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Abstract

Osteoradionecrosis is a chronic complication of head and neck radiotherapy. It is
characterized by necrotic bone exposure in previously irradiated areas. The clinical
manifestations range from asymptomatic bone exposure to severe infections and
pathological fractures. We report the clinical outcomes of adjunctive therapies for
osteoradionecrosis management. Three male patients diagnosed with

osteoradionecrosis following head and neck radiotherapy underwent treatment with
This is an Open Access a weekly ozone therapy protocol that included ozonated water irrigation, gas
;:L'thrﬂztgfbtu;si:'egm infiltration, and topical ozonated oil application. One patient with severe disease
Commons Attribution required a combination of surgical debridement and platelet-rich fibrin membrane
e placement. All the patients demonstrated progressive epithelialization, infection
fgr':;‘fcig’;na;;dany control, and accelerated wound healing. These results suggest that ozone therapy is a
medium, provided the valuable strategy for enhancing tissue regeneration and improving wound healing,
m%;;a/l;:ff;:t'.f,fﬂfﬁzns whether used alone or in combination with surgical procedures and platelet-rich fibrin.
org/licenses/by/4.0/). Altogether, these findings reinforce the potential of multimodal approaches in the
© Copyright 2026, Authors. clinical management of osteoradionecrosis.
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1. Introduction

Osteoradionecrosis (ORN) is a chronic complication of radiotherapy for head and neck malignancies
(Manzano et al. 2019). It is characterized by persistent bone necrosis in the irradiated area (Manzano et al.
2019; Jin et al. 2020). It may occur spontaneously or following surgical trauma, and can present with fistulas,
periodontal communication, or radiographic changes, even in the absence of visible bone exposure
(Manzano et al. 2019; Harris et al. 2022). Although it can be asymptomatic and manageable with
conservative treatment, it can progress to extensive necrosis, pathological fractures, and secondary
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infections in severe cases (Beaumont et al. 2021). Clinical examination may reveal mucosal ulceration with
bone exposure, highlighting the significance of early diagnosis to rule out tumor recurrence and determine
the need for surgical intervention (Manzano et al. 2019; Yilmaz et al. 2023). The increasing prevalence of
ORN has prompted research on devising effective treatments (Yilmaz et al. 2023), including antibiotics
(Yilmaz et al. 2023), sequestrectomy (Manzano et al. 2019; Beaumont et al. 2021), hyperbaric oxygen
therapy (Manzano et al. 2019), surgical resection (Jin et al. 2020), ozone therapy (Suh et al. 2019), and
platelet-rich fibrin (PRF) therapy (Vorakulpipat et al. 2023).

Ozone therapy demonstrates regenerative potential and promotes wound healing, thereby
facilitating early closure of acute and chronic wounds (Suh et al. 2019). Its antimicrobial efficacy is attributed
to its ability to modulate biological oxidative stress, which affects a wide range of microorganisms (Borges
et al. 2017; Akdeniz et al. 2018; Suh et al. 2019). Topical applications display beneficialimmunological effects
and the potential for adequate oxygenation, which can be achieved using ozonated water, gas, and ozonated
oil (Xiao et al. 2017; Romary et al. 2023). Similarly, PRF has emerged as a promising modality for enhancing
repair processes in ORN (Vorakulpipat et al. 2023). PRF is derived from the patient's own blood and is
completely biocompatible and contains intrinsic growth factors that promote angiogenesis (Baca-Gonzalez
et al. 2022). It optimizes tissue repair by stimulating cell proliferation, differentiation, and activity (Baca-
Gonzalez et al. 2022; Vorakulpipat et al. 2023).

A combination of ozone therapy and PRF offers a promising biological rationale for treating ORN (Suh
et al. 2019; Cecerska-Hery¢ et al. 2022; Vorakulpipat et al. 2023; Veneri et al. 2024). Ozone therapy promotes
local oxygenation, improves tissue perfusion, and exhibits antimicrobial and anti-inflammatory effects
(Veneri et al. 2024). PRF provides a matrix rich in autologous growth factors that stimulate angiogenesis,
fibroblast activity, and tissue regeneration (Cecerska-Heryc et al. 2022). These therapies can optimize wound
healing in hypoxic and poorly vascularized tissues, such as those affected by ORN (Cecerska-Hery¢ et al. 2022;
Veneri et al. 2024).

Despite the growing interest in adjunctive therapies for ORN, standardized treatment protocols are
scarce, reflecting the absence of a consensus on the most effective strategies in clinical practice (Fritz et al.
2025). Although ozone therapy and PRF have been studied separately, reports on their combined use in
consecutive patients following a consistent protocol remain rare.

We present three clinical cases of ORN of varying severity following head and neck radiotherapy,
highlighting the outcomes of ozone therapy, either as a standalone treatment or in combination with surgical
intervention and PRF therapy.

2. Case Presentation

These case reports were compiled following the Surgical CAse REport (SCARE) checklist (Kerwan et al.
2025). The research protocol was approved by the Research Ethics Committee (REC) (CAAE:
64415522.0.0000.5152; Approval No.: 5.769.001).

Casel

A 57-year-old man, previously treated with 70 Gy radiotherapy in 35 fractions for metastatic neck
cancer of occult origin, developed stage Il ORN (Store and Boysen 2000) of the hard palate following surgical
excision of a secondary squamous cell carcinoma (SCC). Clinical findings included a 2 cm palatal bone
exposure and a fistula between the palatal and vestibular regions (Figure 1A-B) without signs of infection.

The ozone therapy protocol was performed weekly and determined based on the patient's clinical
condition and the absence of signs of infection. The protocol included irrigation with ozonated water,
ozonated oil, and gas. Ozonated water promotes mechanical cleansing and initiates a low-dose stimulus,
creating a more receptive environment for therapy. The infiltration of gas enhances the therapeutic effects,
whereas the application of ozonated oil provides a sustained release of ozone, increasing the durability and
effectiveness of the treatment. The solution was prepared using 500 mL of deionized water subjected to an
ozonation protocol with an ozone concentration of 60 pug/mL for 5 min, and ozonated water was used
immediately after preparation, resulting in a final concentration of 15 pg/mL in water. The water was cooled
to 5.5°C before the procedure, and ozonation was performed using an ozone generator (Medplus V,
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Philozon™; Santa Catarina, Brazil). In addition, a 3-mL infiltration of gas at a concentration of 15 pg/mL was
administered at three perilesional points, using 1 mL at each point. This treatment was combined with the
subsequent topical application of ozonated sunflower oil (Philozon, Brazil), characterized by a peroxide index
exceeding 2500 meq/1000 g. Ozonized oil was administered to the patient with instructions to apply it once
daily until the doctor advised to stop the therapy. The recommended dosage is two to three drops applied
directly to the area affected by ORN, and the product should be stored in a refrigerated place.

Two months later, the patient presented with a bone sequestrum in the palatal region that could be
easily detached, facilitating atraumatic removal. Following 1 year of bi-weekly ozone therapy and clinical
follow-up (Figure 1C-D), the wound underwent complete epithelialization in the area of communication
between the palatal ridge and the vestibular surface of the maxillary ridge. The patient reported no pain or
signs of inflammation (Figure 2).

- e |
Figure 1. A-D. Intraoral view of the hard palate. (A) Bone exposure with buccal nasal communication, (B)
vestibular fistula, (C) complete epithelialization, and (D) magnified view of palatal fistula.

Palatal Complete
70 Gy in 35 Palatal bone sequestrum epithelialization
fractions for Surgical excision €Xposure; Ozone therapy detached and and closure of
metastatic of secondary Diagnosed as (water + gas + removed palatal-vestibular
cervical cancer scc ORN Stage Il oil) atraumatically communication
\L \9; 9, \‘J U \9;
Radiotherapy Post- Following | Baseline | I 60 days | | 1 year |
completed radiotherapy surgery

Figure 2. Timeline of case 1.

Case 2

A 67-year-old man with leukoderma and a history of SCC of the soft palate received radiotherapy at
a total dose of 72 Gy over 2 months. Eight months after completion of radiotherapy, tooth 38 was extracted.
The patient reported persistent pain and failure to heal, and therefore was referred to a specialist dental
team with experience in post-radiotherapy management. Clinical examination revealed bone exposure at
the extraction site (Figure 3A). Panoramic radiography (Figure 3B) revealed radiolucency in the alveolar crest
region consistent with stage Il ORN (Store and Boysen 2000).
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Initial treatment consisted of weekly ozone therapy, including irrigation with 60 mL of ozonated
water (60 pug/mL), perilesional infiltration of 3 mL of gas at 15 pg/mL (Figure 3C), and topical ozonated oil.
The patient was instructed to apply the oil once daily at home. After 1 year, complete epithelialization was
observed. However, 3 months later, the patient presented with a 1.5 cm bone exposure and an 8 mm bone
sequestrum, which was removed atraumatically (Figure 3D). Irrigation with ozonated water was maintained
during the surgical procedure, and gas and ozonated oil were applied topically after suturing. Radiographic
progression of the lesion was observed despite the absence of an infection (Figure 3E).

Surgical debridement was performed under local anesthesia (figure 3F-G) with continued
intraoperative ozone therapy. This was followed by placing an advanced PRF (A-PRF) membrane (Figure 3H).
Amoxicillin (500 mg) was prescribed every 8 h for 3 days preoperatively and continued for 7 days
postoperatively. Weekly ozone sessions were resumed after surgery. Complete wound closure and
epithelialization were achieved 1 month after surgery (Figure 3l). The patient remained asymptomatic during
2 years of follow-up (Figure 3J) and received ozone therapy every 6 months. No new exposure or signs of
infection were observed, and the radiographs revealed a stable bone structure with evidence of healing
(Figure 3K). Histopathological examination of the debrided tissue revealed necrotic bone with signs of
inflammation and remodeling (Figure 3L). The timeline for this case is shown in Figure 4.

; 1 - S ‘

Figure 3. A—L. Clinical and radiographic follow-up of osteoradionecrosis (ORN) in the mandibular region. (A)
Exposed bone in a poorly sealed socket after extraction. (B) Radiolucency in the region of tooth 38. (C)
Ozone therapy with perilesional gas infiltration. (D) Epithelialization of the alveolus. (E) Increased
radiolucency. (F) Bone sequestrum requiring surgical removal. (G) Debridement of the necrotic bone. (H) A-
PRF membrane application. (I-J) Postoperative healing after 1 and 12 months. (K) Radiograph at 2-year
follow-up. (L) Histological image of the devitalized bone displaying eroded surface, osteoclast activity,

empty lacunae, and absence of osteoblasts.

Surgical
Extraction of debridement
tooth 38; Ozone +
Bone exposure therapy Recurrence A-PRF Full
72 Gy over diagnosed as (water + Complete with bone membrane epithelialization
2 months ORN Stage Il gas + oil) epithelialization exposure placement and closure

l/ N/ A\ 7 A\ J J

Radiotherapy 8 months | 1 year I 3 months | Surgery I 1 month

completed post-RT later post

Figure 4. Timeline of case 2.
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Case 3

A 48-year-old man with melanoderma was referred to our hospital for dental evaluation after
radiotherapy and chemotherapy for SCC at the base of the tongue. The patient was administered 70 Gy in
35 fractions. After treatment completion, spontaneous exposure of the necrotic bone occurred both
intraorally and through the submandibular skin, with extensive necrosis of the right mandible and bone
exposure involving the body and base of the mandible measuring approximately 7 cm in length. The area
appeared eroded, darkened, and caused severe pain, foul odor, and purulent drainage (Figure 5A-B),
consistent with stage IIl ORN (Store and Boysen 2000). Panoramic radiography revealed bone rarefaction
involving the mandibular parasymphysis, body, angle, and right ramus (Figure 5C). The initial treatment
included ozone therapy as an adjunct to treat the infection, and definitive surgical planning was in progress.

The ozone therapy protocol included intra- and extraoral, weekly wound irrigation using 100 mL of
ozonated water, prepared as in Case 1. In addition, 5 mL of gas at 60 pg/mL was applied at multiple points
around the lesion. In addition, ozonized oil was topically applied daily during visits and at home. The pain
improved gradually after 3 weeks, with reduced purulent discharge and foul odor. However, the patient
developed a pathological mandibular fracture requiring urgent surgical intervention under general
anesthesia. Hemimandibulectomy was performed using submandibular and retromandibular approaches
(Figure 5D-G). Tracheostomy was performed to maintain the airway. Dehiscence of the extraoral surgical
wound occurred on the second postoperative day (Figure 5H-I). The excised specimen was sent for
histopathological examination (Figure 5J-K), and ORN was diagnosed.

Ozone therapy was maintained to improve tissue quality during the postoperative period. At this
point, infiltration with gas at 15 ug/mL was performed due to the absence of infection. After 8 months, the
remaining open area was closed with a pectoralis major myocutaneous flap (Figure 5L-M), which progressed
with good healing without wound dehiscence or signs of infection (Figure 5N). The surgical wound
maintained a good scar appearance 1 year postoperatively (Figure 50). Figure 6 illustrates the timeline for
this case.

All three patients demonstrated progressive mucosal healing with ozone therapy, indicating infection
control and gradual epithelialization (Table 1). The combination of ozone therapy with the A-PRF membrane
caused rapid and more effective tissue regeneration, particularly in cases requiring surgical debridement.

Figure 5. A—O. Clinical, radiographic, and surgical management of advanced osteoradionecrosis (ORN) in
the mandible. (A) Extraoral bone exposure. (B) Magnified view revealing intraoral structures. (C) Panoramic
radiograph showing bone rarefaction. (D—G) Steps of hemimandibulectomy, including resection of the
necrotic bone. (H-I1) Postoperative wound dehiscence. (J-K) Histopathology showing the necrotic bone and
inflammation (hematoxylin—eosin staining). (L—M) Rotation and suturing of the pectoralis major flap. (N-0)
Flap positioning in immediate and 1-year follow-up.
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Spontaneous Improved Wound

70 Gy in intraoral and Ozone infection control dehiscence Closure using
35 fractions cutaneous therapy but mandibular treated with pectoralis major
for base-of-  bone exposure; (water + pathologic Hemimandibulectomy ozone myocutaneous
tongue SCC  ORN Stage lll gas + oil) fracture occurred + tracheostomy therapy flap

\9; \9, U \9; 9 \9 U

Radiotherapy Post- | Surgery | I Postoperative | | 8 months |

completed treatment

Figure 6. Timeline of case 3.

Table 1. Clinical summary and outcomes of osteoradionecrosis cases.

ORN Surgical Adjunctive Ozone Healing Overall Follow-up
Case . . . R Recurrence .
stage intervention therapy sessions time outcome time
Spontaneous Complete
Weekly (1 12 ithelializati
CASE 1 1] sequestrum Ozone therapy* eekly ( No epithelia _|za © 1year
year) months n; no pain or
removal . .
inflammation.
Stable over 2
. years, with
Surgical Ozone therapy* Weekly + ~17 . .
CASE2 I debridement + A-PRF biannual months Yes radilographlc 2 years
evidence of
bone healing.
Flap
closure
Hemimandibulect Weekly + mE:\tShS' a?t()hdﬂhaea-llr:f
CASE 3 1] omy + flap Ozone therapy*  postoperat full ! No i nsrgf 1vyear
reconstruction ive . . & .
healing infection.
at 12
months.

*0Ozone therapy included ozonated water irrigation, gas infiltration, and topical application of ozonated oil.
4. Discussion

The management of ORN requires an individualized approach tailored to the severity of the disease
(He et al. 2015; Manzano et al. 2019; Jin et al. 2020). Clinical staging plays a crucial role in guiding treatment
decisions (Jin et al. 2020). Store and Boysen (2000) proposed a four-stage system: stage 0 included mucosal
changes without radiographic findings; stage 1 included radiographic signs of necrosis with intact mucosa;
stage 2 included bone exposure without infection; and stage 3 included the exposed necrotic bone with
infection, fistulae, or pathological fractures.

In the early stages, a conservative approach was used in combination with different therapies,
including debridement of the non-vital bone, systemic antibiotics, hyperbaric oxygen therapy, laser therapy,
ozone therapy, and PRF therapy (Suh et al. 2019; Beaumont et al. 2021; Vorakulpipat et al. 2023). However,
advanced cases, characterized by skin fistulas, extensive mandibular bone involvement, and pathological
fractures, required more invasive approaches, such as complete resection of the affected mandible and
surrounding necrotic soft tissue, and reconstruction of soft and hard tissue defects (Jin et al. 2020; Harris et
al. 2022).
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Mechanisms of action of ozone and PRF therapies

One of the objectives of ozone therapy in dentistry is to induce controlled oxidative stress using low
concentrations of ozone while maintaining high therapeutic efficacy (Akdeniz et al. 2018; Suh et al. 2019;
Romary et al. 2023). The adopted ozone therapy protocol is based on maximizing therapeutic properties by
targeting the body's response (Suh et al. 2019). Ozone concentrations between 10 and 40 pg/mL are used
for topical applications, which have been proven effective in promoting analgesic and anti-inflammatory
effects, as well as accelerating the healing process (Akdeniz et al. 2018; Da Silva et al. 2024). A concentration
of 60 pug/mL of ozone has demonstrated positive effects on wound healing and cellular response in oral
tissues. The duration of treatment varies according to individual needs and extends to complete healing of
the infection (Da Silva et al. 2024).

Different modalities of ozone therapy in dentistry, including water, gas, and oil, are characterized by
their practicality and versatility, allowing for easy adaptation to different clinical scenarios (Suh et al. 2019).
From a therapeutic point of view, ozone therapy is characterized by its anti-inflammatory and antiseptic
properties as well as its ability to modulate oxidative stress, resulting in improved oxygenation and
stimulation of local circulation (Borges et al. 2017). The therapy facilitates tissue repair, promotes healing,
and activates the immune response through the oxidative process, playing a crucial role in the treatment of
infectious changes or those resulting from hypovascularization (Xiao et al. 2017). These properties support
the use of this adjuvant in the three reported cases of ORN, which demonstrated improvements in clinical
appearance, either through a reduction in symptoms or inflammatory signs following its use.

PRF is a blood derivative composed of leukocytes and platelets that are responsible for its distinct
biological properties (Harris et al. 2022). Because of its angiogenesis-stimulating potential and the presence
of growth factors, this resource plays a role in cellular proliferation, differentiation, and activity, significantly
contributing to tissue regeneration and consequently optimizing clinical outcomes (Baca-Gonzalez et al.
2022; Vorakulpipat et al. 2023). The A-PRF variant used in case 2 is characterized by the release of growth
factors and ease of handling. Its strategic use in the post-extraction socket aims to accelerate the healing
process (Harris et al. 2022).

Clinical progression and healing outcomes

Ozone therapy was effective in controlling infection and promoting progressive healing in all three
reported cases. Case 2 exhibited rapid and more effective epithelialization with the combined use of ozone
and A-PRF, suggesting a synergistic effect. Tissue stability, absence of recurrence, and reduction of
inflammatory signs were maintained throughout the long-term follow-up period.

The difference in healing speed between Case 1 (ozone only) and Case 2 (ozone + A-PRF) may reflect
this potential synergy; however, other factors, such as the patient's immune response or comorbidities,
could have influenced the outcomes.

Hemimandibulectomy and flap reconstruction were required in Case 3, which presented with the
most advanced stage of ORN. Adjunctive ozone therapy appeared to support postoperative wound stability
and flap viability even in this invasive surgical context, suggesting its potential to enhance surgical healing.

Comparison with the literature and study limitations

Consistent with previous studies, the present findings support the use of ozone and PRF as effective
agents for tissue repair and infection control in hypovascular environments (Suh et al. 2019; Vorakulpipat et
al. 2023). However, in advanced cases such as stage Ill ORN, surgical intervention remains indispensable, as
illustrated in Case 3 (Jin et al. 2020; Harris et al. 2022).

These cases suggest that the early implementation of adjunctive therapies may prevent disease
progression and reduce the need for surgery. However, it remains unclear whether these therapeutic
benefits stem from ozone, PRF, or their combination. Controlled studies are required to disentangle
individual contributions.
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Despite these promising results, this study had certain limitations, especially in the context of
oncology. The small sample size precludes generalization, and the absence of a control group treated solely
with conventional methods complicates the evaluation of the individual effects of ozone and PRF. Although
clinically appropriate, the fact that each patient received individualized treatment based on their clinical
presentation reduces the standardization and reproducibility of the results.

Further clinical trials with larger sample sizes and standardized protocols are warranted to validate
the efficacy and reproducibility of these adjunctive therapeutic strategies. Their potential to enhance healing
and reduce the need for invasive procedures increases their worthiness for continued investigation for ORN
management.

5. Conclusions

This case reports shows that the adjunctive use of ozone therapy, either alone or in combination with
PRF therapy, is associated with tissue regeneration, infection control, and long-term clinical stability in
patients with varying stages of ORN. These results reinforce the clinical potential of incorporating
conservative therapies into individualized treatment protocols. Further research is required to determine the
effects of these therapies individually and to establish evidence-based guidelines.
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