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Abstract
Background. Platelet concentrates are currently being researched for their potential 
to enhance bone formation. 
Aim. The aim of this study is to quantitatively evaluate and compare bone 
regeneration in periapical lesions using a combination of platelet-rich plasma (PRP) 
+ β-tricalcium phosphate (β-TCP) and platelet-rich fibrin (PRF) + β-TCP.
Methods. Ten subjects with periapical lesions measuring 10-20 mm in relation 
to maxillary incisors indicated for periapical surgery were selected. Pre-operative 
bone density values at the periapical region were measured using CBCT. Root 
canal treatment was completed appropriately in all cases. Under adequate local 
anesthesia, periapical surgery was performed. The 10 subjects were distributed 
into two groups of 5 subjects in each group. Group I: Periapical bone defect filled 
with PRP + β-TCP and Group II: Periapical bone defect filled with PRF + β-TCP. 
The mucoperiosteal flaps were repositioned and sutured. Bone density evaluation 
of the periapical region was done 6 months and 1 year after surgery using cone 
beam computed tomography (CBCT). The Hounsfield unit (HU) values obtained 
were subjected to statistical analysis by Independent samples t-test for inter-group 
comparison. The intra-group comparison was done by repeated measure ANOVA 
and Bonferroni post hoc tests.
Results. In Group I and Group II, a statistically significant difference was observed 
at the end of 6 months and 1 year, when compared to the pre-operative values 
(P=0.000). There was no statistically significant difference in bone density values 
between the PRP + β-TCP and PRF + β-TCPgroups at both 6 months and 1-year 
post-operative observation periods. 
Conclusion. PRP + β-TCP and PRF + β-TCP were equally effective in promoting 
bone regeneration and can be considered valuable bioactive surgical additives for 
enhancement of healing in periapical bone defects. 
Keywords: β-tricalcium phosphate, bone regeneration, cone beam computed 
tomography, periapical surgery, platelet-rich plasma, platelet-rich fibrin
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Introduction
The microbial infection of the dental pulp results 

in pulp tissue necrosis which leads to the development of 
the inflammatory periapical lesion. Periapical surgery is 
performed when the periapical lesion cannot be resolved 
by non-surgical treatment procedures because of the 
presence of persistent pathosis and in teeth with large 
periradicular lesions greater than 15 mm in diameter [1]. 
The healing after endodontic periapical surgery occurs 
by repair or regeneration depending on the nature of the 
wound, availability of progenitor cells, and biological 
growth factors. Current bone healing research is aimed to 
accelerate bone regeneration to enhance predictability as 
well as the volume of regenerated bone. 

Various bone substitutes are tried to achieve 
regeneration of the bone and optimal healing. Among the 
synthetic graft materials, calcium phosphate ceramics like 
hydroxyapatite and β-TCP are widely used due to their 
excellent biocompatibility [2]. Earlier works of literature 
have suggested β-TCPas an excellent bone augmentation 
material with osteoconductive and osteoinductive 
properties [3-5]. But the drawback with β-TCP is that the 
time span required for the replacement of this biomaterial 
with bone is long [6]. This can be overcome by the 
addition of biological modulators like the use of bone 
morphogenetic proteins, growth factors, and extracellular 
matrix. Among the rich sources of autologous growth 
factors, PRP and PRF are now widely researched for their 
applications in various disciplines of dentistry.

Whitman developed PRP in 1997, the first 
generation of autologous platelet concentrate [7]. This is a 
rich source of growth factors and its application is thought 
to induce tissue repair and regeneration [8]. Marx et al. 
reported that PRP when added to bone grafts accelerated 
the rate of bone formation [9]. PRF, the second-generation 
platelet concentrate was introduced by Choukroun [10]. 
PRF is enriched with platelets and growth factors and aids 
in periapical tissue regeneration and healing. Previous 
studies have proved their potential role in promoting soft 
tissue and bone regeneration in periodontal defects and 
post-extraction sockets when used alone or in combination 
with various graft materials [11-13]. They are suitable as 
an ideal scaffold in the revascularization of immature 
permanent teeth with necrotic pulps [14].

In this in vivo study, PRP + β-TCP and PRF+ 
β-TCP were used in periapical bone defects and a 
comparative evaluation of healing was done using cone 
beam computed tomography (CBCT) after a postoperative 
period of 6 months and one year.

Methods 
Study design 
Ethical clearance was obtained from the Institution’s 

Ethical Committee. Patients reporting to the Department 
of Conservative Dentistry and Endodontics were included 
in the study. The complete treatment procedure was 
explained to the patients and written informed consent 
was obtained from all the patients selected for the study. 

Inclusion criteria 
•	 Patients with age group 20-40 years of either 

gender 
•	 Periapical lesions involving maxillary incisors 

of endodontic origin. 
•	 The diameter of the bone defect of 10 -20 mm 
•	 Patients willing for voluntary participation. 
•	 Patients with good oral hygiene. 
•	 Systemically healthy subjects 
Exclusion criteria 
•	 Periodontally compromised teeth with poor 

prognosis. 
•	 Tooth with pathosis associated with vertical root 

fracture. 
•	 Patients with bleeding disorders. 
•	 Platelet count <150,000/mm3. 
•	 Patients showing unacceptable oral hygiene 

maintenance. 
•	 Patients with the use of tobacco or tobacco-

related products.
•	 Pregnant / Lactating patients. 
•	 Patients with known systemic diseases. 
•	 Patients with any known allergies. 
•	 Patients with any known metabolic disorders. 
Ten subjects who fulfilled the above-mentioned 

criteria were selected for the study and were divided into 
two groups: 

•	Group I : (n=5) peri apical bone defect filled with 
PRP + β-TCP 

•	Group II : (n=5) peri apical bone defect filled 
with PRF + β-TCP 

Pre-operative evaluation of the patients 
For all the patients selected for the study, medical 

and dental history was recorded. Intraoral examination 
was done to assess the nature of the presenting illness, the 
oral hygiene status, periodontal status, and restorability 
of the involved tooth. An intraoral periapical radiograph 
was obtained using paralleling technique with XCP film-
holding instruments. Cold test and Electric pulp testing 
were performed to assess the vitality of the teeth. Routine 
blood investigations were carried out for all the patients. 
CBCT scan (Planmeca Helsinki, Finland) was taken (90 
kV, 10 mA, FOV-50 mm) and the pre-operative bone 
density values were recorded in Hounsfield Units using 
Romexis software. HU values were obtained from the 
sagittal section at the mid-slice level of the involved 
tooth calculating an average of 10 values at various points 
within the lesion (Figures 1A, 2A).
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Figure 1. A. Preoperative CBCT image with HU value; B. Preparation of PRP gel; C. Mixing of PRP with β-TCP; D. Placement of PRP 
+ β-TCP in the defect; E. 6 months post-op CBCT image with HU value; F. 1-year post-op CBCT image with HU value.

Figure 2. A. Preoperative CBCT image with HU value; B. Preparation of PRF; C. Mixing of PRF with β-TCP; D. Placement of PRF + 
β-TCP in the defect; E. 6 months post-op CBCT image with  HU value; F. 1 year post op CBCT image with HU value.
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Root canal treatment 
Oral prophylaxis was done before the commencement 

of the treatment. Under rubber dam isolation, a straight-
line access cavity was made using a high-speed airotor 
handpiece and sterile burs. Canals were negotiated using 
K-files. Working length was determined and chemo-
mechanical preparation was completed using standardized 
technique and appropriate size K-files. Canals were irrigated 
using 3% sodium hypochlorite, 17% Ethylene-diamine-
tetra-acetic acid, and saline. Canals were dried with paper 
points. Calcium hydroxide intracanal medicament (RC Cal, 
Prime Dental Products (P) Ltd.) was placed for 2 weeks in 
two consecutive appointments. Subsequently, obturation 
was completed using Gutta Percha and AH plus jet sealer 
by lateral condensation technique. The access cavity was 
restored with composite (Ivoclar, Vivadent).

Surgical procedure 
All the surgical procedures were performed by a 

single operator. Extraoral antisepsis and intra-oral antisepsis 
were performed with 5% povidone-iodine solution and 
0.2% chlorhexidine digluconate rinse respectively. The 
operative site was anesthetized with 2% Lignocaine HCl 
with adrenaline (1:80,000) using infraorbital nerve block 
and infiltration techniques. Crevicular incisions were made 
on the labial surfaces, extending to each side of the involved 
tooth using the Bard-Parker blade No.15. A full-thickness 
mucoperiosteal flap was reflected using the periosteal 
elevator. Care was taken to preserve interdental papillary 
tissue. After reflection of the flap and exposure of the osseous 
defect, a thorough surgical debridement was done using a 
curette. Osseous margins were smoothened. Debridement 
was followed by copious irrigation with 0.9% normal saline. 
The root end was resected and the retrograde filling was 
done with Glass Ionomer Cement (GC Fuji II, Japan). 

PRP preparation 
PRP was prepared in accordance with the protocol 

developed by Sonnleitner et al [15]. 10 ml of venous blood 
was drawn from the patient’s antecubital vein and transferred 
into the test tube containing acid citrate dextrose A solution 
as an anticoagulant and shaken gently to enhance the 
complete mixing of the blood with anticoagulant. The tube 
was then centrifuged (Remi-India) at 1200 rpm (160 g) for 
20 minutes to separate the PRP and the platelet-poor plasma 
(PPP) from the red blood cells. The supernatant plasma was 
then aspirated with a micropipette and transferred to a sterile 
test tube without an anticoagulant. This was subjected to a 
second centrifugation at 2000 rpm (400 g) for 15 minutes, 
which allowed the precipitation of the platelets to fall onto 
the bottom while the surface PPP was discarded using a 
micropipette. The PRP was transferred to a dappen dish 
(Figure 1B). 

PRF preparation 
PRF was prepared in accordance with the protocol 

developed by Choukroun [10]. 10 ml of venous blood was 

drawn from the patient’s antecubital vein and transferred 
into a test tube without an anticoagulant. The tube was 
immediately centrifuged at 3000 rpm (400 g) for 10 
minutes. A structured fibrin clot was formed in the middle 
of the tube, just between acellular plasma at the top and 
the red corpuscles at the bottom. PRF was separated from 
the red corpuscles base (preserving a small RBC layer) 
using sterile tweezers (Figure 2B) just after the removal 
of PPP and then transferred into a sterile dappen dish. 

In group I, the defect was filled with a combination 
of PRP and β-TCP (Sybograf -T, Eucare Pharmaceuticals 
(P) Ltd.). β-TCP bone graft material was added to PRP 
fluid in the dappen dish (Figure 1C(. The activating agent 
consisting of 10% calcium chloride solution and 100 μg/
ml bovine thrombin (Thermo Fisher Scientific India Pvt. 
Ltd.) was added at a ratio of 1:1. The mixture was then 
placed in the defect (Figure 1D). In group II, the defect 
was filled with a combination of PRF and β-TCP. Freshly 
prepared PRF gel was cut into small pieces and mixed 
with β-TCP bone graft material (Figure 2C). The mixture 
was then placed into the osseous defect (Figure 2D).

The mucoperiosteal flaps were repositioned and 
sutured using 3-0 black silk. All patients were prescribed 
systemic antibiotics (Amoxicillin 500 mg thrice daily, 
Metronidazole 400 mg twice daily), analgesics (Ibuprofen 
400 mg thrice daily), and Ranitidine 150 mg thrice 
daily, for 5 days. Post-operative instructions were given 
to all the patients. Re-evaluation for any acute signs 
of inflammation or infection was done 24 hours post-
surgically. 7 days following surgery, the sutures were 
removed and the surgical site was irrigated with normal 
saline. Patients were observed for any signs or symptoms 
of post-operative complications. 

Post-operative follow-up 
The patients were reviewed at regular intervals of 

one, three, six, nine, and twelve months. These follow-
up visits included routine intraoral examinations and 
professional plaque control. Bone density evaluation of 
the periapical region using CBCT was done 6 months 
(Figures 1E, 2E) and 1 year (Figures 1F, 2F) after surgery, 
and the HU values were obtained following the same 
procedure as explained for pre-operative HU values.

The data obtained were subjected to statistical 
analysis. The dependent variable was the bone healing 
outcome. The independent variables analyzed were two 
different materials and at various intervals of time. Intra-
group comparison between the pre-op, 6 months post-
op, and 1-year post-op HU values at various intervals of 
time, was done for each group using One-way repeated 
measure ANOVA and Bonferroni post hoc tests. As the 
data obtained was quantitative, an inter-group comparison 
of HU values between Group I and Group II was done 
using the Independent samples test.
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Results
No apparent adverse events were seen throughout the 

observation period. All 10 patients reported back for review 
as instructed.

Table I depicts the age and gender distribution of the 
study population among the experimental groups and there 
is no clinically meaningful difference in the mean age and 
gender distribution between group I and II.

Table I. Age and gender distribution in the experimental groups.

No. of Patients
Group I Group II

Age Gender Age Gender
1. 23 Female 24 Female
2. 32 Male 26 Male
3. 35 Female 31 Male
4. 30 Male 37 Male
5. 28 Female 32 Female
Mean Age 29.6 30

Table II. Mean and standard deviation of HU values for the 
experimental groups during different time intervals.

Groups Pre-Op 6 Months 
Post –Op 

I Year 
Post –Op

Group I
Mean 29 626.60 967.80
Standard 
Deviation 20.905 73.928 50.860

Group II
Mean 48.60 673.80 966.60
Standard 
Deviation 31.214 104.545 64.411

Table II represents the mean and standard deviation 
of HU values for the experimental groups during the pre-

op, 6 months, and 1year post-op period. For inter-group 
comparison, mean HU values obtained for group I were 
compared to the mean values obtained for group II using 
the Independent samples t-test. It was found that there was 
no statistically significant difference in bone density HU 
values between the two groups preoperatively (P=0.313), at 
6 months (P=0.212), and at 1 year (P=0.670) post-operative 
period (Table III). It shows that the mean HU values were 
comparable between the two groups.

Table III. Inter Group Comparison- Independent samples ‘t-test’.

Time Sig. (P value)
95% Confidence 
Interval Of The 

Difference

Preop 0.313 [-58.342, 19.142]
[-59.342, 20.142]

Post Op 6 Months 0.212 [-179.248, 84.848] 
[-181.845, 87.445]

Post Op 1 year 0.670 [-83.437, 85.837]
[-84.236, 85.636]

On Intra Group Comparison, Group I and group II 
presented a significant increase in bone density HU values 
during 6 months and one-year post-op periods compared to 
their respective pre-op values. Table IV shows a significant 
time effect for Group I (P<0.001, Wilk’s lambda value=0.001, 
partial η2 =0.999) and for group II (P<0.001, Wilk’s lambda 
value=0.003, partial η2 =0.997). Pairwise comparison using 
Bonferroni Post Hoc Tests (Table V) also showed a highly 
significant difference between the pre-op, 6 months, and 
1year values for groups 1 and II (P<0.001).

              Table IV. Intra Group Comparison – One way repeated measure ANOVA.
Groups Effect Wilks’ Lambda Value F Partial Eta Squared Sig.(P Value) 
Group I Time 0.001 1264.844 0.999 0.000
Group II 0.003 568.312 0.997 0.000

              Table V. Bonferroni post hoc tests.

Groups (I)Time (J) Time Mean Difference(I-J) Std.Error Sig.b
95% Confidence 

Interval For 
Differenceb

Group I

1 2 -597.600* 24.588 .000 [-694.987, -500.213]
3 -938.800* 17.656 .000 [-1008.732, -868.868]

2 1 597.600* 24.588 .000 [500.213, 500.213]
3 -341.200* 16.323 .000 [-405.852, -276.548] 

3 1 938.800* 17.656 .000 [868.868, 1008.732]
2 341.200* 16.323 .000 [276.548, 405.852]

Group II

1 2 -625.200* 33.448 .000 [-757.679, -492.721]
3 -918.000* 27.120 .000 [-1025.417, -810.583]

2 1 625.200* 33.448 .000 [492.721, 757.679]
3 -292.800* 43.392 .008 [-464.665, -120.935]

3 1 918.000* 27.120 .000 [810.583, 1025.417]
2 292.800* 43.392 .008 [120.935, 464.665]

Based on estimated marginal means. * The mean difference is significant at the .05 level. b Adjustment for multiple comparisons: Bonferroni.
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Discussion
Research was conducted on various bioactive 

materials to augment the healing of periapical lesions after 
periapical surgery. β-TCP with a Ca/P ratio of 1.5 is one 
such bioactive material that gets resorbed and replaced 
by vital bone over a period of six months [16]. PRP and 
PRF are biologic modulators rich in growth factors PDGF, 
TGF-β, IGF, EGF, VEGF, and FGF that have a potential 
role in bone metabolism, regulation of cell proliferation, 
and promoting regeneration of bone [17,18]. So, this study 
aimed to evaluate and compare bone healing when PRF or 
PRP was used in combination with the bioactive β-TCP 
bone graft material, to fill the bone defect after periapical 
debridement.

The gold standard procedure in bone healing 
assessment is the histological examination. But it has 
some drawbacks like the need for a second surgery, which 
interferes with healing. Conventional IOPA Radiographs 
allow only a two-dimensional radiographic examination. 
So, CBCT was opted for in this study, as it provides 
three-dimensional images and aids in the evaluation of 
periapical bone lesions and their repair after surgical 
endodontic treatment. Bone healing was quantitatively 
measured using CBCT, after a postoperative period 
of 6 months and 1 year. Simon et al. reported that the 
mineral density in the periapical region can be measured 
in Hounsfield units (HUs) by using CBCT [19]. Earlier 
studies have suggested that CBCT can be a reliable tool in 
assessing bone density [20-22]. The dimensional change 
of the periapical lesions was not performed in this study, 
which is one of the limitations of our study. A comparative 
pre-op and post-op follow-up evaluation in terms of bone 
density assessment along with the volumetric assessment 
would have provided better clinical validation [23,24].

The pre-op CBCT images revealed low bone 
density values. When compared to the pre-op HU 
values, a significant increase in bone density was 
observed in groups I and II after 6 months and one 
year. PRF and PRP degranulate within ten minutes of 
clot development and secrete over 90% of the growth 
factors from alpha granules within one hour. The growth 
factors immediately bind to the transmembrane receptors 
of osteoprogenitor cells and mesenchymal cells [25]. 
Because of the increased concentration of platelets, the 
PRP/PRF initiates a greater and faster cellular response 
in the bone graft than in the normal blood clot. PRP/
PRF gets resorbed in approximately 7-10 days [26]. The 
addition of β-TCP to PRF and PRP accelerates healing by 
providing graft stabilization, wound sealing, hemostasis, 
and improved handling properties. Moreover β-TCP 
acts as a scaffold upon which PRP/PRF establish their 
effects by their growth factors and accelerate the rate and 
degree of bone formation. Wiltfang et al. reported 8% to 
10% more bone formation when PRP was added to β- 

tricalcium phosphate [27]. Kim et al. combined PRF with 
β-TCP and observed rapid bone formation, remodelling, 
and calcification in the second week than β-TCP alone 
in rabbits [28]. Similar synergistic effects of PRF and 
β-TCP were reported to enhance healing in periodontal 
bone defects and extraction defect healing [29,30]. In a 
recent study, it was reported that a composite scaffold 
of poly(ε) caprolactone, β-tricalcium phosphate (PCL-
TCP), mesenchymal stem cells (MSCs) and platelet-rich 
plasma (PRP) boosted bone regeneration in bone defects 
surrounding dental implants [31].

On inter-group comparison, there was no 
statistically significant difference in bone density HU 
values between the two groups after 6 months and 1 year 
postoperatively. This result was different from the animal 
study reported by Park et al. He reported that the bone 
formation with the PRF + β-TCP group was greater when 
compared to PRP + β-TCP [32]. This difference could be 
attributed to the different follow-up periods and dissimilar 
evaluation techniques. On the other hand, in a randomized 
clinical trial by Comert Kilic et al., histologic and 
histomorphometric analyses of sinus floor augmentation 
were performed and reported that P-PRP plus β-TCP or 
PRF plus β-TCP is not superior to β-TCP alone [33]. 

In in vivo studies, age and gender have an influence 
on healing patterns. In this study, there is no clinically 
meaningful difference in the mean age and gender 
distribution between both groups. From the results of this 
study, both PRP and PRF when used in combination with 
β-TCP, demonstrated successful and promising results. 
PRP and PRF can be easily procured from the patient’s 
own blood. β-TCP is also advantageous in being less 
expensive than many other commercially available bone 
graft materials. To our best knowledge, this is the first in 
vivo study to compare the healing of periapical lesions 
of endodontic origin using PRP + β-TCP and PRF + 
β-TCP. This study was not free of limitations. First, the 
sample size was limited with respect to the generalization 
of the findings. A bigger sample size would have given 
a better insight into the influence of age and gender on 
the healing outcome. Secondly, dimensional change of the 
periapical lesions was not performed in this study. Future 
clinical trials shall be conducted with a larger sample 
size. In addition to bone density assessment, volumetric 
parameters could be assessed to further validate the 
results of this study.

Conclusion 
Within the limitations of the present study, it can 

be concluded that: 
•	Platelet aggregates PRP, PRF, and β-TCP bone 

graft material were well tolerated by the periapical tissues. 
•	CBCT evidence of an increase in bone density 

was observed in relation to both groups. The difference 
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at the end of 6 months and 1 year, when compared to the 
pre-operative values was statistically significant. 

•	There was no statistically significant difference 
in bone density values between the PRP + β-TCP and 
PRF + β-TCP groups at both 6 months and 1-year post-
operative observation periods.

Thus, the synergistic effect of PRP/PRF with β-TCP 
can be utilized as an alternative to bone grafts in extensive 
periapical lesions in order to enhance bone regeneration.
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