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one of  the most frequent surgical procedures in oral 
surgery.[1] In early 1954 Mead[2] defined an impacted 
tooth as a tooth that is prevented from erupting into 
position because of  malposition, lack of  space, or other 
impediments. Those teeth that fails to erupt into the dental 
arch within the expected time are considered impacted.[3] 
The optimal management of  impacted M3s continues 
to challenge clinicians. An important issue to address is 
the risk of  developing periodontal defects on the distal 
aspect of  mandibular second molars (M2s) after M3 
extraction. Kugelberg et al.[1-3] published several studies 

INTRODUCTION

Mandibular third molars (M3s) are the most commonly 
impacted teeth which require surgical extraction and are 
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Abstract
Introduction: Bone regeneration of the defects created due to trauma, tumors, or simple procedures such as tooth extractions 
is still a herculean challenge. Various graft materials and techniques have been proposed over the past century but ideal graft 
material is still far away from reality.

Aim: The aim of this study is to evaluate the efficacy of beta tricalcium phosphate (β-TCP) in bone regeneration and its synergism 
when used in conjunction with platelet-rich fibrin (PRF) in enhancement of extraction socket healing.

Materials and Methods: Forty patients were selected and evaluated according to the criteria decided. They were divided into 
two groups of 20 each depending on the graft to be implanted post extraction. Further the informed consent was taken. Surgical 
procedure was performed and graft was placed according to their respective study groups under strict aseptic conditions. 
Radiographic evaluation of the healing socket was done at 3 weeks, 2nd, 4th, and 6th month follow-ups. The scores were compared 
in the two groups by statistical analysis.

Results: In our study, (Group A) showed consistently better distribution of overall density scores, trabecular pattern scores 
(P < 0.001), significantly higher gray scale values over the period of evaluation compared to corresponding control Group B. 
Significant increments in bone regeneration at each time interval when compared to baseline (3rd week). By the end of 6 months 
postoperatively, all the extraction sockets with β-TCP and PRF demonstrated satisfactory bone regeneration within normal limits. 
Within 6 months satisfactory healing of the extraction sockets was observed in Group A while Group B was lagging quite far behind.

Conclusion: β-TCP shows excellent biocompatibility, bone regeneration potential and also synergistic effects in conjunction 
with PRF. Thus it can be considered as lucrative, economical, and bone graft substitute in future.
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documenting the frequency, incidence, and risk factors 
for M2 periodontal pockets, such as age, inclination of  
M3, large contact area, visible plaque distal to M2, and 
pathologically widened follicle of  M3, after M3 removal.[4]

Following surgical extraction of  the third molar bone 
loss is observed distal to the second molar which further 
leads to periodontal pocket formation especially in case 
of  impacted tooth below cervical line (positions B and C); 
which might lead to sensitivity and periodontal problems; 
in order to eliminate pocket distal to second molar and to 
maintain alveolar bone height platelet rich fibrin (PRF) in 
combination with β tri calcium phosphate is used as a graft 
material in the extraction socket following surgical extraction 
of  the M3s. Beta tricalcium phosphate (β-TCP) is known to 
be highly biocompatible, resorbable, and osteo-conductive.

PRF is an autogenous grafting material that shows 
osteoinductive jelly like consistency, consisting of  several 
growth factors which they are beneficial in accelerating 
the process of  integration of  bone substitution. Platelet-
rich growth factors are very successful in stimulating bone 
regeneration and promote healing after the surgical removal 
of  third molar tooth.[5] PRF is both healing and interpositional 
biomaterial. As a healing material, it accelerates wound 
closure and mucosal healing due to fibrin bandage and 
growth factor release. As interpositional material, it avoids 
the early invagination for undesired cells, thereby behaves as 
a competitive barrier between desired and undesired cells.[5]

One of  the most widely tested calcium phosphate ceramics 
has been TCP with a nominal composition of  Ca3 (P04)2. 
This material has a calcium-to-phosphorus ratio of  1:5, 
TCP is found in two different whitlockite crystallographic 
configurations, a-TCP, and the more stable β-TCP which 
is an extremely biocompatible material.[6]

The grafts have the following advantages:
•	 It is cost effective and minimizing donor site morbidity
•	 It has only osteo inductive substance so with 

the combination of  β-TCP results in accelerated 
integration of  transplanted bone graft

•	 Accelerates angiogenesis, multiplication of  fibroblasts, 
and osteoblasts.[7]

With this background the aim of  this study was to compare 
clinically and radiologically the healing of  M3s extraction 
wounds with and without combination of  PRF and β-TCP 
as grafting material.

MATERIALS AND METHODS

The study was proposed to include 40 medically fit patients 
in the year (2015–2018) of  an age group of  18–50 years 

irrespective of  gender having impacted M3s especially 
(positions b and c) visiting the department of  oral and 
maxillofacial surgery M R Ambedkar Dental College and 
Hospital, Bengaluru. Patients were included in the study after 
obtaining ethical clearance from the institution and informed 
consent from the patients. Forty patients were randomly 
divided into Groups A and B, 20 patients in each group.

In Group A patients (study group) combination of  PRF 
and β-TCP was placed in extraction socket before closure 
of  the socket.

In Group B patients (control group), the extraction sockets 
were closed without any intra socket medicaments.

Inclusion Criteria
The following criteria were included in the study:
1.	 Patients aged between 18 and 50 years who required 

M3s extractions
2.	 Patients with the presence of  healthy 2nd molar adjacent 

to impacted mandibular third molar
3.	 Patients with good general health and good oral 

hygiene
4.	 Medically fit patients for surgery under local anesthesia.

Exclusion Criteria
The following criteria were excluded from the study:
1.	 Patients with, periapical infection, or lesions with 

respect to impacted M3s and 2nd molars
2.	 Smokers, alcoholics and patients with uncontrolled/

severe systemic diseases
3.	 Female patients on oral contraceptives, pregnant and 

lactating mothers
4.	 Medical conditions or patients taking medication 

associated with compromised bone healing or 
medications affecting the number and function of  
platelets

5.	 Patients unwilling for follow-up and those patients 
with incomplete follow-up will be excluded from the 
study.

Pre-surgical Preparation
The first step was evaluation of  patient for the procedure. 
Pre-surgical evaluation of  all patients included intra-oral 
periapical radiograph/Orthopantomograph/cone beam 
computed tomography (CBCT).

PRF Preparation
During surgery 10 ml of  whole blood was drawn from 
the patient and transferred into 15 ml sterile glass tube 
without anticoagulant, which was immediately centrifuged 
at 3000 rpm for 10 min, after which the blood settles into 
following three layers: A  red thrombus in contact with 
the red blood corpuscle base, PRF clot in middle, and 
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supernatant layer of  cellular plasma. The PRF was then 
stored in a sterile steel bowl till it was placed along with 
β-TCP into the extraction socket.

Surgical Procedure
Forty patients were randomly divided into Group A (study 
group) and Group B (control group), 20 patients in each 
group. Surgical extraction of  impacted third molar was 
performed under local anesthesia in both groups using 
routine ward’s and modified ward’s incision according to 
the bone exposure required [Figure 1].

In Group A (study group) after extraction 2–3 PRF clots 
were divided into small pieces and mixed with β-TCP 
granules was placed in the extraction socket before closure 
of  the socket with non resorbable sutures (3–0 black 
braided silk) [Figure 2].

Group B (control group) where extraction sockets were 
closed with non resorbable sutures (3–0 black braided silk) 
to observe normal socket healing [Figure 3].

Collection of  blood, blood in vacutainer tube after 
centrifugation, and centrifuge machine.

Blood in the vacutainer tubes after centrifugation at 
3000 rpm for 10 min divided into three fractions; lower 
fraction of  red blood cells, middle fraction containing fibrin 
clot, and upper a cellular plasma fraction.

Isolated platelet-rich fibrin.

Beta Tricalcium Phosphate granules (ß-TCP) (size 0.35–0.5 mm) 
and Platelet-Rich Fibrin.

For postoperative management, medications were prescribed 
including clohex mouth wash rinses twice a day for 7 days 
and, 500 mg amoxicillin 3 times daily for 5 days, analgesics 

Figure 1: ARMAMENTARIUM
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Figure 2: Clinical photographs of extraction socket with graft

for pain in both groups. Post-operative clinical evaluation 
was done based on bone height, bone density. The patients 
in both groups were assessed postoperatively on 3rd, 7th, and 
14th day for soft-tissue healing. Radiographic assessment for 
bone healing was done at 3rd week, 2nd month, 4th month, 
and 6th month CBCT [Figures 4 and 5].

Post-operative assessment of  the patient was done under 
following parameters:
1.	 Bone height (radiographically and using CBCT)
2.	 Evaluation of  clinical soft tissue and bone healing 

(using Landry et al., Gonshor healing index and 
radiographic score).[13]

The data were subjected to Independent Student t-test, 
ANOVA, and Bonferroni post hoc test.

RESULTS

After analysis of the data, the following observations were made:

In case group, there were 20  patients (males 13 and 
females 7). In control group also, there were 20 patients 
(males 12 and females 8) [Graph 1]. The patients who 
had participated in the study were in the age range of  
18–50 years with a mean age of  33.83 years.

Figure 3: Clinical photographs of extraction socket without graft
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Table 1: Comparison of soft-tissue healing index 
scores between study and control groups
Comparison of mean soft-tissue healing index scores between 
study and control groups at different time intervals using 
independent student t-test
Time Group n Mean SD SEM Mean Diff t P-value
3D Study 20 2.65 0.49 0.11 0.50 2.926 0.006*

Control 20 2.15 0.59 0.13
7D Study 20 3.35 0.67 0.15 0.75 4.001 <0.001*

Control 20 2.60 0.50 0.11
14D Study 20 4.20 0.70 0.16 1.10 5.537 <0.001*

Control 20 3.10 0.55 0.12
*Statistically significant

Table 2: Comparison of bone healing lamina dura 
scores between study and control groups
Comparison of mean bone healing lamina dura scores between 
study and control groups at different time intervals using 
independent student t-test
Time Group n Mean SD SEM Mean Diff t P-value
3W Study 20 −0.10 0.31 0.07 1.40 9.200 <0.001*

Control 20 −1.50 0.61 0.14
2M Study 20 −0.65 0.81 0.18 −0.10 −0.359 0.72

Control 20 −0.55 0.95 0.21
4M Study 20 1.45 1.36 0.30 1.20 2.707 0.01*

Control 20 0.25 1.45 0.32
*Statistically significant

Figure 4: Pre and post extraction radiographs of extraction socket with graft

Figure 5: Pre and post extraction radiographs of extraction socket without graft
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Clinical Assessment
Test statistic — Independent student t-test.

Assessment of  healing index of  soft tissue: Assessment of  
soft tissue healing by 3rd day for case group showed a mean 
score of  2.65 and for control group 2.15 (P = 0.006). After 
7th day for case group mean score was 3.35 and for control 
group 2.60 (P = 0.001). After 14th day for case group mean 
score was 4.20 and for control group 3.10 (P = 0.001) [Table 1].

Radiographic Assessment
Radiographic assessment at bone healing lamina dura 
3rd week for case group showed a mean score of  −0.10 and 
for control group −1.50 (P = 0.001). After 2nd month for 
case group mean score was −0.65 and control group −0.55 
(P = 0.72). After 4th month for case group mean score was 

Table 4: Comparison of mean bone healing 
trabecular pattern scores between study and 
control groups
Comparison of mean bone healing trabecular pattern scores 
between study and control groups at different time intervals 
using independent student t-test
Time Group n Mean SD SEM Mean Diff t P-value
3W Study 20 −1.00 0.00 0.00 0.95 19.000 <0.001*

Control 20 −1.95 0.22 0.05
2M Study 20 0.45 0.51 0.11 1.70 11.235 <0.001*

Control 20 −1.25 0.44 0.10
4M Study 20 1.30 0.47 0.11 2.30 21.877 <0.001*

Control 20 −1.00 0.00 0.00
*Statistically significant

Graph 2: Comparison of mean soft tissue healing index scores

Graph 3: Comparison of mean bone healing lamina dura scores

Graph 4: Comparison of mean bone healing overall density 
scores

Graph 1: Gender-wise distribution of the sample

Table 3: Comparison of bone healing overall 
density scores between study and control groups 
between study and control groups
Comparison of mean bone healing overall density scores 
between study and control groups at different time intervals 
using independent student t-test
Time Group n Mean SD SEM Mean Diff t P-value
3W Study 20 1.00 0.00 0.00 2.95 59.000 <0.001*

Control 20 −1.95 0.22 0.05
2M Study 20 −0.60 0.82 0.18 0.60 2.924 0.006*

Control 20 −1.20 0.41 0.09
4M Study 20 0.20 0.41 0.09 0.60 3.126 0.003*

Control 20 −0.40 0.75 0.17
*Statistically significant
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1.45 and control group 0.25 (P = 0.01) [Table 2 and Graph 3].

Bone healing overall density 3rd week for case group 
showed a mean score of  1.00 and for control group 
−1.95 (P  =  0.000). Bone healing overall density 
2nd month for case group the mean score was −0.60 
and for control group −1.20 (P = 0.60). Bone healing 
overall density 4th  month for case group the mean 
score was 0.20 and for control group −0.40 P = 0.60) 
[Table 3 and Graph 4].

Bone healing trabecular pattern 3rd week for case group 
showed a mean score of  −1.00 and for control group −1.95 
(P = 0.001). Bone healing trabecular pattern 2nd month for 
case group the mean score was 0.45 and for control group 
−1.25 (P = 1.70). Bone healing trabecular pattern 4th month 
for case group the mean score was 1.30 and for control 
group −1.00 (P = 0.001) [Table 4 and Graph 5].

DISCUSSION

The optimal management of  impacted M3s continues to 
challenge clinicians. An important issue to address is the 
risk of  developing periodontal defects on the distal aspect 
of  M2s following M3 extraction.[4,14]

Bone defects represent a medical and socio-economic 
challenge. Every year, millions of  people suffer from 
bone defects arising from trauma, tumor, or bone diseases 
or minor dental procedures such as tooth extraction. 
Successful, satisfactory repair/reconstruction of  these 
bone defects is still a herculean challenge for orthopedic, 
reconstructive, and maxillofacial surgeons.[15]

In past literature on the uncomplicated healing of  
experimental extraction wounds, as early as 1923, the 
work of  the following authors is remarkable Euler, W. 
Meyer, Schram, Steinhardt, Balogh, Kittner, H. Meyer and 
Deebach. Euler in 1923 established following sequential 
phenomenon in the healing of  extraction wounds: 
(1) Hemorrhage, (2) coagulation, (3) thrombosis of  the 
vessels of  the alveolar wall, (4) beginning of  organization 
of  fibrin in the clot, (5) proliferation of  the epithelium over 
the surface of  the wound, (6) resorption of  the damaged 
tissue, and (7) formation of  new bone.[16]

Almost similar basic sequential cascade of  events can 
be extrapolated to bone defects created due to trauma 
or tumors. But the difference in the healing of  these 
defects differs owing to the larger size of  the defects. 
Such larger size defects, termed as critical size defect, do 
not heal completely on its own. These critical size defects 
require placement of  an adjunct graft to assist in the 
bone formation. These grafts basically either provide an Graph 5: Comparison of mean bone healing trabecular pattern 

scores

Graph 6: Comparison of mean bone density by cone beam computed tomography
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Table 6: Comparison of mean bone density by CBCT at different points between study and control groups
Comparison of mean bone density by CBCT in different points between study and control groups at post-Op 6 months using 
independent student t-test
Points Group n Mean SD SEM Mean Diff t P-value
A Study 20 151.55 7.87 1.76 41.05 17.306 <0.001*

Control 20 110.50 7.11 1.59
B Study 20 173.25 7.43 1.66 42.75 17.621 <0.001*

Control 20 130.50 7.91 1.77
C Study 20 −110.30 9.57 2.14 48.30 18.017 <0.001*

Control 20 −158.60 7.22 1.62
D Study 20 −126.90 14.30 3.20 47.15 12.572 <0.001*

Control 20 −174.05 8.77 1.96
E Study 20 159.45 4.43 0.99 54.95 32.239 <0.001*

Control 20 104.50 6.20 1.39
F Study 20 160.30 3.95 0.88 51.25 33.504 <0.001*

Control 20 109.05 5.59 1.25
G Study 20 153.70 4.28 0.96 −2.10 −1.352 0.19

Control 20 155.80 5.47 1.22
H Study 20 38.80 2.76 0.62 −3.00 −3.151 0.003*

Control 20 41.80 3.24 0.72
I Study 20 66.50 3.83 0.86 −3.15 −2.942 0.006*

Control 20 69.65 2.87 0.64
*Statistically significant

Table 5: Comparison of mean soft tissue healing index scores between different time intervals in study 
and control groups
Comparison of mean soft tissue healing index scores between different time intervals in study and control groups using repeated 
measures of ANOVA FLD by bonferroni post hoc test
Group Time n Mean SD Greenhouse Geisser Post hoc test

F P-value Sig. Diff P-value
Study 3D 20 2.65 0.49 77.610 <0.001* 3D versus 7D <0.001*

7D 20 3.35 0.67 3D versus 14D <0.001*
14D 20 4.20 0.70 7D versus 14D <0.001*

Control 3D 20 2.15 0.59 27.243 <0.001* 3D versus 7D 0.03*
7D 20 2.60 0.50 3D versus 14D <0.001*

14D 20 3.10 0.55 7D versus 14D 0.001*
*Statistically significant

Table 7: Comparison of bone healing laimna dura scores between different time intervals in study and 
control groups
Comparison of bone healing laimna dura scores between different time intervals in study and control groups using repeated 
measures of ANOVA FLD by Bonferroni post hoc test
Group Time n Mean SD Greenhouse Geisser Post hoc test

F P-value Sig. Diff P-value

Study 3W 20 −0.10 0.31 45.288 <0.001* 3W versus 2M 0.01*

2M 20 −0.65 0.81 3W versus 4M <0.001*

4M 20 1.45 1.36 2M versus 4M <0.001*

Control 3W 20 −1.50 0.61 19.465 <0.001* 3W versus 2M 0.002*

2M 20 −0.55 0.95 3W versus 4M <0.001*

4M 20 0.25 1.45 2M versus 4M 0.01*

*Statistically significant
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external scaffold for bone regeneration or provide a source 
of  bone regeneration signaling molecules such as bone 
morphogenic proteins or act as both scaffold and source 
of  essential proteins and other signaling molecules. There 
is a long history of  using autogenic and allogenic bones in 
the treatment of  bone defects.[18,19]

The autograft is the gold standard for repair of  bone 
defects, but there are only a few bones that can be 
used as donor tissue and frequently result in donor site 

morbidity. On the other hand, allografts have a high risk 
of  tissue rejection and potential risk of  bacterial or viral 
transmission. Since both these options are highly limited by 
the age of  donors/recipients and their availability, there has 
been an increasing demand for synthetic bone substitute 
as an alternative source for bone regeneration.

The ideal material for bone augmentation should be 
ostoeconductive as well as osteoinductive as far as possible 
[Table 6]. It should also provide mechanical strength, avoid 

Table 8: Comparison of bone healing overall density scores between different time intervals in study and 
control groups
Comparison of bone healing overall density scores between different time intervals in study and control groups using repeated 
measures of ANOVA fld by Bonferroni post hoc test
Group Time n Mean SD Greenhouse Geisser Post hoc test

F P-value Sig. Diff P-value
Study 3W 20 1.00 0.00 76.000 <0.001* 3W versus 2M <0.001*

2M 20 −0.60 0.82 3W versus 4M <0.001*
4M 20 0.20 0.41 2M versus 4M <0.001*

Control 3W 20 −1.95 0.22 57.318 <0.001* 3W versus 2M <0.001*
2M 20 −1.20 0.41 3W versus 4M <0.001*
4M 20 −0.40 0.75 2M versus 4M <0.001*

*Statistically significant

Table 9: Comparison of bone healing trabecular pattern scores between different time intervals in study 
and control groups
Comparison of bone healing trabecular pattern scores between different time intervals in study and control groups using repeated 
measures of ANOVA fld by Bonferroni post hoc test
Group Time n Mean SD Greenhouse Geisser Post hoc test

F P-Value Sig. Diff P-Value
Study 3W 20 −1.00 0.00 263.564 <0.001* 3W versus 2M <0.001*

2M 20 0.45 0.51 3W versus 4M <0.001*
4M 20 1.30 0.47 2M versus 4M <0.001*

Control 3W 20 −1.95 0.22 62.124 <0.001* 3W versus 2M <0.001*
2M 20 −1.25 0.44 3W versus 4M <0.001*
4M 20 −1.00 0.00 2M versus 4M 0.06

*Statistically significant

Graph 7: Comparison of mean soft tissue healing index scores Graph 8: Comparison of bone healing laimna dura scores
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space for vascularization and tissue infiltration and serve 
as a carrier for relevant therapeutical factors. This would 
enable it to harvest the self-healing potentials of  the patient 
through (a) recruiting progenitor cells and promoting 
their proliferation and differentiation; (b) providing main 
structural base blocks for the regeneration of  new bone; 
and (c) biocompatibility.[20]

The present study was conducted in our institution to 
evaluate the effects on bone regeneration using combination 
of  β-TCP and PRF. In our study, we evaluated 40 patients 
undergoing surgical extraction of  M3s divided into two 
groups and evaluated clinically and radiographically as 
mentioned in the methodology section.

In our study, combination of  β-TCP and PRF (Group A) 
showed consistently better soft tissue healing in comparison 
with the control group [Table 5, Graph 2 and 7]. These 
findings were in support with the study conducted by 
Dutta et al.[21-23]

In our study, combination of  β-TCP and PRF (group A) 
showed consistently better Lamina dura scores, overall 
density scores and trabecular pattern scores over the period 
of  evaluation compared to scores in control Group  B 
[Tables 2-4, 7-9 and Graphs 8-10]. Overall density scores 
were also observed to be statistically significant at 3rd week 
also. This discrepancy can be attributed to the inherent 
radio opacity of  the graft material.

Histogram gray scale values in CBCT, which can be used 
as representation of  bone density, were also compared at 
different points.[22]

At the level of  alveolar crest,
•	 Point A: 3 mm from the distal aspect of  2nd molar
•	 Point B: 6 mm from distal aspect of  2nd molar.

At 5 mm below the crest
•	 Point C: 3 mm from distal aspect of  distal root of  

2nd molar.
•	 Point D: 6 mm from distal aspect of  distal root of  

2nd molar.

At 10 mm below the crest
•	 Point E: 3 mm from distal aspect of  distal root of  

2nd molar.
•	 Point F: 6 mm from distal aspect of  distal root of  

2nd molar.

Normal bone grey scale value
•	 Point G: At the level of  alveolar crest between 1st and 

2nd molar.
•	 Point H: At 5 mm below the crest between 1st  and 

2nd molar.
•	 Point I: At 10 mm below the crest between 1st  and 

2nd molar.

Group  A showed significantly higher gray scale values 
compared to control group  B. In the study group (i.e., 
combination of  PRF and β-TCP), results show significant 
increments in bone regeneration at each time interval when 
compared to baseline (3rd week).

By the end of  6 months postoperatively, all the extraction 
sockets with PRF and β-TCP demonstrated satisfactory 
bone regeneration within normal limits. While extraction 
sockets without any dressing still demonstrated mild 
to moderate bony defects compared to adjacent bony 
architecture [Table 6 and Graph 6].

These findings were in support with the findings of  study 
conducted by Elmohandes,[22] who proved that the use of  
combination of  PRF and β-TCP can reduce long time 
needed for new bone formation, as well as the morbidity 

Graph 9: Comparison of bone healing overall density scores

Graph 10: Comparison of bone healing trabecular pattern 
scores



Sunil, et al.: Mandibular Third molar extraction wound healing with and without graft material

6060International Journal of Scientific Study | February 2023 | Vol 10 | Issue 11

risk related to harvesting autogenous bone graft.

Claflin (1936) and Steinhardt had extensively studied healing 
of  uncomplicated extraction sockets and had reported that 
it takes at least 5–6 months for satisfactory healing of  the 
extraction wound.[19] And after that remodeling of  the 
bone would continue for life long based on the functional 
stimulations. Jahangiri et al (1998) has also reported almost 
similar time line for healing of  uncomplicated extraction 
socket.[24] In contrast to above landmark studies, in our 
study the time interval for satisfactory bone regeneration 
in the study group were noted to be in between 2nd month 
and 4th month.

CONCLUSION

β-TCP shows excellent biocompatibility, and bone 
regeneration potential. Furthermore, it showed synergistic 
effects in conjunction with PRF. The use of  combination 
of  PRF and β-TCP can reduce long time needed for new 
bone formation, as well as the morbidity risk related to 
harvesting autogenous bone graft. Thus, β-TCP when 
used in combination with PRF can be considered as 
osteoconductive, lucrative, economical, and bone graft 
substitute in future.
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