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Abstract

Background: Osteonecrosis of the jaw (ONJ) has a frequent adverse effect after the administration of nitrogenous
bisphosphonates, as non-nitrogenous bisphosphonates are metabolized more rapidly and would produce this effect
to a lesser extent. The objective of this study is to analyze the results obtained in the literature with the use of L-
PRF in the treatment of ONJ through a systematic review and meta-analysis.

Material and methods: Medline (via PubMed), Cochrane, Web of Science and Grey Literature Database was
screened from which 10 were selected.

Results: In the meta-analysis with full resolution, combining the use of L-PRF in the treatment of ONJ, a weighted
proportion (PP) of 94.3% of complete resolution is obtained (95% CI: 91.2-97.4, p<0.001), with a low degree of
heterogeneity, statistically significant (12 =29.02%; p<0.001). When analyzing the non-resolution data, a weight-
ed proportion (PP) of 7.7% (95% CI: 3.6-11.9; p<0.001) was obtained with moderate heterogeneity (12: 41.87%;
p=0.112). In the meta-regression, no significant correlation was found between complete resolution and year of
publication (intercept = 2.88, p=0.829). In consistency analysis no major changes in PP are identified when any of
the studies are eliminated, demonstrating a high reliability in the combined results.

Conclusion: L-PRF alone or in combination with other therapies in treatment of ONJ achieved high percentages
of complete lesion resolution (94.3%). In studies where L-PRF is combined with other therapies, and where the
effectiveness of the other therapy alone is analyzed, L-PRF has been shown higher percentages of resolution.

Key words: L-PRF, osteonecrosis, treatment, bisphosphonates, monoclonal antibody.
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Introduction

Osteonecrosis of the Jaw (ONJ) has been recognized
since the beginning of the century as a frequent ad-
verse effect after the administration of certain drugs,
although the term used to describe it has changed over
the years (1). This term mainly refers to the use of ni-
trogenated bisphosphonates, because non-nitrogenated
bisphosphonates have a faster metabolism and this ef-
fect would be produced in a lower way (2,3). The action
mechanism is produced by acting on osteoclasts, their
formation, differentiation, and function; these produce
a lower bone remodeling, an increase in bone mineral
density and a reduction in vertebral and long bone frac-
tures (4). The presence of this disease only in the jaws
has been associated with specific environmental factors
in this area, for example, stress situations or cellular in-
fection and subversion of the inflammatory response in
the oral region, such as the presence of teeth with peri-
odontal disease, infectious pathology and endodontic
treatment. In addition, contrary to the rest of the bones,
these have greater vascularization and a high rate of
bone resorption (3,4).

Over the years, the definition of the disease has been
changing, as it has been recognized that it also appears
not only in association with BP but also with other anti-
resorptive therapies. Monoclonal antibodies treatment,
some of them with an antiangiogenic effect (5). For this
reason, the term Medication-Related Osteonecrosis of
the Jaw (MRONJ) was introduced. The American As-
sociation of Oral and Maxillofacial Surgeons (AAOMS)
defines that a case of MRONJ should include all the fol-
lowing elements: previous or current treatment with
antiresorptive therapy alone or in combination with im-
mune modulators or antiangiogenic medications, bone
exposed or that can be probed through an intraoral or ex-
traoral fistula(e) in the maxillofacial region that has per-
sisted for more than eight weeks and without a history
of radiation therapy or metastatic disease to the jaws (5).
Prevention has become an essential factor in the treat-
ment of this disease. During the treatment with anti-
resorptive or antiangiogenic drugs the underlying sys-
temic pathology should be stable. Smoking cessation,
regular visits to the dentist and a correct oral hygiene
should be promoted (4). Regarding dental surgical pro-
cedures, high-risk procedures should be performed be-
fore starting therapy, using antibiotics and antiseptics,
and performing primary wound closure. In relation to
the cessation of antiresorptive and antiangiogenic drugs
before extractions or other invasive dental procedures,
it still produces controversy (5,6).

The incidence of MRONJ varies according to the type of
study and the drug used. For example, in cases of non-
nitrogenated BP the incidence is lower and progressively
increases with the potency of the BP increment (7,8). In
nitrogenated BP, the prevalence increases with the treat-
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ment time increment. In the cases of drugs used in cancer
treatment, the incidence is significantly higher (9).
Different clinical disease levels have been established
determined by extension, severity and symptoms (5,9).
Moreover, there are many treatment possibilities, from
a clinical approach with antibiotic and antiseptic meth-
ods, oral hygiene and conservative interventions, like
bone spicule debridement in slight cases, to higher
bone debridement alone or joined with other interven-
tion modalities such as platelet concentrates, hormone
therapy, ozone therapy, hyperbaric oxygen therapy or
laser (4,5,10-12). Leukocyte and Platelet Rich Fibrin (L-
PRF) is an autologous platelet concentrate obtained by
blood extraction and without the addition of other sub-
stances. The basis of this compound is thrombocytes,
leukocytes and stem cells, which produce a fibrin with
a three-dimensional matrix capable of releasing growth
factors, cytokines and proteins related to the recovering
of the lesion, promoting cell proliferation and differen-
tiation (13,14). The release of growth factors and mem-
brane proteins happens for more than 7 days, producing
the correct wound-healing of the lesion. The procedure
consists of the extraction of consecutive blood tubes,
depending on the patient's necessities and the size of the
lesion, and their immediate centrifugation. Several stud-
ies have confirmed its efficacy, alone or in combination
with other therapies, in the treatment of MRONJ (13).
Therefore, the aim of this study is to analyze the re-
sults obtained in the literature with the use of L-PRF in
the treatment of ONJ through a systematic review and
meta-analysis.

Material and Methods

The protocol of this systematic review was previously
designed by MPS and WEBP and agreed upon by all au-
thors and registered in PROSPERO (CDR42021238864).
The present systematic review and meta-analysis was
performed according to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA),
and the guidelines of the Meta-analysis of Observation-
al Studies in Epidemiology (MOOSE) group.

The search question was formulated according to the
PICO framework, and it read as follows: “What is the
effectiveness of L-PRF application in the treatment of
MRONIJ?” According to the PICO method: population
(patients with MRONJ), intervention (the L-PRF applica-
tion in the treatment of MRONYJ), comparison (those sub-
jects that do not reach wound-healing with the application
of L-PRF), outcome (effectiveness of the L-PRF treat-
ment in terms of curation/improvement from baseline).
- Search strategy

Medline (via PubMed), Cochrane and Web of Science
was screened. Grey Literature Database was screened
at the New York Academy of Medicine Grey Literature.
The last bibliographic search was carried out on April 4,
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2022. Searches were conducted by combining thesaurus
terms used by the databases (e.g., MeSH and EMTREE)
and free text words. The search syntax was as follows: (("L-
PREF" [All Fields] OR "leucocyte and platelet-rich plasma"
[All Fields] OR "PRF" [All Fields]) AND ("osteonecro-
sis" [All Fields] OR "osteonecrosis of the jaw" [All Fields]
OR "bone necrosis" [All Fields] OR "jaw necrosis" [All
Fields] OR "ONJ" [All Fields] OR "BRONJ" [All Fields]
OR "MRONIJ" [All Fields] ) OR "ARONI" [All Fields])).
The search strategy was combined with manual search
in journals related to oral medicine, oral/maxillofacial
surgery, oral pathology and oncology: Anticancer Re-
search; Oral Biology Archives; Clinical Oral Investi-
gations; European Archives of Otorhinolaryngology;
European Journal of Oral Sciences; Neck; International
Journal of Oral and Maxillofacial Surgery; Interna-
tional Journal of Oral Science; Journal of Craniomax-
illofacial Surgery; Journal of Oral and Maxillofacial
Surgery; Journal of Oral Pathology and Medicine; Oral
Diseases; Oral Oncology; Oral Surgery, Oral Medicine,
Oral Pathology and Oral Radiology. Potentially relevant
articles with which any of the authors were familiar, as
well as the reference lists of retrieved articles, were also
comprehensively checked.

All references retrieved were managed using the soft-
ware Mendeley (Elsevier, London, UK) and duplicated
references were eliminated with this digital utility.

- Eligibility criteria

An ad hoc review team was composed to carry out this
systematic review. This team was composed by two spe-
cialists in oral medicine/pathology (MPS and WEBP).
The articles were selected in three phases by authors,
first screening by titles, then reading the abstracts and,
as a last phase, reading the entire text for inclusion.
During the calibration exercise, the reviewers discussed
the criterion and applied it to 50% of retrieved articles
to determine inter-examiner agreement. After reaching
an agreement, a kappa index (k) of 0.79 (95% CI 0.92-
0.65) was established. Discrepancies between the two
authors were resolved by a third author.

Inclusion criteria: i) patients with a clinical diagnosis
of MRONJ; ii) use of L-PRF therapeutically, alone or in
combination with other therapies; iii) surgical protocol
correctly and exhaustively described; iv) publication in
English.

Exclusion criteria: 1) animal studies; ii) systematic re-
views, case series of less than three cases, and letters to
the editor; iii) unavailability of the full text.

- Data extraction

Data collected (Table 1, Table 2) were: first author, year
of publication, country, study design, sample size, mean
age, gender of the participants, previous pathology, lo-
cal etiology, maxilla and mandible locations, type of
medication administered, time of administration, medi-
cation discontinuation, MRONIJ classification, MRONJ
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stage, surgical protocol, L-PRF preparation, follow-up
of study participants, complete resolution, partial reso-
lution, and no resolution.

- Quality assessment

JBI scale checklist: This method was used for prevalence
studies. It is a qualitative analysis with 9 sections where
it is evaluated the appropriating of the sample frame to
address the population, the way to sampling the study
participants, the adequation of sample size, the descrip-
tion in detail of the study subjects and the setting, the
performing with sufficient coverage of the sample data
analysis, the employing of valid methods for the identi-
fication the condition, the measuring of the variable in a
standard and reliable way for all participants, the appro-
priability of statistical analysis and the adequacy of the
response rate and the management of low response rates.
Each domain is categorized as "Yes" (low risk of bias;
+), "Not clear" (moderate risk of bias; (), "No" (high
risk of bias; -), or not applicable. Studies were classified
as high risk of bias if there was less than 49% "Yes",
moderate risk of bias if the proportion "Yes" was 50 to
69%, and low risk if there was more than 70% "Yes".
The Newecastle-Ottawa Scale (NOS): This method is
usually used for assessing the quality of non-random-
ized studies and has adapted for cohort and case-control
studies. Three dimensions are measured on this scale:
selection, comparability of cohorts and outcomes. In se-
lection, four items are measured: representativeness of
the cohort, selection of the unexposed cohort if any, ex-
posure verification, and demonstration that the outcome
of interest was not present at baseline. In comparabil-
ity, the similarities between the cohorts are measured
both in study design and analysis. In results, three items
are measured; how the evaluation of the result has been
done, the follow-up time and the adequacy of the follow-
up of the cohorts. Each item can be rated with zero, one
or two stars maximum (in the comparability section). In
the analysis, studies rated 1-3 stars were defined as low
quality, those rated 4-6 stars as medium quality, and 7-8
stars as high quality.

Cochrane Collaboration's tool: This method was used
for randomized clinical trials and consisting of six do-
mains: selection bias, performance bias, detection bias,
attrition bias, reporting bias, and other biases (in this
case, comparability of studies). Each of the domains
was scored as "low risk" of bias (+), "high risk" of bias
(-), or "unclear" risk of bias (?). Studies were classified
as low risk if there was low risk of bias in all domains,
as unclear risk of bias if there was low or unclear risk of
bias in all domains; or high risk of bias if there are one
or more domains with high risk of bias (15).

Risk of Bias in Non-Randomized Studies of Interven-
tions (ROBINS-I) assessment toll: This method was
used for non-randomized clinical trials. This scale is
composed by seven domains: bias due to confounding,
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bias in the selection of study participants, bias in the
classification of interventions, bias due to deviations
from the desired intervention, bias due to missing data,
measurement bias of the results, bias in the selection of
the results reported. Each item is rated as low, moder-
ate, serious or critical risk of bias or, finally, that there is
no information to judge whether there is a risk of bias.
The interpretation of each study is performed based on
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a table, where the study is classified depending on the
level of bias of each domain. Studies that have low risk
in all domains are qualified with low risk of bias. Stud-
ies in which there is tat least one domain with moderate
risk of bias are rated as moderate risk of bias. Studies
that have at least one domain with serious or critical
risk of bias are scored, respectively, as having serious

Table 1: Data extraction randomized and non-randomized clinical trials.

or critical risk of bias (16).

Study | Year | Coun- | Sample Population Classifi- | Stag- | Surgical Follow- | Complete
try Size cation ing Protocol Up Resolu-
(Months) | tion % (n)
Park et | 2017 | South | Group 1: Group 1: AAOMS | L 1I, | Antibiotics, 3 Grupo 1 =
al. Korea | (L-PRF + Average age: 75.2 IITI | analgesics, 96.7 (29)
BMP-2) Sex (%, female): 96.7 antiseptics, Grupo 2 =
=30 Pathology: OR, MO surgical de- 88 (22)
Group 2 Jaw % (n): 75 (24) bridement,
(L-PRF) Maxilla % (n): 25 (8) and L-PRF
=25 Local etiology: Exodontics, implants, mis- or L-PRF +
matched or spontaneous prostheses. BMP2
Medication: Nitrogen bisphosphonates
Administration time (months): 12-180
Group 2:
Average age: 75.2
Sex (%, female): 88
Pathology: OR, MO
Jaw % (n): 60 (15)
Maxilla % (n): 40 (10)
Local etiology: Extraction, implants, mis-
aligned or spontaneous prostheses
Medication: Nitrogen bisphosphonates
Administration time (months): 24-120
Kim ez | 2014 | South 34 Average age: 71 ASBMR | I, 1I, | Antibiotics, 4 94.1 (32)
al. Korea Sex (%, female): 100 III | antiseptics,
Pathology: OR, MO surgical
Jaw % (n): 82.4 (-) debridement
Maxilla % (n): 17.6 (-) and L-PRF
Local etiology: Extraction, implants, mis-
aligned or spontaneous prostheses
Medication: Nitrogen bisphosphonates
Administration time (months): 21-92
Nerholt | 2016 | Den- 15 Average age: 68.5 AAOMS | 11, III | Antibiotics, 7-20 93 (14)
etal. mark Sex (%, female): 73.3 surgical
Pathology: O, Em debridement
Jaw %( n): 75 (16) and L-PRF
Maxilla % (n): 25( 4)
Local etiology: Extraction, removable and
spontaneous prosthesis
Medication: Nitrogenous bisphosphonates +
denosumab
Administration time (months): 15-240
Zelinka | 2020 | Czech 45 Average age: 69 AAOMS | 0,1, | Antibiotics, 12 85 (34)
etal. Repub- Sex (% female): 60 ILIII | surgical
lic Pathology: O, CM, CP, Cp, Cpa, LB, MM debridement
Jaw %( n): 62.5 (25) and L-PRF
Maxilla % (n): 37.5 (15)
Local etiology: Extraction, pressure sores
and periapical infection.
Medication: Unspecified bisphosphonates
Administration time (months): 4-144

AAOMS: American Association of Oral and Maxillofacial Surgeons; ASBMR: American Society for Bone and Mineral Research; OR:
osteoporosis; MO: bone metastases; Em: malignant disease, nonspecific; BC: breast cancer; PC: prostate cancer; PC: lung cancer; Cpa:
pancreatic cancer; BL: lymphoma B; MM: multiple myeloma.
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Table 2: Data extraction case series and cohorts.

A systematic review of L-PRF in medication-related osteonecrosis

Study | Year | Coun- | Sample Population Classifi- | Stag- | Surgical Pro- | Follow- | Complete
try Size cation | ing tocol Up Resolution
(Months) % (n)
Ozalp | 2021 | Turkey 13 Average age: 72.4 AAOMS | II, I1T | Antibiotics, an- 13 69.2(9)
etal. Sex (%, female): 53.8 tiseptics, surgi-
Pathology: O, CM, CP, MM cal debridement
Jaw %( n): 84.6 (11) and L-PRF
Maxilla % (n): 15.4 (2)
Local etiology: Unspecified
Medication: Nitrogenous bisphosphonates +
denosumab
Administration time (months): -
Va- | 2019 | Italy 15 Average age: 64 AAOMS| 0,1, Antibiotics, 6-72 73.3 (11)
lente Sex (%, female): 60 11, surgical de-
etal. Pathology: O, CM, CP, MM III | bridement and
Jaw % (n): 60 (9) L-PRF
Maxilla % (n): 40 (6)
Local etiology: Extraction, removable prosthesis,
implant failure and spontaneous
Medication: Nitrogenous bisphosphonates +
denosumab
Administration time (months): 24-72
Sahin | 2021 | Turkey 21 Average age: 68 AAOMS | II, 11T | Antibiotics, an- | 12-28 100 (21)
etal. Sex (%, female): 66.6 tiseptics, surgi-
Pathology: CM, CP, Cp, CR cal debridement
Jaw % (n): 61.9 (13) and L-PRF
Maxilla % (n): 38.1 (8)
Local etiology: Extraction, removable prosthesis
and implants
Medication: Nitrogen bisphosphonates
Administration time (months): 39-96
Te- |2020| Italy | Group Group I: AAOMS | LI, II Group 1: 6 Group 1 =
nore 1: 13 Average age: 74 Antibiotics 100 (13)
etal. Group Sex (%, female): 61.5 and antiseptics Group 2 =
2:8 Pathology: O, CV, CP, CM, Cp, MM (three days 50 (4)
Group Jaw % (n): 69.2 (9) before surgery Group 3 =
3:13 Maxilla % (n): 30.8 (4) and up to seven 38.5(5)
Local etiology: Unspecified. days after), sur-
Medication: Nitrogenous bisphosphonates + gical debride-
denosumab ment, L-PRF
Administration time (months): 6-97 and pre- post-
Group 2: operative laser
Average age: 60.5 (biostimulation
Sex (%, female): 100 program)
Pathology: O, CM
Jaw %( n): 50 (4) Group 2:
Maxilla % (n): 50 (4) Antibiotics, an-
Local etiology: O, CM tiseptics (three
Medication: Nitrogenous bisphosphonates + days before
denosumab. surgery and up
Administration time (months): 23-96 to seven days
Group 3: after) and surgi-
Average age: 72 cal debridement
Sex (%, female): 76.9
Pathology: O, CM, CP, Cp, MM Group 3
Jaw % (n): 46.2 (6). Antibiotics,
Maxilla % (n): 53.8 (7) antiseptics (in
Local etiology: Unspecified. case of infec-
Medication: Nitrogenous bisphosphonates + tion) and laser
denosumab. (necrosis pro-
Administration time (months): 6-84 gram)
De | 2019 | Brazil 11 Average age: 67 AAOMS | 1II Antibiotics, 12-36 100 (11)
Al- Sex (%, female): 81.8 surgical de-
meida Pathology: O bridement and
etal. Jaw % (n): 63.6 (7) L-PRF
Maxilla % (n): 36.4 (4)
Local etiology: Extraction and implants
Medication: Nitrogen bisphosphonates
Administration time (months): 36-84
Law | 2021 | Malay- 4 Average age: 73 AAOMS | 1T Antibiotics, 3-36 75(3)
etal. sia Sex (%, female): 100 surgical de-
Pathology: O, CM, RA bridement and
Jaw % (n): 100 (4) L-PRF
Maxilla % (n): -
Local etiology: Unspecified.
Medication: Nitrogen bisphosphonates
Administration time (months): 2-36

AAOMS: American Association of Oral and Maxillofacial Surgeons; OR: osteoporosis; BC: breast cancer; PC: prostate cancer; MM: multiple
myeloma; Mm: metastatic myeloma; CR: kidney cancer; PC: lung cancer; VC: bladder cancer; RA: rheumatoid arthritis.
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- Statistical analysis

In the main meta-analysis, we calculated the resolution
rate of MRONI cases treated with L-PRF by dividing the
number of events by the study sample size. After that,
we weighted the study-specific prevalence by the inverse
of its variance to calculate a pooled prevalence. For the
retrieved studies, the Clopper-Pearson interval was ap-
plied to estimate the 95% confidence intervals (CIs).
Due to the difficult comparison between the treatment
arms due to the different surgical protocols in the co-
hort studies and clinical trials, the performance of meta-
analyses with other effect measures to infer association,
such as the odds ratio or the relative risk, was ruled out.
At the same time, after a post hoc analysis, it was de-
cided not to perform an analysis in subgroups due to the
high consistency of the results.

Pooled analyzes were obtained using fixed effects models
(Mantel-Haenszel method) and random effects models
(DerSimonian and Laird method), but when considerable
heterogeneity was detected, the assessment was based
on random effects models only. An analysis via meta-
regression was proposed to evaluate a covariate that ap-
plied to all the studies (year of publication), to know if a
plausible improvement of the surgical protocols execut-
ed resulted in a positive intercept in the resolution rate.

A systematic review of L-PRF in medication-related osteonecrosis

For the analysis of statistical heterogeneity, the Cochran
Q (¥2) and Higgins 12 (17) test parameters were cal-
culated. Cochran's Q test p < 0.1 was considered sig-
nificant to assume apparent heterogeneity. Higgins 12
statistic cutoff points of 25, 50, and 75% were consid-
ered to indicate low, moderate, and high heterogeneity,
respectively (17).

We assessed publication bias, first visually, using funnel
plots, and then, more formally, using the test proposed
by Egger et al. (18) (performing a linear regression of
the effect estimates on their standard errors, weighting
by 1/[variance of the estimate of the effect], considering
significant a pEgger < 0.1).

The R Metafor software package (v.3.6.2; https:/www.1-
project.org) was used for all statistical analyses, as well
as for plotting figures based on commands previously
written by the user (19). The level of significance con-
sidered in all statistical analyzes was 5% (p < 0.05).

Results

- Study selection process and study features

The selection of articles was reflected in the follow-
ing image (Fig. 1). Using the search criteria described
above, PubMed yielded 103 studies, Cochrane yielded
28, and Web of Science yielded 55.

PRISMA 2020 flow diagram for new systematic reviews which included of i and other sources
[ Identification of studies via and [ Identification of studies via other methods

3

% Records identified from datab Records removed before

o searching: screening: Records identified from:

% PubMed (n = 103) Duplicate records removed Citation searching

= Web of Science (n = 55) (n=73) (n=3)

= Cochrane (n = 28)
= |

Records screened Records excluded
(n=113) (n=
. ; Reports not retrieved

_E‘ Reports sought for retrieval Reports not retrieved Reports SO(UQ_h t1f)or Fetrieval I (n=1)

5 (n=29) (n=15) n=

e

<3

’ |

B i Reports excluded:
Reports assessed for eligibility Reports excluded: Reports ass(enss_e;:l )for eligibility (n=0)
(n=14) Absence or insuficient data (n = 1)
Do not use L-PRF (n = 4)

)
—

3 ) )

= Reports of included studies

= (n=10) . . .

£ Diagram according to Preferred Reporting Items for
=

Fig. 1: Flow diagram of literature search.
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After removing duplicates, 113 studies were retrieved.
After filtering by titles, 29 were selected for abstracts
complete review. Case reports of less than three cases,
systematic reviews and those that did not use L-PRF
as treatment were eliminated. After reviewing the ab-
stracts, 14 were selected for full reading. Finally, of
these 10 (0.08%) were selected. Of the 14, 3 were ex-
cluded because they used PRF or A-PRF and 1 was ex-
cluded because it was a series of cases in which only
one case underwent treatment with L-PRF.

The main characteristics of the studies that met the eligi-
bility criteria were collected (Table 1, Table 2). The geo-
graphic areas were: Korea (20,21), Denmark (22), Czech
Republic (23), Turkey (24,25), Italy (26,27), Brazil (28)
and Malaysia. Of the ten studies; four were cohort stud-
ies (24-27), two case series (28), one randomized clini-
cal trial (20) and the rest non-randomized clinical trials
(21-23). The publication dates ranged from 2014 to 2021.
All the studies except the one by Kim et al. (21) (which
uses the classification of the American Society for Bone
and Mineral Research, ASBMR), use the AAOMS clas-
sification to define the stage of MRONJ. The size of the
samples varies from 4 to 40 patients.

In total, 196 patients diagnosed with MRONIJ and treat-
ed with L-PRF were analyzed (20-28). The majority
gender in all studies was female, finding a percentage
of women between 53.8 and 100 (20-28). The mean age
of the patients was between 60.5 and 75.2 years. The
pathologies for which antiresorptive or antiangiogenic
medication is prescribed are mainly: breast, gallbladder,
prostate, lung, kidney, pancreas tumors, hematological
diseases, rheumatoid arthritis and osteoporosis. The ad-
ministration time of this medication ranged between 4
and 240 months (20-28). As a local etiology, the ma-
jority of studies include dental extractions, removable
prostheses and dental implants (20-22,25,26,28). In all
studies, the main location of MRONJ was the mandible,
with percentages between 60 and 100% (20-28). In the
study by Tenore et al. (27), the control groups (1 and 2)
had a greater location of MRONI in the maxilla than in
the mandible, with figures of 50 and 53.8%, respectively.
Only one study did not describe the type of BP adminis-
trated in patients. In the others, the predominant type of
antiresorptive or antiangiogenic medication was nitro-
genated bisphosphonates alone (20,21,25,28), followed
by their combination with denosumab. The adminis-
tration time of this type of medication varies between
2 and 240 months. Only three studies collect the drug
holiday of medication before the treatment of MRONIJ
(22,25,28). Sahin et al. (25) ceased the medication be-
tween 2 and 10 months before, while de Almeida et al.
(28), 3 months before in all participants. In the study by
Norholt et al. (22), it does not specify when, but it does
specify that of the 15 participants, the medication was
discontinued in 9.
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The surgical protocol of most of the studies was first
antibiotic therapy, with or without express indication of
antiseptics use, debridement of necrotic area and appli-
cation of L-PRF either in membranes or in plugs (20-
28). One study (20) uses in addition BMP-2 while two
others (25,27) perform laser therapy. Six of the studies
use the Choukroun protocol by which 10 ml of venous
blood is obtained from the patient and centrifuged at
3000 rpm for 10 minutes or at 2700 rpm for 12 minutes
(20,21,24,25,27,28). The rest of the authors use other pro-
tocols: 1300 rpm for 10 minutes, 1300 rpm for 14 min-
utes (22) and 3200 rpm for 10 minutes (23). Only in one
study the L-PRF preparation mode is not specified (26).
The follow-up was for at least 3 months, reaching even
72 months in some studies. In all studies, complete
resolution was understood as healing or coverage of
the entire lesion, without presenting clinical signs of
MRONJ (20-28). Complete resolution percentages in
patients who received L-PRF ranged from 69.2 to 100%
in cohort studies and case series (24-28) and from 85 to
96.7% in clinical trials (20-23). The majority of authors
conclude that L-PRF provides a great benefit in the treat-
ment of MRONJ, at a low cost and with easy handling.
- Meta-analysis full resolution

In the meta-analysis, combining the use of L-PRF in
the treatment of MRONJ, a weighted proportion (PP) of
94.3% of complete resolution were obtained (95% CI:
91.2-97.4, p<0.001) (Fig. 2), with a low degree of hetero-
geneity, statistically significant (12 = 29.02%; p<0.001)
(Table 3). The funnel plot (Fig. 3) indicated quite a lot of
symmetry with a slight deviation to the left, confirmed
by Egger's test (PEgger = 0.178), which showed the ex-
istence of publication bias.

- Meta-analysis no resolution

In the analysis of non-resolution data, a weighted pro-
portion (PP) of 7.7% (95% CI: 3.6-11.9; p<0.001) were
obtained with moderate heterogeneity (I12: 41.87%;
p=0.112) (Table 3). The funnel plot (Fig. 3) indicated
asymmetry with a slight deviation to the right, also con-
firmed by Egger's test (PEgger = 0.112).

- Meta-regression

In the meta-regression, no significant correlation were
found between the complete resolution and the publica-
tionyear ofthe studies (intercept=2.88, p=0.829) (Fig. 4).
- Consistency analysis

A consistency analysis has also been carried out, analyz-
ing the influence of each study on the estimation of the
general effect, checking the reliability of the combined
results (29). Following the example of Viechtbauer (29),
the meta-analysis has been repeated sequentially, omit-
ting one study at a time and representing the results in
the following graph (Fig. 4). No major changes in PP
were identified when any of the studies were eliminat-
ed, so the high reliability in the combined results has
been verified.
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Fig. 2: Forest plot and Funnel plot full resolution.

Table 3: Weighted prevalence and heterogeneity analysis.

Sample Size Ponderated Data Heterogeneity
Records Patients ES (95% IC) p value P 1 (%)
Full Resolution 10 177 PP=94.3%(91.2-97.4) <0.001 178 29.02
No Resolution 10 19 PP=7.7% (3.6-11.9) <0.001 112 41.87
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Fig. 3: Forest plot and Funnel plot no resolution.

e325



Med Oral Patol Oral Cir Bucal. 2023 Jul 1;28 (4):e317-29.

A systematic review of L-PRF in medication-related osteonecrosis

A
o - ~
- 7N\ i o~ 7N
-\ [ : / \. { \ ‘\ ,
(— o QA
/ @, ~
<~ ~— -
S -
'
&/
-
L+
O
~
o~ o
' ] ' )
XU % N NN N2
Yo
8
Pedes Estimate (93N C.10) .
Overadl 0.94) (0.912, 0.924) <>
- Mmoot €. 944 (0.910, 0.900) ]
-NotoRetal  €.944 (0,912, 0.92¢) [ ]
-Park ot el 0936 (0.999, 0.972) |
«Valorteotal  ©.94) (0.91¢, 0.9)9) ]
-ANmodactal 0,942 (0.919, 0.900) a
~Jelrhaetal €.931 (0.91), 0.9M) . [ ]
=Tercre ot €041 (0.990, 0.924) ]
~SaNnotal 0902 (0.096, 0.90) | ] .
~O0zap Oetal 0.94) (0.916, 0.909) -
“lawety .04 (0.91), 0.90¢) [ ]}
- Ll L) L] “o»
Proponion

Fig. 4: (A) Full-resolution meta-regression. (B) The Forest plot leave one out.

Discussion

MRON!I is a serious, disabling disease, with a great im-
pact on the life quality of patients. Its incidence among
the population is low, with an estimated frequency in
cancer patients of approximately 1% (range 0.2-6.7%),
while in patients with osteoporosis receiving low doses
of medication the incidence is 0.1% (range 0.004-0.2%)
(30-33). There are numerous alternative therapies to
L-PRF in the treatment of MRONJ, however, the great
challenge of the current scientific society is to discover a
standardized and safe treatment with high success rates.
In this sense, we consider clinical success to achieve the
complete remission of the disease, with wound closure
of the lesion and, over the years, this has been achieved
in different ways (3,5,11,33,34). The large heterogeneity
of the disease and the different clinical stages have led to
the appearance of numerous treatment therapies, from
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more conservative approaches in early stages to more
radical treatments in advanced stages (3,5,11,33,34).
According to the AAOMS, ASBMR and other scientific
societies, the ideal treatment for MRONJ was a conser-
vative approach, which included the use of antibiotics,
antiseptics and debridement of the lesion only if it is
considered necessary (5,34). However, the fact that on
many occasions these injuries do not improve or even
aggravate the injury has led to the search for alterna-
tive therapies (20,27,31). Among them, the one that cur-
rently seems to provide the most benefits is the use of
L-PRF as an adjuvant to the protocol proposed by the
AAOMS (11,13,28,20-27).

According to most authors, the low incidence and
magnitude of the disease limits the existence of high-
quality scientific publications such as randomized con-
trolled clinical trials, with an adequate sample size,
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which would provide more scientific evidence (20-28).
Regarding the quality analysis of selected studies, ac-
cording to the JBI scale, only one of the studies, Ozalp
et al. (24), presented a high risk of bias. The studies by
Kim et al. (21), Nerholt et al. (22), Zelinka et al. (23),
Valente et al. (26) and Almeida et al. (28) were classi-
fied as moderate risk and those by Tenore et al. (27),
Park et al. (20), Sahin et al. (25) and Law et al. as low
risk (Supplement 1; Supplement 2). Other scales were
also used depending on the type of study. The NOS
used in the four cohort studies and the case series,
indicated that five of the studies had medium quality
(24-28) and one high quality (27) (Supplement 3). The
Cochrane collaboration's tool (15) was used in the ran-
domized controlled study (20), indicating that it had
an unclear risk of bias (since in half of the sections
the risk of bias was unclear, and in the other half there
was a low risk of bias) (Supplement 4). The ROBINS-I
(16) was used in non-randomized trials, although only
one intervention was performed on the study group,
finding two studies with moderate risk (21,23) and one
with serious risk of bias (22) (Supplement 5). After
classifying the risk of the studies according to differ-
ent scales, it is concluded that the most complete, ad-
justed to all the articles and most useful in this study
was the JBI Checklist for prevalence studies, followed
by the NOS scale.

Within the limitations of this study, it must be consid-
ered that it has only been possible to select a random-
ized clinical trial, but none controlled. The studies that
have contributed the most to the weight of the meta-
analysis according to the full resolution Forest Plot have
been, in descending order, that of Sahin et al. (25), Park
et al. (20), Kim et al. (20) and Tenore et al. (27). The
meta-analysis has indicated, both in the case of resolu-
tion and non-resolution, a low degree of heterogeneity
between the studies according to the pre-established
cut-off points, both for the Higgins 12 test and for the
p-value surrogate to the Cochran's Q test (Table 3).

The presence of the effect of publication biases in the
proportion of the success rate analyzed should be con-
sidered. This method might lack of statistical power be-
cause the number of primary studies was limited to ten
(35). In addition, previous simulation analyses point to
a high rate of type 1 errors (i.e., false positives) when
evaluating publication bias in meta-analyses of propor-
tion studies with unusual events such as this one (15).
Both the visual and statistical analyzes did not allow to
rule out this publication bias (i.e., the tendency to pub-
lish only positive results) that is common in the health
sciences literature and particularly in the field of sur-
gery. Despite the above limitations, the robust nature
of our meta-analyses is notable in forest plot, showing
powerful statistical associations, as well as by consis-
tency analysis.
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In this systematic review and meta-analysis in which
various types of studies have been included (random-
ized and non-randomized clinical trials, cohorts and
case series), the weighted prevalence of recovery after
the use of L-PRF therapy was 94.3%. The results ob-
tained are similar to those of the study by Di Fede et
al. (34), where they report a success rate of 95% when
combining surgery with the use of PRF, PRP or L-PRF.
There are no more meta-analyses in the literature that
analyze this association, so the comparability of the
results obtained is limited. Performing only surgical
debridement without other complementary techniques
reaches a prevalence of total coverage, according to the
data collected in the study by Di Fede et al. (34), of 81%
at six months of follow-up.

If the adjuvant use of L-PRF is analyzed with other
treatments, for example, laser therapy or BMP-2,
higher percentages of complete resolution of the lesion
are obtained when it is used in combination with these
(20,27). These two studies, moreover, are considered
with the highest quality according to the JBI scale
(Supplement 1; Supplement 2). In the trial by Park et al.
(20), a sample of 55 patients was collected, which was
divided into two groups, applying L-PRF as an adjunct
therapy to both. The difference between one group
and another would be the association, in addition, of
BMP-2. As results, they obtained that the study group
(L-PRF and BMP-2) presented a complete resolution of
96% compared to 88% using only therapy with L-PRF.
However, as limitations, the non-existence of a control
group stands out, due to the severity of the disease and
its low prevalence, and that a group using only BMP-2
as treatment was not made to establish the comparison
(20). There are no studies in the scientific literature that
analyze the result of treatment using only BMP-2, so it
cannot be ruled out that the result obtained by Park et
al. (20) is mainly due to the synergistic action of both
compounds (L-PRF and BMP-2) and that without the
L-PRF such a high coating rate would not happen. The
authors themselves conclude that fibrin acts as a sup-
port matrix for BMP-2, progressively releasing itself
in the lesion, stimulating both soft tissue coverage and
bone remodeling.

On the other hand, the study by Tenore et al. (27) also
establishes several treatment groups: the first treated
following the usual protocol (antibiotics, antiseptics
and surgical debridement) with L-PRF and laser as
adjunctive therapy, the second treated with antibiot-
ics, antiseptics and surgery; and the third group treated
only with antibiotics and laser. Of the three groups, the
highest percentage of complete resolution is reached by
the group that uses L-PRF and laser, followed by the
one that uses the usual protocol and, lastly, the conser-
vative approach with only antibiotics and laser. Laser
treatment was similar in both cases and two sessions a
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week were performed for four weeks (27). Unlike the
previous study, in this case the use of the laser alone is
analyzed, but not with surgery, so it cannot be stated
that the use of L-PRF is the only factor that enhances
the coverage of the lesion (20,27). The last of the stud-
ies that used an additional treatment of L-PRF and the
usual recommended protocol was that of Sahin et al.
(25) where laser was used for biostimulation, reaching
a complete resolution percentage of 100%. In the study
by Momesso et al. (36), where the use of low-grade la-
ser as the only treatment has been analyzed, in com-
parison with the traditional laser (Er:-YAG) associated
with surgery or with medical treatment (antibiotics and
antiseptics), it has been reached the conclusion that la-
ser with traditional surgery provides a greater number
of patients with total coverage (around 90%), followed
by laser with surgery and low-grade laser (88.2%), low-
grade laser and surgery (73.6%), only surgery (69.3%),
only low-grade laser (43%) and lastly, the use of only
antibiotics and antiseptics (18%).

The rest of the included studies used only L-PRF (21-
24,26,28) as adjuvant treatment. In two studies where
the lowest percentages of lesion coverage were achieved,
the patient sample was under treatment with nitroge-
nated bisphosphonates and denosumab (24,26). In Law
et al. study where 75% of coverage was obtained, the
patients were women and the lesions were located only
in the mandible.

It is important to note that recent studies have shown
its effectiveness not only in the treatment of pre-es-
tablished disease, but also in preventive situations, in
patients undergoing angiogenic or antiresorptive treat-
ment who are going to treat with dentoalveolar surgery.
This was already being done with other compounds'
plasma derivatives (plasma rich in growth factors,
platelet-rich fibrin), with satisfactory results (37,38). In
the study by Asaka et al. (38), the coverage of the le-
sion is analyzed in patients undergoing treatment with
BP who extractions were carried out. Tooth extractions
are the main triggering factor for MRONJ reported in
most studies (3,5,11,33,34). To do this, they established
two groups, PRF group and control group, finding sta-
tistically significant differences in relation to the quick
coverage of the lesion in patients who received PRF
(38). In the study by Sahin ef al. (25), where L-PRF was
specifically used, a percentage of lesion coverage was
obtained without the appearance of MRONJ in 100%
of the subjects, with a reasonable sample and follow-up.
In established MRONJ, treatment with surgery is and
has always been considered a good alternative, however,
the adjuvant use of L-PRF as an adjunct therapy (alone
or in combination with other therapies) provides extra
benefits to achieving a wound healing of the injury in
less time and with fewer comorbidities (20-28). L-PRF
is an autologous treatment whose production is stan-
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dardized in the literature, cheap and easy to manufac-
ture with few resources. We can affirm that it is not only
a compound that provides benefits in the treatment of
MRONJ, but what is more important and fundamental,
that constitutes a treatment strategy in the disease pri-
mary prevention. There are few studies in the literature
that specifically use this compound for prevention in risk
patients and situations, although, given its characteris-
tics and easily preparation, it would be interesting to
address this topic in greater depth in the coming years.
Finally, we would like to point out a series of limitations
of the present meta-analysis. A very restricted number
of clinical trials could be found. The majority of stud-
ies had sample sizes limited, at the same time the lack
of control groups due to the heterogeneity of the pri-
mary literature, avoided the use of other measures dif-
ferent from prevalence to analyze the effect. This fact
limited the possibility of comparing the effectiveness
with other surgical, non-surgical or mixed protocols in
a quantitative way.

In addition, the study protocols were heterogeneous and
MRONJ cases were subject to many diverse factors,
such as differences in the type of drugs used, underly-
ing diseases, duration of drug administration, different
triggering factors, comorbidities, follow-up and defini-
tions of success. Taking all this information together,
the generalization of the results obtained by this study
must be taken cautiously.

Conclusions

L-PRF alone or in combination with other therapies in the
treatment of MRONJ achieved percentages of complete
lesion resolution of 94.3%. In studies where L-PRF was
used concomitantly with other therapies, and the effec-
tiveness of the other therapy alone is analyzed, L-PRF has
been shown to achieve higher percentages of resolution.
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