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ABSTRACT

	Introduction: Osteonecrosis of the jaws is a serious condition characterized by bone necrosis, generally associated with medication therapies or radiotherapy. Appropriate surgical management is essential to minimize complications and promote functional recovery.
Objectives: To analyze the effectiveness of bone fluorescence as a guide for the surgical treatment of osteonecrosis of the jaws, comparing different protocols described in the literature.
Methodology: An integrative literature review was conducted, selecting 20 studies that addressed the use of bone fluorescence techniques involving tetracycline, doxycycline, minocycline, autofluorescence, or the Er:YAG laser in the surgical management of osteonecrosis.
Results: The use of fluorescence, especially when associated with fluorescent antibiotics and devices such as VELscope®, enabled improved delimitation of necrotic bone, achieving success rates above 85%. Autofluorescence was also effective, although its accuracy may be compromised by the presence of blood in the surgical field.
Discussion: Bone fluorescence enables precise removal of compromised tissue while preserving viable bone, promoting better healing outcomes. Protocols combining fluorescent antibiotics with specialized illumination systems demonstrated superior results compared to conventional techniques.
Conclusion: Fluorescence-guided surgery represents a safe and efficient approach for treating osteonecrosis of the jaws, providing greater surgical precision, bone preservation, and improved clinical prognosis.
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1. INTRODUCTION 

Osteonecrosis of the jaws is characterized by necrosis of the mandibular or maxillary bone tissue, frequently associated with invasive procedures such as dental extractions or local trauma (Park et al., 2025). Among its main etiologies, medication-related osteonecrosis (particularly associated with bisphosphonate use) and osteoradionecrosis resulting from radiotherapy are the most prominent. Both conditions can lead to severe complications, including infections, chronic pain, and irreversible bone destruction. Understanding the underlying pathophysiological mechanisms and the available therapeutic approaches is essential for effective clinical management (Assaf et al., 2014; Bedogni et al., 2024).
In 2022, the American Association of Oral and Maxillofacial Surgeons (AAOMS) updated its guidelines for the diagnosis, staging, and treatment of osteonecrosis of the jaws. The staging includes:
1. Stage 0: No clinically visible lesion, though changes may be detected through imaging such as computed tomography.
2. Stage 1: Presence of exposed or clinically detectable bone without evident signs of infection. Treatment is conservative, involving antibiotics and local care.
3. Stage 2: Exposed bone with clinical signs of infection such as pain, purulent discharge, or abscess, requiring antibiotics and surgical debridement.
4. Stage 3: Advanced involvement with severe bone destruction, infection, pathological fractures, or fistula formation, requiring extensive bone resection and reconstruction.
A major therapeutic challenge lies in balancing minimal removal of compromised tissue with sufficient resection to prevent disease progression (Woo et al., 2025). In this context, bone fluorescence has emerged as an innovative tool to more precisely delineate necrotic and viable bone areas (Hauera et al., 2020).
Fluorescence-guided bone surgery has shown positive results in the selective resection of necrotic tissue, contributing to the preservation of healthy bone and to the standardization of surgical procedures (Giovannacci et al., 2025). Several modalities have been studied, including traditional tetracycline-induced fluorescence (Ballardin et al., 2018), VELscope®-based fluorescence (Otto et al., 2013), autofluorescence combined with Er:YAG laser use (Giovannacci et al., 2017), and minocycline-associated fluorescence (Yoshiga et al., 2015).
The comparison among these approaches involves not only the precision in delineating compromised bone but also their impact on clinical prognosis, healing rates, recurrence, and preservation of mandibular function. Thus, this study aims to analyze current scientific literature and compare fluorescence protocols used in osteonecrosis surgery, considering their specific applications and clinical outcomes.

2. methodology 

This integrative review followed the methodological guidelines proposed by Botelho et al. (2011), complemented by other authors (Souza et al., 2021; Mendes et al., 2008), with the goal of synthesizing available findings on the use of bone fluorescence in conservative maxillofacial surgical procedures for osteonecrosis. The review aimed to critically analyze existing studies, identify knowledge gaps, and provide a basis for future research.
A bibliographic search was conducted in PubMed and the Virtual Health Library (VHL), due to their broad coverage of scientific articles in the health field. The search strategy used the descriptors “maxillofacial surgery” and “bone fluorescence” in advanced search mode applied to titles, abstracts, and main subject fields.
Original full-text articles involving human subjects were included, without restrictions on language or publication date. Eligible studies specifically investigated fluorescence-guided surgical procedures for the resection of necrotic bone, emphasizing conservative approaches.
The study selection process followed three sequential stages: initially, the identification and removal of duplicate articles was performed using the Rayyan software, resulting in 280 unique articles. Subsequently, the titles were screened, during which 46 articles were pre-selected. Next, reading the abstracts allowed the exclusion of literature reviews, systematic reviews, overviews, and meta-analyses, keeping only original studies that met the established criteria. Finally, full-text reading resulted in the selection of 22 studies included for detailed qualitative analysis.
Inclusion criteria:
· Original human studies;
· Surgical procedures using fluorescence to delineate necrotic boné;
· Full-text available;
· Focus on conservative treatment of osteonecrosis.
Exclusion criteria:
· Review articles
· Studies without full-text open-access availability
· Research unrelated to fluorescence use in surgical procedures
The selection of studies was carried out systematically, ensuring standardization of the screening process and reducing bias. The final analysis of the articles involved the extraction and categorization of relevant data, considering aspects such as the methodology used, the type of fluorescence applied, the associated surgical techniques, the clinical outcomes observed, and the reported limitations.
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Fig. 1. Illustration of the research methodology, study selection, and inclusion process used for constructing the results of the article.


3. results 

This study compared fluorescence protocols used in osteonecrosis surgery. Data were organized into an Excel spreadsheet (Table 1), compiling author information, publication year, country of origin, surgical planning details, and treatment outcomes. Both medication-related osteonecrosis and osteoradionecrosis were included in the analysis.
A total of 20 studies were selected, of which 5 analyzed the use of Tetracycline and Conventional Fluorescent Light, 10 analyzed the use of Tetracycline with the VELscope device, 4 analyzed the use of Autofluorescence associated or not with Er:YAG laser ablation, and 1 analyzed the use of Minocycline and VELscope. (Table and section descriptions revised for clarity but meaning unchanged.)
	Year
	Author
	Study
	Protocol
	Results

	2006
	Christoph Pautke – Germany
	Patient with osteoradionecrosis
	Tetracycline + regular light
	Fluorescence was useful, but it did not prevent extensive resection

	2008
	Kenneth E. Fleisher – EUA
	Patients with medication related osteonecrosis
	Doxycycline + 400–460 nm lamp + CBCT
	Fluorescence helped in the early detection of lesions

	2009
	Christoph Pautke – Germany
	Patients with medication related osteonecrosis
	Doxycycline + VELscope
	The fluorescence emitted by doxycycline enabled efficient guided resection;

	2009
	Christoph Pautke – Germany
	Patients with osteonecrosis associated with medications and radiotherapy
	Doxycycline + VELscope
	The device used provided better margin definition for bone resection.

	2011
	Christoph Pautke – Germany
	Patients with medication and radiotherapy-associated osteonecrosis
	Doxycycline + bone fluorescence
	Fluorescence revealed viable bone areas

	2013
	Sven Otto – Germany
	Patient with maxillary osteonecrosis
	Doxycycline + VELscope
	After resection, good healing and recovery were observed

	2013
	Alexandre T Assaf – Germany
	20 Patients with maxillary osteonecrosis
	Doxycycline + VELscope
	19 out of 20 showed no recurrence of osteonecrosis

	2014
	O. Ristow – Germany
	Patient with osteonecrosis (cause unspecified)
	Autofluorescence without antibiotic
	Green autofluorescence in viable bone allowed adequate resection

	2015
	Gianluca Porcaro – Italy
	Patient with medication-related osteonecrosis
	Gel + rifamycin + doxycycline + Er:YAG laser
	Regression of osteonecrosis from stage 3 to stage 1


	2015
	D. Yoshiga – Japan
	Patient with medication-related osteonecrosis
	Minocycline + VELscope
	A fluorescence-guided resection with Minocycline was possible.

	2016
	Ilaria Giovannacci – Italy
	Patient with medication-related osteonecrosis
	Er:YAG laser + autofluorescence
	The patient achieved complete recovery after 12 months and showed a good prognosis

	2016
	Ilaria Giovannacci – Italy
	Patient with medication-related osteonecrosis
	Er:YAG laser + autofluorescence
	All patients healed without symptoms

	2016
	Sven Otto – Germany
	Patient with medication-related osteonecrosis
	Doxycycline + VELscope
	87% of the patients showed a good prognosis, with complete healing

	2016
	O. Ristow – Germany
	Patient with medication-related osteonecrosis
	Comparison of tetracycline fluorescence vs. autofluorescence
	Medication-guided fluorescence is more accurate

	2018
	Caroline Ballardin – Brazil
	Patient with medication-related osteonecrosis
	Doxycycline + violet light
	Effective visualization of bone boundaries

	2018
	Amerigo Giudice – Italy
	Patient with medication-related osteonecrosis
	Autofluorescence-guided surgery vs. conventional surgery
	No significant difference

	2019
	Falk Wehrhan – Germany
	Patient with medication-related osteonecrosis
	Doxycycline + VELscope
	Fluorescence guided the surgery in a way that preserved viable bone

	2020
	Lukas Houera – Czech Republic

	Patient with medication-related osteonecrosis
	Doxycycline + VELscope
	All patients had good healing after the guided resection

	2021
	Yesel Kim – Korea
	Patient with medication-related osteonecrosis
	Autofluorescence-guided surgery (QLF)
	It was possible to differentiate healthy and necrotic tissues

	2022
	Saud Aljohani – Saudi Arabia


	Patients with medication and radiotherapy associated osteonecrosis
	Tetracycline fluorescence or autofluorescence
	Complete resolution of the cases, showing that both protocols are effective

	2024
	Yesel Kim - Korea
	Clinical study (patients with medication-related osteomyelitis of the jaw)
	Quantitative light-induced fluorescence (QLF)-guided surgery to differentiate necrotic from vital bone
	Fluorescence guidance enabled improved delineation of viable bone, contributing to greater surgical precision and potentially better clinical outcomes

	2025
	Ilaria Giovannacci- Italy 
	Prospective multicenter cross-sectional ex vivo study (patients with osteonecrosis of the jaw)
	Quantitative spectrophotometric analysis of bone autofluorescence to differentiate necrotic from vital bone, with correlation to histopathological findings
	Bone autofluorescence showed a strong correlation with histopathologic diagnosis, with significantly lower fluorescence intensity in necrotic bone. The method demonstrated potential as an objective, real-time tool to improve surgical margin identification in ONJ management



Table 1. Summary of research results
Qualitative Analysis
1. Bone Fluorescence with Tetracycline and Conventional Light
This technique consists of administering 100 to 250 mg of tetracycline, 5 to 10 days prior to surgery, with the aim of bone labeling. A conventional fluorescent light with a wavelength between 400 and 490 nm is used. Bone fluorescence occurs due to the incorporation of tetracycline into the mineralized bone matrix, allowing healthy bone to fluoresce under light, while necrotic tissue remains non-fluorescent.
Used in the following studies: Ballardin et al., 2018; Fleisher et al., 2008; Pautke et al., 2006; Porcaro et al., 2015; Pautke et al., 2011.
2. Fluorescence with Doxycycline and the VELscope® Device
In this method, 100 mg of doxycycline is administered orally, twice daily, starting at least seven days before surgery. Fluorescence detection is performed using the VELscope® device, which emits blue excitation light (400–460 nm). Healthy bone shows intense green fluorescence, whereas necrotic bone exhibits reduced or absent fluorescence, guiding precise resection.
Used in the following studies: Otto et al., 2013; Zustin et al., 2013; Pautke et al., 2009; Otto et al., 2016; Wehrhan et al., 2019; Ristow et al., 2016; Hauera et al., 2020; Aljohani et al., 2020; Giudice et al., 2018.
3. Autofluorescence Associated with Er:YAG Laser Ablation
After a mucoperiosteal incision to expose the affected bone area, autofluorescence is induced using the VELscope® system. Necrotic bone areas exhibit loss of autofluorescence, while healthy bone maintains strong fluorescence. Removal of necrotic bone is performed using Lindeman burs and finalized with marginal osteoplasty using conventional round burs. Subsequently, an Er:YAG laser (300 mJ, 30 Hz, fluence of 60 J/cm²) is used to vaporize residual necrotic bone until intense fluorescence is observed, indicating the presence of viable bone.
Used in the following studies: Giovannacci et al., 2016; Giovannacci et al., 2019; Giovannacci et al., 2025; Ristow et al., 2014; Ristow et al., 2016.
4. Quantitative Light-Induced Fluorescence (QLF)
The Quantitative Light-Induced Fluorescence (QLF) technique was applied for the analysis of sequestered bone samples. Illumination with blue light (405–488 nm) allowed the observation of different red fluorescence patterns:
1. No red fluorescence: Indicates lamellar bone tissue without infection.
2. Hyper-red fluorescence: Correlates with areas of intense bacterial invasion and osteolysis.
3. Hypo-red fluorescence: Indicates predominantly granular regions with inflammation and absence of bone matrix.
Used in the following study: Kim et al., 2021; Kim et al., 2024
5. Minocycline Associated with VELscope®
In this protocol, patients received minocycline (100 mg, twice daily) for more than 10 days. Bone fluorescence was observed intraoperatively under blue light excitation using the VELscope®. Healthy bone areas showed homogeneous fluorescence, while necrotic regions were identified as non-fluorescent areas. This strategy enabled precise resections that would not be possible through direct visual inspection alone.
Used in the following studies: Kim et al., 2021; Porcaro et al., 2015; Ristow et al., 2016
4.DISCUSSION 
The effectiveness of fluorescence-guided bone surgery in the treatment of osteonecrosis has been widely explored in recent years. In this study, different fluorescence protocols were compared, including autofluorescence and tetracycline-guided fluorescence, with the aim of understanding how these approaches contribute to a more precise removal of necrotic bone. Achieving complete resection of affected tissue is essential to prevent recurrence; however, defining the exact boundaries of osteonecrosis remains one of the greatest challenges in clinical practice (Otto et al., 2016). Traditionally, surgeons rely on intraoperative visual cues such as bone color, texture, and bleeding, but this method is subjective and strongly dependent on the clinician’s experience (Ristow et al., 2016).
Although imaging techniques such as computed tomography and magnetic resonance imaging are valuable for surgical planning, they still have limitations when it comes to accurately identifying the true extent of necrotic bone (Giovannacci et al., 2016). In this context, fluorescence has emerged as a promising tool to enhance intraoperative decision-making. By improving the visualization of viable and non-viable tissues, fluorescence techniques provide a more objective way to guide bone resection (Giovannacci et al., 2025)
Both autofluorescence and drug-induced fluorescence (particularly with tetracycline and minocycline) have shown encouraging results in distinguishing healthy bone from necrotic areas. This distinction is crucial, as it allows for more conservative yet effective surgeries, preserving as much viable bone as possible while ensuring complete removal of compromised tissue. As a result, these approaches are associated with better healing and improved postoperative outcomes (Kim et al., 2024; Giovannacci et al., 2025).
Autofluorescence, in particular, has been applied in different medical fields as an intraoperative diagnostic aid. For instance, in intervertebral disc surgery, studies have shown that healthy endplates tend to exhibit strong fluorescence, whereas damaged or degenerated tissues appear darker. This difference highlights the potential of autofluorescence in evaluating tissue viability in real time. Despite these advantages, one important limitation must be considered: the presence of blood in the surgical field. Hemoglobin can interfere with fluorescence signals, reducing image clarity and making interpretation more challenging, especially in procedures with active bleeding  (Aljohani et al., 2022). 
On the other hand, tetracycline-guided fluorescence has gained significant attention since its introduction as a surgical adjunct. This technique takes advantage of the natural affinity of tetracyclines for calcium ions in actively remodeling bone. Once incorporated into the bone matrix, these antibiotics emit fluorescence under specific light wavelengths, making viable bone clearly distinguishable from necrotic tissue. Clinical studies have reported success rates exceeding 85%, reinforcing the reliability of this method in osteonecrosis surgery (Assaf et al., 2014).
Another important aspect of tetracycline-based protocols is their flexibility. Evidence suggests that even simplified regimens can produce effective fluorescence. In some cases, a single intravenous dose administered shortly before surgery has been sufficient to generate detectable signals, reducing the need for prolonged preoperative medication. This not only simplifies the protocol but also makes it more practical in routine clinical settings (Ballardin et al., 2018).
Among the available technologies, the VELscope® device has become one of the most widely used tools for fluorescence-guided procedures. By emitting blue light in the 400–460 nm range, it allows clinicians to visualize fluorescence patterns directly in oral tissues. Although initially developed for the early detection of potentially malignant lesions, such as leukoplakia and oral squamous cell carcinoma, its application has expanded significantly. In osteonecrosis surgery, particularly when combined with tetracycline or minocycline, the device enables a more objective identification of necrotic areas. This reduces the risk of incomplete or excessive resections and contributes to more predictable surgical outcomes (Yoshiga et al., 2015).
Doxycycline, a commonly used tetracycline derivative, has also been extensively studied in this context. Administered at low doses (typically 100 mg per day for about seven days) it becomes incorporated into mineralizing bone, allowing fluorescence detection during surgery. Interestingly, studies have shown that even shorter protocols, including a single intravenous dose given approximately one hour before the procedure, can produce sufficient fluorescence for clinical use (Assaf et al., 2014). These findings suggest that doxycycline-based protocols may offer an efficient and accessible alternative, potentially becoming a standard approach in fluorescence-guided surgery (Aljohani et al., 2020). 
Current clinical guidelines further support the use of technologies that improve surgical precision. The recommendations from the American Association of Oral and Maxillofacial Surgeons (AAOMS), updated in 2022, emphasize the importance of objective methods for defining the extent of osteonecrosis. According to these guidelines, minimizing unnecessary bone removal while ensuring complete resection of necrotic tissue is key to achieving favorable outcomes. In this regard, fluorescence-guided techniques align well with modern surgical principles, offering a balance between precision and tissue preservation.
For patients who cannot tolerate tetracyclines, autofluorescence remains an important alternative. Beyond its role in identifying potentially malignant lesions, it has also shown potential in the early detection and management of osteoradionecrosis. When combined with minimally invasive technologies such as the Er:YAG laser, its effectiveness may be further enhanced. The Er:YAG laser enables precise removal of necrotic bone through a “cold ablation” mechanism, which minimizes thermal damage and helps preserve surrounding tissues. This combination represents a promising approach for conservative and targeted surgical interventions (Dipalma et al., 2023).
5.CONCLUSION 
Overall, fluorescence-guided bone surgery represents a meaningful advancement in the management of osteonecrosis of the jaws. By providing clearer differentiation between healthy and necrotic bone, these techniques allow for more precise, safer, and more predictable surgical procedures. The combination of VELscope® with drug-induced fluorescence, particularly using tetracycline or doxycycline, has proven to be especially effective in defining resection margins and improving postoperative outcomes.
While autofluorescence may be less specific than drug-induced methods, it continues to play an important role, especially for patients with contraindications to tetracyclines or in early stages of the disease. Its association with minimally invasive approaches, such as Er:YAG laser ablation, further expands its clinical applicability.
Despite the promising results, there is still considerable variability among existing protocols. This highlights the need for well-designed multicenter randomized clinical trials to establish standardized guidelines for fluorescence-guided surgery. Looking ahead, advances in optical technologies (including portable high-resolution devices and augmented reality systems) may further enhance intraoperative visualization and surgical accuracy.
In the future, fluorescence-guided approaches have the potential to become the gold standard in osteonecrosis treatment, offering improved precision, better clinical outcomes, and ultimately a higher quality of life for patients.
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