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The perforation of the Schneiderian membrane (SM) is a common surgical complication during the sinus floor augmentation (SFA)

procedure. Different approaches have been proposed to completely closer the SM perforation and to avoid graft contamination or

migration and postoperative sinus infection. In this context, the leukocyte and platelet-rich fibrin (L-PRF) membranes have been proposed

for SM perforation treatment because of their natural adhesive property and resistance. Thus, this case series aims to evaluate the

effectiveness of L-PRF in the treatment of SM large perforations during SFA. A total of 9 SM perforations were treated in this case series.

The L-PRF membranes were interposed on the perforated SM until the rupture could not be visualized. The maxillary sinus cavities were

filled with deproteinized bovine mineral bone (Bio-oss, Geistlich, Switzerland), and a collagen membrane was positioned to cover the

lateral access window. After 8 months, 13 implants were placed, achieving satisfactory primary stability. The osseointegration of all

implants and absence of infection signs/mucus in the maxillary sinus were observed in cone beam computed tomography or panoramic

radiography qualitative analysis after 3–5 years of follow-up. It can be concluded that the use of L-PRF can be considered a viable

alternative for the repair of large SM perforations.
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INTRODUCTION

T
he maxillary sinus (MS) is the largest cavity of paranasal

sinus, and it is covered by a respiratory mucosa called

the Schneiderian membrane (SM).1 This mucoperiosteal

membrane is thin and has a thickness ranging from 0.3

to 0.8 mm2. The epithelial layer, constituted by a ciliated

columnar pseudostratified epithelium, is responsible for pro-

viding to the maxillary sinus numerous goblet cells that

produce mucus.3 This mucus, besides containing lysozyme

(antibacterial), retains bacteria and debris that will later be

transported by the cellular cilia towards the ostium,4 ensuring

MS drainage. Any factor that impairs ostium mucus production,

ciliary function, or patency may increase the risk of sinusitis.

The MS presence can interfere in dental implant placement

in the posterior maxilla because of insufficient bone volume.5,6

Based on that, the lateral window technique was developed in

1986 by Tatum7 to access the MS cavity and elevate its floor.

Because of the high osteogenic potential of the SM,8 the lateral

window technique can be performed without the association of

bone grafts.9 However, clinical studies have shown that the

bone gain is limited, and the implant apex is surrounded by

nonosseointegrated connective tissue.10,11 For this reason, the

MS cavity is traditionally filled with particulate bone grafts

associated with a collagen membrane to enhance bone

formation.9

The SM perforation is the most common complication

during the sinus floor augmentation procedure (SFA), with a

prevalence rate ranging from 3.6% to 56%.12–15 Large

perforations (.1.5 cm) may occur because of operator error,
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thin-membrane manipulation, presence of bone septum or

pathologies, and act secondarily to previous surgery.16,17

Studies have been shown that SM perforations with a range

from 2 mm to 1.5 cm can be closed completely without

interfering with bone formation or implant success.18–22 In this

condition, the SM perforation is usually closed by using a

collagenous membrane, fibrin adhesive, or oxidized regenerat-

ed cellulose and a block graft.23 However, in some cases of SM

large perforations in which the repair does not seem to be

sufficiently possible, the procedure needs to be interrupted to

avoid graft contamination or migration, which could lead to

postoperative sinus infection.22,24

Although several techniques have been proposed, no

recognized method has been recommended for repairing SM

perforations.25 In this context, the leukocyte and platelet-rich

fibrin (L-PRF) membranes are an alternative in the treatment of

SM large perforation.26,27 The L-PRF is a fully autogenous

material capable of releasing cytokines and growth factors

favorable to the patient’s healing and immune response.28

During L-PRF centrifugation, fibrin network polymerization

occurs naturally and slowly, which promotes a high-resistance

structure that can avoid graft particle migration into the SM.27

Nonetheless, evidence regarding the use of L-PRF to

manage sinus membrane perforations is limited.26,27 Therefore,

this case series aimed to evaluate the use of L-PRF in the

treatment of large SM perforations in 9 clinical cases with 2–5

years of follow-up.

MATERIALS AND METHODS

Surgical technique

From January 2014 to 2017, 9 healthy patients (5 males and 4

females; mean age, 53.22 6 12.15 years) of the Implantology

Clinic at the Araraquara School of Dentistry (UNESP) were

evaluated for dental implants rehabilitation. The clinical and

radiographic evaluation (panoramic radiography) of the pa-

tients showed insufficient bone volume for adequate dental

implants placed in the posterior region of the maxilla (Figure 1).

Based on that, the patients were submitted to the SFA

procedure before dental implant installation.

The SFA was done under local anaesthesia. A linear

palatinized incision was made over the bony crest, followed

by another vertical incision. A mucoperiosteal flap was

retracted to access the lateral wall of the maxillary sinus. The

osteotomy was performed with a ball milling cutter until the

FIGURES 1–4. FIGURE 1. A representative case illustrating the initial panoramic radiograph indicating the need to maxillary sinus floor
augmentation for subsequent implant placement in the region (case E). FIGURE 2. The large perforation of the Schneiderian membrane
detected during the sinus floor augmentation procedure in the right maxillary side (case E). FIGURE 3. Leukocyte and platelet-rich fibrin (L-
PRF) membranes obtained by centrifuging the patient’s blood tubes (case E). FIGURE 4. Interposition of L-PRF membranes on the
Schneiderian membrane perforation (case E).
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SM could be visualized by transparency. After that, membrane

detachment was performed with specific curettes (Neodent,

Curitiba, Paraná, Brasil), and, at this moment, a large disruption

of membrane integrity was detected in all patients, making

conventional treatment through the interposition of collagen

membranes impossible (Figure 2).

Membrane perforation was isolated in all cases, and the

interposition of L-PRF membranes was planned because of the

perforation dimensions. For L-PRF preparation, six 10-mL glass

tubes (without an anticlotting agent) of peripheral blood were

collected from each patient. The samples were immediately

centrifuged at 400g28 (centrifuge Intra-Spin-Intra-Lock Interna-

tional, Boca-Raton, Fla). Afterward, the tubes were removed

from the centrifuge, allowing the visualization of 3 layers.

Through a cut, the L-PRF clot was separated from the red

corpuscle layer maintaining the buffy coat region. Each fibrin

clot was placed in a metal box (Xpression, Intra-lock System,

Sao Paulo, Brazil). The fluids present in the fibrin clots were

squeezed out to obtain L-PRF membranes (Figure 3). The

obtained membranes were interposed on the perforated SM,

one over the other until the rupture of the maxillary sinus

membrane could not be visualized (Figure 4).

After repair of the sinus membrane perforation, the

maxillary sinus cavities were filled with deproteinized bovine

mineral bone (Bio-oss, Geistlich, Root Längenbold, Switzerland),

and a collagen membrane was positioned to cover the lateral

access window. Primary closure was achieved in all cases with

5-0 nylon sutures (Ethicon, Jonhson & Jonhson, New Brunswick,

NJ). The patients were instructed to perform gentle mouth

rinses with 0.12% chlorhexidine gluconate twice daily for 15

days. The postoperative prescription included antibiotics

(amoxicillin, 500 mg, 8/8 hours for 7 days), nonsteroidal anti-

inflammatory (nimesulide, 100 mg, 12/12 hours for 3 days), and

analgesics (dipyrone, 500 mg, 6/6 hours for 3 days). The sutures

were removed 10 days after the surgery.

Implant placement

After 8 months of healing, a cone beam computed tomography

(CBCT; patients A, C, D, and E) scan or panoramic radiography

(patients B, F, G, H, and L) was requested (depending on the

patient’s financial condition) to assess the bone graft gain and

to identify any possible existing sinus pathology (Figure 5).

Adequate bone volume for dental implant placement was

FIGURES 5–8. FIGURE 5. Cone beam computed tomography 8 months after Schneiderian membrane repair and simultaneous bone graft in
the region (case E). FIGURE 6. A representative case illustrating the dental implants after osseointegration (case E). FIGURE 7. A representative
case illustrating oral rehabilitation after 5 years of follow-up (case E). FIGURE 8. Coronal section of the cone beam computed tomography
exam after 5 years of the Schneiderian membrane perforation treatment (case E).
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obtained in all patients. A total of 13 implants were placed in

the augmented maxillary sinuses with SM perforation treated

with L-PRF membranes. The primary stability of implants was

measured through implant insertion torque (N�cm). The mean

value of the implants primary stability was 30 N�cm (the Table).

After 6 months of implant installation, the patients were

referred for prosthetic rehabilitation (Figure 6).

Long-term radiologic and clinical assessment

After 3–5 years of the surgical augmentation procedure, the

patients were evaluated, and the success of the implants was

recorded. A CBTC scan (patients A, C, and E) or panoramic

radiography (patients B, D, F, G, H, and L) was performed

(depending on the patient’s financial condition) to qualitative

analyze the SM repair and dental implant osseointegration. No

implants were lost after the 3- to 5-year follow-up period

(Figure 7). The CBCT or panoramic radiography images showed

correct osseointegration of all implants and effective repair of

the SM perforations (Figure 8). Bone graft confinement was

observed in all maxillary augmented sinuses, and there was

absence of signs of infection/mucus.

DISCUSSION

In this cases series, 9 SM perforations during the SLA procedure

were effectively treated using L-PRF membranes, and no signs

of infection/mucus in the sinus cavity were observed after 3–5

years of follow-up. These SM reparations were made in this case

series because unrepaired or improperly repaired SM perfora-

tion may result in bacterial penetration, mucus invasion into

the bone graft, and even ostium obstruction because of graft

leakage to the perforation site, compromising physiologic

drainage of the maxillary sinus.29

The impact of intraoperative perforations of the SM during

SLA on the osseointegration after implant insertion was

evaluated in some clinical studies.21,22,30 Beck-Broichsitter et

al22 showed an implant survival of 98.9% in the perforation

group (39 perforations) over an observation period of 2.7 6

2.03 years compared with 100% in the control group (40 SLA

procedures without complications) after 1.8 6 1.57 years.

Similarly, Hernandez-Alfaro et al21 evaluated the treatment

effectiveness of a total of 104 SM perforations with different

sizes. After the SM perforation treatment, 278 implants were

placed under the repaired membrane, and 247 implants

survived. According to these authors, the dental implants

survival rates placed under reconstructed membranes correlate

inversely with the size of the perforations. In contrast to these

results, a study by Nolan et al30 retrospectively reassessed a

total of 359 sinus augmentation procedures with a perforation

rate of 41.8% (150 patients) at least 1 year after implant loading

and reported a graft failure rate of 6.7%, in which 70.8% of

membranes were perforated. In this cases series, a total of 13

implants were placed in the augmented maxillary sinuses with

the SM repaired, and no dental implant loss was observed after

3–5 years of follow-up.

Several techniques have been proposed for SM perforation

treatment; however, no recognized method has been recom-

mended.25 L-PRF has been proposed for the repair of large SM

perforations based on its natural adhesive properties,31–33

which guarantee good adhesion of this material to the sinus

membrane34 and good bone graft stabilization capacity

because of the mechanical resistance offered by the 3-

dimensional fibrin network. Moreover, L-PRF concentrate

presents autogenicity, affordable cost, and release of cytokines

and growth factors that favor early healing and angiogene-

sis.35,36 Based on these properties, the L-PRF membranes were

used in this case series for the treatment of 9 SM perforations.

None of the patients developed postoperative complications,

including wound dehiscence, sinus infection, and exposure or

loss of the graft, confirming L-PRF effectiveness in SM

perforation treatment in this case series.

A similar result was reported by Oncu et al,27 which

evaluated the bone formation and angiogenesis in 10 SLA

procedures with SM perforation repaired with L-PRF mem-

branes in comparison with 10 SLA procedures without SM

perforation. No statistical difference was found between the

groups for the histologic and radiographic parameters evalu-

ated. Both groups had a similar bone gain, increased area of

possible vasculogenesis, and dental implant survival. Similarly, a

case report26 showed that the use of the L-PRF membrane was

efficient for the sealing of the SM perforation and enabled bone

formation for subsequent dental implant installation. Aricioglu

et al37 compared the effectiveness of resorbable collagen and

L-PRF membranes in SM perforations treatment (up to 1 cm) in

rats. Both treatments were effective, and no significant

difference in the number of lymphocytes, fibroblasts, veins,

and collagen fibers was observed between the groups.

The methodologic limitations of the present case series

include a relatively low number of participants and the absence

of bone formation (volume and height) quantitive analysis. The

CBCT bone formation analysis was not made to reduce patient

costs; the surgical planning of all steps was made based on

panoramic radiographs. The CBCT was requested only in

difficult cases where panoramic radiography does not provide

all the necessary details for surgical planning.9–11 However, our

finding is promising, and randomized clinical trials including a

control group, bone formation analysis, and larger number of

patients should be performed to confirm the results obtained in

this case series.

In conclusion, the qualitative analysis of the clinical aspects

and radiograph/CBCT images of this case series showed that

TABLE

Patient demographic data and dental implants primary
stability values in N�cm

Patient Age (yr) Sex

Perforation

Side

Primary

Stability (N�cm)

A 63 Male Left 20

B 35 Female Left 45

C 55 Female Right 32

D 68 Male Left 20

E 71 Female Right 30

F 45 Male Left 20

G 51 Male Left 45

H 49 Female Right 20

L 42 Male Right 45
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the L-PRF membrane was effective for the SM large perforation

repair, allowing dental implants osseointegration with the

absence of infection/mucus signs after 3–5 years of follow-up.

ABBREVIATIONS

CBCT: cone beam computed tomography

L-PRF: leukocyte and platelet-rich fibrin

SFA: sinus floor augmentation

SM: Schneiderian membrane
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