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Abstract

Background Tooth extraction is performed for a wide

variety of reasons as we know. Several techniques aiming

at enhancing the regeneration process in the extraction

socket have been adopted such as filling the socket with

autogenous bone grafts or bone substitutes. We know

platelets play a central role in hemostasis and healing

processes but relative contradictory effect of platelet in

bone regenerating capacity have been published in differ-

ent in vitro and in vivo studies.

Method To explore this we used platelet-rich plasma

(PRP) (autogenous) alone in empty extraction socket of

bilateral impacted mandibular third molars. For that we

selected five patients having bilateral impacted teeth. Out

of two sockets one was used as intervention by filling with

PRP and the other was allowed to heal without PRP. All

patients were followed for clinical and radiological eval-

uation by using digital OPG view after 1 week, 1, 2 and

4 months period.

Result and conclusion PRP enhanced the osteogenic

response in initial bone healing at 1 month duration but

there was no added benefit in late bone healing at 4 months

period compared in both intervention and control groups.

However PRP significantly improved the soft tissue healing

in PRP treated sites compared to control group.

Keywords Platelet-rich plasma (PRP) � Early and late

bone healing � Extraction socket

Introduction

Tooth extraction is performed for a wide variety of reasons,

such as tooth decay that may destroy enough tooth structure to

prevent restoration, or periodontal disease, which may

severely affect the tooth-supporting tissues. Extraction of

impacted or problematic wisdom teeth is routinely performed,

as is extraction of some permanent teeth to make space for

orthodontic treatment. The presence of fractured teeth or roots

can be a further indication for extraction. In this case, the most

conventional and predictable protocol dictates that implants

are placed in the extraction sites after completion of the

healing process, but parallel to ingrowth of bone into the

socket a consistent resorption of the alveolar ridge occurs

physiologically during the healing and remodelling phase of

the extraction socket. In order to reduce alveolar bone

dimensional changes, several techniques aiming at enhancing

the regeneration process in the extraction socket have been

adopted, such as filling the socket with autogenous bone

grafts or bone substitutes and, guided bone regeneration

(GBR) [1] with resorbable or non-resorbable barriers, and the

use of various bone promoting molecules such as enamel

matrix derivative, recombinant growth and differentiation

factors, and autologous platelets concentrates.

Platelets play a central role in hemostasis and healing

processes. Upon their activation, platelet a-granules release

over 30 cytokines, including 7 fundamental protein growth

factors including platelet-derived growth factor (PDGF)

which include the 3 isomers (PDGFaa, PDGFbb and

PDGFab), 2 of the numerous transforming growth factors

(TGF-b1 and TGF-b2), vascular endothelial growth factor
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(VEGF), insulin-like growth factor (IGF), and epidermal

growth factor (EGF) as well as active substances such as

serotonin, catecholamines, von Willebrand factor, proaccel-

erin, osteonectin, and antimicrobial proteins [2–9]. By con-

centrating platelets, platelet-rich plasma (PRP) with higher

levels of growth factors might be reached, which could

stimulate the healing processes. PRP is an autologous con-

centration of human platelets in a small volume of plasma.

Platelet-rich plasma development via centrifugation has

been greatly simplified so that it can be used in the office

setting as well as the operating room. However, the cen-

trifugation process must be sterile and precisely suited to

platelet separation from red blood cells and their seques-

tration in high concentration without lysing the platelets or

damaging them so that they no longer can actively secrete

their growth factors.

Some authors have reported significant increase in bone

formation after application of PRP; others did not observe

any improvement. Despite controversies in the literature

regarding the added benefit of this procedure, recent inves-

tigations have confirmed osteoinductive properties of PRP

in vitro and vivo studies in animals and few in human beings.

First attempt was made by Marx and Garg in 1998 [8] to

standardize platelet concentration in PRP and showed

improved healing in their experimental study of mandibular

marginal bony defect healing with autogenous graft with the

use of PRP. Similarly Freymiller and Aghaloo [10] have

pointed out that PRP acts as a biologic adhesive that holds

the bone particles together, thereby making manipulation of

the graft material much easier. PRP was first introduced to

the oral surgery community by Whitman et al. in their 1997

[11] article entitled ‘‘Platelet Gel: An Autologous Alterna-

tive to fibrin Glue with application in Oral and Maxillofacial

Surgery’’. Over the past decade autologous platelets have

been shown to promote tissue repair as a source of healing

factors in several clinical situations in maxillofacial surgery,

oral implantology, orthopedics, ulcer treatment, sports

medicine and ophthalmology among others.

In the present study, our aim is to determine the influence

of PRP on healing of third molar impacted tooth extraction

sockets. For this we used PRP alone without autogenous or

synthetic graft. To our knowledge, there is very little study to

report PRP application without grafts in surgical defects.

Materials and Methods

The study is designed as a prospective, single blinded clinical

trial. The graft materials used in this study is PRP (platelet

rich plasma) (autogenous). This was prepared in Oral

Pathology Lab, Govt Dental College, Thiruvananthapuram

under standard aseptic conditions. Study was conducted in

Department of Oral & Maxillofacial Surgery, Government

Dental College, Thiruvananthapuram. The study was con-

ducted over a period of 1 year (2011–2012). Five patients

having bilateral impacted mandibular third molar teeth and

requiring surgical extraction of impacted lower third molar

teeth on bilateral side who reported to the Out Patient clinic

of Govt. Dental College, Thiruvananthapuram and who

voluntarily consented to participate were studied.

Aims and objective

1. To determine the efficacy of PRP on bone healing in

extraction socket of impacted teeth.

2. To evaluate the safety of the graft substitute PRP in the

treatment of bone defects after extraction of impacted teeth.

3. To evaluate the soft tissue healing with use of PRP.

Inclusion criteria

1. Bilateral impacted mandibular third molars irrespec-

tive of angulation.

2. No previous surgical treatment (like operculectomy,

odontoplasty, chemical cauterization).

3. A state of good general body and oral health.

4. Regular attendance at control visits.

Exclusion criteria

1. Patients with systemic disease like impaired calcium

metabolism, blood dyscrasias and uncontrolled sys-

temic diseases.

2. Patients with extensive surgical defects.

3. Patients having single impacted tooth.

4. Patients with periapical infection or lesion with respect

to mandibular third molars.

5. Presence of opposing traumatic occlusion or impinging

upper third molars.

6. Patients with unacceptable oral hygiene.

Study outcome variables

1. Age.

2. Gender.

3. Total platelet count in whole blood and PRP.

4. Clinical and radiological examination pre-operatively.

5. Clinical and radiological examination post operatively.

Materials

Preparation of PRP gel

Armamentarium

1. Centrifugation machine.

2. Test tubes and test tube holder rack.
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3. IV canula, needles.

4. Syringes 10 ml

5. C.P.D.A. (citrate phosphate dextrose adenine)

anticoagulant.

6. 10 % CaCl2
7. Tourniquet

8. Sterile gloves

Informed consent regarding the benefits and protocol of

the study was taken from all patients (Figs. 1, 2, 3).

Study Methodology

Five patients satisfying inclusion and exclusion criteria

were used for this study. Before starting the trial, the nature

of the study (including benefits, risks and alternative

treatments available) was explained to the patients.

Informed consent was obtained from those patients who

expressed their willingness to participate in the study.

Preoperatively following radiographs were taken for all

patients

1. Intra oral periapical radiographs (IOPARs) with rela-

tion to impacted lower third molars.

2. Panoramic radiographs.

Pre-operatively all patients were evaluated for blood

routine examination, blood sugar level, platelet count,

HBsAg and HIV test.

All patients underwent bilateral surgical removal of

impacted third molars and PRP that was prepared prior

to start of the procedure was activated to form PRP gel

which was placed into one of the extraction sockets

randomly selected by the author.

All patients were recalled after 1, 4, 8 and 16 weeks

postoperatively for follow-up study by clinical and

radiological examination.

The data obtained were stored for statistical

analysis.

Preparation of PRP Gel

1st Step: Collection of blood Under aseptic techniques,

12 ml of blood was withdrawn intravenously from an-

ticubital region of patients, forearm in syringe containing

anticoagulant CPDA (citrate phosphate dextrose adenine).

10 ml syringe containing 1 ml CPDA anticoagulant was

used for collection of 6 ml blood. Thus two syringes were

used for each patient. The syringes were thoroughly shaken

Fig. 1 Centrifugation machine

Fig. 2 Armamentarium for PRP preparation

Fig. 3 Armamantarium for tooth extraction
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to ensure mixture of anticoagulant with the drawn blood

(Fig. 4).

2nd Step: Preparation of PRP

1. The collected blood was centrifuged at 2,400 rpm for

10 min. The supernatant formed was platelet poor

plasma (PPP) and Buffy coat and bottom part consisted

of RBCs (Fig. 5).

2. PPP and Buffy coat along with upper 1 mm RBC layer

was collected in a fresh test tube and again centrifuged

at 3,600 rpm for 10 min. The upper half was discarded

and lower half mixed thoroughly to yield PRP (Fig. 6).

3rd Step: PRP GEL preparation PRP gel was prepared

by adding 10 % CaCl2 just before insertion into the sur-

gical defect (Fig. 7).

Surgical Procedure

The patient’s face was prepared with betadine solution and

was draped in aseptic condition (Fig. 8).

Fig. 4 Withdrawing of blood

DRAWN BLOOD                AFTER 1ST SPIN 

Fig. 5 First spin centrifugation

PLASMA+BUFFY COAT PPP + PRP

Fig. 6 Paltelet poor plasma and platelet rich plasma after second spin

centrifugation

PRP   PRP GEL

PRP PRP GEL

Fig. 7 Platelet rich plasma gel

rdBilateral 3 Molars Removed PRP Placed to 38

Fig. 8 Bilateral 3rd molars removed, PRP placed to 38

70 J. Maxillofac. Oral Surg. (Jan–Mar 2015) 14(1):67–80

123



1. Anaesthesia Inferior alveolar nerve block (lingual

nerve block) and long buccal nerve block were

administered using 2 % lignocain hydrochloride with

1:80,000 adrenalines.

2. Incision and mucoperiosteal flap reflection Standard

Ward’s incision was followed in all the cases. Full

thickness mucoperiosteal flap was raised to expose

sufficient bone on lateral and distal aspect of the

impacted molar.

3. Removal of surrounding bone Removal of bone

surrounding tooth was carried out with surgical bur.

Constant irrigation was done with normal saline while

using bur to prevent thermal necrosis.

4. Extraction Surgical removal of tooth done and if

needed sectioning of tooth was carried out with

surgical bur in selected cases.

5. Wound toilet The surrounding bone was smoothened.

The wound was gently irrigated with sterile normal

saline solution and checked for any small detached

fragments of bone or tooth pieces.

6. Surgical removal of bilateral impacted mandibular

third molar Surgical removal of impacted mandibular

3 rd molar was done on the opposite side in the similar

way in the same sitting and one of the extraction

sockets was randomly chosen by the operator for PRP

placement into the extraction socket (Fig. 8).

7. PRP placement The pre processed PRP was taken into the

sterile stainless steel bowl and 0.5 ml of CaCl2 was

mixed to obtain the PRP gel, which was placed into the

selected extraction socket and primary closure was done.

8. Wound closure The irregular margins of the wound

were trimmed and wound was closed with 3–0 black

braided silk interrupted suture. Pressure pack was given.

Post Operative Instructions

Regular post extraction instructions were given.

Medication prescription:

1. Cap. Amoxicillin 500 mg TID 9 5 days

2. Tab. Pyroxicam 500 mg OD 9 3 days

Each patient was followed for regular intervals at

1 week and 4, 8 and 16 weeks for evaluation on the basis

of clinical and radiologic findings for healing of soft tissue

and hard tissue respectively (Fig. 9).

1 week post operative:

• Intraoral wound was examined for any wound dehis-

cence, infection, swelling, etc.

Following evaluation criteria were used to assess soft

tissue healing:

     After 1 Week               

  After 2 Months              

        After 1 Month 

    After 4 Months 

Fig. 9 Panoromic views: PRP applied to left 3rd molar socket
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One week later patients entered the degree of pain and

swelling on the record, day by day, from zero to three,

answering a questionnaire based on a personal evaluation

comparing both surgical sides.

Patient did not know on which side PRP was inserted.

On the same day an author not involved in the study

gave an evaluation from 0 to 3 on the type of wound

healing observed after 1 week. The author assessed a score

to the soft tissue healing from grade 0 to 3. Zero corre-

sponded to post extraction alveolitis, one for initial healing,

two for secondary closure and three for primary closure of

the flap.

• Intra oral sutures were removed.

Any fresh complaints were noted.

• Digital OPG was taken which acts as baseline x-ray to

evaluate changes in extraction socket healing in

subsequent x-ray.

Digital OPG were taken post operatively at 4, 8 and 16

weeks to assess the radiographic changes at the extracted

sites (Tables 1, 2, 3, 4, 5).

Table 1 Total platelet count in whole blood and PRP

Patient Whole blood PRP

1 260,000 365,000

2 210,000 356,000

3 160,000 270,000

4 205,000 376,000

5 176,000 350,000

For whole blood: Mean 202,200 ± 0.38, For PRP: Mean

343,400 ± 0.421

Table 2 Visual analog scale score for swelling (score 0–3)

Day Intervention group Control group

Case 1 Case 2 Case 3 Case 4 Case 5 Case 1 Case 2 Case 3 Case 4 Case 5

1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 1 0 2 0 0

3 0 0 0 0 1 2 0 3 0 0

4 0 1 1 1 1 2 2 3 2 1

5 0 1 1 1 1 1 1 3 1 1

6 0 0 1 0 0 1 1 3 1 1

7 0 0 0 0 0 0 1 3 1 0

(0- no swelling, 1- mild swelling, 2- moderate swelling, 3- swelling)

Soft tissue parameters for extraction socket healing

Table 3 Visual analog scale score for pain (score 0–3)

DAY Intervention group Control group

Case 1 Case 2 Case 3 Case 4 Case 5 Case 1 Case 2 Case 3 Case 4 Case 5

1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0

3 1 1 1 0 1 2 1 3 2 2

4 1 1 1 0 1 3 1 3 2 2

5 1 0 0 0 0 2 1 3 1 3

6 0 0 0 0 0 1 1 3 1 2

7 0 0 0 0 0 1 1 3 1 1

0 No pain, 1 mild pain, 2 moderate pain, 3 sever pain

Table 4 Wound healing score given by non author

Time Case 1 Case 2 Case 3 Case 4 Case 5 Case 1 Case 2 Case 3 Case 4 Case 5

1 Week 3 3 3 3 3 3 2 1 3 1

0 Post extraction alveolitis, 1 initial healing, 2 secondary closure, 3 primary closure
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Statistical Analysis

Statistical analysis using Statistical Package for Social

Sciences version 10 was used for computing, tabulating

and analyzing the data.

Outcome Variables

Observations and Results

Five patients (2 females and 3 males) were studied for

effectiveness of PRP in third molar extraction sockets

healing which includes two. The mean age of the sample

population was 22.88 ± 5.263 years (range 19–32 years).

There was no statistically significant difference in the age,

gender and type of impaction between intervention and

control groups.

All patients were evaluated for total platelet count in

whole blood and in PRP. Platelet count on average in PRP

ranged from 202,200 ± 0.38 platelets/ml3 (in whole blood)

to 343,400 ± 0.421 platelets/ml3. Whole blood baseline

measurements ranged from 160,000 to 260,000 platelets/ml3.

Concentration procedures resulted in an average 1.5 folds

increase in platelet concentration in PRP, the maximum

platelet count of PRP was 376,000 and minimum was

270,000 platelets/ml (Figs. 10, 11; Table 1).

All tooth extraction sites healed without postoperative

complications such as pain or infection or trismus except in

one case which showed infection and pus discharge and

associated swelling after 10 days of surgical procedure

which was managed by medication Edema was within

acceptable range in both groups. Surgical extraction

sockets wound healed satisfactorily were graded as 3 in all

cases of intervention group. Two cases were graded as 3,

one case as 2 and remaining two cases as 1 in control group

according to healing of extraction sockets (Fig. 12;

Table 4). Complete healing was observed in all cases in

0

1

2

3

4

5

1 2 3 4 5

PATIENT

WHOLE

PRP

Fig. 10 Total platelet count in whole blood and PRP

Table 5 Radiographic evaluation of extraction socket healing

Time Intervention group Control group

Case 1 Case 2 Case 3 Case 4 Case 5 Case 1 Case 2 Case 3 Case 4 Case 5

1 Week : ; : : : ; : ; ; :

4 Week : ; : : ; ; : ; ; :

8 Week : ; : : ; ; : : : :

16 Week : ; : : ; ; : : : :

Increased density :

Decreased density ;

No changes :

0

100000

200000

300000

400000

MEAN SD

202200

0.38

343400

0.421

WHOLE
BLOOD

PRP

Fig. 11 Total platelet count with mean and standard deviation
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both intervention and control groups after 4 weeks period.

No patient was lost during follow up. There was significant

difference in swelling and pain on 6th and 7th day with

increased swelling and pain on 6th day and increased pain

on 7th day in control group compared to intervention group

which showed better soft tissue healing with minimal pain

and swelling which was not significant (Tables 2, 3, 6). In

wound healing there was significant difference with

P value of 0.038 (Table 6) in intervention group compared

to control group which showed better healing than control

group (Table 6).

Analysis of radiographic bone density after 1, 4, 8 and

16 weeks showed significant differences between PRP and

non-PRP groups by examining digital OPG view. Out of 5

cases studied only one case in intervention group showed

significantly increased radiographic bone density at surgi-

cal site treated with PRP compared to non-PRP site at all

four visits of follow-up. Two cases showed no beneficial

effect of PRP compared to non-PRP site, instead non-PRP

sites showed increased radiographic density at 4, 8 and

16 weeks follow-up visits. In one case there was no sig-

nificant change in density after 1 week in both intervention

and control groups. In two cases there were no significant

changes in density after 8 and 16 weeks in both interven-

tion and control groups. In three cases at 1 and 4 week

visits, with P value 0.368 and 0.527 (Table 7) respectively,

showed increased radiographic density in PRP treated sites

than non-PRP sites.

Statistical Analysis

Data were analyzed using computer software, statistical

package for social sciences (SPSS) version 10. Data are

expressed in frequency and percentage. To elucidate the

association and comparison between different parameters,

Chi Square(X2) test was used as non-parametric test. For all

statistical evaluations a two-tailed probability value \ 0.05

was considered significant (Figs. 13, 14, 15, 16, 17, 18, 19,

20).

Discussion

Reconstruction of bone defects represents a challenging

problem for the surgical community. Many defects in facial

skeleton may significantly impair proper prosthetic and

functional rehabilitation of the stomatognathic system.

Recently, much has been learned about the mechanisms

involved in the regeneration and repair of some tissues.

Thus, investigation of new methods of bone reconstruction

of the maxillomandibular complex is always valid [12]. In

1998, Marx and Garg [8] proposed the local application of

platelet-rich plasma (PRP) to enhance the maturation of

bone grafts. Autologous PRP is an inexpensive and widely

available modality to increase hard and soft tissue healing

potentials. The clinician’s ability to use the known prop-

erties of TGF-b and PDGF contained in the PRP prepara-

tion has dramatically changed the surgical community’s

understanding of bone healing and physiology and

improved the expected outcomes in minor and major oral

and maxillofacial surgery.

One of the main materials investigated and used to

accelerate the growth of new bone tissue is autologous

platelet-rich plasma (PRP). There are 3 type of platelets

product invented, platelet rich plasma (PRP), platelet rich

in growth factor (PRGF) and paltelet rich in fibrin (PRF)

0

0.5

1

1.5

2

2.5

3

1 2 3 4 5 1 2 3 4 5

INTERVENTION CONTROL

1 WEEK

1 WEEK

Fig. 12 Wound healing at 1 week visit

Table 6 Chi square test for soft tissue analysis

Variable Chi square value P value

S6 10.00 0.007

P6 10.00 0.019

P7 10.00 0.007

WH 4.286 0.038

(S6-swelling on 6th day, P6-pain on 6th day, P7-pain on 7th day, WH-

wound healing) view within article

Table 7 Chi Square test for association of PRP status and bone

density

Variable Chi Square value P value

BD1 2 0.368

BD4 0.40 0.527

BD8 0.667 0.717

BD16 0.667 0.717

(BD1- bone density after 1 week, BD4- bone density after 4 weeks,

BD8-bone density after 8 weeks, BD16-bone density after 16 weeks)

All cell contain n \ 5, without continuity correction
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Fig. 13 Bone density after 1 week in intervention group

Fig. 14 Bone density after 1 week in control group

Fig. 15 Bone density after 4 weeks in intervention group

Fig. 16 Bone density after 4 weeks in control group

Fig. 17 Bone density after 8 weeks in intervention group

Fig. 18 Bone density after 8 weeks in control group
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[13]. Its therapeutic strategy is based on acceleration of

healing by concentrations of growth factors, which are

universal initiators of nearly all healing events [3, 5, 12].

The growth factors present in PRP are well-known,

including transforming growth factor-b (TGF-b1 and TGF-

b2), vascular endothelial growth factor, 3 isomers of

platelet-derived growth factor (PDGF-aa, PDGF-bb, and

PDGF-ab), and endothelial growth factor. These growth

factors are considered to have the ability to accelerate

chemotaxis, mitogenesis, angiogenesis, and synthesis of

collagen matrix and favor tissue repair when applied on

bone wounds [12]. Instead of this it has been noted that in

addition to growth factors released from platelets and their

demonstrated positive effect on wound healing, thrombo-

spondin TSP is also abundant in the a-granules of platelets.

TSP family consists of five members TSP-1 through TSP-5.

Chia-Wen Hsu et al. [4] noted that TSP-1 and weakly TSP-

2 which inhibits adhesion, proliferation and tube formation

of endothelial cells in culture, ultimately lead to inhibitory

function on wound healing. It may be considered as a

causative factor responsible for no beneficial effect in our

study.

PRP is a promising biotechnology in tissue healing and

has been the subject of increasing investigations for its

ability to stimulate and accelerate bone formation. How-

ever, further studies should be performed to investigate the

possible clinical application of PRP because this graft has

been marketed. Thus, the present study investigated,

radiographically, the performance of autologous PRP after

its application instead of blood clot in dental sockets of

impacted mandibular third molars.

The present results clearly show that the application of

autologous PRP in surgical bone wounds after tooth

extraction allows variable amount of bone healing, as

indicated by data with statistical differences. In some cases

it shows accelerated bone healing, in some cases no com-

parable bone healing and in some cases no changes in

intervention and control group. Some results are compati-

ble with earlier reports on PRP by Ronaldo Célio-Mariano

et al. [12] who observed earlier bone formation with the

use of PRP. PRP alone was used as a graft material in few

studies conducted to investigate the effect on bone for-

mation. They got variable results as in our study, among

these variable results noted in soft tissue and hard tissue

healing in third molar extraction socket. Some studies had

more beneficial effect on soft tissue healing than bone

healing, while in others no added benefit in bone healing

was noticed as in some cases of our study. Allograft

material or other source of bone may represent the osteo-

conductive support to the growth factors released by PRP

gel, without that support the growth factors alone released

during the platelet degranulation may lose part of their

bone regeneration potentialities [13]. It is not quite clear

why the PRP treated sites exhibited decreased bone for-

mation when compared with non-PRP treated sites in some

of our cases. The explanation may be related to the con-

centration of platelets in PRP. Variations in platelet con-

centration are known to influence bone healing [8]. Study

conducted by Bahadir Gürbüzer et al. [14] showed that

healing of extraction sockets treated with PRP alone had

failed to show improved healing which was evaluated by

bone scintigraphy method. Similar result was noted in

some of our cases evaluated with digital OPG (Fig 9).

In fact, there are controversies in the literature regarding

the potential benefits of this procedure. Some investigators

have reported significant improvements in tissue healing

and bone formation using PRP [1, 4, 7, 8, 11, 12, 15–31]

whereas others did not observe improvements [2, 5, 13, 14,

32–36]. Some have given no conclusion regarding effect of

Fig. 19 Bone density after 16 weeks in intervention group

Fig. 20 Bone density after 16 weeks in control group
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PRP application in maxillofacial region than periodontal

defects [37]. Such discrepancies are probably related to the

lack of suitable standardization and definition of the dif-

ferent PRP preparations; the protocols and biological

techniques used in the elaboration and administration of

PRP differ widely. Variations in some key properties of

PRP, including platelet concentration, type of clot activa-

tor, leukocyte content, and the time that the fibrin scaffold

is put into place around the tissue after clotting has started,

can influence the different biological effects markedly [12].

Schmitz and Hollinger questioned the actual isoforms and

the biological action of the various growth factors con-

centrated in PRP and stated their opinion that at this time,

basic research does not strongly endorse the ability of PRP

to promote healing [11].

Concerning the achievement of PRP, the present study

used sodium citrate as an anticoagulant and calcium

chloride as a coagulant. There are studies that used dif-

ferent materials for activation of platelets before insertion

of PRP in surgical defect. Some have used 10 % CaCl2
alone [2, 12, 14, 15, 18, 25, 29] as we have used. Anitua

was the first who began the trend of using only CaCl2. One

study had used calcium gluconate [13] with satisfactory

result. Some had used 10 % CaCl2 and bovine thrombin [3,

10, 14, 20, 21, 31, 32, 34, 38] at the same sitting some have

used thrombin alone [35, 37]. Landesberg et al. [2] opposed

the use of bovine thrombin, considering the risk of devel-

oping antibodies that cross react with factors V, XI and

thrombin and induce coagulopathies. Considering these

material there was no significant relation between use of

different coagulants and outcome. The most important is

activation of platelets to follow coagulation cascade to

facilitate early release of factors. Calcium is used to acti-

vate the coagulation cascade and thus the release of growth

factors and the formation of 3D fibrin scaffold. Therefore

potentially toxic substances like bovine thrombin are

avoided. In addition calcium provides a reduced burst

effect in comparison with thrombin, facilitating a more

progressive growth factor release.

In addition, use of adequate centrifugation forces is

necessary because greater forces can lead to the release of

growth factors at the time of PRP preparation [12]. Cen-

trifugation speed is a relevant variable for platelet count, it

was not standardized among the authors and large variation

can be noted in the protocols. In some studies there is no

information about of centrifugation parameters and the

reports of centrifugation parameters in rpm (rotation per

minute) mode is another important aspect that makes the

comparison of the results difficult [2]. In our study we have

used 3,600 rpm for 10 min for separation of platelets that

could facilitate bone healing. A similar study showed that

by the use of 3,000 rpm for 10 min the PRP prepared was

able to intensify proliferation of stem cells and osteoblasts

in cultures and enhance matrix secretion by the osteogenic

cells [2].

How much platelet count is sufficient to get positive

result? There is still controversy regarding ideal platelet

count [2]. In our study mean platelet count in PRP was

34,000 cells/ml3 which was very low considering the value

by Whitman et al. who stated that the platelet count in PRP

should oscillate between 500,000 and 1,000,000 cell/lL. In

the initial work of Marx and Garg [8] mean PRP platelet

count achieved was 7, 85,000 cell/lL. He was the first who

attempted to standardize a platelet concentration for PRP.

He also stated that best biological response occurs when a 4

to 5 fold increase over the baseline platelet number is

achieved, but in our study the mean increase was only 1.5

fold which may be considered for decreased biological

response in response to bone healing. Graziani et al. [4]

showed that increased PRP concentration reduced the

proliferation of osteoblasts and that optimal proliferation

occurred at platelet concentration 2.5 times higher than

normal baseline. Study suggested that the positive effect

PRP on bone regeneration might have a limited concen-

tration range. At lower concentration PRP effect was sub-

optimal, while higher concentration had a paradoxically

inhibitory effect [3]. Gernot Weibrich et al. [39] conclude

that there is significant but irrelevant influences of sex on

platelet concentration, but no influence of age was detec-

ted. Similarly in our study there was no significant differ-

ence in platelet concentration considering the sex and mean

age of patient.

Because the life span of a platelet in a wound and direct

influence of its growth factors is \ 5 days (range

5–8 days) a pronounced effect of PRP would be expected

to occur especially in the early stage of bone healing [14,

32]. Study conducted by David Gerard et al. reported that

healing of mandibular defect treated with autologous bone

graft with PRP in dogs results in early (1 and 2 months)

beneficial effects, but 3 and 6 months time period did not

have any added beneficial effect [10]. Morphology of

platelets changed as bench setting time increased as

reported by Rutkowski et al. [9]. It shows that from 0 to 2 h

platelets appear normal without or little aggregation but

after 2 h form more number of small clusters. These effects

were more dramatically evident by 6 h, indicating a change

in their morphology as function of bench set time, these are

accompanied by changes in growth factors content of the

PRP. Prepared PRP should be inserted in surgical defect

within at least 2 h to get maximum benefit of PRP. 95 % of

growth factors in PRP are released in first hour after clot

initiation. The PRP must therefore be developed in an

anticoagulated state and be used within 10 min of clot

initiation to get maximum advantages [8].

Periodontal complications at the distal root surface

adjacent to the second molar that follow an impacted
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mandibular third molar in deep extraction have been

judged to be related to the age of a patient and the angu-

lation and severity of the inclusion. The possibility to

concentrate growth factors in a surgical wound seems to

allow activation of cellular events, providing a final gain in

quality and time of healing. The use of PRP has been

shown to be a useful tool in aiding periodontal and bone

regeneration in vivo because of the high content of growth

factors [16]. Results showed that PRGF contains a pool of

growth factors that significantly stimulated the prolifera-

tion of tenocytes and induced the paracrine secretion of

both VEGF and HGF. The latter is particularly important as

these agents play an active role in angiogenesis and as

antifibrotic molecule respectively. Another important con-

sideration of this treatment is that cells return to their

normal fate of proliferation once the PDGF are withdrawn,

which is an obligatory biosafety requirement if the cells are

to be transplanted into humans.

The use of autologous growth factors from platelet gel

seems to be one of the most promising methods for the

treatment of bone, cartilage and soft tissue defects in the

future. Undoubtedly all clinicians have high hope that PRP

will eventually prove to be of great benefit in bone graft

healing. The easy preparation protocols, the biosafety and

versatility of the platelet-based preparation and their

reduced cost have also stimulated the research and interest

by the scientific community. The conflicting results in

today’s literature make in overwhelmingly evident that

more research is needed before evidence-based surgeon

can feel confident in recommending this procedure to their

patients. It is anyway a quite invasive method which cannot

be applied daily in private practice for office basis patient.

Summary and Conclusion

Platelets play a central role in hemostasis and healing

process in all wound healing. The different growth factors

present in a- granules of platelets plays an important role in

differentiation and proliferation of native cells in wound

site such as fibroblast, endothelial cell and osteoblast and

other cells; which are prerequisite for wound healing.

Considering this important role of platelets many research

works are going on to elaborate the qualitative and quan-

titative effect of platelets in different wound healing such

as in maxillofacial surgery, oral implantology, orthopedics,

ulcer treatment, sports medicine and ophthalmology among

others. PRP which can be easily prepared and used for

office out basis patient due to availability of different

machineries which are cost effective. But collection of

blood for the PRP preparation is quite an invasive proce-

dure so it may restrict its use on regular basis for all

patients. Along with the beneficial effect we should also

consider inhibitory effect of PRP, like TSP-I factor which

is inhibitory in nature.

The application of PRP alone in impacted third molar

extraction sockets showed increased bone density in initial

period of healing, but there was no beneficial effect at late

wound healing period. This may correlate with life span of

platelets and early release of most growth factors at the

wound site, also questionable role of platelets in osteo-

genesis through differentiation and proliferation of osteo-

blasts. However PRP significantly improves the soft tissue

healing compared to non-PRP group. This may be due to

more and intense differentiation and proliferation of

fibroblasts and endothelial cells. No patient had any sys-

temic infection after the use of PRP as PRP is an autoge-

nous preparation, hence chances of transmission of

diseases or immunogenic reaction are very rare. CaCl2 used

for activation of platelets in the study should be popular-

ized considering the immunogenic and some detrimental

effect on platelets itself by the use of bovine thrombin used

in earlier literature. CaCl2 is equally effective in activation

of platelets as bovine thrombin. Considering all these, PRP

significantly increases the healing quality of wound which

further reduces the period of healing with less complica-

tions like infection, delayed healing, dehiscence of wound,

etc.; which ultimately enhances the quality of life of

patient.

The limitations of the study are less number of sample

sizes, use of digital OPG view for evaluation of bone

density on the basis of visual perception. This may con-

tribute bias in study as subjective variation may occur.

Further longitudinal studies with larger sample sizes and

controls are needed to determine whether the addition of

PRP and its various growth factors would offer earlier bone

formation and increase the predictability of regenerative

procedure. Also further investigation and clarification are

needed to popularize the PRP as a graft material in general.

Study concludes that, PRP enhanced the initial bone

healing at one month duration but there is no added benefit

in late bone healing at four months period, in mandibular

third molar extraction sockets compared in both interven-

tion and control groups. However PRP significantly

improved the soft tissue healing in PRP treated sites

compared to the control group.
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