et al. showed that radiation of ≥70 Gy to the entire 

jawbone was a risk factor for ORN [30]. Adepitan et al. analyzed the specific ORN site and 

stated that a radiation dose of >60 Gy was predictive of ORN [25]. However, no studies 

have analyzed the relationship between the radiation dose and ORN prognosis. Table 1 

shows that the mean radiation dose for cases with poor prognoses was higher than that 

for the cases that recovered. Regions with refractory ORN received 66.4 Gy on average. In 

this cohort study, multivariate analysis showed that high radiation dose was a significant 

factor associated with prognosis. On the other hand, in this study, only seven of all 68 
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patients underwent intensity-modulated RT (IMRT); none of the patients who underwent 

histopathological analysis underwent IMRT. Therefore, the relationship between radia-

tion technique and prognosis was not analyzed. To reduce the radiation dose to the max-

illa and mandible, IMRT is more effective than conventional RT [31]. Gomez et al. [32] 

demonstrated that the incidence of ORN in their population of patients treated with IMRT 

was very low, at approximately 1% (two of 168 patients). They concluded that IMRT likely 

offers an advantage over conventional and three-dimensional conformal techniques in 

preventing this adverse event. In the future, we should conduct a prospective study in-

cluding a large sample size of patients undergoing IMRT. 

An orocutaneous fistula is a histopathological pathway from the oral cavity to the 

facial cutaneous surface. This refractory complication results in eating difficulties 

[19,33,34]. A previous study reported that patients with orocutaneous fistulas responded 

less to conservative treatment [11,19]. Therefore, surgical intervention is considered effec-

tive [33–35]. In our study, 15 patients experienced this complication, and only surgical 

treatment was successful in improving their prognoses. 

Multivariate analysis showed that orocutaneous fistula was a significant risk factor 

for a poor prognosis for the first time. Because of the chronic inflammation and lack of 

soft tissues, the wound healing ability was significantly reduced and refractory in these 

cases [36]. Our study strongly suggests that ORN patients with orocutaneous fistulas 

should undergo early extensive resection, even if the affected area of the bone is limited 

or asymptomatic. 

CT imaging is indispensable for diagnosis and treatment planning for patients with 

ORN [5,15]. As irradiated bone is in a chronic inflammatory state, osteolysis, osteosclero-

sis, and sequestration are commonly observed [14,37,38]. Cortical disruption and/or dis-

organization of the trabeculation characterize osteolysis. Osteolysis is a progressive con-

dition characterized by the destruction of bone tissue, and it is associated with soft tissue 

invasion and pathological fractures [37,39]. Osteosclerosis is characterized by increased 

bone density. Miyamoto et al. described the mechanism by which radiation damage af-

fects osteocytes and activates osteoblasts, leading to reactive bone consolidation, particu-

larly in the cancellous bone area [38]. The inhibition and destruction of both osteoblastic 

and osteoclastic mechanisms also cause sequestration. On CT images, sequestration is 

seen as osseous fragmentation: devitalized bone is separated from the unaffected viable 

bone [37,39]. 

These imaging features were not associated with the severity of ORN [40,41]. How-

ever, in the present study, multivariate analysis indicated that non-sequestration was a 

risk factor for a poor prognosis. As sequestration is an indicator of surgical intervention, 

the complete elimination of lesions is presumed to be difficult [22]. In this case, extensive 

jawbone resection, including resection of devitalized bone, is indispensable for improving 

the prognosis. 

In irradiated areas, existing bone cells, marrow stem cells, blood vessels, and extra-

cellular elements are directly damaged, causing reduced cellularity and vascularity of oral 

hard and soft tissues [2,4,13,14]. Activation of radiation-induced fibroblasts leads to irre-

versible hypoxia, hypovascular and hypocellular progression and consequent ORN pro-

gression [4,42,43]. A previous study described necrotic changes in irradiated cortical and 

cancellous bones based on microscopic findings. Empty lacunae with complete obstruc-

tion of the Haversian canals were observed in the cortical bone. Loss of osteocyte nuclei 

within the lacuna was observed [24]. 

We previously found that cortical necrosis is more common than necrosis of cancel-

lous bone [24]. A similar trend was observed in the present study. McGregor et al. re-

ported that circulatory disturbance by radiation was likely to be worst in dense bone, fol-

lowed by bone marrow and periosteum [44]. Cortical bone is denser and has a lower blood 

supply than cancellous bone [24,44]. The difference in the histological structure and blood 

supply between these bones may account for this difference. 
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In the present study, necrotic changes in the cortical bone were more common at the 

anterior than at the posterior margin. Since the artery branches and narrows towards the 

periphery, inadequate blood supply easily occurs in the anterior margin [45]. In addition, 

smaller vessels diminished over time after irradiation, causing necrosis [46]. This could be 

the reason for the necrotic change differences between these margins. 

We previously reported a possible relationship between ORN recurrence and the 

presence of residual necrotic bone at the resection margin [24]. Zaghi et al. [23] found that 

the presence of residual necrotic bone at the resection margins was not associated with 

ORN recurrence. However, in the present study, all forms of recurrence were recognized 

at the anterior margin, where almost all layers of bone were necrotic. The cases were in-

adequate, and the presence of residual necrotic bone could not be extracted as a risk factor; 

however, we found that cortical bone necrosis at the anterior margin was associated with 

a poor prognosis. Complete extirpation of necrotic bone is sometimes impossible despite 

resection of the destroyed bone area with a wide safety margin [24]. Determining the ex-

cision margins was also difficult because the boundary between the necrotic and non-ne-

crotic areas was unclear. Considering these factors, the extension of the safe-margin resec-

tion in the anterior margin is essential to improve the ORN cure rate. No standard man-

agement has been established for patients with postoperative recurrence. In the future, we 

hope to establish an ORN histopathological score for predicting the prognosis and man-

agement method. 

This study was limited by its retrospective non-matched design, which meant that 

other risk factors, such as indices of oral hygiene, could not be examined. Additionally, 

multivariate analysis was performed to decrease the effect of confounding factors as much 

as possible, and selection bias could not be completely excluded. A large-scale prospective 

cohort study is needed to evaluate the predictors in patients with ORN. 

5. Conclusions 

In conclusion, we have successfully demonstrated the associations between various 

risk factors and the prognosis of patients with ORN. Higher radiation dose, orocutaneous 

fistula, and non-sequestration were risk factors for poor prognosis. In cases with one or 

more of these factors, extensive surgery is the treatment of choice. In histopathological 

analysis, we found that residual necrosis of the anterior margin of the cortical bone is as-

sociated with ORN recurrence. Sufficient safety margins, particularly in the anterior re-

gion, are required for extensive resection. 

Author Contributions: Y.T.: Drafting of the article; collection, analysis, and interpretation of the 

data. T.H.: Substantial contributions to the conception and design of the work; interpretation of the 

data; drafting of the work; and approval of the submitted version. D.T.: Collection, analysis, and 

interpretation of data; substantive revision of the draft; and approval of the submitted version. A.M.: 

Collection and analysis of data; substantive revision of the draft; and approval of the submitted 

version. N.Y.: Collection and analysis of data; substantive revision of the draft; and approval of the 

submitted version. E.I.: Collection and analysis of data; substantive revision of the draft; and ap-

proval of the submitted version. I.S.: Collection and analysis of data; substantive revision of the 

draft; and approval of the submitted version. J.K.: Substantial contributions to the conception; sub-

stantive revision of the draft; and approval of the submitted version. M.A.: Substantial contributions 

to the conception and design of the study; substantive revision of the draft, and approval of the 

submitted version. All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: This study was approved by the institutional review board 

of Kobe University Graduate School of Medicine and the institutional review boards of the partici-

pating hospitals. 

Informed Consent Statement: The requirement for informed consent was waived because this was 

a retrospective study. Instead, we published information regarding this study and granted occasions 

for refusal to participate. 



Int. J. Environ. Res. Public Health 2022, 19, 6565 13 of 15 
 

 

Data Availability Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Borras, J.M.; Barton, M.; Grau, C.; Corral, J.; Verhoeven, R.; Lemmens, V.; van Eycken, L.; Henau, K.; Primic-Zakelj, M.; Strojan, 

P.; et al. The impact of cancer incidence and stage on optimal utilization of radiotherapy: Methodology of a population based 

analysis by the ESTRO-HERO project. Radiother. Oncol. 2015, 116, 45–50. https://doi.org/10.1016/j.radonc.2015.04.021. 

2. Reuther, T.; Schuster, T.; Mende, U.; Kübler, A. Osteoradionecrosis of the jaws as a side effect of radiotherapy of head and neck 

tumour patients--a report of a thirty year retrospective review. Int. J. Oral Maxillofac. Surg. 2003, 32, 289–295. 

https://doi.org/10.1054/ijom.2002.0332. 

3. Epstein, J.B.; Wong, F.L.; Stevenson-Moore, P. Osteoradionecrosis: Clinical experience and a proposal for classification. J. Oral 

Maxillofac. Surg. 1987, 45, 104–110. https://doi.org/10.1016/0278-2391(87)90399-5. 

4. Marx, R.E. Osteoradionecrosis: A new concept of its pathophysiology. J. Oral Maxillofac. Surg. 1983, 41, 283–288. 

https://doi.org/10.1016/0278-2391(83)90294-x. 

5. Jacobson, A.S.; Buchbinder, D.; Hu, K.; Urken, M.L. Paradigm shifts in the management of osteoradionecrosis of the mandible. 

Oral Oncol. 2010, 46, 795–801. https://doi.org/10.1016/j.oraloncology.2010.08.007. 

6. Støre, G.; Boysen, M. Mandibular osteoradionecrosis: Clinical behaviour and diagnostic aspects. Clin. Otolaryngol. Allied Sci. 

2000, 25, 378–384. https://doi.org/10.1046/j.1365-2273.2000.00367. x. 

7. Lyons, A.; Osher, J.; Warner, E.; Kumar, R.; Brennan, P.A. Osteoradionecrosis--a review of current concepts in defining the 

extent of the disease and a new classification proposal. Br J. Oral Maxillofac. Surg. 2014, 52, 392–395. 

https://doi.org/10.1016/j.bjoms.2014.02.017. 

8. O'Connell, J.E.; Brown, J.S.; Rogers, S.N.; Bekiroglu, F.; Schache, A.; Shaw, R.J. Outcomes of microvascular composite recon-

struction for mandibular osteoradionecrosis. Br. J. Oral Maxillofac. Surg. 2021, 59, 1031–1035. 

https://doi.org/10.1016/j.bjoms.2020.11.013. 

9. Forner, L.E.; Dieleman, F.J.; Shaw, R.J.; Kanatas, A.; Butterworth, C.J.; Kjeller, G.; Alsner, J.; Overgaard, J.; Hillerup, S.; Hylde-

gaard, O.; et al. Hyperbaric oxygen treatment of mandibular osteoradionecrosis: Combined data from the two randomized 

clinical trials DAHANCA-21 and NWHHT2009-1. Radiother. Oncol. 2022, 166, 137–144. https://doi.org/10.1016/j.ra-

donc.2021.11.021. 

10. Owosho, A.A.; Tsai, C.J.; Lee, R.S.; Freymiller, H.; Kadempour, A.; Varthis, S.; Sax, A.Z.; Rosen, E.B.; Yom, S.K.; Randazzo, J.; et 

al. The prevalence and risk factors associated with osteoradionecrosis of the jaw in oral and oropharyngeal cancer patients 

treated with intensity-modulated radiation therapy (IMRT): The Memorial Sloan Kettering Cancer Center experience. Oral On-

col. 2017, 64, 44–51. https://doi.org/10.1016/j.oraloncology.2016.11.015. 

11. Oh, H.K.; Chambers, M.S.; Martin, J.W.; Lim, H.J.; Park, H.J. Osteoradionecrosis of the mandible: Treatment outcomes and 

factors influencing the progress of osteoradionecrosis. J. Oral Maxillofac. Surg. 2009, 67, 1378–1386. 

https://doi.org/10.1016/j.joms.2009.02.008. 

12. Alam, D.S.; Nuara, M.; Christian, J. Analysis of outcomes of vascularized flap reconstruction in patients with advanced man-

dibular osteoradionecrosis. Otolaryngol. Head Neck Surg. 2009, 141, 196–201. https://doi.org/10.1016/j.otohns.2009.03.013. 

13. Marx, R.E.; Johnson, R.P. Studies in the radiobiology of osteoradionecrosis and their clinical significance. Oral Surg. Oral Med. 

Oral Pathol. 1987, 64, 379–390. https://doi.org/10.1016/0030-4220(87)90136-8. 

14. Alhilali, L.; Reynolds, A.R.; Fakhran, S. Osteoradionecrosis after radiation therapy for head and neck cancer: Differentiation 

from recurrent disease with CT and PET/CT imaging. AJNR Am. J. Neuroradiol. 2014, 35, 1405–1411. https://doi.org/10.3174/ajnr. 

A3879. 

15. Deshpande, S.S.; Thakur, M.H.; Dholam, K.; Mahajan, A.; Arya, S.; Juvekar, S. Osteoradionecrosis of the mandible: Through a 

radiologist's eyes. Clin. Radiol. 2015, 70, 197–205. https://doi.org/10.1016/j.crad.2014.09.012. 

16. Chong, J.; Hinckley, L.K.; Ginsberg, L.E. Masticator space abnormalities associated with mandibular osteoradionecrosis: MR 

and CT findings in five patients. AJNR Am. J. Neuroradiol. 2000, 21, 175–178. 

17. Baumann, D.P.; Yu, P.; Hanasono, M.M.; Skoracki, R.J. Free flap reconstruction of osteoradionecrosis of the mandible: A 10-year 

review and defect classification. Head Neck 2011, 33, 800–807. https://doi.org/10.1002/hed.21537. 

18. Annane, D.; Depondt, J.; Aubert, P.; Villart, M.; Géhanno, P.; Gajdos, P.; Chevret, S. Hyperbaric oxygen therapy for radionecrosis 

of the jaw: A randomized, placebo-controlled, double-blind trial from the ORN96 study group. J. Clin. Oncol. 2004, 22, 4893–

4900. https://doi.org/10.1200/jco.2004.09.006. 

19. Shaha, A.R.; Cordeiro, P.G.; Hidalgo, D.A.; Spiro, R.H.; Strong, E.W.; Zlotolow, I.; Huryn, J.; Shah, J.P. Resection and immediate 

microvascular reconstruction in the management of osteoradionecrosis of the mandible. Head Neck 1997, 19, 406–411. 

https://doi.org/10.1002/(sici)1097-0347(199708)19:5<406: Aid-hed7>3.0.co;2-3. 

20. Vahidi, N.; Lee, T.S.; Daggumati, S.; Shokri, T.; Wang, W.; Ducic, Y. Osteoradionecrosis of the Midface and Mandible: Patho-

genesis and Management. Semin Plast Surg. 2020, 34, 232–244. https://doi.org/10.1055/s-0040-1721759. 

21. Matsuo, M.; Rikimaru, F.; Higaki, Y.; Tomita, K. [Clinical analysis of mandibular osteoradionecrosis]. Nihon Jibiinkoka Gakkai 

Kaiho 2010, 113, 907–913. https://doi.org/10.3950/jibiinkoka.113.907. 



Int. J. Environ. Res. Public Health 2022, 19, 6565 14 of 15 
 

 

22. Notani, K.; Yamazaki, Y.; Kitada, H.; Sakakibara, N.; Fukuda, H.; Omori, K.; Nakamura, M. Management of mandibular oste-

oradionecrosis corresponding to the severity of osteoradionecrosis and the method of radiotherapy. Head Neck 2003, 25, 181–

186. https://doi.org/10.1002/hed.10171. 

23. Zaghi, S.; Miller, M.; Blackwell, K.; Palla, B.; Lai, C.; Nabili, V. Analysis of surgical margins in cases of mandibular osteoradi-

onecrosis that progress despite extensive mandible resection and free tissue transfer. Am. J. Otolaryngol. 2012, 33, 576–580. 

https://doi.org/10.1016/j.amjoto.2012.03.001. 

24. Akashi, M.; Hashikawa, K.; Wanifuchi, S.; Kusumoto, J.; Shigeoka, M.; Furudoi, S.; Terashi, H.; Komori, T. Heterogeneity of 

Necrotic Changes between Cortical and Cancellous Bone in Mandibular Osteoradionecrosis: A Histopathological Analysis of 

Resection Margin after Segmental Mandibulectomy. Biomed. Res. Int. 2017, 2017, 3125842. https://doi.org/10.1155/2017/3125842. 

25. Mitsimponas, K.T.; Moebius, P.; Amann, K.; Stockmann, P.; Schlegel, K.A.; Neukam, F.W.; Wehrhan, F. Osteo-radio-necrosis 

(ORN) and bisphosphonate-related osteonecrosis of the jaws (BRONJ): The histopathological differences under the clinical sim-

ilarities. Int. J. Clin. Exp Pathol. 2014, 7, 496–508. 

26. He, Y.; Liu, Z.; Tian, Z.; Dai, T.; Qiu, W.; Zhang, Z. Retrospective analysis of osteoradionecrosis of the mandible: Proposing a 

novel clinical classification and staging system. Int. J. Oral Maxillofac. Surg. 2015, 44, 1547–1557. 

https://doi.org/10.1016/j.ijom.2015.04.006. 

27. Santamaria, E.; Wei, F.C.; Chen, H.C. Fibula osteoseptocutaneous flap for reconstruction of osteoradionecrosis of the mandible. 

Plast Reconstr. Surg. 1998, 101, 921–929. https://doi.org/10.1097/00006534-199804040-00006. 

28. Lee, I.J.; Koom, W.S.; Lee, C.G.; Kim, Y.B.; Yoo, S.W.; Keum, K.C.; Kim, G.E.; Choi, E.C.; Cha, I.H. Risk factors and dose-effect 

relationship for mandibular osteoradionecrosis in oral and oropharyngeal cancer patients. Int. J. Radiat. Oncol. Biol. Phys. 2009, 

75, 1084–1091. https://doi.org/10.1016/j.ijrobp.2008.12.052. 

29. Dieleman, F.J.; Phan, T.T.T.; van den Hoogen, F.J.A.; Kaanders, J.; Merkx, M.A.W. The efficacy of hyperbaric oxygen therapy 

related to the clinical stage of osteoradionecrosis of the mandible. Int. J. Oral Maxillofac. Surg. 2017, 46, 428–433. 

https://doi.org/10.1016/j.ijom.2016.12.004. 

30. Chang, D.T.; Sandow, P.R.; Morris, C.G.; Hollander, R.; Scarborough, L.; Amdur, R.J.; Mendenhall, W.M. Do pre-irradiation 

dental extractions reduce the risk of osteoradionecrosis of the mandible? Head Neck 2007, 29, 528–536. 

https://doi.org/10.1002/hed.20538. 

31. Studer, G.; Studer, S.P.; Zwahlen, R.A.; Huguenin, P.; Grätz, K.W.; Lütolf, U.M.; Glanzmann, C. Osteoradionecrosis of the man-

dible: Minimized risk profile following intensity-modulated radiation therapy (IMRT). Strahlenther. Onkol. 2006, 182, 283–288. 

https://doi.org/10.1007/s00066-006-1477-0. 

32. Gomez, D.R.; Estilo, C.L.; Wolden, S.L.; Zelefsky, M.J.; Kraus, D.H.; Wong, R.J.; Shaha, A.R.; Shah, J.P.; Mechalakos, J.G.; Lee, 

N.Y. Correlation of osteoradionecrosis and dental events with dosimetric parameters in intensity-modulated radiation therapy 

for head-and-neck cancer. Int. J. Radiat. Oncol. Biol. Phys. 2011, 81, e207–e213. https://doi.org/10.1016/j.ijrobp.2011.02.003. 

33. Bender, I.B.; Seltzer, S. The oral fistula: Its diagnosis and treatment. Oral Surg. Oral Med. Oral Pathol. 1961, 14, 1367–1376. 

https://doi.org/10.1016/0030-4220(61)90270-5. 

34. Kim, W.J.; Kim, W.S.; Kim, H.K.; Bae, T.H. Multiple foreign bodies causing an orocutaneous fistula of the cheek. Arch. Craniofac. 

Surg. 2018, 19, 139–142. https://doi.org/10.7181/acfs.2018.00017. 

35. Dhanda, J.; Pasquier, D.; Newman, L.; Shaw, R. Current Concepts in Osteoradionecrosis after Head and Neck Radiotherapy. 

Clin. Oncol. (R Coll Radiol.) 2016, 28, 459–466. https://doi.org/10.1016/j.clon.2016.03.002. 

36. Balakrishnan, C.; Narasimhan, K.; Gursel, T.; Jackson, O.; Schaffner, A. Closure of orocutanous fistula using a pedicled ex-

panded deltopectoral flap. Can. J. Plast. Surg. 2008, 16, 178–180. https://doi.org/10.1177/229255030801600305. 

37. Hermans, R.; Fossion, E.; Ioannides, C.; Van den Bogaert, W.; Ghekiere, J.; Baert, A.L. CT findings in osteoradionecrosis of the 

mandible. Skeletal. Radiol. 1996, 25, 31–36. https://doi.org/10.1007/s002560050028. 

38. Miyamoto, I.; Tanaka, R.; Kogi, S.; Yamaya, G.; Kawai, T.; Ohashi, Y.; Takahashi, N.; Izumisawa, M.; Yamada, H. Clinical Diag-

nostic Imaging Study of Osteoradionecrosis of the Jaw: A Retrospective Study. J. Clin. Med. 2021, 10, 4704. 

https://doi.org/10.3390/jcm10204704. 

39. Obinata, K.; Shirai, S.; Ito, H.; Nakamura, M.; Carrozzo, M.; Macleod, I.; Carr, A.; Yamazaki, Y.; Tei, K. Image findings of 

bisphosphonate related osteonecrosis of jaws comparing with osteoradionecrosis. Dentomaxillofacial Radiol. 2017, 46, 20160281. 

https://doi.org/10.1259/dmfr.20160281. 

40. Macdougall, J.A.; Evans, A.M.; Lindsay, R.K. Osteoradionecrosis of the mandible And Its Treatment. Am. J. Surg. 1963, 106, 816–

818. https://doi.org/10.1016/0002-9610(63)90407-0. 

41. Epstein, J.B.; Wong, F.L.; Dickens, A.; Szasz, I.; Lepawsky, M. Bone and gallium scans in postradiotherapy osteonecrosis of the 

jaw. Head Neck 1992, 14, 288–292. https://doi.org/10.1002/hed.2880140406. 

42. Curi, M.M.; Dib, L.L. Osteoradionecrosis of the jaws: A retrospective study of the background factors and treatment in 104 cases. 

J. Oral Maxillofac. Surg. 1997, 55, 540–544; discussion 545-546. https://doi.org/10.1016/s0278-2391(97)90478-x. 

43. Delanian, S.; Lefaix, J.L. The radiation-induced fibroatrophic process: Therapeutic perspective via the antioxidant pathway. 

Radiother. Oncol. 2004, 73, 119–131. https://doi.org/10.1016/j.radonc.2004.08.021. 

44. McGregor, A.D.; MacDonald, D.G. Post-irradiation changes in the blood vessels of the adult human mandible. Br. J. Oral Max-

illofac. Surg. 1995, 33, 15–18. https://doi.org/10.1016/0266-4356(95)90079-9. 

  



Int. J. Environ. Res. Public Health 2022, 19, 6565 15 of 15 
 

 

45. Hamparian, A.M. Blood supply of the human fetal mandible. Am. J. Anat. 1973, 136, 67–75. 

https://doi.org/10.1002/aja.1001360106. 

46. Dekker, H.; Bravenboer, N.; van Dijk, D.; Bloemena, E.; Rietveld, D.H.F.; Ten Bruggenkate, C.M.; Schulten, E. The irradiated 

human mandible: A quantitative study on bone vascularity. Oral Oncol. 2018, 87, 126–130. https://doi.org/10.1016/j.oraloncol-

ogy.2018.10.030. 


