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The use of platelet-rich fibrin in the surgical treatment of medication-related 
osteonecrosis of the jaw: 40 patients prospective study

Jiri Zelinkaa, Jiri Blahaka, Vojtech Perinaa, Rita Pacasovab, Jana Treglerovaa, Oliver Bulika

Objectives. Medication-related osteonecrosis of the jaw (MRONJ) is defined as exposed bone in the maxillofacial 
region persisting for more than eight weeks in patients who are or were treated with antire sorptive or antiangiogenic 
agents and had no radiation therapy to the craniofacial region or obvious metastatic disease of the jaws. It is a recog-
nised side effect of antiresorptive or antiangiogenic medication. To date, there is no specific gold standard treatment 
for MRONJ cases. The aim of this study was to evaluate the successful rate of surgical treatment with adjuvant local 
application of platelet rich fibrin.
Methods. 40 patients treated with necrotic bone resection and adjuvant local application of platelet-rich fibrin (PRF) 
were included. Treatment outcomes were evaluated after 12 months. 
Results. The outcome of surgical treatment was successful in 34 of all 40 patients (85%), in 12 months follow-up. If we 
evaluate only cases where removal of all necrotic bone was possible the success rate was increased to 94%. A signifi-
cant association between size of necrotic bone and treatment response was found (P=0.014, Wilcoxon rank sum test 
with continuity correction).
Conclusions. Surgical treatment of MRONJ with adjuvant local PRF application proved to be very effective and safe, 
especially in early stages when all necrotic bone can be easily removed. 
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INTRODUCTION

Medication-related osteonecrosis of the jaws 
(MRONJ) was first reported by Marx in 2003. He pre-
sented a group of patients with avascular osteonecrosis 
of the jaws, who were treated with bisphosphonates for 
cancer or osteoporosis and named this disease bisphos-
phonate-related osteonecrosis of the jaws (BRONJ) 
(ref.1). Later it was recognized that the same necrosis of 
the jaws were associated with other antiresorptive and 
antiangiogenic agents and it was recommended to change 
the nomenclature from BRONJ to the less specific term 
medication-related osteonecrosis of the jaw. According 
to the American Association of Oral and Maxillofacial 
Surgeons (AAOMS) is MRONJ defined as exposed bone 
or bone 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 in patients who are or 
were treated with antire sorptive or antiangiogenic agents 
and had no radiation therapy to the craniofacial region 
or obvious metastatic disease to the jaws. AAOMS also 
defined five stages of MRONJ (at risk and 0-3) (ref.2). 
Though it is more than 15 years since the first descrip-
tion of BRONJ/MRONJ and MRONJ has become an ob-
ject of extensive research, the pathogenesis of MRONJ 
is still not completely understood and there is also still 
no consensus about best treatment strategy, though a 

conservative approach is usually recommended as the 
first choice. AAOMS suggests use of oral antimicrobial 
rinses, such as chlorhexidine 0.12%, systemic antibiotic 
therapy, pain control and debridement to relieve soft tis-
sue irritation for stages one and two. Surgical treatment 
is recommended only for the third stage2. Also in a posi-
tion paper of the Allied Task Force Committee of the 
Japanese Society for Bone and Mineral Research, Japan 
Osteoporosis Society, Japanese Society of Periodontology, 
Japanese Society for Oral and Maxillofacial Radiology, 
and Japanese Society of Oral and Maxillofacial Surgeons 
conservative approach is recommended3. The problem 
with conservative treatment is low success rate. It can 
reduce clinical signs such as pain and inflammation but 
usually does not resolve exposed bone. Complete muco-
sal healing is achieved in about 20 % cases4-6. Therefore 
surgical therapy is gradually gaining more importance. 
Otto et al. proposed surgical treatment for all stages of 
MRONJ according to the AAOMS classification. The 
rationale for this approach is the higher success rate of 
mucosal healing, removing exposed necrotic bone and 
hermetic wound closure to prevent bacterial infection and 
progression to higher stages of MRONJ, shorter time of 
therapy and histopathological confirmation of diagnosis7. 
Various adjuvant treatment methods such as ozone, laser 
and hyperbaric oxygenation have been used to improve 
outcomes of surgical treatment8-10. In this study the suc-
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cess rate of surgical treatment with adjuvant local appli-
cation of platelet-rich fibrin (PRF) was assessed. PRF 
was first described by Choukroun et al. specially for use 
in the maxillofacial region. This is an autologous platelet 
concentrate that contains high concentrations of various 
growth factors with the potential to stimulate bone regen-
eration, angiogenesis as well as soft tissue healing such 
as platelet-derived growth factor (PDGF), transforming 
growth factor, vascular endothelial growth factor (VEGF) 
and epithelial growth factor. Unlike platelet-rich plasma 
(PRP) PRF is prepared from blood without addition of 
anticoagulants or coagulation activators. It is referred to 
as second generation platelet concentrate. Platelet rich 
fibrin, compared to PRP, has some favourable proper-
ties such as slow and extended release of growth factors, 
more stable and coherent architecture of the fibrin matrix 
which serves as a scaffold for cells taking part in the heal-
ing process11-14. 

MATERIAL AND METHODS 

48 consecutive patients treated at the Clinic of Oral 
and Maxillofacial Surgery, University Hospital Brno, 
Czech Republic with MRONJ were involved in this 
single group prospective study. Inclusion criteria were: 
diagnosis of MRONJ of all stages according to AAOMS 
definition, adult patients able to sign an informed con-
sent form. Excluded criteria: patients unable to undergo 
surgical treatment under local or general anaesthesia, pa-
tients who disagreed with surgical therapy, patients with 
contraindications for PRF use: platelet dysfunction syn-
drome, critical thrombocytopenia, septicaemia, presence 
of precancerous or malignant lesions near the location of 
application of PRF. Patients were examined by a maxil-
lofacial surgeon who confirmed the diagnosis of MRONJ, 
described site of osteonecrosis and size of exposed bone, 
stage of disease according to AAOMS classification. Type 
of antiresorptive or antiangiogenic medication, duration 
of use and indication for use, triggering factors (extrac-
tions, pressure sores, periodontal infection), other risk 
factor (chemotherapy, diabetes, smoking, use of cortico-
steroids) and information about previous treatment were 
recorded. Pain intensity was measured with visual ana-
logue scale 0-10 (VAS).

PRF production
L-PRF was prepared before surgery according to the 

Choukrouns protocol11. Patient’s venous blood was taken 
into 5-ml glass tubes (BD Vacutainer®, BD-Plymouth, 
UK) without anticoagulant (from 4 to 12 tubes per pa-
tient) and immediately centrifuged (EBA 20, Hettich 
GmbH and Co., Germany) at 3200 rpm (approximately 
401 g) for 10 min.

Surgical treatment
Oral antibiotic treatment with amoxicillin and clavu-

lanic acid (875 mg/125 mg) bid and in case of allergy to 
penicillin, clindamycin 300 mg tid was initiated two days 
before surgery. Depending on the size of necrosis and 
patient general condition, surgery was performed under 
local or general anaesthesia. All sequestrectomies were 
performed via the intraoral approach. After preparation 
of the operating field and infiltration area with articain 
4% with 1:200 000 epinephrine, the mucoperiosteal flap 
was elevated, necrotic bone was removed with rotating 
burs and all sharp edges were smoothed. An attempt to 
remove all necrotic bone was made where possible, extent 
of resection was based on macroscopic appearance of 
bone. In four cases not all necrotic bone was resected 
because of the poor general health condition of the pa-
tient, or where the resection of all necrotic bone would 
lead to mandibular continuity defect in the chin region 
and need for tracheostomy. Subsequently the surgical site 
was meticulously irrigated, the mucoperiosteal flap was 
mobilised to facilitate tension-free closure and any bleed-
ing was controlled by electrocoagulation. L-PRF was ob-
tained from the middle of the tube, put on the surgical 
table, red blood clot was discarded (except a small part 
in contact with fibrin clot) and the volume of fibrin clot 
was reduced by application of light pressure with a wet 
gauze. Bone defect after resection was filled with PRF 
clots and the wound was closed in a watertight manner 
with resorbable 4-0 sutures. All surgical procedures were 
performed by one surgeon. Postoperatively, intravenous 
antibiotics were prescribed for one week and then oral 
antibiotics for another (Fig. 1-3).

Follow up 
Patients were scheduled for follow-up control visits 

2 weeks, one, two, three and six months and one year 
postoperatively. 

Fig. 1. Operation site after resection of 
necrotic bone.

Fig. 2. Application of PRF clot to the 
defect.

Fig. 3. Hermetic closure.
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RESULTS

48 patients underwent surgery, 8 of them were ex-
cluded from final evaluation because their follow up was 
shorter than 1 year. Treatment was assessed as successful 
in the case of no exposed bone at the site, fully covered 
by intact mucous membrane, with no pain or signs of 
inflammation. 24 (60%) patients were female, 16 (40%) 
were male, the mean age was 69 years (range 37–85 
years). 34 (85%) patients had malignant disease, 6 were 
treated for osteoporosis. Diagnoses are presented in table 
1. Twenty-five lesions (62.5%) were located in the lower 
jaw, fifteen (37.5 %) in the upper jaw, stages of MRONJ 
according to AAOMS are presented in the Table 2.

The size of the MRONJ was approximate during the 
operation after clarifying borders of osteonecrosis as rect-
angular area.

The most common triggering event was tooth extrac-
tion. This was the cause of MRONJ in 27 cases (67.5%), 
in 12 (30%) cases MRONJ was triggered by pressure sores 
and in one case (2.5%) by periapical infection. Ten of the 
patients were treated only by bisphosphonates (25%), 13 
(32.5%) only by denosumab and 17 (42.5%) had in their 
medical history both bisphosphonates and denosumab. 
The mean duration of medication before MRONJ oc-
currence for all patients was 52.8 months, median 43 
months, (range from 4 to 144 months). 

For high-dose antiresorptive drug treatment (oncologi-
cal patients) mean duration was 51.5 months, range from 
4 to 144 months and for low-dose treatment, the mean du-
ration was 60.2 months and range from 31 to109 months.

We recorded data on systemic therapy that is known 
risk factor for MRONJ development and poor healing. 
Eleven patients (27.5%) had chemotherapy in the peri-
operative period, 9 were treated with chemotherapy and 
corticosteroids (22.5%), and 2 (5%) with corticosteroids, 
18 patients (45%) had none of these risk medications. 
Other registered risk factors were smoking (two patients, 
5%) and diabetes (twelve patients, 12.5%), two patients 
were smokers with diabetes (5%). We also collected data 
on previous unsuccessful treatment. Twenty-one patients 
were treated conservatively with antibiotics (52.5%), 
14 patients (35%) underwent surgical therapy with an-
tibiotics and only five patients (12.5%) had no previous 
treatment. 

In the presented study the outcome of surgical treat-
ment with local PRF application was successful in 34 of 
the 40 patients (85%). 

Characteristics of 6 patients with recurrence of the 
MRONJ:
1. Female, age 69, MRONJ in lower jaw, stage 2 (pu-

rulent discharge), VAS:0, diagnosis: lung carcinoma, 
antiresorptive drug denosumab (Xgeva), duration of 
therapy 22 months, other risk factor: chemotherapy; 
size of mucosal dehiscence 3x2 mm, area of necrotic 
bone 35x10 mm, recurrence after 6 months (3 months 
after restart of Xgeva treatment), one year after treat-
ment VAS 0, stage 1, size of dehiscence 3x1 mm. 

2. Female, age 66, MRONJ in lower jaw, stage 2,VAS:8, 
diagnosis: breast cancer, antiresorptive drug deno-

Table 1. List of primary diagnoses.

Diagnosis Counts

Renal cancer  2 (5%)
Pancreatic cancer  1 (2.5%)
Lung cancer  3 (7.5%)
Prostate cancer  14 (35%)
Breast cancer  12 (30%)
Brest cancer and B lymphoma  1 (2.5%)
Myeloma  1 (2.5%)
Osteoporosis  6 (15%)

Table 2. Stages of MRONJ.

Stage Counts

0  1 (2.5 %)

1  3 (7.5%)

2  21 (52.5%)

3  15 (37.5%)

sumab (Xgeva), duration of therapy 34 months, other 
risk factors: chemotherapy, diabetes, smoking; size of 
mucosal dehiscence 10x5 mm, area of necrotic bone 
15x10 mm, recurrence after 3 months, one year after 
treatment, VAS 0, stage 1, size of dehiscence 3x2 mm. 

3. Female, age 84, MRONJ in lower jaw, stage 3, VAS:7, 
diagnosis: myeloma, antiresorptive drug: bisphos-
phonate (Zometa), duration of therapy 118 months, 
other risk factors: chemotherapy, corticosteroids; size 
of mucosal dehiscence 15x10 mm, area of necrotic 
bone 50 x10 mm, recurrence after 3 months, one year 
after treatment VAS 0, stage 3, extraoral fistula. It 
was not possible to remove all necrotic bone during 
the operation.

4. Female, age 58, MRONJ in lower jaw, stage 2 (puru-
lent discharge), VAS:0, diagnosis: breast cancer and 
B lymphoma, antiresorptive drug: bisphosphonate 
(Zometa) and later denosumab (Xgeva), duration of 
therapy 45 months, other risk factors: chemotherapy, 
corticosteroids; size of mucosal dehiscence :multiple 
intraoral fistulas, area of necrotic bone 160x15 mm, 
recurrence after 2 months, one year after treatment 
VAS 0, stage 1, size of dehiscence 5x5 mm. It was not 
possible to remove all necrotic bone during the opera-
tion.

5. Male, age 85, MRONJ in upper jaw, stage 3, VAS 5, 
diagnosis: prostate cancer, antiresorptive drug de-
nosumab (Xgeva), duration of therapy 24 months, 
other risk factor:0, size of mucosal dehiscence 35x10 
mm, area of necrotic bone 90x10, recurrence after 2 
months, one year after treatment VAS 0, stage 1, size 
of dehiscence 10x5 mm. It was not possible to remove 
all necrotic bone during the operation. 

6. Male, age 66, MRONJ in upper jaw, stage 3, VAS 5, 
diagnosis: prostate cancer, antiresorptive drug deno-
sumab (Xgeva), duration of therapy 38 months, other 
risk factor:0, size of mucosal dehiscence 40x10 mm, 
area of necrotic bone 85x10, recurrence after 1 month, 
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and local application of autologous platelet concentrate 
as adjuvant therapy, which serves as source of growth 
factors, shows promising results. Longo et al. reported 
better outcomes of surgical treatment of MRONJ with 
adjunctive platelet rich plasma (PRP) application than 
without it (94% vs 53%) (ref.20). Bocanegra-Pérez treated 
8 patients with debridement and removal of necrotic bone 
followed by application of PRP. After an average 14-month 
follow up, all patients were asymptomatic showing no ex-
posed bone21. Adornato et al. published a 12 case series 
using this treatment with successful results in 83% (ref.22). 
Later, Choukroun et al. developed PRF which is called 
a second generation platelet concentrate. Compared to 
PRP, PRF is safer and has some other positive properties 
(prolonged release of growth factor, more stable fibrin 
matrix) for improving outcomes of surgical therapy11. Kim 
et al. in a study of 34 patients treated by resection and 
application of PRF reached positive outcome in 95%, but 
only 2 patients were treated for oncological disease, the 
rest for osteoporosis. The follow up period was 4 months. 
The two unhealed patients were those with malignant dis-
ease23. Nørholt et al. were successful with the same treat-
ment of 15 patients (8 of them had malignant disease and 
were treated with high-dose antiresorptive medication) 
in 93%. One patient with persistent exposed bone had 
renal cancer and was treated with high-dose antiresorptive 
medication24. Mouro et al published a study of 11 patients 
with MRONJ treated with resection and PRF application 
and observed complete healing in 100%, but in this study 
only patients with osteoporosis were included25. This ar-

one year after treatment VAS 0, stage 1, size of dehis-
cence 25x10 mm. It was not possible to remove all 
necrotic bone during the operation. 

From the characteristics of the six unhealed patients 
it is obvious that in 4 of 6 patients it was not possible to 
remove all necrotic bone. If we exclude these patients 
from final evaluation, we get a sample of 36 patients with 
34 patients completely healed after one year. This is a 
successful outcome of surgical treatment with local PRF 
application in 94%, if all necrotic bone is removed. Using 
Pearson's Chi-squared test with Yates' continuity correc-
tion (P<0.05 was considered significant) no significant 
effect of location, stage, diagnosis, type of antiresorptive 
drug or other risk factors on outcome of treatment was 
found. Statistical testing was limited because of the rela-
tively small group under observation. The only statisti-
cally significant factor correlated with therapy response 
was size of necrotic bone surface. This was tested with 
Wilcoxon rank sum test with continuity correction. There 
was significantly higher initial defect size in patients in 
which complete healing was not obtained (P=0.014). Size 
of necrotic bone was associated with therapy response 
Fig.4.

DISCUSSION

Though medication related osteonecrosis of jaws has 
become object of massive research since the first de-
scription in 2003, there is still no universally accepted 
therapeutic protocol. A conservative approach is usually 
considered as a first choice, however the results are quite 
disappointing2,5,15. In the study of Lesclouse et al. only 25% 
of necrosis healed after a conservative approach, whereas 
62.5% increased in size4. Montebugnoli et al. achieved a 
slight reduction of necrotic area after antibiotic treatment 
in 7 of 9 patients but no mucosal healing. On the other 
hand, they had no better outcomes of treatment after sur-
gery5. In study of Nicolatou et al. including 67 oncologi-
cal patients treated with antibiotics, healing occurred in 
14.9% and pain subsided in 80.9% (ref.6). Melea et al. 
treated 10 myeloma patients with chlorhexidine 0.12% 
rinses and antibiotics. Eight of these patients remained 
stable for a mean follow-up of 24 months (3–48),only one 
was completely healed after 8 months and one patient 
developed a higher stage of MRONJ (ref.16). The con-
servative approach often results in the improvement of 
symptoms or stabilisation of osteonecrosis, but it usually 
does not lead to complete mucosal healing. The treatment 
recommendations are gradually changing, and surgical 
therapy is now preferred and reaches better outcomes. 
Wutzl et al. observed 6 months after surgical treatment, 
complete healing with intact mucosa in 58.5% (ref.17). In 
Carlsons study of 95 resection sites 87 (91.6%) were com-
pletely healed18. Holzinger et al. published a case series 
of 88 patients and overall success of surgical treatment of 
BRONJ was 59% (ref.19). In an effort to further improve 
outcomes of surgical therapy various adjuvant treatment 
modalities have been tried. Resection of necrotic bone 

Fig. 4. Association between defect size and status of healing. 
Shown as median and 95% confidence interval.
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ticle presents a study of 40 patients with MRONJ treated 
with resection of necrotic bone, application of PRF and 
primary wound closure. Most of the patients (85%) had 
malignant disease and were treated with high-dose of 
antiresorptive drugs. Complete healing was obtained in 
85% of patients. All six unhealed patients had oncological 
disease and for four of them it was not possible to remove 
all necrotic bone during the operation, which appears to 
be important factor for positive outcome of surgical treat-
ment. If these patients were excluded from evaluation, 
surgical therapy with resection of all necrotic bone and 
PRF application was successful in 94%. No statistically 
significant associations among treatment response and 
site, stage of MRONJ, risk factors or primary disease were 
found, which is may be due to the small size of the group 
under observation. As in previous studies, all patients 
treated for osteoporosis did heal completely, as well as 
all MRONJ of zero and stage one. The only significant 
predictor of treatment outcome in this study was size of 
necrotic site, which supports early surgical interventions 
when treating MRONJ.

CONCLUSION

In conclusion surgical treatment of MRONJ with ad-
juvant local PRF application appears to be very effective, 
especially when all necrotic bone is removed. However, 
no definitive conclusion can be made due to small sample 
size. Even though more randomized, prospective trials 
are needed to confirm these outcomes, the better results 
of early surgical treatment compared to the conservative 
approach are promising. 
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