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ABSTRACT

Objectives: This study was conducted to assess and compare the effect of platelets rich fibrin 
(PRF) versus mineralized plasmatic matrix (MPM) as bone regenerative materials during immediate 
implant placement.

Material and Methods: A total of 10 patients with 12 implants have been included in this 
study, patients were divided into 2 groups. Group I received Mineralized Plasmatic Matrix (MPM), 
and group II received Platelets Rich Fibrin (PRF) as bone regenerative materials for immediate 
implant placement. The treatment outcome was evaluated clinically and radiographically at 3 and 6 
months of implant placement. Also bone height and bone density were measured radiographically 
preoperatively, immediate post operatively, at 3 and 6 months postoperatively and statistically 
analysed.

Results: Statistical analysis showed that bone density increased significantly (p≤0.05) at 3, and 
6 months postoperatively in both groups. By comparing the two groups, Group I had statistically 
significant (p≤0.05) higher bone density scores than Group II at all of the follow up intervals. 
Regarding the bone height, there was no statistically significant difference (P ≥ 0.05) between the 
two groups at all of the follow up intervals except that group I showed a statistically significant 
(P ≥ 0.05) higher mesial bone height level at 3and 6 months postoperatively accompanied by a 
statistically significant (P ≥ 0.05) higher distal bone level as well at 6 months postoperatively than 
that of group II.

Conclusion: The use of MPM was more superior to PRF as bone regenerative material for 
immediate implant placement regarding bone height and bone density.

KEYWORDS: Immediate implant, PRF, MPM, bone regeneration, osteointegration, growth 
factors, and platelet concentrates.
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INTRODUCTION 

Dental implants are widely used for replace-
ment of missing or hopeless teeth. Branemark 
original protocol for implant placement required 
6 to 8 months healing period following tooth  
extraction. (1) With the continuing development of 
techniques an immediate implant placement pro-
tocol was presented, in which implants are placed 
immediately after tooth extraction. (2) Immediate im-
plant placement has many advantages including re-
duction of the treatment time and the number of sur-
gical interventions as well as preservation of hard 
and soft tissues.(3-5) However, a challenge exists with 
immediate implants due to discrepancy between the 
implant shape and the socket walls, this challenge 
raised the need for grafting material to fill the im-
plant- bone gap defect. A variety of grafting materi-
als were introduced to solve the problem including 
autografts, allograft, xenografts and alloplastic bone 
grafts with or without barrier membranes.(6)

The gap between the implant and bone begin to 
heal with the formation of fibrin scaffold. This is 
followed by platelets adherence to this scaffold and 
subsequent platelet activation. Activated platelets 
start releasing growth factors which facilitate 
the healing process and triggers undifferentiated 
mesenchymal cells to the site. (7, 8)This attraction of 
undifferentiated mesenchymal cells and release of 
growth factors lead to enhancement of osteogenesis 
with subsequent acceleration of wound healing 
implant osseointegration. (9-12) The effect of 
platelets on the healing cascade and promotion of 
osseointegration highlighted its use for bony defects.  

The  regenrative effect obtained by plateletes 
was first reported in the 70’s(13) nowadays a 
variety of platelet concentrates are used in oral 
and maxillofaical surgery to enhance hard and 
soft tissue healing. Platelet-rich fibrin (PRF) and 
the mineralized plasmatic matrix (MPM) are two 
different preparations of platelet concentrates 
currently used in regenerative dentistry. 

PRF is the second generation of platelet 
concentrate that is composed of fibrin mesh, 
platelets, cytokines and growth factors. (14) It was 
introduced for use in oral surgery for the first 
time by Dohan et al.(15) It is prepared with single 
centrifugation  without the addition of anticoagulant, 
thus it is strictly autologous which is an advantage 
over PRP.(16)  PRF stimulates the angiogenesis and 
release many growth factors including platelet 
derived growth factor (PDGF) insulin-like growth 
factor and tumour growth factor (TGF) alpha, 
beta which in turn enhance hard and soft tissue 
healing. (17) In vitro studies on PRF revealed its 
ability to enhance cell attachment, proliferation and 
differentiation of osteoblasts. (18,19) Recently many 
clinical applications of PRF were advocated in 
implant dentistry with improved implant stability 
and enhanced tissues healing. (20-24)

The Mineralized Plasmatic Matrix (MPM) is an 
autologous blood product with high concentrations 
of platelets and fibrin in a liquid state integrated 
with a bone graft that can be autogenous, allogeneic 
bone, xenogenic bone or a bone substitute like 
synthetic bone. (25) It is a modification of PRP and 
PRF presented previously by Perisse (26) followed 
by El Moheb (27) . 

The integration of grafts bone particles inside 
the fibrin network is a definite advantage of MPM 
over the autologous growth factors membranes in 
PRM or PRF. Actually, the bone grafting materials 
are mixed with the autologous growth factors for 
MPM production. This gives the MPM appropriate 
positional stability (26,27) by stabilizing the bone 
particles,  maintaining its shape  in the defect. Also 
entrapment of platelets and leukocytes in its fibrin 
network leads to acceleration of tissue healing and 
minimization of bone loss during healing period 
with prevention of soft tissues ingrowth inside the 
graft. (28)

Several authors have documented the efficiency 
of MPM in the field of implant dentistry, through the 
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improvement of implants osseointegration, stability 
and minimum bone loss results. (29-33)

This article focuses on comparing the effect of 
PRF versus MPM in immediate implant placement 
in anterior maxillary aesthetic zone.

PATIENTS AND METHODS

This study was conducted on twelve submerged 
immediately placed implants for replacement of 
single root implants. A total number of 10 patients 
(Seven females and three males) were included in 
this study. The age ranged from 21 to 48 years old 
with mean value of 34.5. Patients involved in this 
study were selected from the Department of Oral 
and Maxillofacial Surgery, Faculty of Dentistry, 
October University of Modern Sciences and Arts. 
The inclusion criteria was the presence of one or 
more single rooted hopeless teeth at the upper 
jaw, the teeth were diagnosed as un-restorable and 
indicated for extraction. The exclusion criteria were 
the presence of any local or systemic condition 
interfering with hard or soft tissue healing, 
inadequate oral hygiene and severe periodontitis. 
Clinical and radiographic evaluation was carried 
out for all patients. 

Patients Grouping

Patients were randomly divided into two equal 
groups:

Group I (five candidates 6 implants): the gap 
between the implant and the socket wall was grafted 
with MPM.

Group II (five candidates 6 implants): the gap 
between the implant and the socket wall was grafted 
with PRF. 

Surgical technique:

The hopeless tooth was atraumatically extracted 
with the aid of periotome followed by adequate 
socket debridement and irrigation. Fig (1)

The osteotomy site was prepared with sequential 
drilling to receive the equivalent implant size. 

Preparation of PRF&MPM

PRF preparation was carried out according to 
Dohan et al  (34) protocol. Venous blood was collected 
from the antecubital vein. The collected sample 
was then transferred into (10ml) sterile test tubes 
without any anticoagulant. The tubes were placed 
in the centrifuge machine that was operated to run 
at 3,000 rpm for 10 minutes. After centrifugation, 
blood was separated into three distinctive layers: an 
upper layer of platelet poor plasma, middle layer of 
platelet rich plasma layer and the bottom layer of 
red blood cells. 

For PRF preparation, the middle layer containing 
the fibrin clot was held with tissue forceps and 
separated from the bottom layer with scissors.   
It was then transferred and gently compressed 
between two glass slabs to obtain PRF membrane. 
Fig (2A)

As for the MPM preparation, the plasma rich 
layer containing fibrin, plasma leukocytes and 
mesenchymal cells was collected. It was then 
mixed with particulate bone graft (Beta tri calcium 
phosphate β-TCP) and a drop from the patient blood. 
The mixture was allowed to set for few minutes 
for polymerization and formation of sticky bone.  
Fig (2B)

Fig (1): a-traumatic extraction of single rooted tooth using 
periotome.
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Following implant insertion the gap between 
the implant & the socket was filled with MPM in 
group I and PRF in group II. The buccal flap is then 
advanced and sutured over the implants. Fig (3)

Postoperative care

After surgery, patients were instructed to apply 
cold packs to minimize post-operative oedema. 
Mouth wash containing chlorhexidine hydrochloride 
(Hexitol, Adco) solution was prescribed t.i.d for 2 
weeks post- operative along with analgesic anti-
inflammatory drugs (ibuprofen) and Augmentin 
antibiotic (amoxycillin + clavulanate potassium, 
GSK) 1gm b.i.d for 5 days.After one week patients 
are recalled for suture removal.  

Follow up:

Patients were recalled on weekly bases during 
the first month then on monthly bases for clinical 
and radiographic evaluation. The surgical site was 
inspected to evaluate the soft tissue healing and 
implant. Regarding the surrounding bone, it was 
examined radiographically.  

Radiological examination:

All patients underwent cone beam computed 
tomography (CBCT) scan before any surgical 
procedure, for evaluation of bone height and 
density. Follow up CBCT were made immediately 
after insertion, 3 months after insertion, and 6 
months after insertion. CBCT were evaluated for 
bone height and bone density at the study intervals.

The radiographic scans were obtained using 
CBCT Newtom GIANO/VG3- (Quantitative 
Radiology, Imola, Italy). 

Patients were positioned according to the recom-
mendations of the CBCT manufacturer. The midline 
laser beam of the CBCT system was adjusted to the 
mid-sagittal plane of the skull. The horizontal laser 
beam was parallel to the occlusal plane. 

Each Patient was scanned a full high resolution 
scan: Voxel size 0.125 mm (10 mAs, 90 kVp, 3mA) 

Fig (2): A) The platelet rich fibrin clot ready to be separated from red blood cells coagulum. B) Mixing of platelet rich fibrin layer 
with particulate bone graft for MPM preparation

Fig (3): placement of MPM (A) and PRF (B) in the extracted 
teeth sockets after implants insertion.
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and a field of view (FOV) of 80 (mm) ×50 (mm), 
360° rotation around patients in 3.6‑second scan 
time.

Obtained data was converted into Digital Imaging 
and Communications in Medicine (DICOM) format, 
and was imported into the software (Newtom 
GIANO/VG3-Annex, version 7.2, Imola, Italy) for 
volumetric analysis. The images were displayed in 
all 3 orthogonal planes (axial, coronal, and sagittal). 
Cross-sectional images of the region of interest 
were generated with a pitch distance of 1mm and a 
slice thickness of 1 mm.

Implant stability measurement: 

The implant stability was measured at 6 months 
visit before implant loading. This was measured 
using the resonance frequency analysis via the 
Osstell ISQ system.   A transducer (Smartpeg) was 
connected to implant to be used with the Osstell 
device to measure the stability. The stability was 
evaluated on buccal, palatal, mesial and distal sides 
of the implant and the mean values of implant 
stability quotients ISQs were calculated.

Statistical analysis

The collected data were statistically analysed. 
The significance of the difference between the 

preoperative and postoperative data regarding 
bone height and bone density at the same group 
was assessed using the Student T test (paired and 
unpaired). The two groups were compared to each 
other using also the Student T test (paired and 
unpaired). The statistical analysis was carried out 
using SPSS ver. 22 software (statistical package 
for social science on windows 2013). A probability 
value p≤ 0.05.

RESULTS

The present study was undertaken to compare the 
effect of MPM to PRF as bone regenerative material 
during immediate implant placement. A total of 10 
patients with 12 implants have been included in this 
study with clinical and radiographic assessment for 
6 months from the implant placement.  No clinical 
side effects or complications were reported from the 
use of either material.

Implant stability:

 Mean Implant Stability Quotients (ISQs) of the 
MPM group I was 70 ±10HU, while that of the PRF 
group II was 68 ±11HU after 6 months of implant 
placement. There was no statistical significant 
difference (P ≥ 0.05) between implants stability of 
both groups at this follow up interval. Fig (4)

Fig (4): (A,B) ISQ measurement of implant stability using OSSTELL.
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Bone Height:

Bone height was evaluated using CBCT 
immediate postoperatively, at 3 and 6 months 
after implant placement. Comparing the Mean 
of bone height between the two groups there was 
no statistically significant difference (P ≥ 0.05)  
between them immediate postoperatively and 
at 3 months postoperatively except at the distal 
bone height scores at which MPM (group I) had 
statistically significant higher bone height level 
than that of PRF (group II) (P ≤ 0.05). As for the 6 
months follow up interval, there was no statistical 
significant (P ≥ 0.05) difference between the mean 
level of bone height between the two groups (buccal 
and palatal) while the (mesial and distal) scores 
showed a statistically significant difference (P ≤ 
0.05) between the two groups as group I showed 
higher bone height scores both mesial and distal 
than group II. Fig (5,6) (Table 1)

Bone Density:

The two groups bone densities showed a 
significant increase (P ≤ 0.05) at 3 months 
postoperatively (Group I=1155.83 ±47.88HU.  
Group II=960.83±37.16HU) in comparison to the 
immediate implant placement data (Group I=871.00 
±45.88HU.  Group II=805.67±38.19HU), while at 
6 months postoperatively a significant decrease 
(P ≤ 0.05) at the bone density measurements 
was obvious (Group I=713.83 ±28.52HU.  

Group II=658.83±37.16HU) in relation to the 
3 months postoperative data. Though the bone 
densities declined from 3 months to 6 months 
after implant insertion, yet there was a significant 
increase (P ≤ 0.05) at the bone densities at 6 months 
postoperatively in comparison with immediate 
implant placement bone densities.(Table 1,2)

Comparing the two groups, no significant 
difference was present between them preoperatively 
while at the immediate postoperative, 3 months 
postoperative and 6 months postoperative intervals 
a statistically significant difference was shown 
between the two groups (p≤0.05) . Group I had 
higher bone density scores than Group II. Fig (7)

Fig. (5) : Showing a comparison between the mean decreases in 
Bone height of the two groups at the different follow up 
intervals. (GI=MPM, GII=PRP)

 

Fig (6) :CBCT Showing Bone height measurements of the two groups at the different follow up intervals. (1,2, 3 MPM group 
measurements immediate postoperative, at 3 months and 6 months postoperative respectively) (4,5,6 PRF group 
measurements immediate postoperative, at 3 months and 6 months postoperative respectively) .
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TABLE (1) Comparison of mean bone height scores of the two groups at different follow up intervals.

Bone Height G I (MPM) GII (PRF)
Mesial Distal Palatal Buccal Mesial Distal Palatal Buccal P value

Immediate 14.1 
± 0.20

14.1 
± 0.2

14.0 
± 0.3

13.7 
± 0.3

14.0 
± 0.2

13.8 
± 0.1

13.6 
± 0.7

13.2 
± 0.7

M: 0.168, 
D: 0.021, 
P: 0.239, 
B: 0.131

3 m 13.8 
± 0.3

13.75 
± 0.2

13.8 
± 0.3

12.2
± 1.4

12.0
± 1.7

13.1 
± 0.4

13.5
± 0.8

12.1
± 1.4

M: 0.198, 
D: 0.011, 
P: 0.338, 
B: 0.920

6 m 13.5 
± 0.3

13.183 
± 0.4

12.8 
± 1.1

10.5 
± 5.2

12.9 
± 0.4

12.5 
± 0.6

12.3 
± 0.9

11.8
± 1.7

M: 0.022, 
D: 0.039, 
P: 0.429, 
B: 0.820

 P1 0.002 0.003 0.122 0.025 0.004 0.005 0.093 0.091
P2 0.004 0.005 0.070 0.420 0.001 0.004 0.078 0.102
P3 0.002 0.001 0.032 0.043 0.001 0.005 0.051 0.088

P1: Immediate VS 3 months, P2: 3 months Vs 6 months, P3: Immediate VS 6 months

TABLE (2) Comparison of mean bone density scores at different follow up intervals of group I (MPM group)

GI (MPM)
Bone Density Preoperative immediate post op 3m 6m

Mean 525.00 871.00 1155.83 713.83

SD 46.42 45.88 47.88 28.52

Min 461.00 811.00 1094.00 664.00

Max 560.00 910.00 1200.00 743.00

Pre 0.0000 0.0000 0.0000 

Post 0.0000 0.0000 

3 m 0.0000 

Table (3): Comparison of mean bone density scores at different follow up intervals of group II (PRF group)

    GII (PRF)
Bone Density

Preoperative immediate post op 3m 6m

Mean 512.00 805.67 960.83 658.83

SD 39.39 38.19 37.16 37.08

Min 463.00 757.00 914.00 614.00

Max 569.00 861.00 1017.00 715.00

Pre 0.0000 0.0000 0.0000 

Post 0.0000 0.0000 

3 m 0.0000 
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DISCUSSION

Recently autologous blood products rich in 
growth factors and platelets are progressively used 
to improve the graft biological characteristics and 
success rate, an established synergy between the 
growth factors stimulating action and the target 
cells attracted into the environment come in the 
favour of bone regeneration which is created by 
osteoconductive scaffolds. (31)

Platelet concentrates include  high concentrations 
of growth factors such as fibroblast growth factor 
(FGF),platelet-derived growth factor (PDGF), 
trans- forming growth factor-b1 (TGF-b1) and b2 
(TGF-b2) , insulin-like growth factor (IGF) and 
vascular endothelial growth factor (VEGF), which 
enhance the healing process.(35) This may cause 
better bone repair and regeneration. (36)

Several techniques for platelet aggregate 
assembly have been utilized, Choukron”s (15) 
method for example recently developed platelet 
aggregation (PRF) by collecting platelet rich fibrin 
gel and leucocytes using a natural coagulation 
process. The comparison between the PRF and the 
PRP goes to the favour of PRF because 1st PRF does 
not use bovine thrombin or any other  exogenous 
activators in its process of preparation (15) , 2nd PRF 
can be used as a membrane with its fibrin bandage 

working as a matrix for the acceleration of wound 
healing,(37) 3rd  PRF natural fibrin architecture could 
be  responsible for a slow release of growth factors 
and matrix glycoproteins during 7 days (38) 4th PRF 
chair side preparation is fast , inexpensive and 
simple.

Mineralized Plasmatic Matrix is a homogeneous 
mixture of two phases: the plasmatic phase and the 
mineralised phase of bone graft which could be 
autogenous, allogeneic bone, xenogenic or bone 
substitute like synthetic bone. Scanning electron 
microscopy (SEM) reveals that the MPM creates 
a dense fibrin woven network around the mineral 
particles. MPM presents many advantages: it is a 
mouldable mixture, contains the mineral phase 
which acts as a scaffold for bone cells necessary 
for bone formation, it also prevents micro and 
macro movement of the bone graft. As for the 
fibrin network inside the MPM, it entraps platelets 
and monocytes to release growth factors and no 
biochemical additives are needed.(26)The monocytes 
are very important in bone formation as they regulate 
the production of BMPs which are highly important 
proteins in the induction of bone production.(39)

In an experimental study conducted by El Moheb 
et al (30)at which a comparison between the PRF 
and MPM was done prior to implants placement at 
sheep heads .They found out that PRF alone was 
not able to preserve the space necessary for bone 
formation because  it is a gel so it was not able to 
resist the chewing forces. It is true that PRF gives 
the necessary extracellular matrix needed by the 
cells, but since the space was not preserved, the 
bone could not be built correctly. Therefore, the 
need to use the bone graft or the bone substitutes to 
secure the scaffolding was necessary, also mixing 
the PRF membrane with bone particles didn’t give 
the stability to the bone because they were not 
linked together. While at the MPM group, since it 
is a sticky and homogenous mixture. So, once the 
bone particles or the bone graft were placed on the 
site, they sticked to the site.

Fig. (7) Line Chart showing the bone density scores of the two 
groups preoperative, immediate postoperative, 3, 6 
months intervals.
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For bone grafting success, several conditions 
should be fulfilled such as the graft stability, the 
space maintenance, the scaffolding and the good 
wound closure. The platelets concentration does 
not have the major role in bone regeneration due to 
its short life time (4 to 8 days). The biomechanical 
part plays one of the most important roles in bone 
grafting. The MPM is a natural and autogenous 
product that can offer bone particles stability. PRF 
does not give this amount of bone grafting stability, 
nor the appropriate resistance to chewing forces due 
to its gel nature.

In the current study, the mean Implant Stability 
Quotients (ISQs) of the MPM group I was 70 ±10HU, 
while that of the PRF group II was 68 ±11HU after 
6 months of implant placement. There was no 
statistical significant difference (P ≥ 0.05) between 
implants stability of both groups at this follow up 
interval. Our results concluded that adding PRF or 
MPM at immediately placed implants favour their 
stabilities at the follow up intervals. Our findings 
are in agreement with those found by Öncü (22) 
who evaluated the PRF applications benefits on 
the osseointegration process.  The use of PRF at 
implant insertion at his study resulted in statistically 
significant higher ISQ values which increased 
continuously over time. 

In the current study, we compared the bone 
density around the implants between the two 
groups. The MPM group had statistically significant 
(p≤0.05) higher bone densities than those of PRF 
at all of the follow up intervals. These finding are 
in agreement with those of Arafat et al (41) who 
used PRF added to Bio-Oss in cases of implants 
accompanied with sinus lift procedure, and also 
with other clinical studies.(42-44)

Regarding the bone height levels around 
the implants presented in our study, there was 
no statistically significant difference (P ≥ 0.05) 
between the two groups at all of the follow up 
intervals except that group I showed a statistically 
significant (P ≥ 0.05) higher mesial bone height level 

at 3and 6 months postoperatively accompanied by a 
statistically significant (P ≥ 0.05) higher distal bone 
level as well at 6 months postoperatively than that 
of group II.

The amount of crestal bone loss present at 
our study in patients receiving PRF around their 
immediate implants, is in agreement with Boora (40) 
who reported lower marginal bone loss associated 
with PRF use in single staged, immediately dental 
implants placed in maxillary anterior region.

CONCLUSION

Based on our findings, we conclude that the 
MPM and the PRF both have satisfactory results as 
bone regenerative material for immediate implant 
placement regarding bone height and bone density. 
Yet the MPM results were more superior to those of 
the PRF.
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