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A B S T R A C T

Background: Oroantral communication (OAC) is the opening between the maxillary sinus and the oral cavity,
which constitutes a gate for the mucosal infection in the maxillary sinus. On the other hand, an OAF develops
when the OAC does not close spontaneously, remains manifest and is epithelialized. Several methods have
been proposed to solve these situations, however, they are associated with increased postoperative morbid-
ity and/or higher associated costs and require some experience of the surgeon to perform them. To overcome
these disadvantages, the use of Platelet-Rich Fibrin (PRF) is proposed. The present study aims to perform a
systematic review of the literature, collecting cases in which PRF was used in the treatment of OACs/OAFs.
Materials and methods: An electronic search of the MEDLINE database (via PubMed) and Web of Science was
performed using the following MeSH terms (Medical Subjects Headings): (oroantral communication OR
oroantral fistula OR buccosinusal communication) AND (platelet-rich fibrin OR prf OR fibrin mesh). The crite-
ria used were those described by the PRISMA� Statement. The search was not time-restricted and was
updated to April 2021.
Results: After searching, 11 articles were included that met the established criteria. In these, PRF was used
alone or in combination with bi- or trilaminar techniques achieving complete resolution in 100% of cases
(n = 116).
Conclusions: With the limitations of this study, it can be established that PRF can be used alone for the treat-
ment of OACs/OAFs up to 5 mm and, in larger defects, it is advisable to combine it with bi- or trilaminar tech-
niques. PRF is an effective therapeutic option, with minimal associated postoperative morbidity compared to
other techniques and allows the position of the mucogingival junction to be preserved. Its combination with
bone grafting improves the starting point before the replacement of the missing tooth with a dental implant.

© 2022 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Oroantral communications (OACs) and oroantral fistulas (OAFs)
are complications frequently encountered by oral and maxillofacial
surgeons. OAC is an unnatural communication between the maxillary
sinus and oral cavity [1,2] which constitutes a gate for the mucosal
infection in the maxillary sinus [3]. The frequency of such complica-
tion is between 0.5 and 13% and it depends on numerous factors,
such as the anatomical structure of the maxillary sinus and its rela-
tionship with maxillary molar and premolar roots [3,4]; bone resorp-
tion secondary to tooth loss due to periodontitis [4]; the presence of
the maxillary cysts and tumours; as a result of osteomyelitis and
trauma; implant surgery and/or sinus augmentation procedures;
radiation treatment; orthognathic surgeries or pathologic entities;
the enucleation of these cysts and tumours may lead to OAC [1].

The primary factor for the treatment of acute OAC is closing the
communication because it is essential to prevent food and saliva con-
tamination that could cause bacterial infection, chronic sinusitis, and
impaired healing [1,4]. In the absence of sinus infection, OACs can
close spontaneously if the defect is up to 3−5 mm in diameter [1,2,5]
and if the blood clot remains stable in the post-extraction alveolus
during initial healing as it acts as a scaffold for epithelial cells to grow
from the mucosal margins towards the centre of the defect [6]. Larger
OACs require surgical intervention [1]. Clinically, it is complicated to
determine the size of an OAC. Therefore, it is difficult to predict
whether an OAC will heal without intervention [5]. Another
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prognostic factor is the timing of treatment to tooth extraction. Con-
sidering current opinions, OAC should be closed in 24 h. In this
regard, the success rate associated with primary closure of an OAC is
up to 48 h after its occurrence is 90−95%, after which time the risk of
chronic sinusitis increases as does the risk of oroantral fistula (OAF).
On the other hand, an OAF develops when the OAC does not close
spontaneously, remains manifest and is epithelialized. Therefore, an
OAF is a pathological unnatural canal lined by epithelium that may
be filled by granulation tissue or by polyposis of the sinus membrane
[5,7−10]. This epithelialization usually occurs when the perforation
persists for at least 48−72 h. After this period, in approximately half
of the patients intensified inflammatory changes make it impossible
to effectively conduct the treatment [7,11]. The success rate for sec-
ondary closure of OAFs has been reported to be as low as 67% [1,7].

There are several therapeutic options in the treatment of OACs/
OAFs, such as buccal advancement flap (BAF) [2], rotation of the buc-
cal fat pad (BFP), placement of a gingival or connective tissue graft,
free or pedicled, as well as autogenous distant flaps - tongue flap,
auricular/ septal cartilage, or temporalis muscle flap. They can be
combined with regenerative techniques, such as monocortical bone
grafts [12], hydroxyapatite blocks [13], or collagen membrane place-
ment. Tooth transplantation, interseptal alveolotomy or biostimula-
tion with laser light, among others, have also been described [14].
Furthermore, the approach can be intraoral or combined with an
endoscopic approach. However, these techniques have several disad-
vantages, and several authors have described the use of Platelet-Rich
Fibrin (PRF) as an alternative to these techniques.

PRF was discovered in 2001 by Choukroun et al. [15] and consti-
tutes the second generation of platelet concentrates, which do not
require the addition of any platelet-activating substances (such as
bovine thrombin or calcium chloride), like another previously
described platelet-concentrates − such as Platelet-Rich Plasma (PRP)
or Plasma Rich in Growth Factors (PRGF) [16]. In other words, glass
tubes are used without any additives. After centrifugation, the blood
is separated into three fractions: an upper fraction or platelet-poor
plasma; an intermediate fraction consisting of a fibrin clot; and a final
fraction, located at the base of the tube, consisting of erythrocytes
[17]. The part used is the PRF clot which, once partially dehydrated,
allows the obtention of membranes or plugs, as well as the released
exudate, rich in growth factors.

The present study aims to perform a systematic review of studies
describing the use of PRF in the treatment of OACs/OAFs.
2. Methods

2.1. Search strategy

An electronic search of the MEDLINE/PubMed database and Web
of Science was performed using the following MeSH terms (Medical
Subjects Headings): (oroantral communication OR oroantral fistula OR
buccosinusal communication) AND (platelet-rich fibrin OR prf OR
fibrin mesh). At the same time, a Google Scholar search was con-
ducted for articles that met the criteria described above. The biblio-
graphic references of the selected articles were analysed for
publications that did not appear in the initial search and might be of
interest. The search was not time-restricted and was updated to April
2021.

The criteria used were those described in the PRISMA� Statement
[18] (Preferred Reporting Items for Systematic Reviews and Meta-analy-
sis). The present systematic review aimed to answer the following
"PICO" question (P=patient/population/problem; I=intervention;
C=comparison; O=outcome):

In patients with OACs/OAFs (P), does PRF treatment (I) in comparison
to other therapeutic options (C) produce better results and/or fewer
postoperative complications (O)?
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2.2. Clinical relevance

The present study is the first systematic review of the literature
that attempts to evaluate the effect of PRF in the treatment of OACs/
OAFs.

2.3. Eligibility criteria

Before starting, inclusion and exclusion criteria were defined for
the resulting articles:

2.3.1. Inclusion criteria
Included articles were: (a) studies conducted in humans; (b)

articles published in English or Spanish; (c) articles analysing the
effect of PRF in the treatment of OACs/OAFs; (d) meta-analyses; (e)
systematic reviews; (f) randomized clinical trials (RCTs); (g) cohort
studies; (h) observational studies; (i) comparative studies; and (j)
multi-centric studies.

2.3.2. Exclusion criteria
The exclusion criteria determined the exclusion of the following:

(a) experimental laboratory studies; (b) animal studies; (c) articles
whose main topic was not the treatment of OACs/OAFs employing
PRF; (d) literature reviews; (e) duplicate articles; (f) books or book
chapters; (g) letters to the Editor; and (h) commentaries.

2.4. Study records

Two researchers (A.-O.S.-P. and J.-F.P.-C.) independently com-
pared the results to ensure completeness and removed duplicates.
Then, the full title and abstracts of the remaining papers were
screened individually. Finally, full-text articles to be included in this
systematic review were selected according to the criteria described
above. Disagreements over eligible studies to be included were dis-
cussed with a third author and a consensus was reached (N.K.).

2.5. Risk of bias

Data collection was conducted using a predetermined table
designed in advance of the assessment of the resulting articles. Two
independent reviewers (A.-O.S.-P. and A.U.) evaluated the methodo-
logical quality of eligible studies following the Joanna Briggs Institute
(JBI) Critical Appraisal Tool for Case Reports [19], which incorporates
8 domains. The studies were classified as low-quality assessment
studies (0−4 domains), or as high-quality assessment studies (5−8
domains). Moreover, NIH Quality Assessment Tool for Case-Control
Studies [20] was also used. In both data extraction and risk of bias
assessment, disagreements between the two were resolved through
the intervention of a third author (J.-F.P.-C.).

3. Results

3.1. Study selection

After the initial search in MEDLINE/PubMed, 15 articles were
found. After reading the titles and abstracts, 5 articles were excluded
because they did not relate to the purpose of the study. Therefore, 10
full-text articles were considered. Finally, 9 articles were included
through the MEDLINE/PubMed search [1−5,21−24]. Through Web of
Science, after analyzing the 12 titles and abstracts and eliminating
duplicate articles, one full-text article was evaluated and included
[25]. Furthermore, one more article was included after analysing the
references of the selected articles and through Google Scholar [26].
Therefore, 11 studies were included in the present systematic review
(Fig. 1 and Table 1).
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3.2. Study characteristics

All included studies were case reports (n = 4) [4,22,24,25] or case
series (n = 6) [2,3,5,21,23,26], only one was a comparative study
between PRF and BAF [1]. For this reason, and given the heterogene-
ity between the different studies, only a comparison between the
two techniques could be established. The number of patients treated
with PRF among the included studies was 116. In 100% of the cases,
there was a complete resolution of the OACs/OAFs during the evalu-
ated follow-up periods (7 days to 18 months). The protocols used to
obtain the PRF were very diverse. The most commonly used was the
“revolutions per minute (rpm) protocol”, specifically, centrifugation
of blood tubes at 3000 rpm, 10 min [1,5,21,24,26] or 15 min [25],
although other authors used other parameters such as 1500 rpm,
8 min [2] or 14 min [4] and 2700 rpm, 12 min [3]. Only G€ulşen et al.
[23] referred to a "relative centrifugal force protocol”, specifically,
400 g 10 min.

Five authors treated OACs immediately after tooth extraction
[1,2,5,23,24], two studies did not specify [21,26] and the rest (n = 4)
did so at variable times, which meant that there was an associated
development of OAF, which were treated with PRF [4,21,22,26]. In
the case of placing PRF directly on the OAC, most authors recommend
suturing it to the gingiva surrounding the alveolus, to prevent migra-
tion of the PRF clot/membrane into the sinus and to favour the stabili-
sation of the blood clot [1,2,4,5,23−25].
Fig. 1. PRISMA� flow diagram of th
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Of the 5 authors who treated OAC immediately after tooth extrac-
tion [1,2,5,23,24], in three cases the diameter of the OAC was larger
than 3 mm [1,5] or 5 mm [23], in one case it was up to 5 mm [2] and
in another, the diameter was not specified [24]. In addition to the
above, two other authors treated OACs larger than 5 mm [4,22]. The
authors who used them in defects up to 5 mm claim that they can be
used in larger defects, however, they were unable to demonstrate
this as all cases included were 3−5 mm in diameter [2]. The method
of calculating the size of the OACs varied from using a modified ball
burnisher instrument of 3 mm in diameter [1,5] or measuring the
diameter of the roots of the extracted teeth [2].

PRF in the treatment of OACs/OAFs was used alone, or as a part of
bi- or trilaminar techniques:

3.2.1. PRF as a sole grafting material
Assad et al. [26] extracted a single tube of blood from which they

obtained a PRF clot. One-third of this clot was introduced into the
alveolus to seal the OAC and the remaining two-thirds were com-
pressed to obtain a membrane that was used to seal the surgical site
coronally. Bilginaylar [1,5] and G€ulşen et al. [23] sealed OACs using
two PRF clots in a single approach, while Demetoglu et al. [2] intro-
duced 3−4 overlapping membranes.

The only comparative study was by Bilginaylar [1], who compared
PRF (n = 21) versus BAFs (n = 15), both in a stand-alone approach. At
7 days postoperatively, they observed healthy granulation tissue
e search processes and results.



Table 1
Results of included studies (BAF., buccal advancement flap; BFP., buccal fat pad; vs., versus; OAC., oroantral communication; OAF., oroantral fistula; 1M., first permanent molar; 2M., second permanent molar; 3M., third molar;
1PM., first premolar; 2dM., second deciduous molar; UNS., unspecified by authors; MRONJ., medication-related osteonecrosis of jaws; y., years; m., months; d., days; mins., minutes; rpm., revolutions per minute).

Autor(s)/ year Technique and PRF
product

PRF protocol Position of OAC/ OAF Defect type Sample size Age (years) Time since tooth
extraction

Success rate (%) Follow-up PostOp evolution

Al-Noori [25] 1 PRF clot over the
OAC + BAF

3000 rpm, 15 min 2M UNS 1 35 UNS.
History of 2 surgical
interventions using
BAFs

100 1 m 10 d: OAF was epithe-
lialised

Pandikanda et al. [24] 1 PRF membrane over
the OAC + PRF clot
mixed with collagen
sponge and compos-
ite + PRF membrane

3000 rpm, 10 min UNS UNS 1 UNS Immediate 100 2 m 2 m: The patient did not
develop any sign of
sinusitis.

Bilginaylar [1] Only 2 PRF clots over the
OAF

3000 rpm, 10 min PRF: 1M (n = 18), 2M
(n = 3) /
BAF: 1M (n = 11), 2M
(n = 4)

> 3 mm 21 PRF/
15 BAF

UNS Immediate 100 7 d 1 w: PRF., healthy gran-
ulation tissue; BAF.,
primary wound
closure.

Esen & Akkulah [21] 2 PRF mem-
branes + BFP + BAF

3000 rpm, 10 min UNS Stage III MRONJ 7 64.7
(§ 8.6)

UNS 100 18 m 2 w: 2-3 mm of wound
dehiscence persisted.
4 w: Mucosa
completely re-epithe-
lialised without dehis-
cence, infection, or
necrosis.
18 m: No recurrence
of OAC.

George [22] PRF + BFP + BAF UNS 1M 14£ 10 mm 1 77 Delayed.
The aetiological factor
was a dental implant.

100 9 d 9 d: Complete epithelial-
isation and no postop-
erative complications.

Demetoglu et al. [2] Only 3−4 PRF
membranes.

1500 rpm, 8 min 1M (n = 14), 2M (n = 4),
3M (n = 2), 2dM (n = 1)

≤ 5 mm 21 UNS Immediate 100 2 m 3−5 w: Full
epithelisation.

Al-Juboori et al. [4] Slow-resorption colla-
gen membrane + 1
PRF membrane + BAF

1500 rpm, 14 min 1PM > 5 mm 1 32 > 3 m 100 6 w 1 w: The patient
reported no pain or
disconfort.
2 w: The wound
matured, without
signs of inflammation.
6 w: gingival
hypertrophy.

Bilginaylar [5] 2 PRF clots 3000 rpm, 10 min UNS > 3 mm 21 UNS Immediate 100 3 w 1 w: Healthy granula-
tion tissue.
3 w: Full
epithelialisation.

Assad et al. [26] 1/3 of the PRF clot was
placed over OAC + 2/3
of the clot was
pressed for forming a
membrane

3000 rpm, 10 min 1M UNS 2 36.5
(§ 7.5)

UNS, but the socket was
fresh

100 8 w 8 w: No signs of discon-
tinuing on the lamina
of the sinus were seen
in radiograph
examination.

Kapustecki et al. [3] Mandibular bone
blocks + 3−5 PRF
membranes + BAF

2700 rpm, 12 min 1M UNS 20 UNS < 2 weeks 100 6 m 2 w: Complete healing
(n = 18). Uncovering of
the graft stabilizing
screw (n = 2).
3 m: Mobility of
aggregating elements
(n = 3).
6 m: No graft

(continued on next page)
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formation in the PRF group, while primary wound closure was
achieved in the BAF group in the same period. The oral mucosa had
epithelialised by the third week in both groups. The Visual Analogue
Scale (VAS) was used for pain assessment on postoperative days 1, 2,
3 and 7. The mean value in the PRF group was significantly lower,
specifically 31.2 § 15.9 (8.0−81.5), while in the BAF group it was
59.0 § 19.5 (25.0−90.0) (p = 0.0001). When specifically analysing the
values obtained per day reviewed, significant differences were
obtained on the first and second day, but not on the third and seventh
day, indicating that the use of PRF is especially useful in reducing pain
during the 48 h postoperative period. This pain resulted in a signifi-
cantly lower number of analgesic doses during the first 7 days (PRF,
3.7 § 1.8 [1.0−8.0] vs. BAF, 5.5 § 1.7 [3.0−9.0]; p = 0.003). When ana-
lysing these values per day, significant differences were observed
only on the first and second days. Facial swelling was also assessed
using the modified method by Gabka and Matsamura [27], converting
each value into a percentage using the following formula: ([Maxi-
mum postoperative value - Preoperative value]/ Preoperative value)
x 100. In the PRF group, no patient experienced facial swelling, how-
ever, in the BAF group, a mean of 0.94% § 0.26 (p = 0.0001) was
obtained.

3.2.2. PRF in bilaminar techniques
PRF was also used in bilaminar techniques. In this regard, Al-

Juboori et al. [4] after the use of PRF performed a BAF because the
radiograph showed that the bone defect was anterior to the fistula
opening in the soft tissue. Thus, a wide area needed to be exposed to
include the bone and soft-tissue defect, which could be achieved only
with a BAF. This same technique was performed by Al-Noori [25],
placing a single PRF clot. Also, a sandwich technique was described
[24], i.e., one PRF membrane was placed directly over the OAC in the
socket, a mix of PRF clot with collagen sponge and composite was
placed over the stabilized PRF membrane and, finally, a second PRF
membrane was placed over the mesh layer and was secured under
the buccal and palatal mucoperiosteal flap by horizontal mattress
suture.

3.2.3. PRF in trilaminar techniques
Some authors carried out trilaminar techniques, placing a collagen

membrane over the OAC, on which they placed a folded PRF mem-
brane (double layer) and, on top of this, a BAF [4]. Other authors
placed PRF under or on top of a BFP, depending on the size of the
defect (in small defects, the PRF was placed under the BFP and, in
large defects, the other way round) [21].

One study evaluated the effect of the PRF in the treatment of OAFs
and oronasal fistulas secondary to stage III medication-related osteo-
necrosis of the jaws (MRONJ), presented with maxillary sinusitis,
swelling, mucosal ulceration, infection, and bone exposure. Previ-
ously, they administered amoxicillin/ clavulanic acid 2 g per day and
ornidazole 1 g per day, for two weeks, and mouthwashes with gluco-
nate chlorhexidine were also prescribed. Then, sequestrectomy and
bone debridement were performed, and the maxillary sinus was
abundantly irrigated with saline solution. Then, the PRF was placed
under the BFP in patients who had small OAF and adequate bone cav-
ity. On the other hand, the PRF was placed in the form of membranes
over the BFP in patients who had large OAF and unfavourable bone
cavities. The oral mucosa was sutured to achieve primary healing and
without tension using a BAF. Antibiotic treatment was continued for
the 5 days following surgery [21]. George [22] performed the same
approach to treat an OAF secondary to implant failure. Covering the
BFP graft with PRF creates an environment beneficial for healing. This
allowed the suture line to close early, preventing inflammation and
infection from bacteria [22].

The only study that evaluated the treatment of OACs using PRF
and bone grafts was Kapustecki et al. [3] Specifically, they used
monocortical bone blocks from mental protuberance or mandibular



Table 2
JBI critical appraisal checklist for case reports [19] ( Yes; No).

Al-Noori [25]
(2019)

Pandikanda
et al. [24]
(2019)

Esen and
Akkulah [21]

(2019)

George [22]
(2018)

Demetoglu
et al. [2]
(2018)

Al-Juboori
et al. [4]
(2018)

Bilginaylar [5]
(2018)

Assad
et al. [26]
(2017)

Kapustecki
et al. [3]
(2016)

G€ulsen
et al. [23]
(2015)

1. Were patient�s demo-
graphic characteristics
clearly described?

2. Was the patient�s history
clearly described and pre-
sented as a timeline?

3. Was the current clinical
condition of the patient
on presentation clearly
described?

4. Were diagnostic tests or
assessment methods and
the results clearly
described?

5. Was the intervention(s)
or treatment procedure(s)
clearly described?

6. Was the post-interven-
tion clinical condition
clearly described?

7. Were the adverse events
(harms) or unanticipated
events identified and
described?

8. Does the case report pro-
vide takeaway lessons?
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Table 3
NIH Quality Assessment Tool for Case-Control Studies [20] (CD., cannot determine; NA., not applicable; NR., not reported).

Bilginaylar [1] (2019)

Criteria Yes No Other(CD/ NR/ NA)

1. Was the research question or objective in this paper clearly stated and appropriate?
X

2. Was the study population clearly specified and defined?
X

3. Did the authors include a sample size justification?
X

4. Were controls selected or recruited from the same or similar population that gave rise to the cases
(including the same timeframe)?

X

5. Were the definitions, inclusion and exclusion criteria, algorithms or processes used to identify or select cases
and controls valid, reliable, and implemented consistently across all study participants?

X

6. Were the cases clearly defined and differentiated from controls?
X

7. Is less than 100 percent of eligible cases and/or controls were selected for the study, were the cases and/or
controls randomly selected from those eligible?

X

8. Was there use of concurrent controls?
X

9. Were the investigators able to confirm that the exposure/risk occurred prior to the development of the
condition or event that defined a participant as a case?

X

10. Were the measures of exposure/risk clearly defined, valid, reliable, and implemented consistently (including
the same time period) across all study participants?

X

11. Were the assessors of exposure/risk blinded to the case or control status of participants?
X

12. Were key potential confounding variables measured and adjusted statistically in the analyses? If matching was
used, did the investigators account for matching during study analysis?

X
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oblique line. The bone blocks were shaped in a way that made it pos-
sible to wedge them in the cavity and tightly wardrobe the defect.
The graft was stabilized using bicortical screws or titanium mini
plates. The graft and the surrounding bone were covered with a PRF
membrane. Subsequently, the surgical site was covered with BAF.
This technique not only compensates for the crestal bone changes
after tooth extraction in the horizontal direction, with an average
loss of 0.5 mm but in the vertical direction, an average gain of
0.5 mm is observed at 3−6 months post-surgery.

3.3. Risk of bias within studies

Risk of bias and study quality analyses were performed inde-
pendently by two review authors (A.-O.S.-P. and A.U.). Using the
predetermined 8 domains for the methodological quality assess-
ment according to the JBI Prevalence Critical Appraisal Tool for
Case Reports [19], it was determined that all the papers have a
high-quality assessment (5−8 domains) [2−5,21,22,24−26],
except G€ulsen et al. [23] that had a low-quality assessment (0−4
domains) (Table 2). shows a more detailed description of the
articles included. On the other hand, NIH Quality Assessment Tool
for Case-Control Studies [20] was used to analyse the Bilginaylar
[1] study. After its analysis, it was determined that it was a “fair”
quality study (Table 3).

4. Discussion

Typically, when intraoperative OAC occurs, the reasons for not
treating it immediately are that it is not diagnosed by the surgeon or
that the surgeon lacks the experience and/or expertise to address it
[4]. There are a multitude of therapeutic options and the choice of
the most appropriate technique will depend on the idiosyncratic fac-
tors of each patient, such as the amount of keratinized tissue present,
the presence/absence of teeth, and the size and position of the OAC/
OAF [28]. Bone grafts used in these cases may fail due to infection by
native sinus bacteria or secondary to their exposure. The current
treatments available have several drawbacks. In particular, BAF is the
most commonly used, however, this procedure results in increased
postoperative pain and oedema and a coronal displacement of the
mucogingival line (MGJ), which in many cases will require a second
surgery to increase the width of the attached gingiva (vestibulo-
plasty) [2]. The BFP technique also requires surgical intervention and
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has disadvantages, such as partial or total necrosis of adipose tissue,
changes in facial contour, postoperative facial oedema and some-
times facial fistulas [29]. Other alternatives, such as monocortical
bone grafts [12], provide an advantage regarding the future replace-
ment of the lost tooth with a dental implant, however, they entail
morbidity of the donor area and greater postoperative discomfort.
Another option is the use of hydroxyapatite blocks, which do not
require a donor site, cause less morbidity and can be left exposed to
the oral environment [13]. Other alternatives, such as the use of a col-
lagen membrane, have also been described. Its advantage is that it
can be left partially exposed to the oral environment and, within
14 days, will be covered by epithelium, however, it is associated with
a higher cost.

Some of these described drawbacks could be avoided by using
PRF. PRF is a polymerised mesh or matrix with a tetramolecular struc-
ture [15] that contains a large number of leukocytes and platelets
(approximately 70% and 95% of the initial clot, respectively) [30], as
well as monocytes [31] and circulating stem cells [30]. It is a natural
polymer that replicates the normal healing process, optimising and
accelerating the healing of both hard and soft tissues [6], which is
why it is used in the treatment of OACs/OAFs.

The first allusion to its use for these purposes was in 2015. In it,
Agarwal et al. [6] proposed the de-epithelialisation of the mucosal
edges of the OAC/OAF and washing of the area with sterile saline and
gentamicin. They then elevated a buccal and palatal mucoperiosteal
flap, but without displacing it coronally. They drew 4 tubes of blood
to obtain 4 PRF membranes, three of which they linked together to
form a plug that is sutured to the buccal and palatal flaps and con-
densed apically to seal the OAC/OAF, holding it in place with the
suture (still unknotted). This prevents its migration into the sinus.
Finally, a PRF membrane is placed over the surgical site, extending
the edges of the membrane under the buccal and palatal flap, and the
suture is tied at this point.

Several authors recommended using sterile saline to clean the
surgical site before sealing the OAC/OAF with PRF [1,4,5,21,23,24,26],
however, it is advisable to use the exudate obtained from the dehy-
dration of PRF membranes, as it contains a large number of growth
factors and has a high proliferative effect on medullary bone stem
cells, osteoblasts and osteoarthritic chondrocytes [32]. The reason
why they did not use this "enriched serum" is that in several studies
they compressed the PRF clots between sterile gauzes, wasting it
[1,5,26,33].
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In this sense, it is advisable to use specific surgical boxes (PRF Box)
to make use of this exudate. Currently, several commercial firms offer
kits with the specific material necessary to perform the PRF tech-
nique. On the other hand, it is possible to perform "free protocols", i.
e., to obtain products compatible with the technique separately with-
out depending on a commercial firm. In this respect, the included
articles employed very heterogeneous protocols. When commercially
supplied kits are used, "protocols per revolutions per minute" are
often employed. Depending on the manufacturer, the most wide-
spread protocols are 3000 rpm for 10 min [15] (Process, Nice, France)
or 2700 rpm for 12 min [34] (Intra-Lock, Boca Raton, FL, USA). How-
ever, when "free protocols" are carried out, "relative centrifugal
force" (RCF) protocols, measured in g-force, must be applied, which
depends among others on the rotor radius of the centrifuge used,
describing values of 400 g for 10−12 min [35,36] or 300 g for 10 min
[37]. To calculate it, the following equation must be used: RCF = 1.118
� 10�5 � r � N2, where 1.118 � 10�5 is a constant, "r" is the radius of
rotation or horizontal distance from the axis of rotation to the bottom
of the sample tube (measured in centimetres) and "N" is the speed of
rotation expressed in rpm [38]. Therefore, the disparity in the proto-
cols used by the different authors may indicate that they used "free
protocols" to obtain PRF.

The use of PRF in the treatment of OACs/OAFs has several advan-
tages, such as maintaining the position of the MGJ as it does not
require the coronal displacement of mucoperiosteal flaps [1,5,6], thus
preventing associated bone loss [4] and reducing postoperative mor-
bidity, in particular, there is less pain during the following 48 h,
which reduces analgesic intake, compared to other techniques such
as BAF [1] and no second surgery site or donor site is needed to close
the communication or there is no need for re-entry surgery to
remove the membrane or fixation tools [4]. In addition, there is less
bleeding, not only because it avoids elevating flaps, but also because
of its haemostatic properties [1], which makes it very interesting in
patients with haemostasis disorders or patients being treated with
antiplatelet/anticoagulant drugs, as well as in patients with wound
healing disorders, such as diabetics or patients being treated with
medication-related osteonecrosis of the jaw (MRONJ) [21], as PRF
favours accelerated revascularization and neoangiogenesis [39].

It is a versatile biomaterial that has proven effective in sealing
small and large OACs (> 5 mm) as well as chronic OAFs (> 3 weeks of
evolution) [4], due to its adhesive properties, the binding of PRF to
Schneider's membrane is easier, which enables its reparation [2].
However, the authors recommend that in OACs/OAFs larger than
5 mm, PRF should be used in combination with bi- or trilaminar tech-
niques, as PRF takes 15 days to resorb [40], which is the insufficient
time considering that Schneider's membrane requires 6−8 weeks to
self-regenerate [41]. In defects up to 5 mm, PRF could be used alone
as the sole biomaterial.

PRF also has a local modulating action on the immune system,
which controls inflammation and reduces the rate of postoperative
infections [34]. Neutrophils trapped in the fibrin clot eliminate bacte-
ria, necrotic tissues and pathogens from the surgical site by phagocy-
tosis and by producing free radicals and digestive enzymes,
preventing secondary infections [42]. In addition, it contains macro-
phages involved in the healing and repair process, playing a key role
in the transition between inflammation and wound repair during
osteogenesis [31,42], decreasing healing time by observing complete
wound closure within two weeks [4], as well as surgical time [1].
Due to the ease with which the technique is performed, it eliminates
the need for special surgical expertise [5], it is also inexpensive [4,5],
compared to the use of commercial biomaterials, and quick (it
requires 15−20 min). The result after its use is soft tissue hypertro-
phy and an increase in tissue thickness, providing more support for
wound sealing [4]. It eliminates the risk of cross-disease or auto-
immune rejection reactions, as it is autologous and does not require
the use of additives, lacking any ethical limitations to its use [43].
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However, every technique has certain disadvantages. In this
regard, the use of needles may be a limitation in apprehensive
patients [1] and venipuncture may be difficult in those whose veins
are not visible. It cannot be performed in patients with certain ideo-
logical constraints, such as Jehovah's Witnesses, because their reli-
gion advocates that blood leaving the body should be discarded. A
major disadvantage is that, during healing, if there is not enough
residual bone, a fusion between the sinus membrane and the oral
mucosa may occur. Such fusion will prevent future treatments, such
as sinus lift and implant placement. The placement of a resorbable
collagen membrane prevents this fusion. Moreover, the sinus mucosa
will have the chance to regenerate and return to its normal morphol-
ogy and prevents the proliferation of soft tissue into the osseous
defect, which would enhance bone formation and closure of the bony
defect [4].

4.1. Strengths and limitations

This systematic review presents several strengths, such as the
searching process for the different studies, data extraction and risk of
bias assessment performed in duplicate.

Nonetheless, some limitations may be related to this systematic
review. First, the limited evidence of the included articles. Second,
the heterogeneity of the protocols used to obtain the PRF among the
different studies. For these reasons, the data provided by this system-
atic review should be interpreted with caution.
4.2. Recommendations for further research

Future studies should include the design of RCTs to specifically
analyse the influence of using PRF alone or in combination with bi- or
trilaminar techniques in the treatment of OACs/OAFs. It would also
be interesting to compare PRF vs. other therapeutic options men-
tioned in the manuscript as the only comparison currently available
is the PRF vs. BAF.
5. Conclusions

With the limitations of this study, it can be established that PRF
can be used alone for the treatment of OACs/OAFs up to 5 mm and, in
larger defects, it is advisable to combine it with bi- or trilaminar tech-
niques. In clinical circumstances where delayed implant placement is
planned and residual bone is insufficient, it is recommended to com-
bine PRF with a collagen membrane to prevent fusion between the
oral mucosa and Schneider's membrane, facilitating subsequent reha-
bilitative reconstructive surgical procedures. Therefore, PRF is an
effective therapeutic option, with minimal associated postoperative
morbidity compared to other techniques and allows the position of
the mucogingival junction to be preserved. Its combination with
bone grafting improves the starting point before the replacement of
the missing tooth with a dental implant.
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[29] Alcântara MT, Ribeiro NR, Abreu DF. Complications associated with bichectomy
surgery: a literature review. Minerva Dent Oral Sci 2021;70:155–60. doi:
10.23736/S0026-4970.20.04415-5.

[30] Kang YH, Jeon SH, Park JY, Chung JH, Choung YH, Choung HW, et al. Platelet-rich
fibrin is a Bioscaffold and reservoir of growth factors for tissue regeneration. Tis-
sue Eng Part A 2011;17:349–59. doi: 10.1089/ten.TEA.2010.0327.

[31] Dohan Ehrenfest DM, Del Corso M, Diss A, Mouhyi J, Charrier JB. Three-
dimensional architecture and cell composition of a Choukroun’s platelet-rich
fibrin clot and membrane. J Periodontol 2010;81:546–55. doi: 10.1902/
jop.2009.090531.

[32] Kardos D, Horny�ak I, Simon M, Hinsenkamp A, Marschall B, V�ardai R, et al. Biolog-
ical and mechanical properties of Platelet-Rich Fibrin membranes after thermal
manipulation and preparation in a single-syringe closed system. Int J Mol Sci
2018;19. doi: 10.3390/ijms19113433.

[33] Saleh EA, Issa IA. Closure of large oroantral fistulas using septal cartilage. Otolar-
yngol Neck Surg Off J Am Acad Otolaryngol Neck Surg 2013;148:1048–50. doi:
10.1177/0194599813482091.

[34] Dohan Ehrenfest DM, Bielecki T, Mishra A, Borzini P, Inchingolo F, Sammartino G,
et al. search of a consensus terminology in the field of platelet concentrates for
surgical use: platelet-rich plasma (PRP), platelet-rich fibrin (PRF), fibrin gel poly-
merization and leukocytes. Curr Pharm Biotechnol 2012;13:1131–7. doi:
10.2174/138920112800624328.

[35] Mazor Z, Horowitz RA, Del Corso M, Prasad HS, Rohrer MD, Dohan Ehrenfest DM.
Sinus floor augmentation with simultaneous implant placement using Chouk-
roun’s platelet-rich fibrin as the sole grafting material: a radiologic and histologic
study at 6 months. J Periodontol 2009;80:2056–64. doi: 10.1902/jop.2009.
090252.

[36] Castro AB, Meschi N, Temmerman A, Pinto N, Lambrechts P, Teughels W, et al.
Regenerative potential of leucocyte- and platelet-rich fibrin. Part B: sinus floor
elevation, alveolar ridge preservation and implant therapy. A systematic review. J
Clin Periodontol 2017;44:225–34. doi: 10.1111/jcpe.12658.

[37] Zhang Y, Tangl S, Huber CD, Lin Y, Qiu L, Rausch-Fan X. Effects of Choukroun’s
platelet-rich fibrin on bone regeneration in combination with deproteinized
bovine bone mineral in maxillary sinus augmentation: a histological and histo-
morphometric study. J Cranio Maxillo Fac Surg 2012;40:321–8 Off Publ Eur Assoc
Cranio-Maxillo-Facial Surg. doi: 10.1016/j.jcms.2011.04.020.

[38] Vite-Casanova J. El fraccionamiento de la sangre. Gac M�edica Mex 2004;140:
S157–9.

[39] Suttapreyasri S, Leepong N. Influence of platelet-rich fibrin on alveolar ridge preser-
vation. J Craniofac Surg 2013;24:1088–94. doi: 10.1097/SCS.0b013e31828b6dc3.

[40] Kawase T, Kamiya M, Kobayashi M, Tanaka T, Okuda K, Wolff LF, et al. The heat-
compression technique for the conversion of platelet-rich fibrin preparation to a
barrier membrane with a reduced rate of biodegradation. J Biomed Mater Res B
Appl Biomater 2015;103:825–31. doi: 10.1002/jbm.b.33262.

[41] Chanavaz M. Maxillary sinus: anatomy, physiology, surgery, and bone grafting
related to implantology−eleven years of surgical experience (1979-1990). J Oral
Implantol 1990;16:199–209.

[42] Clark RA. Fibrin and wound healing. Ann N Y Acad Sci 2001;936:355–67. doi:
10.1111/j.1749-6632.2001.tb03522.x.

[43] Miron RJ, Fujioka-Kobayashi M, Hernandez M, Kandalam U, Zhang Y, Ghanaati S,
et al. Injectable platelet rich fibrin (i-PRF): opportunities in regenerative den-
tistry? Clin Oral Investig 2017;21:2619–27. doi: 10.1007/s00784-017-2063-9.

https://doi.org/10.1097/SCS.000000<?A3B2 re3j?>0000004958
https://doi.org/10.1097/SCS.000000<?A3B2 re3j?>0000004958
https://doi.org/10.1097/SCS.0000000000004360
https://doi.org/10.1097/SCS.0000000000004360
https://doi.org/10.4317/medoral.21037
https://doi.org/10.4317/medoral.21037
https://doi.org/10.2147/CCIDE.S179751
https://doi.org/10.1016/j.joms.2017.07.168
https://doi.org/10.1016/j.bjoms.2015.09.039
https://doi.org/10.1016/j.joms.2010.02.061
https://doi.org/10.1097/SCS.0000000000002706
https://doi.org/10.1097/SCS.0b013e3182997184
https://doi.org/10.2174/187421060120601<?A3B2 re3j?>0094
https://doi.org/10.2174/187421060120601<?A3B2 re3j?>0094
https://doi.org/10.1016/s1079-2104(03)00470-0
https://doi.org/10.1016/s1079-2104(03)00470-0
https://doi.org/10.1016/s1079-2104(03)00375-5
https://doi.org/10.1016/0278-2391(92)90201-a
https://doi.org/10.1186/s40729-019-0165-7
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0015
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0015
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0015
https://doi.org/10.1016/j.tibtech.2008.<!?A3B2 re3j?>11.009
https://doi.org/10.1016/j.maxilo.2016.03.001
https://doi.org/10.1371/journal.pmed.1000097
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0019
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0019
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0019
https://doi.org/10.1007/s12663-019-01278-x
https://doi.org/10.1007/s12663-019-01278-x
https://doi.org/10.11607/jomi.5725
https://doi.org/10.1016/j.bjoms.2015.09.037
https://doi.org/10.1016/j.jormas.2018.12.012
https://doi.org/10.1016/j.jormas.2018.12.012
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0025
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0025
https://doi.org/10.4103/ams.ams_77_17
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0027
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0027
https://doi.org/10.1007/s12663-010-0006-y
https://doi.org/10.23736/S0026-4970.20.04415-5
https://doi.org/10.1089/ten.TEA.2010.0327
https://doi.org/10.1902/jop.2009.090531
https://doi.org/10.1902/jop.2009.090531
https://doi.org/10.3390/ijms19113433
https://doi.org/10.1177/0194599813482091
https://doi.org/10.2174/138920112800624328
https://doi.org/10.1902/jop.2009.<?A3B2 re3j?>090252
https://doi.org/10.1902/jop.2009.<?A3B2 re3j?>090252
https://doi.org/10.1111/jcpe.12658
https://doi.org/10.1016/j.jcms.2011.04.020
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0038
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0038
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0038
https://doi.org/10.1097/SCS.0b013e31828b6dc3
https://doi.org/10.1002/jbm.b.33262
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0041
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0041
http://refhub.elsevier.com/S2468-7855(22)00083-0/sbref0041
https://doi.org/10.1111/j.1749-6632.2001.tb03522.x
https://doi.org/10.1007/s00784-017-2063-9

	Treatment of oroantral communication with Platelet-Rich Fibrin: A systematic review
	1. Introduction
	2. Methods
	2.1. Search strategy
	2.2. Clinical relevance
	2.3. Eligibility criteria
	2.3.1. Inclusion criteria
	2.3.2. Exclusion criteria

	2.4. Study records
	2.5. Risk of bias

	3. Results
	3.1. Study selection
	3.2. Study characteristics
	3.2.1. PRF as a sole grafting material
	3.2.2. PRF in bilaminar techniques
	3.2.3. PRF in trilaminar techniques

	3.3. Risk of bias within studies

	4. Discussion
	4.1. Strengths and limitations
	4.2. Recommendations for further research

	5. Conclusions
	Funding
	Declaration of Competing Interest
	Supplementary materials
	References



