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Abstract
Introduction  Radiotherapy is an integral component of the comprehensive and sequential treatment approach for 
advanced oral squamous cell carcinoma (OSCC). One of the significant complications associated with radiotherapy 
is osteoradionecrosis (ORN), which most frequently affects the mandible. Differentiating between osteoradionecrosis 
(ORN) and recurrent oral squamous cell carcinoma (ORSCC) can be challenging when relying solely on clinical and 
radiologic characteristics. The diagnosis becomes even more difficult when bone necrosis of jaw presents as the first 
clinical symptom.

Objectives  This study aims to present the clinical manifestations and treatment processes of patients at our 
institution who have developed bone necrosis of jaw after radiotherapy and subsequently diagnosed with recurrent 
oral squamous cell carcinoma (ORSCC).

Case presentation  We have collected six patients with recurrent oral squamous cell carcinoma (ORSCC) who 
developed bone necrosis of jaw after radiotherapy. These patients subsequently underwent surgical repair 
and reconstruction and were eventually diagnosed with ORSCC. We present a case series reviewing their basic 
characteristics, radiological reports, surgical treatment, and pathological diagnosis. All six patients initially presented 
with oral or facial pain and were diagnosed with osteoradionecrosis (ORN) through imaging studies. All patients 
underwent surgical treatment, with free flaps used to repair postoperative defects. Among them, five patients 
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Introduction
Radiation therapy is a crucial component in the compre-
hensive treatment of head and neck malignancies; how-
ever, radiation-induced osteonecrosis (ORN) remains a 
significant complication associated with this treatment 
[1, 2]. ORN is commonly defined as bone necrosis that 
occurs due to tissue damage and infection secondary to 
radiation injury affecting bone tissue and its vasculature 
following radiation exposure [3, 4]. ORN is typically char-
acterized by bone lesions that fail to heal within 3 to 6 
months and occur without any signs of tumor recurrence 
[5–7]. At present, the pathogenesis of ORN remains 
not fully understood. Research suggests that radiation, 
trauma, and infection are the three primary contrib-
uting factors. After radiation damage, the jaw experi-
ences reduced oxygen levels, a diminished cell count, 
decreased blood vessel density, and impaired repair and 
anti-infection capabilities [3, 5, 8, 9]. Consequently, when 
the jawbone sustains further injury or infection, the heal-
ing process becomes challenging, potentially leading 
to the development of ORN [10]. High-risk factors for 
ORN include the radiation dose, the area of exposure, the 
patient’s periodontal health, traumatic procedures per-
formed in the oral cavity, and poor overall physical con-
dition [1, 3, 11–14]. ORN typically occurs 6 to 12 months 
following radiotherapy, although some patients may 
experience an earlier or later onset [9].

In clinical practice, conservative treatment is generally 
used for early-stage ORN, as doctors are often concerned 
that changes in the surgical area following radiotherapy 
might impede wound healing. These methods include 
hyperbaric oxygen therapy, local debridement of necrotic 
bone, systemic administration of antibiotics, and oral 
rinses. In advanced cases, such as those with skin fistu-
las, severe jawbone destruction, or pathological frac-
tures, complete resection of the affected jawbone and 
surrounding necrotic soft tissue is necessary, followed by 
simultaneous soft and hard tissue reconstruction.

However, recurrence of oral squamous cell carcinoma 
(ORSCC) may share several clinical symptoms and signs 
with ORN, such as oral pain, skin fistulas and severe 
jawbone destruction. When ORSCC with osteonecrosis 
clinical presentation is diagnosed, early and complete 
resection of the affected area, including both the jawbone 

and soft tissues, is crucial, followed by combined soft and 
hard tissue repair and reconstruction.

Unfortunately, distinguishing between ORN with 
ORSCC is often challenging when ORSCC patients pre-
sented bone necrosis of jaw presents as the first clinical 
symptom. A physical examination may reveal ulcerated 
tissue and exposed bone [15]; However, some patients 
present only with soft tissue necrosis, making it diffi-
cult to detect necrotic bone. Clinical presentation alone 
is insufficient to accurately differentiate between ORN 
and tumor recurrence. Although imaging can assist in 
evaluating the presence of necrotic bone or pathological 
fractures, it cannot definitively rule out the possibility of 
tumor recurrence. Both conditions may appear as soft 
tissue proliferation or enhancement on imaging, which 
complicates clinical differentiation [16, 17]. Misdiagnos-
ing ORSCC as ORN will inevitably delay the appropriate 
treatment for the patient.

Considering that clinical cases of ORN combined with 
ORSCC are relatively rare and literature on the topic is 
limited, many clinicians may not be sufficiently aware of 
this condition. Through this case series study, we sum-
marized the clinical manifestations, treatment processes, 
and outcomes of six ORSCC patients with osteonecrosis 
clinical presentation who were treated in the Department 
of Oral and Maxillofacial Surgery at the Hospital of Sto-
matology, Wuhan University, from 2018 to 2023. By shar-
ing the clinical experiences from this study, we aim to 
provide valuable insights for clinicians managing in these 
complex cases.

Case series presentation
Basic information
This study included six ORSCC patients with firstly clini-
cal suspicion for ORN who received treatment in the 
Department of Oral and Maxillofacial Surgery at the 
Hospital of Stomatology, Wuhan University, from 2018 to 
2023. This Case series study was reviewed and approved 
by the Institutional Medical Ethics Committee of 
School and Hospital of Stomatology, Wuhan University 
(WDKQ2024-B25). The requirement for written consent 
to participate was waived due to the case series study 
design. Written consent for publication of the details of 
their medical data was obtained from the patient in this 

were diagnosed with tumor recurrence through preoperative or intraoperative frozen biopsy, and one patient was 
confirmed with recurrence in the osseous resection through postoperative examination.

Conclusion  Identified ORSCC in the suspected ORN of the jaw following radiotherapy is relatively rare, yet it poses 
identification challenges and can significantly impact treatment decisions. Consequently, surgeons must remain 
vigilant and ensure clear pathological diagnoses for suspicious patients, either before or during surgery.
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study. The age distribution of the study participants was 
as follows: the average age was 53.8 years, with three 
patients aged between 40 and 50, two patients aged 
between 50 and 60, and one patient over 60. The group 
consisted of five male patients and one female patient. 
Regarding lifestyle factors, four patients had a history of 
smoking, two of whom had quit; one patient had a history 
of alcohol consumption, and two patients had a history 
of betel nut chewing. Specifically, two patients had a his-
tory of heavy alcohol consumption. All patients’ primary 
tumors were located in the oral cavity with squamous 
cell carcinoma as the pathological type. The distribu-
tion of primary tumor sites was as follows: three patients 
with buccal cancer (ICD-10: C06.001), one patient with 
tongue cancer (ICD-10: C02.900), one patient with floor-
of-mouth cancer (ICD-10: C04.900), and one patient 
with mandibular gingival cancer (ICD-10: C03.100). All 
patients underwent neck lymph node dissection during 
their initial surgery and received radical surgery for oral 
cancer; Five patients required free flap reconstruction 
and one patient used a local flap. Of the free flaps, one 
patient received a forearm flap and four patients received 
anterolateral thigh flaps, all of which survived. Clinical 

staging (AJCC) indicated that five patients were in stage 
III and one patient in stage IVB. Postoperatively, all six 
patients received radiotherapy with the radiation field 
involving the mandible, and an average radiation dose 
of 55  Gy was administered. Additionally, three patients 
received concurrent chemotherapy during radiotherapy. 
The basic information of these patients is depicted in 
Table 1.

Clinical signs
After completing radiotherapy and during the follow-
up phase, all six patients sought medical attention due 
to oral or facial pain. Four patients experienced varying 
degrees of trismus (limited mouth opening), and five 
patients presented with oral ulcers of differing severity. 
Three patients exhibited bone exposure in the oral or 
facial regions, accompanied by symptoms such as fistulas, 
discharge, foul odor, and poor oral hygiene. All patients 
experienced some degree of dry mouth (xerostomia) and 
tooth loss; some also showed signs of tooth loosening 
and dental caries. The clinical signs of these patients are 
depicted in Table 2.

Table 1  Patient characteristics
Characteristics #1 #2 #3 #4 #5 #6
Age 48 58 48 47 69 53
Gender Male Female Male Male Male Male
Cancer site Gingiva Buccal mucosa Tongue Buccal mucosa Floor of mouth Buccal mucosa
TNM stage T2N1M0 T2N1M0 T2N1M0 T2N1M0 T2N1M0 T2N3bM0
AJCC stage III III III III III IVB
Smoking history Y (20 packs per day) N N Y (15 packs per day) Y (25packs per day) Y (20 packs per day)
Active smoking N N N N Y Y
Chewing tobacco N N N N Y N
Significant alcohol use N N N Y N Y
Radiation dose (Gry/Fr) 44/22 44/22 60/30 56/28 64/32 64/32
Systemic therapy Y Y N N Y N
Reconstruction RF RF ALT RF N RF
Abbreviations: RF, radial forearm flap; ALT, anterolateral thigh flap; Y, yes; N, no Fr, frequency

Table 2  Osteonecrosis related clinical presentation of the patients
Signs #1 #2 #3 #4 #5 #6
Oral pain Y Y Y Y Y Y
Trismus N Y Y N Y Y
Exposed bone Y N Y N Y N
Xerostomia Y Y Y Y Y Y
Mucositis/
ulceration

Y N Y N Y Y

Fistula Y N Y N Y N
Tooth loss Y Y Y Y Y Y
Tooth decay Y N Y N N Y
Tooth loosening N Y Y Y N Y
Cacosmia Y N Y N Y Y
Oral hygiene poor general poor general poor poor
Abbreviations: Y, yes; N, no
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Imaging findings
In all six patients, changes in the trabecular structure of 
the mandible were observed. Five patients exhibited vary-
ing degrees of soft tissue thickening, edema, and moth-
eaten bone invasion in the affected areas. One patient, 
who had titanium plate fixation during the initial surgery, 
developed nonunion of the bone following radiotherapy. 
Another patient experienced the formation of necrotic 
bone, which was accompanied by a pathological frac-
ture. The imaging features of these patients are depicted 
in Table  3. The imaging findings of these patients are 
depicted in Fig. 1.

Treatment methods
Among the six patients, five were diagnosed with ORSCC 
by biopsies before surgical treatment or intraoperative 
frozen-section analysis. Five patients underwent soft 
tissue reconstruction: four utilized anterolateral thigh 
flaps, and one used a forearm flap. One patient received 
a fibula flap reconstruction. The treatment plans for these 

patients are depicted in Table 4. As a representative dis-
play, Patient #6 with recurrent squamous cell carcinoma 
of the right cheek, complicated by osteonecrosis, under-
went resection of the lesion. The oral and facial soft and 
hard tissue defects were reconstructed using an antero-
lateral thigh free flap, as depicted in Fig. 2. Patient #4 who 
diagnosed with recurrent squamous cell carcinoma of 
the right cheek by intraoperative frozen-section analysis, 
underwent resection of the soft and hard lesion. The oral 
and facial soft and hard tissue defects were reconstructed 
using a fibula flap, as depicted in Fig. 3.

In the group of four patients who underwent anterolat-
eral thigh flap reconstruction, one experienced vascular 
complication due to arterial occlusion, leading to flap 
necrosis. This patient subsequently underwent pectora-
lis major flap closure surgery, but developed a postop-
erative Pseudomonas aeruginosa infection. The other five 
patients showed good flap recovery with no significant 
signs of infection. In two out of the six patients, the ipsi-
lateral vessels were of poor quality due to high radiation 

Table 3  Radiologic CT findings in the patients
Radiologic features #1 #2 #3 #4 #5 #6
Soft tissue thickening Y N Y Y Y Y
Osteolysis/
bony erosion

Y N Y Y Y Y

Trabecular disorganization Y Y Y Y Y Y
Bony sclerosis N Y N Y N N
Pathologic fracture N N Y N Y N
Osteomyelitic sequesetration N N N N Y N
Abbreviations: Y, yes; N, no

Fig. 1  Imaging examinations of these six patients. (A), patient 1. (B), patient 2. (C), patient 3. (D), patient 4. (E), patient 5. (F), patient 6
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doses, necessitating the use of contralateral vessels for 
reconstruction. For the remaining four patients, ipsilat-
eral vessels were used for neck reconstruction.

Histopathology report
After surgical treatment, all six patients were confirmed 
with a recurrence of oral cancer at various sites by patho-
logical diagnosis. Patient #1’s recurrence was in the right 
mandibular gingiva (ICD-10: C03.100), diagnosed as 
squamous cell carcinoma. Patient #2’s recurrence was 
in the left buccal mucosa (ICD-10: C06.001), diagnosed 
as squamous cell carcinoma and partial ossification of 
the left mandible surrounded by bacteria, with osteo-
clasts absent in the bone lacunae, indicative of radiation 

osteomyelitis. Patient #3’s recurrence was in the right 
mandibular gingiva (ICD-10: C03.100), diagnosed as 
Grade III squamous cell carcinoma. Patient #4’s recur-
rence was in the right buccal (ICD-10: C06.001) and right 
mandibular gingival regions (ICD-10: C03.100), diag-
nosed as moderately differentiated squamous cell carci-
noma that infiltrated and destroyed the jawbone. Patient 
#5’s recurrence was in the left lower mandibular gingiva 
(ICD-10: C03.100), diagnosed as Grade II squamous 
cell carcinoma. Patient #6’s recurrence was in the right 
buccal mucosa (ICD-10: C06.001), diagnosed as high to 
moderately differentiated squamous cell carcinoma with 
infiltration into the striated muscle.

Table 4  Treatment protocol
Therapeutic regimen #1 #2 #3 #4 #5 #6
Salvage reconstruction Y Y Y Y Y Y
Flap type ALT RF ALT FF ALT ALT
Artery LA LA Contralateral FA LA Contralateral FA ECA/LA
Vein EJV EJV/FV Contralateral FV EJV/IJV Contralateral EJV/AJV EJV/

IJV
Vascular crisis N N Y N N N
Postoperative infection N N Y N N N
Abbreviations: RF, radial forearm flap; ALT, anterolateral thigh flap; FF, fibular flap; LA, lingual artery; FA, facial artery; ECA, external carotid artery; EJV, external jugular 
vein; FV, facial vein; IJV, internal jugular vein; AJV, anterior jugular vein; Y, yes; N, no

Fig. 2  Recurrent squamous cell carcinoma of the right cheek, complicated by radiation-induced osteonecrosis, underwent resection of the lesion. The 
oral and facial soft and hard tissue defects were reconstructed using an anterolateral thigh free flap. A: Preoperative condition of the patient’s face; B: 
Condition of the oral cavity and face after lesion resection; C: Resected lesion; D: Harvested anterolateral thigh flap; E-F: Post-reconstruction appearance 
of the external face and oral cavity
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Follow-up
All patients were successfully discharged. The median 
follow-up time for patients who were disease free as of 
their last follow-up was 33.6 months. The Patient #3 and 
Patient #5 experienced recurrences again at 3 months 
and 14 months, respectively. The Patient #1, #2, #4 and 
#6 were disease free at last follow-up were followed 
for 78 months, 38 months, 18 months and 17 months 
respectively.

Discussion
ORN is a severe complication following radiotherapy 
for head and neck tumors, with an incidence rate of 
5–15% [12, 18]. ORN shares many clinical and radio-
logical similarities with ORSCC and secondary primary 
malignancies, presenting significant challenges for clini-
cal diagnosis and treatment. According to the literature, 
if similar symptoms arise within six months post-radio-
therapy, there should be strong consideration of ORSCC 
or secondary primary malignancies. In this report, all 
six patients presented symptoms more than six months 
after radiotherapy, with all experiencing pain, foul odor, 
and exposed bone. Although these are typical symptoms 
of ORN, ORSCC was also discovered in these patients, 
suggesting that the common symptoms of ORN might 
mask or mimic signs of malignancy. Therefore, when 
diagnosing ORN, the possibility of concurrent ORSCC 
or secondary primary malignancies must be taken into 
account.

Clinically, distinguishing ORN from ORSCC or sec-
ondary primary malignancies based solely on symptoms 
is challenging. Radiologically, the presence of distinct 

solid or cystic masses is often regarded as a hallmark of 
ORSCC or secondary primary tumors [16]. When evalu-
ating tumor recurrence, the presence of discrete masses 
provides important diagnostic clues. In cases of ORN, 
soft tissue thickening is usually associated with inflam-
mation and edema in the surrounding muscle tissue 
[19–21]. In contrast, over 50% of patients with recur-
rent malignancies present with asymmetrical discrete 
masses, which are exceedingly rare in ORN and occur in 
only 2% of cases. Nearly half of the patients with recur-
rent malignant tumors exhibit cystic masses, whereas 
such findings are present in only 10% of ORN cases. This 
suggests that, in patients suspected of having ORN, the 
presence of cystic components should not be immedi-
ately assumed to be an abscess caused by osteomyelitis. 
Instead, the possibility of tumor recurrence should be 
considered [16]. However, our case report suggests that 
the soft tissue manifestations are not entirely consis-
tent, and there is overlap in the presentation of ORN and 
ORSCC or secondary primary malignant tumors [22]. 
Literature reviews suggest that both conditions may be 
accompanied by soft tissue thickening, bone destruction, 
and bone sclerosis on CT scans [23, 24]. Some studies 
highlight that the most effective imaging feature to dif-
ferentiate ORN from tumor recurrence is the presence of 
bone sclerosis [16]. Although some scholars argue that 
SCC is more likely to cause bone destruction rather than 
sclerosis, while ORN is more often associated with bone 
sclerosis [25, 26], in this report, all three patients exhib-
ited bone sclerosis, which made it more challenging to 
distinguish between ORN and ORSCC based solely on 
this feature.

Fig. 3  Recurrent squamous cell carcinoma of the right cheek, complicated by radiation-induced osteonecrosis, underwent resection of the lesion. The 
oral and facial soft and hard tissue defects were reconstructed using a fibula flap. A: Marking diagram for the left fibula harvest; B-C: Harvesting the 
double skin paddle free fibula flap; D-E: Restoration of mandibular continuity and contour after shaping the free fibula; F: Post-reconstruction external 
facial appearance
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Literature suggests that CT and MRI can aid in the 
diagnosis of ORN; however, both imaging techniques 
have limitations when it comes to distinguishing active 
tumors from post-radiation tissue changes [27, 28]. Due 
to the small sample size and potential biases in this study, 
the generalizability of the conclusions is limited. Clini-
cally, the differentiation between the two conditions ulti-
mately relies on pathological diagnosis [29]. According to 
the literature, for patients clinically diagnosed with ORN 
alone, a biopsy prior to ORN resection is not recom-
mended, as the small biopsy sample may be insufficient to 
detect malignancy unless the patient presents with clear 
clinical symptoms. In this report, one patient (#4) under-
went preoperative evaluations that could not definitively 
determine the coexistence of both conditions. A patho-
logical examination of the soft tissue within the external 
jawbone failed to yield a conclusive result. Following the 
complete resection of the affected ORN specimen, intra-
operative frozen-section analysis of the surrounding 
soft tissue revealed the recurrence of malignancy. Then, 
a vascularized fibular flap was planned for reconstruc-
tion. Another patient (#5) was preoperatively diagnosed 
with radiation-induced osteonecrosis accompanied by a 
pathological fracture, extensive skin ulceration, exposed 
bone, and severe local soft tissue infection. Considering 
the patient’s age, financial situation, and the severity of 
the infection, a free anterolateral thigh flap was chosen 
to repair the defect. Postoperatively, a small recurrence 
of malignancy was detected in the soft tissue within the 
osseous resection. In clinical practice, pathological exam-
inations of ORN cases generally focus on representative 
samples rather than the entire specimen, which may lead 
to missed diagnoses of malignancies. Although our cen-
ter has included only a small number of cases of ORSCC 
with ORN related clinical manifestation, we believe these 
cases will serve as helpful references for future research 
on distinguishing ORN with ORSCC or secondary pri-
mary malignancies.

Conclusion
In conclusion, this case series study suggests that malig-
nant tumors may be present in specimens resected from 
patients clinically diagnosed with ORN. Therefore, clini-
cians should take into account the possibility of malig-
nancy when diagnosing ORN. Moreover, this study also 
shared the challenges encountered in clinical practice 
and the selection of surgical options for patients, and 
provided a helpful reference for future clinical work.
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