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Abstract. - OBJECTIVE: This review aims to ex-
plore the efficacy of fluorescence-guided excision
in the treatment of necrotic bone and highlights the
importance of fluorescence in distinguishing via-
ble margins from necrotic ones for a more targeted
and predictable management of MRONJ.

MATERIALS AND METHODS: The review was
conducted according to PRISMA guidelines using
PubMed, Scopus, and Web of Science databases
from January 1, 2008, to May 17, 2023. The Boolean
search strategy with the following keywords “os-
teonecrosis” AND “fluorescence” was performed.
Then, the articles were subjected to screening and
eligibility phases. The papers about the use of aut-
ofluorescence-guided laser therapy in patients
with jaw osteonecrosis were included.

RESULTS: A total of 320 articles were ini-
tially identified through an electronic search,
and ultimately, 17 papers were included in the
qualitative analysis.

CONCLUSIONS: In conclusion, our findings
demonstrate that the VELscope system allows for
clear visualization of the bone, making guided auto-
fluorescence a precise, safe, and reliable technique.
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Introduction

The World Health Organization defines
MRONIJ (Medication-related osteonecrosis of the
jaws) as the necrotic bone of the mandible or
maxilla caused by certain drugs. The American
Association of Oral and Maxillofacial Surgeons
(AAOMYS) in its 2022 Positional Paper defines
Medication-related osteonecrosis as the “adverse
drug-related reaction characterized by progres-
sive destruction and necrosis of the mandibular
and/or maxillary bone of individuals exposed to
treatment with drugs for which an increased risk
of disease has been established, in the absence of
prior radiation treatment2. MRONIJ is localized
mainly at the level of the jaws due to particular
characteristics such as: more rapid bone turnover
compared to the long bones; a terminal vascula-
rization; a mucoperiosteal lining overlying the
bone tissue easily subject to trauma and infection;
the presence of microflora/biofilm in the oral ca-
vity and the presence of the periodontal ligament
which, in case of dental-periodontal injury, leads
to the exposure of the underlying bone tissue>.

Lasers have a wide application in medicine and
especially in dentistry, showing numerous uses,
especially in conservative dentistry, oral surgery,
and in the treatment of TMDs®2,

The drugs most implicated in MRONIJ by 97%
are bisphosphonates and in particular zolendrona-
te, alendronate and monoclonal antibodies such
as Denosumab’. Other drugs that can give rise to
osteonecrosis of the jaws but in a smaller percenta-
ge are tyrosine kinase inhibitors (TKIs), additional



G. Dipalma, A.D. Inchingolo, F. Piras, G. Palmieri, et al

monoclonal antibodies, angiogenesis inhibitors,
fusion proteins such as aflibercept; mTOR inhi-
bitors such as everolimus, radiophar-maceuticals,
estrogen inhibitors such as raloxifene, immuno-
modulators (methotrexate and corticosteroids)'*">.

There is still no gold standard for the treatment
and management of MRONJ. Saving as much
bone as possible is essential to avoid a possible
bone fracture, but at the same time it is important
to completely remove the necrotic bone to avoid
the risk of recurrence'*".

Many surgeons use supportive radiographic
examinations, while others use bone bleeding as
an index of viable bone. These methods, howe-
ver, lack sensitivity and specificity. Some recent
studies'®!” have been carried out in the literature
precisely to try to outline an easy and safe guide
for the treatment of MRONJ. Recently, particular
emphasis has been placed on fluorescence — a
simple, safe and reproducible technique using
the VELscope (visually enhanced lesion sco-
pe) and a fluorescent lamp (LED Dental, White
Rock, BC, Canada)’®!. Maxillary bones show
autofluorescence (AF) from collagen type 1 fi-
bers and osteocytes. Necrotic bone, on the other
hand, loses AF, probably due to changes in the
calcified extracellular osteoid matrix or necrotic
cells, but we have no scientific evidence of this
yet. In any case, necrotic bone will appear darker
than vital bone as can be seen in Figure 12%2!,
The VELscope facilitates the recognition of vital
bone. An example of machinery suitable for these
functions is depicted in the Figure 2.

It excites specific collagen amino acids through
light emission, which are made evident through
the use of the fluorescence lamp??. Other resear-
chers have proposed the use of tetracycline-induced

fluorescence to differentiate necrotic bone from
vital bone. Tetracycline, being related to calcium,
is incorporated in the re-modeling areas of vital
bone but not in necrotic bone. This can be viewed
with light between 390 and 430 nm?**%, Ristow and
Pautke” recently demonstrated that even without
tetracycline marking, viable bone can be identified
by AF. These natural fluorochromes are excited and
show AF, highlighting vital bone***2. This objective
and easy-to-replicate surgical approach could be
used to make standard a treatment of MRONJ that
previously relied on a subjective approach of the
surgeon, improving the treatment-*3,

Laser technology has found diverse appli-
cations in various industries and the medical
sector. Khorasani et al®*® for instance, in the field
of additive manufacturing, explore the impact
of absorption ratio on melt pool characteri-
stics in the laser-based production of IN718
alloys®. Additionally, Gaur et al*® investigated
the influence of annealing on the physical and
mechanical properties of Ti6Al4V orthopedic
implants fabricated using laser-based additi-
ve manufacturing techniques. These studies
exemplify the utilization of laser technology in
diverse applications and highlight its potential
for advancing various fields*-4°.

However, there is uncertainty regarding how to
manage MRONJ. MRONIJ treatment is difficult,
and an effective and appropriate therapy that
significantly improves the outcomes is yet to be
discovered. The aim of our review is to highlight
the usefulness of fluorescence in highlighting
viable margins from necrotic ones for a more
predictable and specific treatment of MRONJ,
while also evaluating the results obtained from
fluorescence-guided resection of necrotic bone.

Figure 1. Bone after open flap: autofluorescence underling limits between necrotic and vital bone.
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Figure 2. Lasotronix photodynamic laser used in Bari Polyclinic dental clinic for interventions during MRONI surgeries.

Materials and Methods

Protocol and Registration

When performing this review, the PRISMA
(Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) and CASP (Critical
Appraisal Checklist) procedures were used. This
study was submitted to PROSPERO (Internatio-
nal Prospective Register of Systematic Reviews)
with the provisional number 481005.

Search Processing

We searched PubMed, Scopus, and Web of
Science for English-language publications that
matched our topic from 1 January 2008 to 17
May 2023. In the search technique, the Boolean
keywords “osteonecrosis” AND “fluorescence”
were used. These words were chosen because they
best defined our investigation’s purpose, which

was to learn more about auto-fluorescence-guided
laser in patients with jaw osteonecrosis. The search
indications are shown in Table I below.

Eligibility Criteria and Study Selection

We chose studies that looked at the effects of
surgical techniques, including an auto-fluore-
scence-guided laser. The selection method was
divided into two stages: (1) title and abstract

Table I. Database search indicators.

Article screening Strategy

Database: Scopus, Web of Science and Pubmed
Keywords: A “osteonecrosis”; B “fluorescence”
Boolean variable: “AND*

Timespan: 2008-2023

Language: English
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evaluation and (2) full-text examination. Any arti-
cle that met the following criteria was considered:
(a) human intervention studies (clinical trials); (b)
humans with osteonecrosis; (c) studies assessing
surgical technique including an auto-fluorescen-
ce-guided laser; (d) treatment was compared to
a group without auto-fluorescence methodology;
(e) English language full text; and (f) histopatho-
logical analysis of bone. Publications that did not
include original data (e.g., meta-analyses, research
procedures, or conference Abstracts, in vitro or
animal studies) were excluded. The preliminary
search’s titles and abstracts were retrieved and
assessed for relevancy. For additional evaluation,
full publications from relevant research were
obtained. Two separate reviewers (F.P. and F.I)
evaluated the retrieved studies for inclusion using
the criteria specified above, and disagreements
were addressed by consensus.

Data Processing
Author disagreements over the article selection
were discussed and settled.

Data Extraction

Data on trial design and locations, population
characteristics (e.g., sex, age, presence of comor-
bidities), type of intervention and comparison,
baseline measures, and reported outcomes were
collected using a standardized form. Each study
was also judged on how it handled missing data
and effect measures. Two reviewers (F.P. and
F.I) worked separately on extraction accuracy;
divergences were resolved by consensus. Me-
ta-analysis was not possible due to the significant
diversity in the treatments and results provided;
thus, studies were synthesized qualitatively.

Data Analysis

The fixed effect model was utilized for ho-
mogeneous research, whereas the random effect
model was employed for heterogeneous investi-
gations. The standardized difference of means
was used to compute the effect size in all studies.

Table II. PICOS criteria.

Criteria
Population
Intervention

Application in the present study
Subjects with osteonecrosis

Surgical technique including an Auto-
fluorescence guided Er:-YAG laser
Non Auto-fluorescence group
Histopathological analysis

Clinical Trials

Comparisons
Outcomes
Study design

PICOS Criteria

Table I depicts the PICOS (Population, Inter-
vention, Comparison, Outcome, Study design)
criteria components, which include population,
intervention, comparison, outcomes, and research
design, as well as their use in this evaluation. The
search indicators are listed below in Table II.

Study Evaluation

The reviewers separately assessed the article
data using a customized computerized form pre-
pared according to the following criteria: type of
study, aim of study, materials and results.

Quality Assessment

The quality of the included papers was as-
sessed by two reviewers, RF and EI, using the
reputable Cochrane risk-of-bias assessment for
randomized trials (RoB 2). The following six
areas of possible bias are evaluated by this tool:
random sequence generation, allocation conce-
alment, participant and staff blinding, outcome
assessment blinding, inadequate outcome data,
and selective reporting. A third reviewer (FI)
was consulted in the event of a disagreement
until an agreement was reached.

Results

A total of 320 publications were discovered
from the following databases: PubMed (80), Sco-
pus (129), and Web of Science (111), yielding
171 articles after deleting duplicates (149). The
analysis of the title and abstract resulted in the
elimination of 147 publications. The writers were
successful in retrieving the remaining 24 papers
and assessing their eligibility. Seven articles were
rejected because they were off topic. The exami-
nation comprises the final 17 articles for qualita-
tive analysis (Figure 3). The characteristics of the
included studies are described in Table III.

Discussion

MRONI is a known adverse side effect asso-
ciated with certain drug therapies, including bi-
sphosphonates (BP). The most effective approach
for managing MRONJ appears to be the surgical
removal of necrotic bone using Er:YAG laser
technology, which has shown better outcomes
compared to conventional surgical methods*"*.
However, the identification of necrotic bone
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Figure 3. PRISMA flowchart diagram of the inclusion process.

edges during the excision of osteonecrosis can be
challenging, as reported by AAOMS in 2007%.
Various strategies have been proposed to ad-
dress this challenge, including a groundbreaking
technique called fluorescence-guided surgical
method. Vescovi et al’' introduced the use of
autofluorescence (AF) of bone as a guide for
visualizing necrotic bone during resection. This
technique relies on the strong autofluo-rescence
exhibited by viable bone, while necrotic bone
appears much darker due to the loss of autofluo-
rescence. The fluorescence emission is attributed
to the amino acids of collagen molecules, which
emit fluorescence when exposed to a fluorescence
lamp*#. In the same year, Giovannacci et al*
presented a case of stage III osteonecrosis treated
with a new AF-guided surgical approach using
the VELscope system after bone exposure. The

procedure involved Er:YAG laser osteotomy fol-
lowed by Nd:YAG laser therapy (LLLT)"*. The
patient exhibited complete mucosal healing and re-
mained asymptomatic after a 7-month follow-up®.

In 2017, the same author described a case of stage
1T osteonecrosis where fluorescence-guided surgery
was performed. The VELscope system was used
to visualize necrotic bone after exposure, followed
by its removal using a Lindeman bur. Er:YAG laser
was then employed to vaporize the necrotic bone
until strongly autofluorescent bone was detected.
Post-surgery, the patient received weekly appli-
cations of LLLT (Nd:-YAG)**#-2. Additionally, in
2017, Giovannacci et al® reported on the cases of
8 patients with MRONJ treated using AF-guided
surgical resection. After exposing the bone through
a mucoperiosteal flap, the VELscope system was
used to induce and detect bony autofluorescence.
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Table Ill. Summary of selected articles data.

et al*, 2015

Giovannacci
etal®, 2017

Giudice et
al®, 2018

Porcaro et
al®, 2015

Ristow et
al¥’, 2017

Case report

Randomised
controlled
trial

Case report

Randomised
controlled
trial

the advantages of the Er:-YAG laser with the value
of AF in highlighting surgical margins.

To present a case of mandibular BRONJ successfully
managed by an innovative surgical technique
including an AF- guided Er:YAG laser.

To define resection margins for necrotic bone, this
study compared the effectiveness of the surgeon’s
experience with autofluorescence-guided

bone surgery.

To provide a novel surgical technique that combines
Er:YAG laser ablation guided by doxycycline
fluorescence in vital bone under UV light and
Nd:YAG/diode laser biostimulation.

To compare the success rates of autofluorescence-
guided bone surgery to tetracycline fluorescence-
guided bone surgery in the treatment of MRONJ

a new surgical approach performed with AF-guided
Er:YAG laser, followed by low-level laser therapy (LLLT).
Case of osteonecrosis of the jaw stage 11. The FA of the
mandibular bone was evaluated with the VELscope device.
A Lindeman bur was used to remove necrotic bone
lacking AF. Then Er:-YAG vaporize the necrotic bone until
strongly AF bone was identified. For three weeks after
surgery, the patient underwent LLLT treatments once a
week. Histopathological analysis was used to determine
whether bone viability and fluorescence were correlated.
MRONIJ lesions at each stage were randomly assigned:
20 lesions in the non- AF group and 19 in the AF (traditional
surgery) group. Histopathological examination was
performed to confirm necrosis of the bone samples taken.

After receiving zoledronic acid therapy, a woman had BRONJ
in the left mandible. Preoperative and postoperative
medications (1% chlorhexidine gel, rifamycin, and doxycycline
for 10 days prior to surgery and 7 days following surgery),
doxycycline fluorescence- guided Er:YAG laser ablation and
Nd:YAG laser biostimulation were all given.

The patients were thus divided into two groups: 20 (AF group)
and 20 (tetracycline fluorescence group). The authors assessed
mucosal integrity, presence of infection and pain in the 2 groups.

Type of
Authors the study Aim of the study Materials Results
Daniel et Case report  To highlight the importance of doxycycline bone Cancer patient with MRONJ, age 57, treated with In MRONYJ, doxycycline bone labeling is a
al?’, 2021 tagging in the removal of necrotic bones in MRONJ. fluoroscopically guided bone resection useful technique for better visibility and
excision of necrotic bone.
Giovannacci Case report  To propose a new surgical technique that combines Case of osteonecrosis of the jaw stage 111 treated with By targeted ablation of non/hypofluorescent

regions, this technology has enabled a highly
precise and minimally invasive approach.
The technique presented in the study can be
standardized differentially by the surgeon’s
experience.

Although VELscope appears to be helpful

in detecting bone resection margins in patients
with MRONJ, autofluorescence does not
appear to be superior to typical surgical
techniques in terms of mucosal healing

and quality of life.

Following the regression of the lesion, the
iefficacy of the new approach can be affirmed,
which is minimally invasive and biostimulating.

AF-guided bone surgery has success rates
comparable to tetracycline fluorescence-guided
bone surgery.

(Table continued)
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Table Il [continued). Summary of selected articles data.

et al®, 2019

Ristow et
al®, 2014

Pautke et
al®, 2009

Pautke et
al*, 2010

Pautke et
Al%, 2011

using an AF- guided surgical resection.

Case series  To suggest the use of bone auto- fluorescence
for the definition of viable and necrotic
bone margins.

Case While the VELscope appears to be useful in

reports identifying bone resection margins in MRONJ
patients, autofluorescence does not shown to
be superior to standard surgical procedures in
terms of mucosal healing and quality of life.

Case To show the advantages of tetracycline bone

reports fluorescence as an aid for characterizing the
entities of osteonecrosis and for determining the
extent of necrosis and optimizing surgical therapy.

Prospective  To investigate the acceptability and repeatability

Pilot Study of doing a fluorescence- guided bone resection
on BRONJ patients.

(LED Medical Diagnostics Inc, Barnaby, Canada) was utilized to
induce and detect bony AF. The Lindemann drill was then used to
completely resect the hypo-fluorescent bone. Then, visualization of
was used to direct the laser vaporization of any remaining necrotic
bone up. Finally, a histopathologic analysis was conducted.

The VELscopesystem Vx (LED Dental, WhiteRock, British Columbia,
Canada) was employed following bone exposure. All patients who
received treatment had samples taken from the pale bone regions,
which were histopathologically verified to be necrotic bone. Up till
a brilliant fluorescence of the damaged bone was seen, the affected

bone was removed.

2 patients affected by BRONJ, got 100 mg of doxycycline twice a
day for ten days before to surgery. Bone fluorescence—guid ed resection

was performed with the use of VELscope.

Partial mandibulectomy was performed in two patients with extensive
mandibular osteonecrosis. The limits of the resection were determined
intraoperatively by bone fluorescence with VELscope system after
preoperative doxycycline administration for 10 days.

15 patients with a history of intravenous BP therapy for metastatic bone
disorders and 20 BRONJ lesions (only stages II and I1I). Every patient
got a 10-day course of doxycycline prior to surgery. With the use of a
certified fluorescent light, necrotic bone was removed using

fluorescence as a guide.

Type of
Authors  the study Aim of the study Materials Results
Giovanacci Case series To describe 8 patients of MRONJ treated After the mucoperiosteal flap exposed the bone, the VELscope system  AF guided surgical resection resulted

useful in highlighting the surgical
borders of necrotic bone tissue.

The auto-fluorescence of bone was useful
for the complete removal of the necrotic
bone in BRONJ.

Doxycycline bone fluorescence enables
regular and repeatable intraoperative
differentiation of viable and necrotic
bone. Under fluorescence guidance, the
osteonecrosis (and resection) margins could
be identified; however, bone hemorrhage did
not correlate with bone fluorescence in
either osteonecrosis entity.

At the 4-week follow-up, mucosal closure
without any indication of wound healing was
seen in 17 out of 20 osteonecrosis locations
(85%). Three patients (15%) experienced
mucosal dehiscences. Osteonecrotic bone had
no or very little fluorescence intraoperatively.
There was no correlation between any bone
fluorescence signal and the bleeding of the
bone after resection. The use of fluorescence-
guided bone excision did not appreciably
lengthen the duration of the procedure.

(Table continued)
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Table Il [continued). Summary of selected articles data.

etal” 2015

Assaf et
al®, 2014

Vescovi et
al¥, 2015

histological
study

Prospective
cohort study

Case report

method (MBFT) with the use of the VELscope®
to provide preoperative labeling of the live bone
and conduct a histological investigation.

To show the use of tetracycline fluorescence
guided surgery with Vel scope to treat BRONJ.

To suggest an Er:-YAG laser and Nd:YAG low-
level laser treatment (LLLT)-based on AF
guided surgery.

VELscope. Additionally, using Villanueva bone staining, it was
histopathologically examined the fluorescence in mineralizing
bone after minocycline was taken orally.

All twenty patients underwent a resection with the help of
Velscope. Doxycycline was previously administered 10 days before.

The maxillary bone’s AF was induced and seen using the TM
VELscope in a patient with stage [Il MRONIJ. Er:-YAG laser was

used for osteotomy. After the intervention, the patient got weekly
Nd:YAG laser applications for three weeks.

Type of
Authors  the study Aim of the study Materials Results
Wehrhan et Case series  To histologically examine fluorescent and non  After the mucoperiosteal flap exposed the necrotic and the Fluorescence-guided surgery is an accurate
al®, 2019 fluorescent bone areas in BRONIJ patients and  VELscope system documented bone fluorescence, osteotomy tool in intraoperatively finding and resecting
determine the correlation between bone vitality =~ was performed. Fluorescence- and non fluorescence- labeled the necrotic bone.
and fluorescence bone areas were histologically analyzed.
Aljohani et Retrospective To assess the use of tetracycline fluorescence 12 lesions were surgically managed with tetracycline fluorescence, 8 lesions, demonstrated partial mucosal healing
al’, 2022 study or auto-florescence in the surgery of Osteoradio- 7 lesions with auto- fluorescence. with bone exposure and no symptoms of
necrosis of the jaw (ORNJ) inflammation, whereas 7 lesions progressed. 4
lesions experienced full mucosal healing. The
findings revealed that in 63% of lesions, either
healing or ORNIJ stability had been accomplished.
Otto et Prospective  To assess efficacy of fluorescence- guided surgery 54 patients assumed 100 mg twice a day of doxycycline for 10~ Complete mucosal healing was observed in
al”, 2021 cohort study in the treatment of MRONIJ in long time. days prior to surgery. Bone fluorescence—guid ed resection was  about 95% of patients.
performed with the use of visual enhanced lesion scope (VELscope).
Yoshiga Clinical and Introduce the minocycline bone fluorescence  Six BRONIJ patients received jawbone resection with the use of ~ Using the VELscope® equipment, full excision

of necrotizing bone regions and lesions like
osteomyelitis, as well as postoperative recovery,
may be accomplished with outstanding outcomes.
histological analysis of the resected material
revealed that the line between fluorescent and
non- fluorescent areas includes regions

that resemble osteomyelitis

The ability to distinguish between healthy and
necrotic bone using visual fluorescence retention
(VFR) and visual fluorescence loss (VFL) was
sufficient in all patients with the exception of
one. During follow-up, nineteen patients revealed
no evidence of BRONJ recurrence.

The patient was symptom- free and the mucosa
was completely healed after 7 months of follow-
up. There are no indications of osteonecrosis

on the follow-up orthopantomography.
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Complete resection of hypo-fluorescent bone was
performed using the Lindemann bone Drill. The
residual necrotic bone was then vaporized wi-
th Er:-YAG laser until strongly hyperfluorescent
bone was identified. A subsequent histopatholo-
gic evaluation confirmed the correlation between
bone viability and hyperfluorescence*®. Ristow
et al’’ also suggested that autofluorescence via
VELscope could be a valuable aid in surgical
therapy for patients with stage 11 BRONJ.

Another study by Giudice et al*® aimed to com-
pare the effectiveness of autofluorescence-guided
bone surgery with the surgeon’s experience (con-
ventional surgery) in demarcating the resection
margins of necrotic bone. The study included
36 patients, with 20 lesions in the non-AF group
and 19 in the AF group. The results indicated no
statistically significant variations in necrotic bone
exposure or symptoms of infection be-tween the
two surgical procedures at different time periods.
Therefore, while the VELscope system appears to
be effective in directing bone resection margins
in patients with MRONJ, autofluorescence does
not appear to be superior to traditional surgical
procedures in terms of mucosal healing and qua-
lity of life, according to the authors*=645-53,

In the case described by Giovannacci et al**, a
histological analysis of the removed tissue revea-
led that the low autofluorescence specimen consi-
sted of fibrous tissue surrounded by necrotic bone
with acute and chronic inflammation, characteri-
zed by the presence of lymphocytes, histiocytes,
plasma cells, and neutrophils. On the other hand,
the high autofluorescence sample exhibited me-
dullary bone with hypertrophic trabeculae®.

Er:-YAG laser treatment allows for the safe and
gradual removal of necrotic tissue by creating va-
porization spots of 0.1 mm depth. This minimally
invasive method not only removes necrotic tissue
but also promotes new blood vessel growth, aids
in healing, and facilitates the attachment of soft
tissue to bone by creating microperforations*-*,
The use of Nd:YAG LLLT further enhances these
qualities by inducing biomodulation of soft and
hard tissues, resulting in anti-inflammatory, biosti-
mulating, antibacterial, and analgesic effects®”, It
is important to note that ongoing hemorrhage may
limit the effectiveness of this technique, as hemo-
globin interferes with autofluorescence®.

Fluorescence-Guided Resection with the
Use of Tetracycline

Maxillary bones naturally exhibit autofluore-
scence, but the distinction between healthy and

necrotic bone can be improved by utilizing an-
tibiotics, such as tetracyclines®*3, Tetracycli-
ne-induced bone fluorescence has been shown
to differentiate between live and necrotic mandi-
bular osteonecrosis entities without ambiguity®.

Fluorescence-guided resection has recently be-
en employed in the surgical therapy of osteoradio-
necrosis (ORN) of the jaw. Studies conducted by
Pautke et al®® demonstrated promising results with
the use of doxycycline. Tetracycline is absorbed
into viable bone and can be easily visualized at
an excitation optimum of 390 to 430 nm, enabling
the determination and complete removal of necro-
tic tissue in a reproducible manner®-**. In their
2009 study, Pautke et al® presented cases of two
patients who had received bisphosphonate therapy
and required surgical intervention for MRONJ.
These patients were treated with doxycycline
100 mg twice daily for 10 days prior to surgery.
Intraoperative visualization of doxycycline-de-
rived bone fluorescence was achieved using the
VELscope system, and fluorescence-guided par-
tial mandibulectomy was performed*-**>¢. This
protocol was also utilized by Otto et al'’ in their
prospective study involving 54 patients, as well
as by Assaf et al®, demonstrating its safety and
effectiveness as a therapeutic approach.

In 2015, Porcaro et al® reported that the com-
bination of laser therapy and fluorescence-guided
surgery yielded comparable results to the conven-
tional technique. They described a case of osteo-
necrosis of the jaws where the treatment protocol
included rifamycin and doxycycline therapy for 10
days before surgery and 7 days post-surgery®’%,
Osteoplasty was performed using Er:YAG laser
guided by doxycycline fluorescence under UV
light. Subsequent biostimulation with Nd:YAG
laser was conducted, resulting in regression of
the lesion and near-complete healing?. In 2021,
Daniel et al® employed a similar approach as
Porcaro et al?, utilizing UV light to identify the
necrotic area. However, they did not specify the
technique used for removing the necrotic bone®’.
They also noted that doxycycline fluorescence is
considered a useful procedure for necrotic bone
resection in MRONJ patients®”%.

When comparing the success rates of te-
tracycline fluorescence-guided bone surgery
and autofluorescence-guided bone surgery for
the treatment of MRONJ in terms of mucosal
integrity, presence of infection, and pain, some
authors®? suggest that autofluorescence-gui-
ded bone surgery achieves comparable success
rates to tetracycline fluorescence-guided bone
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surgery. However, randomized clinical trials
are needed to validate these findings.

Histopathological examinations indicate that
doxycycline fluorescence may serve as a more
precise tool for determining resection margins
during osteotomy compared to conventional
clinical indicators like bone bleeding’®’?. Ad-
ditionally, another histological analysis of re-
sected material revealed that the demarcation
line between fluorescent and non-fluorescent
areas include regions resembling osteomyelitis.

The present systematic review shows a signifi-
cant gap in the current scientific literature in ter-
ms of the AF application in identifying positive
surgical margins as well as the standardization of
its use in clinical settings. An increased number
of randomize clinical trials and original studies,
especially with a medium and long follow-up,
could contribute to overcome this gap and enrich
the guidelines on this topic (see Table I11).

Quality Assessment and Risk of Bias

The risk of bias in the included studies is
reported in Figure 4. Regarding the randomiza-
tion process, 50% of studies present a high risk
of bias and allocation concealment. All other
studies ensure a low risk of bias. 75% of studies
excludes a performance; half of the studies con-
firm an increased risk of detection bias (self-re-
ported outcome), and 75% of the included studies
present a low detection bias (objective measures)
(see Figure 4). 75% studies ensure a low risk re-
garding attrition and reporting bias.

Conclusions

Conclusively, our systematic review meticulou-
sly evaluated the efficacy of guided autofluorescen-
ce laser therapy in medication-related osteonecrosis
of the jaw (MRONJ). Through a comprehensive
analysis of the selected 17 studies from an initial
pool of 320 articles, our findings illuminate the
substantial clinical value of the VELscope system
as an indispensable tool for achieving unparalle-
led visualization of bone structures affected by
MRON®’. The technology’s ability to harness au-
tofluorescence not only enhances precision and
accuracy in diagnosis but also establishes itself as
a beacon of safety, instilling confidence in both
clinicians and patients alike. The evidence gleaned
from our review underscores the robust reliability
of guided auto-fluorescence as a technique that
not only aids in early detection but also facilita-

tes informed treatment decisions, ultimately im-
proving patient outcomes. The amalgamation of
our reviewed studies consistently demonstrates the
VELscope system’s capability to provide clinicians
with real-time, high-contrast images, thereby revo-
lutionizing the landscape of MRONJ management.
We believe that our findings not only underscore
the present importance of this technology but also
pave the way for its continued innovation and in-
tegration into routine clinical practic'®!'. The most
effective approach for managing MRONJ involves
surgically removing necrotic bone using Er:YAG
laser technology, which has demonstrated better
outcomes than conventional methods. A ground-
breaking technique called fluorescence-guided sur-
gery utilizes the strong autofluorescence of viable
bone to identify necrotic areas, enabling more
precise resection during surgery. The VELscope
system aids in visualizing and guiding the procedu-
re. Er:YAG laser treatment allows safe and gradual
removal of necrotic tissue, promoting healing and
tissue attachment. Nd:YAG laser therapy enhan-
ces these effects with biostimulation. Additional-
ly, tetracyclines, like doxycycline, induce bone
fluorescence, aiding in distinguishing healthy and
necrotic bone during fluorescence-guided resection
for ORN of the jaw. Studies suggest comparable
success rates between autofluorescence-guided and
tetracycline-guided surgery in terms of mucosal
integrity, infection, and pain relief. Doxycycline
fluorescence may provide more precise resection
margins during osteotomy compared to conven-
tional indicators like bone bleeding. Standardizing
protocols and conducting further research is neces-
sary to optimize fluorescence-guided surgical pro-
cedures for MRONUJ. Overall, these methods show
potential in improving MRONJ management by
aiding in the identification and removal of necrotic
bone, leading to better patient outcomes, pending
additional clinical validation.
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