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ABSTRACT

Aim: The purpose of this study was to compare the efficacy of platelet‑rich plasma (PRP), 
platelet‑rich fibrin (PRF), and hydroxyapatite (HA) for reduction of pain and swelling, absence 
of dry socket, soft tissue healing, and bone regeneration after mandibular third molar extraction 
in human patients. Materials and Methods: Forty patients requiring extraction of mandibular 
third molars were randomly grouped as control, PRP, PRF, and HA‑treated. The patients were 
assessed for postoperative pain, swelling, dry socket, and soft tissue healing on the 3rd, 7th, and 
14th day of postoperative periods depending on the standard methods. Radiological assessment 
of the extraction site was done at 1, 2, and 6 months interval to compare the change in bone 
density in the sockets in control and treated patients. Results: Pain and swelling were less on 
PRP and PRF site when compared to HA and control site. PRP and PRF site showed better 
soft tissue healing when compared to HA and control site. Radiographic assessment showed 
comparatively lesser bone density values in PRP, PRF, and control site at 1, 2, and 6 months 
than HA site. Conclusion: Our study showed that PRP and PRF are better graft materials than 
HA regarding pain, swelling, dry socket, and soft tissue healing. Bone regeneration is induced 
promptly by HA as compared to other graft materials. However, a more elaborate study with 
a larger number of clinical cases is very much essential to be more conclusive regarding the 
efficacy of the graft materials.
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Introduction

Abundant graft materials are used nowadays for 
the purpose of reducing the signs and symptoms of 
postoperative phase after surgical extraction and promote 
soft tissue healing and bone regeneration. Among the 
several materials used to repair bone defects, autologous 
graft is still considered as the gold standard.[1‑3] However, 
the use of platelet‑rich plasma (PRP) and protein‑rich 
fibrin (PRF) as bone graft material has increased in recent 
years. The beneficial growth factors from platelets were 
first described by Ross et al.[4] Platelets trapped within 
fibrin matrix release growth factors after activation that 
stimulates the mitogenic response in the periosteum for 
bone repair.[5] PRP contain important growth promoting 
factors such as platelet‑derived growth factors (PDGF), 
transforming growth factors‑β, vascular endothelial 
growth factor, and epithelial growth factor that are 
responsible for increased cell mitosis, collagen production, 
and recruitment of other cells to the site of injury, thereby 
initiating vascular in‑growth and cell differentiation. PRP 
also contains cell adhesive such as fibrin, fibronectin, and 
vitronectin responsible for osteoconduction and used 
as a matrix for bone, connective tissue, and epithelial 
migration.[6] Choukroun’s PRF is a fibrin matrix in which 
platelet cytokines and cells are trapped and can serve as a 
resorbable membrane when released after a certain time.[7] 
More recently, PRF is shown to be a suitable scaffold for 
breeding human periosteal cells in vitro, thus also being 
beneficial for bone tissue engineering applications.[5,8]

At present, several biocompatible materials have emerged 
as substitutes of autologous bone. Among synthetic 
biomaterials artificial or synthetic hydroxyapatite (HA), 
the bioglass and bioceramics are also widely accepted. 
The unique chemical similarity of HA with the 
mineralized phase of bone makes it osteoconductive and 
biocompatible.[9] It is widely used in dental, craniofacial, 
and orthopedic surgery.[10‑12]

This clinical study was undertaken to compare the 
efficacy of PRP, PRF, and HA for reduction of pain 
and swelling, absence of dry socket, soft tissue healing, 
and bone regeneration after mandibular third molar 
extraction, to compare whether any difference exist 
between postoperative stages of each type of treatment 
and to determine which one is the best graft material for 
bone regeneration.

Materials and Methods

The CONSORT guidelines were followed for reporting this 
study. This was a randomized, controlled, parallel group 
study.[13] This study was conducted in the Department of 
Oral and Maxillofacial surgery, Vyas Dental College and 

Hospital (in Jodhpur, Rajasthan, India), after obtaining 
Institutional Ethical Clearance. The subjects for the study 
comprised selected patients (total 40) who were referred 
to the Department of Oral and Maxillofacial Surgery for 
the removal of mandibular third molar (ipsilateral third 
molar was selected due to lack of patients with bilateral), 
including both genders male and female.

Inclusion criteria
•	 Patient’s age between 17 and 36 years
•	 Patients with mandibular third molar indicated for 

extractions.

Exclusion criteria
•	 Patients with pericoronitis, periapical infection, or 

lesions with respect to impacted third molars
•	 Opposing traumatic occlusion or impinging upper 

third molars
•	 Smokers, alcoholics, and any systemic diseases
•	 Female patients on oral contraceptives
•	 Those patients with incomplete follow‑up were 

excluded from the study.

After obtaining and recording the history of each of the 
case, the patients were clinically examined thoroughly. 
Then, the procedure for the treatment, its complications, 
and follow‑up period involved in the study was explained 
to them individually. Willing patients were enrolled for 
the study after getting their written consent. Preoperative 
intraoral periapical (IOPA) radiograph was taken instead 
of computer tomography (CT) scan and cone beam CT 
because of cost‑effectiveness.

Surgical procedure
The surgical procedure in all the groups was done 
by same experienced oral and maxillofacial surgeon. 
Extraction of mandibular third molars was done 
under local anesthesia using the standard technique. 
A triangular flap using ward‑I or ward‑II incision or 
an envelope flap was raised. Buccal guttering and 
ditching were done using a tungsten carbide bur and 
micromotor handpiece. After extraction of the tooth 
and achieving hemostasis, the socket was thoroughly 
irrigated with 40 ml of normal saline. The patients were 
randomly distributed into the following four groups, 
each consisting of 10 patients (sample size = 10/group):
•	 Control: Involved patients having extraction socket 

closed without any graft material [Figures 1 and 2]
•	 PRP‑treated group: Comprised patients having 

extraction socket filled with PRP before closure of 
the socket [Figures 3 and 4]

•	 PRF‑treated group: Comprised patients having 
extraction socket filled with PRF before closure of 
the socket [Figures 5 and 6]

•	 HA‑treated group: Comprised patients having 
extraction socket filled with HA before closure of the 
socket [Figures 7 and 8].
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Postoperative monitoring and variables
Patients of all the groups were assessed on the 
postoperative days 3, 7, and 14 for the assessment of 
swelling, pain, dry socket, and soft tissue healing, and 
radiographic (IOPA) assessment for bone healing was 
conducted after 1, 2, and 6 months. Each patient received 
identical postoperative antibiotics, analgesics, and 
instructions. Patients were specifically instructed not to 
take any other drug without informing the investigator. 
Data were gathered for statistical analysis:
•	 Assessment of pain using visual analog scale based 

on six‑point facial Wong‑Baker Scale[14]

•	 Evaluation of facial edema and swelling was based 
on the modification of three line measurement using 
five fixed points on surgical side of the face [Figure 9] 
before and after 3rd, 7th, and 14th day of surgery. Line 1: 

Horizontal line joining the outer corner of the mouth 
to the midline of the tragus of the ear lobe (AC); line 2: 
Horizontal line joining the pogonium to the midline of 
the tragus of the ear lobe (AD); line 3: Vertical line joining 
the outer canthus of the eye and point on mandibular 
angle (BE). The average data calculated from the 
difference of postoperative and preoperative values[14]

•	 Evaluation of soft tissue healing was also based on 
the standard method[15]

•	 Criteria for dry socket assessment were based on 
Blum’s method[16]

•	 Mean radiographic score (using IOPA) for assessment 
of bony healing at various time lags between groups. 
The criteria for bone healing (including lamina dura, 
overall density, and trabecular pattern) and scoring 
system were based on the Kelley’s method with some 
modification.[17]

Figure 1: Representative pictures of pre‑, post‑ and intra‑operative periods of 
surgical extraction of mandibular third molar in control patient

Figure 2: Representative radiographs (intraoral periapical) showing bone 
healing in control patients

Figure 3: Representative pictures showing pre‑, post‑ and intra‑operative 
periods of surgical extraction of mandibular third molar in platelet‑rich 

plasma‑treated patients

Figure 4: Representative radiographs (intraoral periapical) showing bone 
healing in platelet‑rich plasma treated patients
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Preparation of platelet‑rich plasma gel
Collection of blood: Under all aseptic techniques, 5 ml of 
venous blood was collected from the antecubital fossa. 
A volume of 3.6 ml of this blood was placed in a vial 
containing 0.4 ml citrate‑phosphate‑dextrose‑adenine 
anticoagulant solution and gently mixed.

Preparation of platelet‑rich plasma: The tube was placed 
in a centrifuge machine and counterbalanced. Then, it was 
centrifuged at 2000 rpm for 15 min. This separated the 
whole blood into a lower red blood cell region and upper 
straw‑colored plasma. The uppermost region of this 
plasma contains less platelet (platelet poor plasma, [PPP]) 
and the central region contains high concentration 
of platelets and white blood cell (buffy coat). With a 
micropipette, the PPP and the buffy coat layer including 
1 mm below the central region were collected in a sterile 

test tube and centrifuged at 3000 rpm for 10 min. After 
the second centrifuge, the upper half was removed, and 
the lower half was used as PRP. The PRP was activated 
with calcium chloride (CaCl2) to form a PRP gel.[18]

Preparation of protein‑rich fibrin
After the first spin of the blood top layer consisting of PPP 
was discarded. The second layer was transferred to a neatly 
incubated test tube. Calcium gluconate (Ases chemical 
works, Jodhpur, India) was added to this solution (PRP). 
For 2 ml of PRP, 0.5 ml of calcium gluconate is added and 
allowed to stand for 10 min for conversion into the gel. 
The resultant gel obtained is PRF.[19]

Graft material
The graft material used was G‑Bone (SHAG‑3, G. 
Surgiwear Limited, Shahjahanpur, Uttar Pradesh, India), 
a bioceramic composite material which contains 90% HA 

Figure 5: Representative pictures showing pre‑, post‑ and intra‑operative 
periods of surgical extraction of mandibular third molar in protein‑rich 

fibrin‑treated patients

Figure 6: Representative radiographs (intraoral periapical) showing bone 
healing in protein‑rich fibrin‑treated patients

Figure 7: Representative pictures showing pre‑, post‑ and 
intra‑operative periods of surgical extraction of mandibular third molar in 

hydroxyapatite‑treated patients

Figure 8: Representative radiographs (intraoral periapical) showing bone 
healing in hydroxyapatite treated patients
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and 10% beta‑tricalcium phosphate. These grafts are 
white and granular measuring 1–2 mm in size and with 
porosity of 500–1200/mm. The material is dispensed in a 
sterile disposable 2 cc syringe in a blister pack.[20]

Statistical analysis
The results obtained are expressed as mean ± standard 
error of the mean. The data were statistically analyzed 
with the SPSS 16.0 for Windows (SPSS Inc., Chicago, 
USA). A multivariate analysis was done for all variables. 
Results with P < 0.05 were considered statistically 
significant for the study.

Results

Forty patients were included in the study and allocated 
randomly divided into four groups ‑ control, PRP, PRF, 
and HA, each group having at least 10 patients. Of these 
40 patients included in the study, 27 were males, and 13 
were females. The median age of patients in our study is 
27 years, with a minimum of 17 years and maximum of 
36 years (mean: 27; standard deviation [SD] 5). The mean 
age of patients in years (± SD) in control, PRP, PRF, and 
HA groups were 28 ± 6, 27 ± 6, 26 ± 4, 26 ± 5, respectively. 
There was no significant difference in average age of 
patients among different groups.

The intensity of pain and swelling in these different groups 
was scored on the 3rd day, 7th day, and 14th day. The results 
represented in Table 1 shows a reduction in the intensity 
of pain along with reduced swelling in all the groups 
from day 1, though the maximum reduction of pain, and 
swelling being in PRF‑ and PRP‑treated patients (P < 0.05), 
respectively. Only a few patients were reported to have 
the presence of dry sockets only on the 3rd day of the 
postoperative period (2 control cases, 2 PRP‑treated cases 
and 1 PRF‑treated case). The soft tissue healing scores were 

also significantly higher in PRP‑ and PRF‑treated groups 
[Table 1]; however, there was no significant difference in 
between these two groups.

Radiographic assessment
Radiographic assessment of bone healing lamina dura 
revealed an increased score in all the groups over 
the 6‑month duration of the healing period [Table 2], 
significantly higher score  (P < 0.05) being in the 
HA‑treated group. Table 2 summarizes the mean bone 
healing scores for overall density and trabecular pattern 
at different periods in all the groups. Assessment of bone 
healing overall density demonstrated significantly higher 
scores (P < 0.05) in HA‑treated group.

Discussion

Several studies including in vivo animal studies suggest 
that biological mediators such as growth factors can be 
used to accelerate the healing of soft tissue and bone. 
Our study demonstrated that the use of PRP and PRF in 
extraction socket was more beneficial in reducing pain, 
swelling, and in accelerating the healing of soft tissue 
than HA. PDGF and epidermal growth factor are mainly 
involved in the migration of fibroblast, their proliferation, 
and collagen synthesis, thereby accelerating soft tissue 
wound healing.[21] Thus, the use of platelets in bone 
defects to improve, fasten healing, and stimulate new 
bone formation is quite justifiable.[22] It has also been 
shown in our previous study that healing of surgical sites 
enhanced with PRP is 2–3 times greater than that of normal 
surgical sites without PRP.[23] PRP accelerates wound 
maturity and epithelialization and hence decreases scar 
formation.[24] The activation of PRP to form PRP gel causes 
degranulation of α‑granules present in the platelets, thus 
releasing the growth factors. In this study, we have mixed 
CaCl2 along with PRP to form an autologous platelet gel. 
This gel was prepared from the patient’s own blood, thus 
preventing any antigen‑antibody reaction.

PRF is mostly preferred over other concentrates because 
it releases the growth factors at a sustained rate over a 
longer period, thereby optimizing wound healing.[25] 
PRF is also beneficial for the regeneration of periodontal 
defects as it stimulates the growth of osteoblasts and 
periodontal ligament cells.[25,26]

The presence of dry socket (alveolar osteitis) is a common 
complication after tooth extraction, occurring due to 
disruption of blood clot prematurely in the extraction 
socket leaving bone unprotected and exposed to the oral 
environment.[16] The result from the assessment of dry 
socket supports previous report indicating that HA can 
be an effective preventive factor for dry socket (though 
results are not statistically significant).[27]

Figure 9: Representative picture showing facial swelling measurement by 
joining the three lines AC, AD, and BE
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However, our radiographic results revealed better bone 
healing at HA site than other sites, suggesting that HA has 
an excellent bone conductive property. Porous HA permits 
the growth of osteogenic cells from existing bone surfaces 
into adjacent bone graft material.[28] Studies have shown 
that HA is well tolerated by the surrounding uninflamed 
tissues and is suitable for application in humans.[29,30]

In our study, all the procedures were done comfortably 
under local anesthesia on an outpatient basis without any 
complication. All the materials used in this study were 
found to be biocompatible with no detectable evidence 
of foreign body reaction or rejection of the material. All 
the materials not only fill and obliterate the extraction 
socket defect but also maintain the existing height of 
the alveolar bone. One of the disadvantages of PRP and 
PRF over HA is that former preparation is cumbersome 
procedure. Both preparations need patient’s blood 
collection and taking to laboratory which requires 
some time while HA is readily available and can be 
placed immediately. The use of HA granules (G Bone) 
is cost‑effective for the patients compared to other bone 
graft materials. The limitation of this study was that 
6 months postoperative follow‑up period was short 
to comment on the efficacy of various graft materials 
in complete bone regeneration process but adequate 
to evaluate the effects of initiating and enhancing the 
role in pain, swelling, dry socket prevention also in soft 
tissue healing. However, long‑term follow‑up along with 
histological study of the bone is required for assessment 
of the efficacy of various graft materials.

Summary and Conclusion

In summary, the results obtained from our study clearly 
indicate that in cases treated with PRP and PRF there 
was obvious improvement in the pain, swelling, and 
healing of soft tissue. Regeneration of bone after third 
molar surgery in HA is much better as compared to the 
control, PRP‑ and PRF‑treated patients postoperatively. 
Moreover, PRP used in this study formed a biological 
gel which functioned as an adhesive and formed stable 
clot. In addition, the procedure for the preparation of 
PRP and PRF in this study is simple, economical, and 
exhibited fruitful results. However, since this study was 
done with a follow‑up of 6 months only, further clinical 
trials with follow‑up of longer duration with larger 
sample size needs to be done to get more affirmative 
and conclusive result.
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Table 1: Comparison of pain and swelling scores and soft tissue healing index of patients (results are mean±standard error of mean)
Parameters Postoperative period Control PRP PRF HA

Pain score 3rd day 5.4±1.7 2.9±0.91# 2.4±0.75# 5±1.58@,$

7th day 3.6±1.13* 1.3±0.41*,# 0.8±0.25*,# 3.6±1.13*,@,$

14th day 1.1±0.34** 0.3±0.09**,# 0.1±0.03*,# 0.7±0.22*,#,@,$

Swelling score 3rd day 6.2±0.24 4.2±0.41# 3.9±0.23# 6.6±0.30@,$

7th day 3.6±0.26* 2.4±0.33*,# 2.7±0.21*,# 3.8±0.32*,@,$

14th day 0.9±0.23** 0.2±0.13**,# 0.4±0.16*,# 0.7±0.15*,@,$

Soft tissue healing index 3rd day 2.1±0.23 2.6±0.16 2.8±0.13 2.7±0.15
7th day 2.8±0.20 3.3±0.15*,# 3.7±0.15*,# 3.6±0.16*,#

14th day 3.1±0.23 4.5±0.16**,# 4.8±0.13**,# 4.0±0.14#,@,$

*P<0.05 as compared to 3rd day value within same group, **P<0.05 as compared to 7th day value within same group, #P<0.05 as compared to same day value of control group, 
@P<0.05 as compared to same day value of PRP treated group, $P<0.05 as compared to same day value of PRF‑treated group, Sample size (n=10) in each group. PRP: Protein‑rich 
platelet, PRF: Protein‑rich fibrin, HA: Hydroxyapatite

Table 2: Comparison of bone healing index of patients (results are mean±standard error of mean)
Parameters Postoperative period Control PRP PRF HA

Lamina dura 1 month −1.9±0.1 −1.7±0.15 −0.6±0.16#,@ 0.1±0.10#,@,$

2 months −1±0.14* −0.7±0.15* 0.4±0.16*,#,@ 1.2±0.13*,#,$,@

6 months 0.1±0.10** 0.5±0.16**,# 1.1±0.10**,#,@ 1.8±0.13**,#,@,$

Overall bone density 1 month −1.9±0.10 −1.6±0.16 −0.4±0.16*,#,@ 0.3±0.21*,#,@,$

2 months −1.3±0.21* −0.2±0.24* 0.4±0.16*,#,@ 1.2±0.20*,@,$

6 months 0.1±0.23** 0.5±0.16**,# 1.2±0.13**,#,@ 1.9±0.10**,#,@,$

Trabecular pattern 1 month −1.9±0.10 −0.8±0.41# −0.6±0.16# 0.5±0.22#,@,$

2 months −1.3±0.21* −0.1±0.27*,# 0.3±0.15*,@ 1.3±0.15*,@,$

6 months 0.1±0.17** 0.5±0.22**,# 1.3±0.15**,#,@ 1.9±0.10**,#,@,$

*P<0.05 as compared to 3rd day value within same group, **P<0.05 as compared to 7th day value within same group, #P<0.05 as compared to same day value of control group, 
@P<0.05 as compared to same day value of PRP treated group, $P<0.05 as compared to same day value of PRF‑treated group, sample size (n=10) in each group. PRP: Protein‑rich 
platelet, PRF: Protein‑rich fibrin, HA: Hydroxyapatite
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