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dDepartment of Biomedical, Surgical, and Dental Sciences, University of Milan, Milan, Italy
e IRCCS Orthopedic Institute Galeazzi, Milan, Italy
fDepartment of Oral Surgery, Dentistry School, Vassouras University, Vassouras, Rio de Janeiro, Brazil
g Fluminense Federal University, Niterói, Rio de Janeiro, Brazil
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1. Introduction

Osteonecrosis of the jaw (ONJ) is characterized by exposed

necrotic bone in the maxillofacial region that persists for more

than eight weeks. Bisphosphonate (BP) related to osteonecrosis of

the jaw (BRONJ) was first described by Marx in 2003, after he

observed the association of these lesions with the use of

bisphosphonates in patients affected by cancer or osteoporosis

with no previous history of radiation therapy to the jaws [1]. Since

then, the number of articles in literature describing this condition

has constantly grown, and several treatment protocols have been

reported.

Bisphosphonates interfere in the process of bone turnover by

inhibiting the resorption of trabecular bone by osteoclasts, hence

preserving bone density, and impairing angiogenesis [2]. The main

indication for BPs is the reduction of the risk of metastasis in

patients with cancer, especially breast and prostate cancer, and of

the risk of fractures in patients with osteoporosis/osteopenia.

Nonetheless, one of the consequences of impaired bone healing

and turnover in the jaws, mainly following common oral surgery

procedures like tooth extraction, cyst removal or implant

placement, is the exposure of the bone leading to pain and even

infection or fracture of the jawbone.

Over the years, other classes of non-BP drugs (mainly

antiresorptive or antiangiogenic medications) have been related

to clinical features of bone exposure in the jaws [3]. Since 2009 the

term BRONJ was modified to medication-related osteonecrosis of

the jaw (MRONJ). In the Position Paper of the American Association
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A B S T R A C T

Medication related osteonecrosis of the jaw (MRONJ) is characterized by exposed necrotic bone in the

maxillofacial region that persists for more than eight weeks in patients taking antiresorptive or

antiangiogenic drugs for bone metastasis or osteoporosis. The management of such condition depends

on several factors, among which the staging of MRONJ. Though, a specific gold standard treatment has

not been established to date. The aim of this case series is to describe the outcome of surgical treatment

of MRONJ with the adjunct of Platelet-rich Fibrin (PRF). Eleven patients under therapy with alendronate

underwent surgical removal of necrotic bone and debridement, followed by placement of PRF

membranes in the bone defect. The outcome of the surgical treatment was successful in all patients, in a

follow-up range from 12 to 36 months. In the cases presented, the macroscopic evaluation showed

excellent and fast soft tissue healing, with no recurrence of bone exposure and no signs of infections. PRF

membranes were also effective for postsurgical pain control. The use of PRF may represent a valuable

adjunct in the surgical management of MRONJ.
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of Oral and Maxillofacial Surgeons (AAOMS) published in 2014, [4]

the lesions of ONJ maintained the classification in 5 stages. The first

stage is the ‘‘at risk’’ category, in which there is no apparent

necrotic bone in asymptomatic patients who have been treated

with intravenous or oral anti-resorptive or antiangiogenic therapy.

The last one, the stage 3, with the exposed necrotic bone in patients

with pain, infection, results in pathologic fracture, extra-oral

fistula, oral antral/oral nasal communication [4].

Currently, there is not a specific gold standard treatment for

MRONJ cases, nonetheless the first choice of treatment is a

conservative approach including local debridement, removal of

bone sequestrum and association of systemic antibiotic treatment

or antiseptic solutions (e.g. chlorhexidine). Most of the cases can

result in the reduction of the clinical signs and symptoms or

complete healing. In recent years some therapeutic protocols have

been proposed in order to enhance the healing and the

predictability of the surgical treatment, such as low-level laser

therapy, [5] ozone therapy, [6] hyperbaric oxygen, [7] and

autologous platelet concentrates. [8] The association of the surgical

treatment and autologous membranes of platelet-rich fibrin (PRF),

[9] has the objective to add growth factors to the surgical site in

order to accelerate bone and soft tissue healing. A focused

systematic review [10] suggested that the adjunct of autologous

platelet concentrates may be beneficial to treatment of ONJ, as a

high proportion (91.6%) of successful cases with satisfactory

healing was found in the literature. However, most studies

published so far are case reports or case series based on a very

low sample size, confirmed in an update of the above cited review.

[11] Systematic reviews on this topic concluded that there is still

insufficient evidence to prove the real benefits of the platelet

concentrates to the healing of the ONJ lesions. [10–12]

The aim of this article was to describe the outcome of surgical

treatment of MRONJ using PRF in a series of patients.

2. Materials and methods

2.1. Ethical considerations

The procedures employed followed the ethical standards of the

1975 Declaration of Helsinki revised in 2000. The patients

underwent surgical treatment at two private clinics, in Rio de

Janeiro, Brazil, after signing a free and informed consent form,

including the release of image rights and the use of their data for

scientific publication. The treatment of the lesions was conducted

by two calibrated dental professionals.

The study was conducted according to the Case Report

Guidelines (CARE, www.care-statement.org), [13] which state that

a series should present diagnostic assessment, therapeutic

intervention, follow-up, and outcomes, without the need for

control groups for effectiveness, focusing instead on a comprehen-

sive description of the technique and results obtained.

2.2. Research participants

The inclusion of participants was based on their screening at the

two private clinics from 2014 to 2017. The diagnosis of MRONJ was

confirmed in all patients after clinical examination, including

history, oral examinations, and radiographic examination (X-ray

and/or computed tomography). [4] Inclusion criteria were:

diagnosis of MRONJ and need for surgical management under

local anesthesia; patients able to undergo surgical treatment

(ASA-1 or ASA-2); patients able to sign an informed consent form.

Based on the above criteria, 11 patients under therapy with oral

alendronate for osteoporosis (without associations to treat this

condition), that were diagnosed with MRONJ, were included in this

interventional case series. The patients did not report previous

treatment in the affected area, however, they did not know

precisely when their MRONJ condition started.

2.3. PRF production

Blood samples were collected from each patient with a 21 G vein

needle (BD, Brazil), in 10-mL glass collection tubes (BD, São Paulo,

Brazil), without the addition of anticoagulants. After collection, the

blood was immediately centrifuged (Intra-Spin1 EBA 200, Intra-

Lock System, FL, The United States of America), with a force of

approximately 400 g for 12 min, at 2700 rpm. After centrifugation,

the tubes were placed vertically in a rack allowing the blood to clot

for no more than 15–20 minutes. At the end of the procedure, the

clot (PRF) was removed from the collection tubes and implanted

directly into the operated site. The surgeon applied a light pressure

on the PRF clot with PRF-Box1 (Intra-Lock System, FL, USA), to

remove the excess of serum and obtain a PRF membrane.

2.4. Surgical procedures

Oral antibiotic treatment with amoxicillin and clavulanic acid

was initiated the day before surgery (Clavulin BD1, 875/125 mg,

GlaxoSmithKline, Rio de Janeiro, Brazil) and continued each

12 hours for nine more days. All surgical procedures were

performed by two experienced professionals in the presence of

a third dental surgeon, who was in charge of data collection. The

following information was gathered: age, gender, medication

(Anti-resorptive drug), duration of anti-resorptive therapy (time of

use), location of the lesion, surgical site, MRONJ stage, number of

PRF membranes, and post-operative follow-up. The patients able

to undergo surgical treatment (ASA-1 or ASA-2) were observed, in

our cases, controlled high blood pressure (hypertension) (seven

patients) and/or diabetes (3 patients). No other comorbidities nor

concomitant treatment with corticosteroids were reported.

All patients interrupted the use of anti-resorptive medication

three months before surgical procedure. Local anesthesia was

induced with 2% lidocaine with 1:100.000 epinephrine (two tubes

for each procedure) (DFL1, Brazil). In order to access the surgical

site, a mucoperiosteal flap was elevated and mobilized to facilitate

tension-free closure. Necrotic bone was removed with rotating

burs and the bone surface underwent surgical debridement of the

necrotic bone. Any sharp edge was removed. The extent of the

resection was based on the preoperative computed tomography

findings and intra-operative appearance of the bone vitality

(bleeding) at the resected surface.

The amount of PRF membranes used was left to the surgeon’s

decision and it was personalized for each case as needed,

depending on the extension of the surgical bone defect

(Table 1). The suture was performed with a silk suture black

threads with the needle (4-0 size).

A soft diet was prescribed for two weeks, and topic 0.2%

chlorhexidine (Perioxidin1, Lacer, Brazil) was used for two weeks

after the surgical procedure. The patients were strictly followed

until soft tissue closed and any symptom disappeared, and then

they were scheduled for follow-up control visits.

The outcomes were the success of the surgical treatment (hard

and soft tissue healing at the treated site, disappearance of any

symptoms) and the occurrence of postsurgical complications.

3. Results

3.1. Clinical evaluation

The mean age of the 11 patients included in the case series was

67.7 � 14.6 (standard deviation) years (range 38–84 years); nine
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were female. The mandible was the site most frequently involved

(seven cases). The patients’ features and the data collected from all

participants are presented in Table 1, in chronological order of

treatment.

MRONJ was triggered after a surgical procedure for dental

implant placement in the mandible. In the maxilla, two cases were

also triggered by the same procedure, and one was caused by

multiple dental extractions (#1).

Nine of the patients orally took one 70 mg tablet of alendronate

sodium per week. Only two patients (#4 and #9) took 10 mg per

day. The mean duration of medication therapy before MRONJ

occurrence was 57.6 � 14.7 months (range 36–84 months). The

outcome of the surgical treatment was successful in all patients

(100%). The mean follow-up was 23.5 � 8.7 months (range

12–36 months). The clinical evaluation showed excellent soft tissue

healing at any follow-up, without bone exposure and signs of

infections. In all cases complete soft tissue closure was achieved by

2 weeks. Local pain disappeared within the first week post-surgery in

all patients and was not reported any more throughout the study. No

complications occurred throughout the follow-up period

We demonstrated one case to exemplify the surgical procedure

in figures one to seven. Patient #6 presented with a mandibular

MRONJ lesion localized in region 43 to 48 (Fig.1).Removal of the

lesion was performed, until conspicuous bleeding in the area

(Fig. 2). The surgical site required the implantation of 12 PRF

membranes to complete the bone defect filling (Fig. 3) before

suturing. The clinical aspect after ten days of surgery showed the

beginning of the healing process with partial closure of the soft

tissues (Fig. 4). After one year it was possible to observe the total

coverage of the area with soft tissue and the healthy appearance of

tissues surrounding the surgical site (Fig.5). After three years the

soft tissues maintained an excellent aspect (Fig. 6), and there was

radiographic evidence of bone healing at the defect site (Fig. 7

X-ray at 3 years). Throughout the observation period the patient

remained without pain and other symptoms and no recurrence of

MRONJ was reported.

4. Discussion

The association between the use of alendronate and osteone-

crosis of the jaw has been reported a long time ago. [2,14] In the

present study all patients had been taking alendronate since at

least three years. It is known that the duration of antiresorptive

drug exposure is a relevant factor for the occurrence of ONJ, that

the surgeon should consider before the surgical procedure. A

staging of grade two according to the AAOMS position paper [4]

was diagnosed in all patients, because pain and erythema were

present around the exposed and necrotic bone lesion, while no

purulent drainage was observed. Even though a drug holiday of

three months was recommended to all patients, it has a low role in

bone turnover. In fact, residual action of alendronate cannot be

excluded, due to the long half-life of bisphosphonates in the bone

tissue. [15] However, a drug holiday may be beneficial to

Fig. 1. The axial section in computed tomography of the patient No. 6. identifying a

lesion of MRONJ (arrow). Fig. 2. Surgical site after removal of the lesion in the mandibular region.

Table 1

Data collected from the case series participants.

Patients Age

(years)

Sex Medication Time of use

(months)

MRONJ

stage

Location

of lesion

PRF

membranes

Follow-up

(months)

#1 68 F Alendronate 69 2 12–22 8 36

#2 71 F Alendronate 84 2 25.26 6 30

#3 77 F Alendronate 48 2 26 8 32

#4 38 F Alendronate 36 2 34 6 24

#5 84 F Alendronate 60 2 43.44 6 20

#6 77 F Alendronate 36 2 43–48 12 36

#7 82 M Alendronate 72 2 34.35 6 16

#8 59 F Alendronate 60 2 36.37 10 18

#9 51 F Alendronate 60 2 45.46 6 20

#10 80 M Alendronate 60 2 26 4 14

#11 58 F Alendronate 48 2 46,47 6 12
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angiogenesis and soft tissue recovery, which, in turn, may have a

positive effect on bone recovery. The use of autologous platelet

concentrates as an adjunct for a better management of MRONJ was

introduced to further stimulate the healing and regeneration

potential of both hard and soft tissues at the lesion site.

Furthermore, it is important that the treatment approach for

MRONJ is minimally invasive [1,4] for preserving as much as

possible the health of tissues not involved by the lesion.

Blood-derived growth factors have been used in the recent

years to promote tissue healing in many oral surgery procedures.

[16,17,19,20,21] The present study used PRF, which is prepared

without the addition of chemicals (blood anticoagulants and

platelet activators), as opposed to platelet-rich plasma or platelet-

rich in growth factors [18]. PRF can be prepared in the form of

membranes with physical properties that allow it to be handled

and layered to cover the bone, [9] and helping the healing process

of the oral mucosa. [18] This by-product from the patient’s own

blood has a high concentration of platelets and leukocytes that are

rich in growth factors and other substances that have an important

influence on wound healing, such as Platelet-derived growth

factor, epidermal growth factor, transforming growth factor-beta,

vascular endothelial growth factor, procoagulant factor, cytokines,

and antimicrobial proteins. [22,23,24] A recent systematic review

summarized the current evidence on the antimicrobial effect of

platelet-rich preparations based on a number of in vitro studies

and animal models of infection. [25] Such review concluded that

although the specific action mechanisms of the interaction with

microbial pathogens deserve further investigation, platelet-rich

preparations demonstrated to have antimicrobial properties, and

could therefore represent a beneficial natural tool for controlling

postoperative infections at surgical site. Recent studies described

antimicrobial function by induction of the peptide human beta-

defensin 2 and beta-defensin 3, though it is necessary to perform

more studies to prove this action. [26,27] Since microbial infection

is often associated with MRONJ, either as a consequence of reduced

immune defense at the diseased site or as a co-factor in

the pathogenesis of such condition, [4] any means to improve

the control of postoperative infection is a beneficial tool for the

surgeon.

One of the strengths of this clinical report is the relatively long

follow-up duration, that in 5 patients is greater than 24 months.

Throughout the follow-up, patients experienced no complications

and healing of soft and hard tissue was maintained over time. This

excellent result of these osteoporotic patients could be due to

the good systemic condition of the patients, good control of

postoperative infection, the patients compliance with post-surgery

protocol, and the absence of trauma in the region after the

procedure. However, it should be noted that all of the patients were

taking BPs orally, and not through intravenous. This important

result may correlate with a good level of satisfaction and quality of

life without infection and/or pain after the surgical procedure for

removing the lesion.

Fig. 3. After the implantation of the PRF membranes.

Fig. 4. Ten days after removal of the lesion, it is possible to observe the beginning of

the healing process.

Fig. 5. The total coverage of the area with a healed tissue, after one year.

Fig. 6. The tissue healing after three years.
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Since there is growing evidence of the beneficial effect of

platelet-rich preparation in the management of MRONJ, a clinical

trial with a group treated without platelet concentrates seems

challenging and unethical since there is not a gold standard

treatment for MRONJ. Within the limits of this study, we propose

that the adjunct of PRF in the surgical procedure could be a good

alternative to treat the patient affected by MRONJ.

5. Conclusion

In the cases presented, the PRF membranes were effective to

close the soft tissue and to remove the pain in MRONJ, being

regarded as a promising alternative for MRONJ treatment.

Therefore, further research such as cohort prospective studies

may provide new evidence and help to elucidate the impact of PRF

membranes as tools for an effective treatment for MRONJ.
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[3] de Souza Póvoa RC, Marlierè DA, da Silveira HM, Pires FR. Denosumab-related
osteonecrosis of the jaws: successful management with a conservative surgi-
cal approach. Spec Care Dentist 2016;36:231–6. http://dx.doi.org/10.1111/
scd.12168.

[4] Ruggiero SL, Dodson TB, Fantasia J, Goodday R, Aghaloo T, Mehrotra B. O’Ryan
F; American Association of Oral and Maxillofacial Surgeons. American Associ-
ation of Oral and Maxillofacial Surgeons position paper on medication-related
osteonecrosis of the jaw–2014 update. J Oral Maxillofac Surg 2014;72:1938–
56. http://dx.doi.org/10.1016/j.joms.2014.04.031.

[5] Scoletta M, Arduino PG, Reggio L, et al. Effect of low-level laser irradiation on
bisphosphonate-induced osteonecrosis of the jaws: preliminary results of a
prospective study. Photomed Laser Surg 2010;28:179–84. http://dx.doi.org/
10.1089/pho.2009.2501.

[6] Freiberger JJ, Padilla-Burgos R, McGraw T, et al. What is the role of hyperbaric
oxygen in the management of bisphosphonate-related osteonecrosis of the
jaw: a randomized controlled trial of hyperbaric oxygen as an adjunct to
surgery and antibiotics. J Oral Maxillofac Surg 2012;70:1573–83. http://
dx.doi.org/10.1016/j.joms.2012.04.001.

[7] Ripamonti CI, Cislaghi E, Mariani L, et al. Efficacy and safety of medical ozone
(O(3)) delivered in oil suspension applications for the treatment of osteone-
crosis of the jaw in patients with bone metastases treated with bisphospho-
nates: Preliminary results of a phase I-II study. Oral Oncol 2011;47:185–90.
http://dx.doi.org/10.1016/j.oraloncology.2011.01.002.

[8] Adornato MC, Morcos I, Rozanski J. The treatment of bisphosphonate- associ-
ated osteonecrosis of the jaws with bone resection and autologous platelet-
derived growth factors. J Am Dent Assoc 2007;138:971–7.

[9] Nørholt SE, Hartlev J. Surgical treatment of osteonecrosis of the jaw with the use
of platelet-rich fibrin: a prospective study of 15 patients. Int J Oral Maxillofac
Surg 2016;45:1256–60. http://dx.doi.org/10.1016/j.ijom.2016.04.010.

[10] Del Fabbro M, Gallesio G, Mozzati M. Autologous platelet concentrates for
bisphosphonate-related osteonecrosis of the jaw treatment and prevention. A
systematic review of the literature. Eur J Cancer 2015;51:62–74. http://
dx.doi.org/10.1016/j.ejca.2014.10.015.

[11] Del Fabbro M, Taschieri S, Goker F. Platelet concentrates as an adjunctive
therapy for medication-related osteonecrosis of the jaw: A systematic review
and meta-analysis. Int J Growth Factors Stem Cells Dent 2018;1:48–57. http://
dx.doi.org/10.4103/GFSC.GFSC_19_18.

[12] Lopez-Jornet P, Sanchez Perez A, Amaral Mendez R, Tobias A. Medication-
related osteonecrosis of the jaw: Is autologous platelet concentrate applica-
tion effective for prevention and treatment? A systematic review. J Cranio-
maxillofac Surg 2016;44:1067–72. http://dx.doi.org/10.1016/j.jcms.2016.
05.004.

[13] Riley DS, Barber MS, Kienle GS, Aronson JK, von Schoen-Angerer T, Tugwell P, et al.
CARE guidelines for case reports: explanation and elaboration document. J Clin
Epidemiol 2017;89:218–35. http://dx.doi.org/10.1016/j.jclinepi.2017.04.026.

[14] Farrugia MC, Summerlin DJ, Krowiak E, Huntley T, Freeman S, Borrowdale R,
Tomich C. Osteonecrosis of the mandible or maxilla associated with the use of
new generation bisphosphonates. Laryngoscope 2006;116:115–20. http://
dx.doi.org/10.1097/01.mlg.0000187398.51857.3c.

[15] Marx RE. A decade of bisphosphonate bone complications: What it has taught
us about bone physiology. Int J Oral Maxillofacial Implants 2014;29:e247–58.
http://dx.doi.org/10.11607/jomi.te61.

[16] Del Fabbro M, Bortolin M, Taschieri S, et al. Is platelet concentrate advanta-
geous for the surgical treatment of periodontal diseases? A systematic review
and meta-analysis. J Periodontol 2011;82:1100–11. http://dx.doi.org/
10.1902/jop.2010.100605.

[17] Del Fabbro M, Ceresoli V, Lolato A, et al. Effect of platelet concentrate on
quality of life after periradicular surgery: a randomized clinical study. J Endod
2012;38:733–9. http://dx.doi.org/10.1016/j.joen.2012.02.022.

[18] De Andrade LS, Leite LP, De Melo Silva FB, De Brito Resende RF, Guedes De
Uzeda MJ. The use of platelet-rich fibrin concentrate in tissue healing and
regeneration in dentistry. Int J Growth Factors Stem Cells Dent 2018;1:23–6.
http://dx.doi.org/10.4103/GFSC.GFSC_5_18.

[19] de Almeida Barros Mourão CF, Calasans-Maia MD, de Mello Machado RC, de
Brito Resende RF, Alves GG. The use of platelet-rich fibrin as a hemostatic
material in oral soft tissues. Oral Maxillofac Surg 2018;22:329–33. http://
dx.doi.org/10.1007/s10006-018-0708-8.

[20] Del Fabbro M, Bortolin M, Taschieri S. Is autologous platelet concentrate beneficial
for post-extraction socket healing? A systematic review. Int J Oral Maxillofac Surg
2011;40:891–900. http://dx.doi.org/10.1016/j.ijom.2011.04.009.

Fig. 7. X-ray after three years follow-up. It can be appreciated a complete healing of the bone defect.

C. Fernando de Almeida Barros Mourão et al. / J Stomatol Oral Maxillofac Surg 121 (2020) 84–8988

http://dx.doi.org/10.1016/j.joms.2009.07.097
http://dx.doi.org/10.1016/j.joms.2009.07.097
http://dx.doi.org/10.1016/j.joms.2005.07.010
http://dx.doi.org/10.1016/j.joms.2005.07.010
http://dx.doi.org/10.1016/j.joms.2005.07.010
http://dx.doi.org/10.1111/scd.12168
http://dx.doi.org/10.1111/scd.12168
http://dx.doi.org/10.1111/scd.12168
http://dx.doi.org/10.1016/j.joms.2014.04.031
http://dx.doi.org/10.1016/j.joms.2014.04.031
http://dx.doi.org/10.1089/pho.2009.2501
http://dx.doi.org/10.1089/pho.2009.2501
http://dx.doi.org/10.1089/pho.2009.2501
http://dx.doi.org/10.1016/j.joms.2012.04.001
http://dx.doi.org/10.1016/j.joms.2012.04.001
http://dx.doi.org/10.1016/j.joms.2012.04.001
http://dx.doi.org/10.1016/j.oraloncology.2011.01.002
http://dx.doi.org/10.1016/j.oraloncology.2011.01.002
http://refhub.elsevier.com/S2468-7855(19)30055-2/sbref0040
http://refhub.elsevier.com/S2468-7855(19)30055-2/sbref0040
http://refhub.elsevier.com/S2468-7855(19)30055-2/sbref0040
http://dx.doi.org/10.1016/j.ijom.2016.04.010
http://dx.doi.org/10.1016/j.ijom.2016.04.010
http://dx.doi.org/10.1016/j.ejca.2014.10.015
http://dx.doi.org/10.1016/j.ejca.2014.10.015
http://dx.doi.org/10.1016/j.ejca.2014.10.015
http://dx.doi.org/10.4103/GFSC.GFSC_19_18
http://dx.doi.org/10.4103/GFSC.GFSC_19_18
http://dx.doi.org/10.4103/GFSC.GFSC_19_18
http://dx.doi.org/10.1016/j.jcms.2016.  05.004
http://dx.doi.org/10.1016/j.jcms.2016.  05.004
http://dx.doi.org/10.1016/j.jcms.2016.  05.004
http://dx.doi.org/10.1016/j.jclinepi.2017.04.026
http://dx.doi.org/10.1016/j.jclinepi.2017.04.026
http://dx.doi.org/10.1097/01.mlg.0000187398.51857.3c
http://dx.doi.org/10.1097/01.mlg.0000187398.51857.3c
http://dx.doi.org/10.1097/01.mlg.0000187398.51857.3c
http://dx.doi.org/10.11607/jomi.te61
http://dx.doi.org/10.11607/jomi.te61
http://dx.doi.org/10.1902/jop.2010.100605
http://dx.doi.org/10.1902/jop.2010.100605
http://dx.doi.org/10.1902/jop.2010.100605
http://dx.doi.org/10.1016/j.joen.2012.02.022
http://dx.doi.org/10.1016/j.joen.2012.02.022
http://dx.doi.org/10.4103/GFSC.GFSC_5_18
http://dx.doi.org/10.4103/GFSC.GFSC_5_18
http://dx.doi.org/10.1007/s10006-018-0708-8
http://dx.doi.org/10.1007/s10006-018-0708-8
http://dx.doi.org/10.1007/s10006-018-0708-8
http://dx.doi.org/10.1016/j.ijom.2011.04.009
http://dx.doi.org/10.1016/j.ijom.2011.04.009


[21] Del Fabbro M, Bortolin M, Taschieri S, Weinstein RL. Effect of autologous
growth factors in maxillary sinus augmentation: A systematic review. Clin
Implant Dent Relat Res 2013;15:205–16. http://dx.doi.org/10.1111/j.1708-
8208.2011.00343.x.

[22] Anitua E, Sánchez M, Orive G, Andı́a I. The potential impact of the preparation
rich in growth factors (PRGF) in different medical fields. Biomaterials
2007;28:4551–60. http://dx.doi.org/10.1016/j.biomaterials.2007.06.037.

[23] Anitua E, Sánchez M, Orive G, Andı́a I. Delivering growth factors for therapeu-
tics. Trends Pharmacol Sci 2008;29:37–41. http://dx.doi.org/10.1016/
j.tips.2007.10.010.

[24] Rodriguez IA, Growney Kalaf EA, Bowlin GL, Sell SA. Platelet-rich plasma in
bone regeneration: engineering the delivery for improved clinical efficacy.
Biomed Res Int 2014;2014:392398. http://dx.doi.org/10.1155/2014/392398.

[25] Del Fabbro M, Bortolin M, Taschieri S, Ceci C, Weinstein RL. Antimicrobial
properties of platelet-rich preparations. A systematic review of the current
pre-clinical evidence. Platelets 2016;27:276–85. http://dx.doi.org/10.3109/
09537104.2015.1116686.

[26] Bayer A, Lammel J, Tohidnezhad M, Lippross S, Behrendt P, Klüter T, et al. The
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