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Background. Long-term application of antiresorptive and/or antiangiogenic agents may cause oral disorders, including
medication-related osteonecrosis of the jaw (MRONJ), which remains an incurable disease. Surgical treatment can help
alleviate infection of the jaw and block the progress of the disease, but postoperative recurrence is often caused by incomplete
resection of necrotic bone during surgery. The traditional method for determining the boundary of necrotic bone resection is
primarily based on the color, geology, and microcirculation-based bleeding state according to the bone tissue, which is easily
affected by the surgeon’s clinical experience and can cause insufficient resection of osteonecrosis bone. Recent studies have
proposed using fluorescence technology-assisted necrotic bone resection. Objective. Systematic literature review was conducted
to evaluate the therapeutic effectiveness of fluorescence-guided MRON] surgery. Design. PubMed/MedLine, Scopus, and Web
of Science databases were searched from inception to February 7, 2022. Randomized controlled trial (RCT) studies were
evaluated according to the Cochrane risk of bias tool ROB 2, and non-RCT (N-RCT) studies were evaluated according to the
ROBINS-I tool. Results. A total of 6 articles were included in the systematic review, including 4 N-RCT studies (1 retrospective
study and 3 prospective studies) and 2 RCT studies, with 240 patients and 280 MRONTJ lesions. The vast majority of studies
were with moderate risk of bias, and the quality of the evidence was moderate. Conclusion. Evidence of moderate strength
suggests that fluorescence-assisted techniques effectively determine the bone resection boundaries in MRONJ surgery.
However, whether the prognosis of patients treated with fluorescence-guided surgery is significantly better than that of
traditional surgery must be proved by randomized controlled studies with larger sample sizes and higher quality.

1. Introduction “Bisphosphonate-Related ~Osteonecrosis of the Jaws”

(BRONJ) to MRONYJ, considering that MRONTJ is caused

Antiresorptive and antiangiogenic drugs are widely used in
clinical practice and cannot be replaced by other drugs in
the short term. Yet, long-term application of antiresorptive
and/or antiangiogenic agents may cause oral disorders that
involve jaw bone exposure or detectable intraoral or extra-
oral fistulas, prolonged soft tissue inflammation, and patho-
logical fractures, including medication-related osteonecrosis
of the jaw (MRONY]). In 2014, the American Association of
Oral and Maxillofacial Surgeons changed the term

by multiple drugs besides bisphosphonates. MRONJ can
cause serious functional and masticatory disorders, and its
incidence is about 0.01%-0.03% in the osteoporotic popula-
tion and about 0.1%-3% in tumor patients [1, 2], while the
number of new cases is expected to gradually increase [3].
Therefore, exploring effective methods for the treatment of
MRONT is an important issue in clinical research.

At present, there is no definitive treatment modality for
MRONTJ. Conservative treatments such as mouthwash or


https://orcid.org/0000-0001-5810-824X
https://orcid.org/0000-0003-3564-7173
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/1650790

antibiotics are often effective in the short-term [4]. Surgical
treatment is routinely recommended for patients with
advanced stage II-III osteonecrosis [1]. The traditional
method of judging the boundary of necrotic bone resection
is often determined by the color of the bone resection mar-
gin and the status of microcirculation-based spontaneous
bleeding to the bone tissue, which is greatly influenced by
the surgeon’s own experience [5, 6]. False-negative results
may result in insufficient sequestrum resection and even dis-
ease recurrence [7]. To achieve sufficient resection of
necrotic bone, it is often necessary to sacrifice redundant
healthy bone tissue during the operation, which, in turn,
may cause unexpected complications such as a mandibular
fracture or maxillary sinus fistula. Therefore, judging the
necrotic bone resection boundaries is a major challenge in
the current MRONT] surgical treatment research.

In recent years, clinical reports of fluorescence-guided
MRONJ surgery have been increasing. Intraoperative fluo-
rescence help surgeons select enough necrotic bone for
resection. The commonly used fluorescence guidance tech-
niques include tetracycline fluorescence and autofluores-
cence. The difference between the two is that the former
requires oral administration of the fluorescent drug doxycy-
cline before surgery to identify the fluorescence and guide
the surgery. This article is aimed at systematically reviewing
clinical studies using fluorescence-guided surgery technol-
ogy, evaluate the effectiveness of fluorescence-guided tech-
nology in the treatment of MRON] disease, and summarize
the histopathological characteristics of jaw bone tissue with
different fluorescence methods.

2. Method

2.1. Search Strategy. PubMed/MedLine, Scopus, and Web of
Science databases were searched from inception to February
7, 2022. The following key terms were used: “medication-
related osteonecrosis of the jaws” or “bisphosphonate-
related osteonecrosis of the jaw” or “antiresorptive agent-
related osteonecrosis of the jaws” jaw” and “fluorescence”.
The retrieved literature was published from January 2003
to January 2022.

2.2. Selection Criteria. The literature inclusion criteria
included the following three items: (1) the study subjects
were MRON]J patients undergoing surgical treatment; (2)
the study reported the effect of different fluorescence tech-
niques on the mucosal healing rate and jaw bone inflamma-
tory state; (3) the study reported the outcome indicators of
mucosal healing and jaw bone inflammatory state.

The exclusion criteria were: (1) data not related to the
use of fluorescence-guided technology for MRON]J sur-
gery;(2) laser ablation of sequestrum rather than
fluorescence-guided surgery; (3) case reports and case series
studies with <10 cases; (4) review articles; (5) nonclinical
research (animal experiments).

2.3. Data Extraction. After reviewing the titles and abstracts,
the literature that met the inclusion criteria was evaluated,
and data were extracted. The following data were extracted
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and recorded: author, year of publication, type of study,
number of MRON]J patients, number of MRONJ lesions,
MRONYJ clinical-stage, patient’s underlying disease, history
of antiresorptive and/or antiangiogenic drugs application,
fluorescence detection technology, intraoperative fluores-
cence status, histological verification, and clinical outcome.

2.4. Risk of Bias and Level of Evidence. Risk of bias (ROB)
assessment: randomized controlled trial (RCT) studies were
based on the Cochrane risk of bias tool ROB2 [8], and N-
RCT studies were based on the ROBINS-I [9]. ROB dia-
grams were drawn using R software (R Foundation for Sta-
tistical Computing, Vienna, Austria) and the robvis
package (https://github.com/mcguinlu/robvis). The grading
of recommendation, assessment, development, and evalua-
tion (GRADE) instrument were used to assess the quality
of evidence for each research [10]. Included studies were
evaluated according to their design, study quality, and con-
sistency. Two authors (H.H.Y and Z.N) independently
reviewed, extracted data, and performed quality assessments.
All disagreements were solved by one oral and maxillofacial
surgeon (G.Y.X).

2.5. Synthesis and Summary Methods. The primary out-
comes were postoperative mucosal healing rate and the
remission proportion of inflammatory symptoms in MRON]
patients. Postoperative mucosal healing refers to complete
mucosal coverage of the surgical area, no bone exposure,
and no intraoral or extraoral fistulas. Inflammation remis-
sion refers to the weakening or disappearance of pain and
infection symptoms at the original lesion. Secondary out-
comes were intraoperative fluorescence status and their cor-
responding histopathological structures. Study type, number
of MRONJ patients, number of MRON] lesions, MRON]
clinical-stage, patient’s underlying disease, history of antire-
sorptive and/or angiogenic drugs, fluorescence detection
technology, intraoperative fluorescence manifestations, his-
tological verification, clinical outcomes, and other informa-
tion were analyzed in detail.

3. Results

3.1. Included Literature and Its Characteristics. A total of 120
papers were retrieved during the retrieval process, including
38 papers in the PubMed/MedLine database, 39 papers in
Scopus, 43 papers in Web of Science, and 3 papers were
manually searched according to references. After further
review and analysis of the literature, 51 duplicate papers
and 63 papers that did not meet the criteria were excluded,
and 6 papers were finally included, including 1 retrospective
study [11], 3 prospective studies [12-14], and 2 randomized
controlled trials [15, 16]. The flow chart of the literature
search is shown in Figure 1. Finally, 280 MRONJ lesions in
240 MRONJ patients were included in the study. The num-
ber of cases in a single study ranged from 15 to 75, and the
number of MRONT lesions ranged from 20 to 82. Informa-
tion of study type, number of MRONTJ patients, number of
MRON] lesions, MRON clinical-stage, patient’s underlying
disease, history of antiresorptive and/or angiogenic drugs,
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Retrospective study: 1 articles

FiGuRre 1: Article inclusion flowchart.

fluorescence detection technology, intraoperative fluores-
cence manifestations, and histological verification are shown
in Table 1.

The information of 240 patients included in the 6 studies
showed large heterogeneity in primary disease, types of anti-
bone resorption and/or antiangiogenic drugs used, MRONJ
clinical-stage, intraoperative fluorescence detection tech-
niques, and effectiveness evaluation; thus, it was impossible
to conduct a meta-analysis.

3.2. Risk of Bias and Level of Evidence of the Included
Literature. The risk of bias in the 4 N-RCT studies was mod-
erate. The main source of bias comes from outcome mea-
surements, and none of the four studies were blinded to
assess the study outcomes (Figures 2 and 3). In two studies,
reoperation was performed in patients who had relapsed
after initial surgery, and the source of bias was due to devi-
ations from intended interventions [11, 12]. The risk of bias
in the 2 RCTs was moderate, and the source of bias was the
fact that the operators of the surgery and the evaluators of
the outcome were not blinded (Figures 4 and 5). The quality
of evidence for included studies was moderate according to
GRADE criteria.

3.3. Postoperative Mucosal Healing Rate and Inflammation
Remission Rate after Fluorescence-Guided MRON] Surgery.
Intraoperative tetracycline fluorescence was used in 4 of 6
studies [12-14, 16], and the percentage of postoperative
mucosal healing ranged from 85% to 91.3%, of which two
studies reported the proportion of inflammatory remission
of 86.2% and 92.3%, respectively [12, 16]. Intraoperative
autofluorescence was applied in 3 out of the 6 studies with
postoperative mucosal healing rates ranging from 81.7% to
92.0% [11, 15, 16], of which two studies reported postopera-
tive inflammation remission rates of 94.0% and 95.0%,

respectively [15, 16]. One RCT study compared the postop-
erative mucosal healing rate and postoperative inflammation
remission rate after tetracycline fluorescence-guided and
autofluorescence-guided necrotic osteotomy, finding no sig-
nificant difference [16]. Another RCT study compared the
postoperative mucosal healing rate and inflammation remis-
sion rate between autofluorescence-guided and traditional
surgery treatment, and there was no significant difference
between the two [15] (Table 2).

3.4. Intraoperative  Fluorescence Manifestations and
Histopathological Features. The fluorescence detection
equipment of all 6 studies included VELscope, a portable
device for direct visualization of tissue fluorescence. Regard-
less of tetracycline fluorescence or autofluorescence, normal
intraoperative bone showed bright green fluorescence, while
necrotic bone showed no or weak fluorescence. One RCT
study compared the intraoperative fluorescence perfor-
mance of tetracycline fluorescence and autofluorescence,
and there was no significant difference between the two
[16]. Three out of the 6 studies reported histopathological
changes in areas of nonfluorescent areas [13, 15, 16]. Inflam-
mation cell infiltration and/or osteonecrosis were confirmed
in nonfluorescent areas (Table 3).

4. Discussion

Complete removal of necrosis bone is a critical operation
procedure in treating MRON]J disease. Pautke et al. sug-
gested that the bone resection boundaries in the bleeding
state can not confirm a state of bone health [7]. Therefore,
finding an objective, accurate and easy-to-operate method
for judging the status of bone resection boundaries has
always been an important issue in the surgical management
of MRONJ.
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TaBLE 1: Basic information of studies reporting on fluorescence-guided surgery for MRONJ.
. Primary Medication . . . .
Study No.of No. of Clinical- . . Fluorescence detection  Intraoperative  Histological
Author . disease (no.  history (no. of . .
type cases lesions stage technology(no. of cases) fluorescence verification
of cases) cases)
Tetracycline
Pautke N- Malignant ~ Bisphosphonates fluorescence, with No or weak
et al., 15 20 II-111 . . fluorescence in No
RCT tumor (15) (15) preoperative doxycycline .
[14] . necrotic bone
oral labeling
Assaf Malignant Tetracycline
N- tumor (18), Bisphosphonates fluorescence, with No fluorescence
et al,, 20 23 I-1IT . . . . . Yes
[13] RCT osteoporosis (20) preoperative doxycycline in necrotic bone
(2) oral labeling
. Bisphosphonates .
Otto Malignant (47), denosumab Tetracychne. No or weak
N- tumor (45), fluorescence, with .
et al,, 54 65 0-III . (3), . . fluorescence in No
RCT osteoporosis . preoperative doxycycline .
[12] ) bisphosphonates oral labelin necrotic bone
& denosumab (4) 8
. No or weak
Tetracycline q .
fluorescence (20), with uorescence In
. Malignant ~ Bisphosphonates . > necrotic bone in
Ristow tumor (34) (32) preoperative tetracycline WO tvpes of
et al., RCTs 40 51 I-11 ? . ? oral labeling;  YP Yes
osteoporosis  bisphosphonates different
[16] autofluorescence (20),
(6) & denosumab (8) ) fluorescence
no oral tetracycline detecti
. etection
before the operation .
equipment
. Malignant Bisphosphonates Autofluorescence (18),
Giudice tumor (23) (30), denosumab no oral tetracycline No fluorescence
etal, RCT 36 39 LI : (5), A : ; Yes
osteoporosis . before operation; in necrotic bone
[15] (13) bisphosphonate traditional surgery (18)
& denosumab (1) gery
. Bisphosphonates
Otto Malignant (51), denosumab  Autofluorescence (18),
N tumor (65), ) No fluorescence
et al,, 75 82 0-IIT . (15), no oral tetracycline . ; No
-RCT osteoporosis . ) in necrotic bone
[11] (10) bisphosphonates before operation

Fluorescence technology has already been applied to the
auxiliary diagnosis and treatment of oral malignancy and
dental hard tissue diseases, such as caries and dental trauma
[17, 18]. In recent years, clinical reports of fluorescence-
guided technology for the facilitation of bone resection
boundaries judgment during MRON] surgery have been
increasing; yet this technology’s therapeutic efficiency and
histopathological characteristics are still not well
understood.

The main clinical manifestations of MRONT] are intraoral
or extraoral fistulas, prolonged sequestrum exposure, and
inflammatory symptoms such as infection and pain, which
seriously affect the patient’s quality of life. Therefore, postop-
erative mucosal healing and remission of inflammatory symp-
toms are important indicators for evaluating the effectiveness
of surgical treatment. The postoperative mucosal healing rate
after fluorescence-guided surgery is between 80% and 90%,
and the inflammation remission rate is above 90%, suggesting
that fluorescence-guided surgery may be used to treat MRON]
effectively. In addition, primary data suggested the clinical
therapeutic effectiveness of tetracycline fluorescence and
autofluorescence-guided necrotic bone resection in the treat-
ment of MRONYT is similar [16].

The difference between apple-green healthy bone and
nonfluorescent necrotic bone under fluorescence guidance
is more obvious, and the resection boundary of necrotic
bone is more intuitive compared with the traditional subjec-
tive judgement (color and structure of the bone tissue and
bleeding margins) of the boundary of necrotic bone resec-
tion, however, a RCT study indicated that the therapeutic
effectiveness of fluorescence-guided surgery was not supe-
rior to that of traditional surgery [15]. The postoperative
mucosal healing rate and inflammation remission rate were
85.0% and 89.5% in traditional surgery treatment, and
84.2% and 95.0% for autofluorescence-guided surgery treat-
ment. This result may refer to the small study sample and
heterogeneous drug administration between the group-
s,which need to be further explored in larger studies. The
fluorescence technology may not be superior to the tradi-
tional judgement, but it definitely standardizes the judgment
procedure that is heavily dependent on surgeon’s own
experience.

The earliest research on bone tissue detection by fluores-
cence technology can be traced back to the 1950s [19, 20].
Tetracycline fluorescence labeling of bone tissue has been
used for decades to analyze bone remodeling as well as
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regeneration processes [21]. Once tetracycline is gradually
deposited in healthy bone tissue during bone turnover, the
fluorescence signal gradually increases. Under pathological
conditions such as inflammation and osteonecrosis, the bone
turnover activity is disturbed, resulting in less tetracycline
deposition, reducing fluorescence signal. Therefore, differen-
tiating healthy bone from necrotic bone tissue by tetracy-
cline fluorescence is possible.

Before being applied to MRON] treatment, tetracycline
fluorescence technology has been used to assist in the surgi-
cal treatment of chronic osteomyelitis, radiation necrosis of
the jaw, and other bone inflammatory and necrotic diseases
[22, 23]. In 2008, Fleisher first reported using tetracycline
fluorescence for BRON]J surgery [24]. Since then, research
on tetracycline fluorescence-guided MRONJ surgery has
been increasing [25-27]. Doxycycline is the most commonly
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used drug for tetracycline preoperative labeling. The fluores-
cent labeling medication prescription is given 7-10 days
before surgery, with 100mg of doxycycline twice a day,
orally. The results of tetracycline fluorescence detection
shows “apple green” fluorescence in the healthy bone tissue
and no or weakened fluorescence signal in necrotic tissue
(Table 3). The significant difference in fluorescence signal
between healthy bone and necrotic bone provides a criterion
basis for bone status identification during MRONTJ surgery.

However, a randomized controlled study conducted by
Ristow et al. showed no significant difference in the intraop-
erative fluorescence performance of bone tissue from
MRONT patients detected by the VELscope system regard-
less of whether the preoperative labeling with tetracyclines
was used [16]. There was also no significant difference in
the clinical therapeutic effect between the two groups. This
suggests that autofluorescence can also be performed with-
out preoperative tetracycline. Furthermore, Ristow et al.



BioMed Research International

TaBLE 2: The therapeutic effect of studies reporting on fluorescence-guided surgery for MRONJ.

MRONJ

Research . Number of  Number of . . Mucosal Inflammation
Authors Surgical procedure . lesion staging . -
types of cases lesions 0 1 I I healing rate remission rate
Pautke et al., N-RCT Tetracycline 15 20 00 15 5 85.0% NA
[14] fluorescence
Assafetal, N-RCT Tetracycline 20 23 02 10 11 91.3% NA
[13] fluorescence
Otto et al, N-RCT Tetracycline 54 65 1 14 42 8 86.2% 86.2%
[12] fluorescence
i Tetracycline o o
EI;OW et al., RCTs fAluorescence 20 26 0 3 20 3 88.5% 92.3%
Autofluorescence 20 25 01 21 3 92.0% 94.0%
Lo Autofluorescence 18 19 0 6 6 84.2% 95.0%
Giudice et al., RCTs Traditional
[15] radiona 18 20 06 6 8 85.0% 89.5%
technique
[Citltf etal, N-RCT  Autofluorescence 75 82 303 6214 817% NA

TaBLE 3: Summary of fluorescence manifestations and histological features in articles using fluorescence-guided surgery for MRONJ.

Intraoperative
Type . Fluorescence
Surgical . fluorescence . .
Research  of detection . Histological changes
study procedure equipment Healthy Necrotic
bone bone
P . “Appl
autke N- Tetracycline PP f No or weak
et al., VELscope green NA
RCT fluorescence fluorescence
[14] fluorescence
Assaf . Nonfluorescent areas: Bone resorption destruction,
N- Tetracycline Green No . . . L
et al, VELscope inflammatory cell infiltration, granulation tissue
RCT fluorescence fluorescence fluorescence .
[13] hyperplasia
Otto
- T li k
et al, N etracycline VELscope Green No or wea NA
[12] RCT fluorescence fluorescence fluorescence
) Tetracycline Green No or weak
Ristow fluorescence fluorescence fluorescence ) )
et al,, RCTs VELscope Nonfluorescent areas are verified as necrotic bone
Green No or weak
(16] Autofluorescence
fluorescence fluorescence
N
Giudice Autofluorescence VELscope Green ©
fluorescence fluorescence . )
et al,, RCTs Traditional Nonfluorescent areas are verified as necrotic bone
[15] raditiona NA NA
technique
Otto
N- G N
et al. Autofluorescence VELscope reent © NA
[11] RCT fluorescence fluorescence

conducted a preclinical animal experiment in minipigs to
reveal the histopathological mechanism of tetracycline fluo-
rescence and autofluorescence [28]. The fluorescent signal of
healthy bone tissue was generated by osteocytes and collagen
fibers, while necrotic bone showed no fluorescence due to
the destruction of osteocytes and collagen fibers. The so-
called tetracycline fluorescence results from the superposi-
tion of a small amount of fluorescence generated by the tet-
racycline and the autofluorescence of bone tissue.

The intraoperative handheld fluorescence detection
device VELscope® (LED Dental, White Rock, British
Columbia, Canada) was used in most studies, with or with-
out the introduction of exogenous fluorophores [29, 30].
The device contains a blue fluorescent excitation lamp emit-
ting 400-460 nm wavelength, a green filter, and a camera for
capturing and storing fluorescent images. Other fluorescence
detection instruments include UV lamps and QLF systems
[31, 32]. The fluorescence images observed by the latter
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FIGURE 6: Schematic diagram of fluorescence-guided technology. (a) The fluorescence detection device emits blue fluorescence, and the
health bone tissue with osteocytes and collagen fibers appears “apple” green. (b) Necrotic bone showing no or reduced fluorescence. The
upper right inset shows a schematic representation of normal bone collagen and osteocytes (a) or necrotic bone and empty lacuna (b).

two methods differ from the typical “apple green” color of
healthy bone under the VELscope system, with no fluores-
cence of necrotic bone. Under UV light, healthy bone
showed blue-violet fluorescence, while necrotic bone showed
no fluorescence. In the QLF system, the healthy bone had no
fluorescent signal, and the infected and osteolytic areas
showed bright red fluorescence, while the abscess and
inflammatory cell infiltration areas showed dark-red fluores-
cence. Although there are differences in the performance of
fluorescence images corresponding to the detection instru-
ments, the changes in fluorescence of necrotic bone are
based on the destruction of osteocytes and collagen fibers
in bone tissue (Figure 6). Therefore, after understanding
the mechanism of fluorescence generation in bone tissue, cli-
nicians can choose the fluorescence detection equipment
used according to the fluorescence characteristics.

The literature analysis of fluorescence-guided surgery for
MRON] suggests a moderate risk of bias, and the moderate
quality of the evidence. The main source of bias is the infor-
mation bias generated by the lack of blinding in evaluating
clinical results. At the same time, the design heterogeneity
among studies is large, and there is a lack of RCT studies
with a large sample size and high quality. Although there is
a significant difference in the fluorescence signal between
healthy and necrotic bone, the judgment of intraoperative
bone resection boundaries still depends on the surgeon’s
experience in interpreting the image information of the fluo-
rescent equipment. Future studies should focus on the quan-
titative study of the correspondence between fluorescence
intensity and different histopathological types of bone tissue
to assist in the judgment of intraoperative bone resection
boundaries.

5. Conclusion

The moderate strength of evidence from the above literature
review suggests that fluorescence techniques effectively
determine intraoperative resection boundaries for MRON]
disease, but it still does not demonstrate a better prognosis
than traditional surgery. Therefore, more high-quality RCT
studies comparing the prognosis of fluorescence-guided sur-
gery and traditional surgery, and quantitative studies of fluo-

rescence intensity and corresponding histopathological
changes are required.

Conflicts of Interest

No potential conflict of interest was reported by the authors.

Authors’ Contributions

Hongyuan Huang and Ning Zhao contributed equally to this
work.

Acknowledgments

This study was supported by the program of the National
Natural Science Foundation of China (81900979 and
81972540), the Beijing Municipal Natural Science Founda-
tion (7212137), and the National Clinical Key Discipline
Construction Project (PKUSSNKP-202114).

References

[1] S. L. Ruggiero, T. B. Dodson, T. Aghaloo, E. R. Carlson, B. B.
Ward, and D. Kademani, “American Association of Oral and
Maxillofacial Surgeons’ position paper on medication-related
osteonecrosis of the jaw-2022 update,” Journal of Oral and
Maxillofacial Surgery, vol. 80, pp. 920-943, 2022.

[2] S.L.Ruggiero, T. B. Dodson, J. Fantasia et al., “American Asso-
ciation of Oral and Maxillofacial Surgeons position paper on
medication-related osteonecrosis of the jaw—2014 update,”
Journal of Oral and Maxillofacial Surgery, vol. 72, no. 10,
pp. 1938-1956, 2014.

[3] T.Sato, J. Kusumoto, D. Takeda et al., “Which symptoms neg-
atively affect the oral health-related quality of life in patients
with osteonecrosis of the jaw?,” Oral Surgery, Oral Medicine,
Oral Pathology and Oral Radiology, vol. 130, no. 2, pp. 175-
180, 2020.

[4] O. Ristow, T. Riickschlof3, M. Miiller et al., “Is the conservative
nonsurgical management of medication-related osteonecrosis
of the jaw an appropriate treatment option for early Stages?
A long-term single-center cohort study,” Journal of Cranio-
Maxillofacial Surgery, vol. 47, no. 3, pp. 491-499, 2019.

[5] N. Yarom, C. L. Shapiro, D. E. Peterson et al., “Medication-
related osteonecrosis of the jaw: Mascc/Isoo/Asco clinical



BioMed Research International

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

practice guideline,” Journal of Clinical Oncology, vol. 37,
no. 25, pp. 2270-2290, 2019.

H. Kishimoto, K. Noguchi, and K. Takaoka, “Novel insight
into the management of bisphosphonate-related osteonecrosis
of the jaw (BRONJ),” Japanese Dental Science Review, vol. 55,
no. 1, pp. 95-102, 2019.

C. Pautke, F. Bauer, O. Bissinger et al., “Tetracycline bone fluo-
rescence: a valuable marker for osteonecrosis characterization
and therapy,” Journal of Oral and Maxillofacial Surgery,
vol. 68, no. 1, pp. 125-129, 2010.

J. A. Sterne, J. Savovi¢, M. J. Page et al., “Rob 2: a revised tool
for assessing risk of bias in randomised trials,” The BM],
vol. 366, 2019.

J. A. Sterne, M. A. Hernan, B. C. Reeves, J. Savovi¢, N. D. Berk-
man, M. Viswanathan, and D. Henry, Eds.et al., “Risk of bias in
non-randomized studies of interventions (ROBINS-I):
detailed guidance,” The BMJ, vol. 355, article i4919, 2016.

H. Balshem, M. Helfand, H. J. Schiinemann et al., “Grade
guidelines: 3. Rating the quality of evidence,” Journal of Clini-
cal Epidemiology, vol. 64, no. 4, pp. 401-406, 2011.

S. Otto, E. M. Schnoedt, S. Haidari et al., “Autofluorescence-
guided surgery for the treatment of medication-related osteo-
necrosis of the jaw (Mronj): a retrospective single-center
study,” Oral Surgery, Oral Medicine, Oral Pathology and Oral
Radiology, vol. 131, no. 5, pp. 519-526, 2021.

S. Otto, O. Ristow, C. Pache et al.,, “Fluorescence-guided sur-
gery for the treatment of medication-related osteonecrosis of
the jaw: a prospective cohort study,” Journal of Cranio-
Maxillo-Facial Surgery, vol. 44, no. 8, pp. 1073-1080, 2016.

A. T. Assaf, T. A. Zrnc, B. Riecke et al., “Intraoperative effi-
ciency of fluorescence imaging by visually enhanced lesion
scope (Velscope) in patients with bisphosphonate related
osteonecrosis of the jaw (Bronj),” Journal of Cranio-
Maxillofacial Surgery, vol. 42, no. 5, pp. e157-e164, 2014.

C. Pautke, F. Bauer, S. Otto et al., “Fluorescence-guided bone
resection in bisphosphonate-related osteonecrosis of the jaws:
first clinical results of a prospective pilot study,” Journal of
Oral and Maxillofacial Surgery, vol. 69, no. 1, pp. 84-91, 2011.

A. Giudice, F. Bennardo, S. Barone, A. Antonelli, M. M. Fig-
liuzzi, and L. Fortunato, “Can autofluorescence guide surgeons
in the treatment of medication-related osteonecrosis of the
jaw? a prospective feasibility study,” Journal of Oral and Max-
illofacial Surgery, vol. 76, no. 5, pp. 982-995, 2018.

O. Ristow, S. Otto, C. Geify et al., “Comparison of auto-
fluorescence and tetracycline fluorescence for guided bone sur-
gery of medication-related osteonecrosis of the jaw: a random-
ized controlled feasibility study,” International Journal of Oral
and Maxillofacial Surgery, vol. 46, no. 2, pp. 157-166, 2017.

L. Tiwari, O. Kujan, and C. S. Farah, “Optical fluorescence
imaging in oral cancer and potentially malignant disorders: a
systematic review,” Oral Diseases, vol. 26, no. 3, pp. 491-510,
2020.

M. Tassoker, S. Ozcan, and S. Karabekiroglu, “Occlusal caries
detection and diagnosis using visual Icdas criteria, laser fluo-
rescence measurements, and near-infrared light transillumina-
tion images,” Medical Principles and Practice, vol. 29, no. 1,
pp. 25-31, 2020.

R. A. Milch, D. P. Rall, and J. E. Tobie, “Fluorescence of tetra-
cycline antibiotics in bone,” The Journal of Bone and Joint Sur-
gery, vol. 40-A, no. 4, pp. 897-910, 1958.

(20]

(21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

R. A. Milch, D. P. Rall, and J. E. Tobie, “Bone localization of
the tetracyclines,” Journal of the National Cancer Institute,
vol. 19, no. 1, pp. 87-93, 1957.

F. Rauch, R. Travers, and F. H. Glorieux, “Intracortical remod-
eling during human bone development—a histomorphometric
study,” Bone, vol. 40, no. 2, pp. 274-280, 2007.

C. Pautke, T. Tischer, A. Neff, H. H. Horch, and A. Kolk, “In
vivo tetracycline labeling of bone: an intraoperative aid in the
surgical therapy of osteoradionecrosis of the mandible,” Oral
Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and
Endodontology, vol. 102, no. 6, pp. e10-e13, 2006.

L. E. Dahners and G. D. Bos, “Fluorescent tetracycline labeling
as an aid to debridement of necrotic bone in the treatment of
chronic osteomyelitis,” Journal of Orthopaedic Trauma,
vol. 16, no. 5, pp. 345-346, 2002.

K. E. Fleisher, “Tetracycline-guided debridement and cone
beam computed tomography for the treatment of
bisphosphonate-related osteonecrosis of the jaw: A Technical
Note,” Journal of Oral and Maxillofacial Surgery, vol. 66,
no. 12, pp. 2646-2653, 2008.

F. Wehrhan, M. Weber, F. W. Neukam, C. 1. Geppert,
M. Kesting, and R. H. M. Preidl, “Fluorescence-guided bone
resection: a histological analysis in medication- related osteo-
necrosis of the jaw,” Journal of Cranio-Maxillo-Facial Surgery,
vol. 47, no. 10, pp. 1600-1607, 2019.

M. Santos, K. Silveira, N. Souza, D. Costa, and S. Inaoka,
“Extensive osteonecrosis of the maxilla caused by bisphospho-
nates: report of a rare case,” Journal of Clinical and Experimen-
tal Dentistry, vol. 11, no. 2, article €203, 2019.

D. Yoshiga, M. Sasaguri, K. Matsuo et al,, “Intraoperative
detection of viable bone with luorescence imaging using visu-
ally enhanced lesion scope in patients with bisphosphonate-
related osteonecrosis of the jaw: clinical and pathological eval-
uation,” Osteoporosis International, vol. 26, no. 7, pp. 1997-
2006, 2015.

O. Ristow, D. Nehrbass, S. Zeiter et al., “Differences between
auto-fluorescence  and  tetracycline-fluorescence  in
medication-related osteonecrosis of the jaw-a preclinical proof
of concept study in the mini-pig,” Clinical Oral Investigations,
vol. 24, no. 12, pp. 4625-4637, 2020.

O. Ristow and C. Pautke, “Auto-fluorescence of the bone and
its use for delineation of bone necrosis,” International Journal
of Oral and Maxillofacial Surgery, vol. 43, no. 11, pp. 1391-
1393, 2014.

S. Otto, S. Baumann, M. Ehrenfeld, and C. Pautke, “Successful
surgical management of osteonecrosis of the jaw due to rank-
ligand inhibitor treatment using fluorescence guided bone
resection,” Journal of Cranio-Maxillofacial Surgery, vol. 41,
no. 7, pp. 694-698, 2013.

Y. Kim, H. I. Jung, Y. K. Kim, and J. K. Ku, “Histologic analysis
of osteonecrosis of the jaw according to the different aspects on
quantitative light-induced fluorescence images,” Photodiagno-
sis and Photodynamic Therapy, vol. 34, article 102212, 2021.

C. Ballardin, C. L. Pereira-Stabile, and G. A. V. Stabile, “Use of
a generic violet light in the surgical management of
medication-related osteonecrosis of the jaws: a technical note,”
Oral and Maxillofacial Surgery, vol. 22, no. 4, pp. 477-481,
2018.



	The Therapeutic Effectiveness Using Fluorescence-Guided Surgery for MRONJ
	1. Introduction
	2. Method
	2.1. Search Strategy
	2.2. Selection Criteria
	2.3. Data Extraction
	2.4. Risk of Bias and Level of Evidence
	2.5. Synthesis and Summary Methods

	3. Results
	3.1. Included Literature and Its Characteristics
	3.2. Risk of Bias and Level of Evidence of the Included Literature
	3.3. Postoperative Mucosal Healing Rate and Inflammation Remission Rate after Fluorescence-Guided MRONJ Surgery
	3.4. Intraoperative Fluorescence Manifestations and Histopathological Features

	4. Discussion
	5. Conclusion
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

