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Abstract: 

Objective: Aim of the present study was to evaluate the effectiveness of platelet rich plasma (PRP) and Blood 

Clot in Regenerative Endodontic Procedures (REP) of mature nonvital permanent teeth with or without 

periapical pathology. 

Material and Methods: After gaining access, root canals were cleaned & irrigated with 1.5% NaOCL & saline, 

filled with Ca(OH)2 and sealed with cavit. On 2nd appointment irrigation was done with 1.5% NaOCl followed 

by 17% EDTA , finally with normal saline. 

Autologous PRP was injected into three teeth and fresh bleeding was induced within the root canals of rest under 

LA without vasoconstrictor. After placing 3 mm of MTA teeth were restored with composite . Follow up visits 

were done for clinical & radiological assessment using both IOPAR & CBCT. 

Statistical analysis:  Z- test, p value ≤ 0.05 as statistically significant. 

Result: Teeth were asymptomatic, functioning normally showing evidences of bone healing of apical 

radiolucencies. Positive pulp sensibility response could not be elicited. Conclusion: REP can be undertaken in 

mature nonvital permanent tooth with apical pathology using PRP/BC as scaffold. 
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I. Introduction: 
Regenerative endodontic therapy has been defined as ―biologically based procedures designed 

to replace damaged structures, including dentin and root structures, as well as cells of thepulp-dentin complex‖ 

(Murray et al 20071). 

The encouraging results of regenerative endodontics in immature permanent teeth had lead to an 

immense interest in try of regenerative endodontic procedures in mature permanent teeth with closed apices. 

With the success achieved with ―revascularization‖ in healing of periapical lesions and hard tissue deposition at 

apical and lateral walls of the root canals (maturogenesis) in immatureteeth, the processes involved in the 

healing mechanism are now better understood. Role of variousstem cells, growth factors, Hertwig’s epithelial 

root sheath (HERS) and their interactions in regeneration of tissues have been documented. 

Revascularization in Endodontics is the regenerative treatment that is biologically based andis 

achieved by the application of tissue engineering through development of pulp dentin complex. Tissue 

engineering is the employment of biologic therapeutic strategies and the use ofa combination of stem cells and 

three-dimensional scaffold materials, in the presence of suitable biochemical molecules, to improve or replace 

biologic function of a tissue. Advancements in tissue engineering are dramatically changing medicine and 

dentistry. Tissue engineering is an interdisciplinary field that applies the principles of engineering and the life 

sciences to restoring, maintaining, or replacing biologic function. It involves the interplay among stem cells, 

growth factors, and scaffolds (biologic matrices). It has become increasingly clear that the intentional 

manipulation of these three factors can lead to the regeneration of tissue function that would not otherwise occur 

if repair had taken place without intervention. 

Pioneering work supporting the concept of regenerating dental tissues was reported in the 1960s when 

Dr. B.W. Hermann described the application of calcium hydroxide (Ca[OH]2) for vitalpulp therapy and 

Professor Nygaard Østby evaluated a revascularization method for reestablishing a pulp dentin complex in 

permanent teeth with pulpal necrosis
2
. 
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II. Material and Methods: 
Total number of 98 teeth in 68 patients aged between 15-50 years were included in the study after 

thorough clinical and radiological examination-both IOPAR & CBCT in axial, sagittal and coronal views 

(Fig.1) and pulp sensibility tests were done. The patients have been informed about the procedure and consent 

was taken. The research work was done for dissertation for post graduate study of the Institute under the guidance 

of same postgraduate teacher of the department. There after clearance from the institutional ethics committee was 

taken. 

First appointment was conducted on 98 teeth in 68 patients. Under Local anaesthesia (2% lidocaine 

with 1:80,000 epinephrine) and rubber dam application (Fig.2), teeth were isolated. Access cavities were 

modified (Fig.3), working lengths were determined (Fig.4). After cleaning and shaping, irrigation was done 

with copious amount of 1.5% NaOCl 

 

(Fig.5). Canals were dried with paper points. Calcium hydroxide (Ultracal XS,Ultradent, USA) was used as 

intracanal medicament(Fig.6) and the access cavities were closed with cavit (3M ESPE). Patient was advised to 

report after 4 weeks or whenever any problem arises. 

 

 
 

66 patients [96 teeth(n)] responded to second appointment. Teeth were reassessed for absence of 

signs/symptoms of persistent infection , or if the canal was dry followed by temporary filling was removed; 

copious irrigation was done under isolation for washing the intracanal calcium hydroxide with 17% EDTA 

(Desmear,Ahmedabad,India) 20ml for 5minutes followed by final irrigation with normal saline 3. Then the canal 

was dried with paper points which were then randomly allocated to three different groups [Control RCT 

group(n=35), PRP group(n=35) & Blood Clot group(n=26)]. In the PRP group, the protocol suggested by 

Dohan et al was followed to prepare the PRP. 10 ml of whole venous blood was taken from the patient’s 

antecubital vein with the help of 10 ml syringe with 24G needle and collected in a glass test tube containing 

anticoagulant (3.8% sodium citrate) (Fig.7, 8, 9).It was first subjected to centrifuge at 1500 rpm (400 g, 8 cm 

radius of centrifugation) for 10 minutes in the centrifuge machine (REMI R- 8C) (Fig. 10 & 11).After the first 

centrifuge RBC is separated from the plasma (Fig. 12). Using a sterile syringe outermost layer containing Platelet 

poor plasma and platelet rich plasma including the buffy coat was transferred to other glass test tube (Fig. 13) 

and subjected to second centrifuge at 2700 rpm for 17 minutes (Fig. 14) in the centrifuge machine and thus 

RBC is separated from PRP & PPP (Fig. 15). Outermost layer (40%) PPP, which is removed with a syringe and 

discarded (Fig.16) and the remaining PRP is mixed with 10% calcium chloride and shaken well. The freshly 

prepared PRP was then taken in an insulin syringe and injected into the canal (Fig.17) below the level of cemento 

enamel junction and allowed to clot for 10-15 minutes (Fig.18). After 10-15 minutes for its clotting collaplug 

(SRI GOPAL KRISHNA LABSPVT. LTD. MUMBAI) 

was placed over it for application of 3mm of MTA (Angelus) below CEJ(Fig.19). Waiting for another period of 

15-20 minutes as its setting time, teeth were restored with composite resin (3M ESPE Filtek Z350 Xt) (Fig.20 

& 21) 
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In the Blood Clot Group intracanal bleeding was induced upto CEJ (Fig.22) from periapex using precurved #20 

hand instrument. Waiting 10-15 minutes for the clot formation, collaplug (SRI GOPAL KRISHNA LABS PVT. 

LTD. MUMBAI) was placed over it for placement of3 mm of MTA (Angelus) upto CEJ. (Fig.23) followed by 

15-20 minutes of its setting , tooth was restored with composite resin(3M ESPE Filtek Z350 Xt) (Fig.24) 

 

 
 

In the Control Group under rubber dam isolation cavit was removed (Fig.25) , copious irrigation was done for 

washing Ca(OH)2 with 17% EDTA & Normal saline (Fig.26) then canal dried with paper points followed by 

Obturation done with Gutta Percha upto Working length. (Fig.27) & the tooth was restored with composite 

resin (3M ESPE Filtek Z350 Xt) (Fig.28) 
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The patients were recalled every three months. The teeth were assessed clinically and radiographically both 

through IOPAR and CBCT scans- axial, sagittal and coronal views to evaluate success of REP. Vitality test with 

cold (Endofrost, Coltene Whaldent. Langenau, Germany) and electric pulp test (EPT) (Confident Dental, 

Bangalore, India) was done. 

Radiological healing assessed through IOPAR was quantitively evaluated through CBCT scans and only the 

data at the last follow up visit of each case was tabulated for statistical analysis. However, pulp vitality could not 

be found positive in any of the cases under the study. 
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III. Results: 
31 teeth (Control n=2, PRP n=20 and BC n=9) was involved with periapical pathology were evaluated for bony 

healing (reduction in periapical lesion area and gain in Hounsfield unit) using CBCT and rest 21 teeth were 

assessed clinically & IOPAR on the basis of elimination of clinical signs and symptoms. All teeth were 

clinically evaluated. There was no pain, tenderness, swelling, discharging sinus and mobility. 
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Ax.-Axial, Sag.-Sagittal & Cor.- Coronal views of CBCT scan Av.- Average Red.- Reduction 

 

 

CHART II 
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Ax.-Axial, Sag.-Sagittal & Cor.- Coronal views of CBCT scan Av.- Average Red.- Reduction #- REP Failure 

 

On comparison of the last follow-up periods between the three groups it was seen that medianof follow up 

period in this study was 9 months (range 9-12), 6 months (range 3-9) and 6 months (range 3-6) in Control, PRP 

and BC group respectively. Kruskal-Wallis test provided very weak evidence of a difference (P=0.06) between 

the mean ranks of last follow-up periods between the three groups, implying no association between the last 

follow-up periods and the effect of it on the treatment outcomes. (Table 1, Box Plots) 
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Wilcoxon signed rank test was carried out to evaluate the differences between the preop and post op values for 

bone density units and it generated the following results (Table 2, Box Plots) 

i. Control: no statistically significant difference (P=0.18) 

ii. PRP: highly statistically significant difference (P<0.001) 

iii. Blood Clot: highly statistically significant difference (P=0.008) 

 

TABLE 2: COMPARISON OF THE BONE DENSITY UNITS BETWEEN THE BASELINE AND THE 

FOLLOWUP MEASUREMENTS FOR EACH GROUP 
Descriptive statistics Preop Last follow up Z value P value 

Group I: Control (n=2) (n=2)  

Median 955 1037 1.34 0.18 

IQR 652-1259 769-1304 

Group II: PRP (n=18) (n=18)  

Median 704 963 3.72 <0.001 

IQR 621-877 839-1131 

Group III: Blood Clot (n=9) (n=10)  

Median 785 840 2.67 0.008 

IQR 661-910 701-1190 

n:number of tooth 

Median and IQR is calculated for all observations 

 

 
 

Wilcoxon signed rank test was carried out to evaluate the differences between the preop and post-op values for 

periapical lesion size and it generated the following results 

 

i. Control: no statistically significant difference (P=0.18) 
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ii. PRP: very strong evidence of a statistically significant difference (P<0.001) 

iii. Blood Clot: strong evidence of a statistically significant difference (P=0.013) (Table 7, Box Plots) 

 

 
 

 
 

Kruskal-Wallis test provided very weak evidence of a difference (P=0.15) between the mean ranks of bone 

density gain between the three groups. (Table 4 & Box Plots) 
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TABLE 5: COMPARISON OF THE DIFFERENCE OF RADIOLUCENT AREA OF LESIONS OF THE 

THREE GROUPS AT LAST FOLLOW UP PERIOD WITH RESPECT TO THE PREOPERATIVE AREA 

 
 

 

Kruskal-Wallis test provided very weak evidence of a difference [P=0.36] between the mean ranks of lesion size 

reduction between the three groups. (Table 5 & Box Plots) 

 

 

Groups Number (n) Median IQR H value P value 

Group I:Control 2 4.3 2.3-6.3  

 

 

2.03 

 

 

 

0.36 
Group II: PRP 18 5 2.7-12 

Group III: Blood Clot 9 9.7 5-22 

n:number of tooth 

 

 

IV. Discussion: 
The present study aimed to compare the outcome of conventional root canal treatment (CRCT) with that of 

REPs on the clinical and radiographic healing of nonvital mature teeth with periapical lesion. The null 

hypothesis was that REPs and CRCT show no significant differences in terms of clinical and 

radiographic healing evaluated through IOPAR & CBCT. 
 

CRCT procedure was performed as per standard protocol
4
. In Regenerative Endodontic Procedure (REP) 

NaOCl in high concentrations, are known to denature the dentin-derived growth factors
5
. 2.5% NaOCl & 

17% EDTA has a positive effect on the survival and differentiation of stem cells subsequently cultured in 

contact with the conditioned dentin 
5,6

. Therefore in the present study 2.5% NaOCl & 17% EDTA as prime 
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irrigating solution is used. According to AAE 2018 guidelines on REP 1- 5 mg/ml of TAP & calcium 

hydroxide are suggested. As preparation of TAP at this concentrations is difficult to prepare and its total 

removal from the canal is also not guaranteed hence Ca(OH)2 was used in the present study. 

 

Several reports 
(7,8,9,10)

 have been documented the successful outcome of REPs using Blood Clot, PRP & PRF as 

scaffold. Blood clot induction from periapex has advantage of being inexpensive, patient friendly and 

periapically-induced BC bring stem cell population into canal space
11

. In the present study out of total 52 

teeth, 13 teeth in 11 patients were evaluated for REP using BC as scaffold. There were some case 

reports
12,13,14,15,16,17,18

 which showed that bleeding was induced by overinstrumenting the canal with hand files to 

stimulate the migration of stem/progenitor cells. It demonstrated the resolution of clinical signs and symptoms 

with complete periapical healing of mature permanent teeth with apical periodontitis after regenerative 

endodontic treatment. 

 

PRP as a scaffold in REP has the advantage of increased concentrations of growth factors that can attract stem 

cells present in the apical tissues (vital pulp cells, periodontal ligament, apical dental papilla, bone 

marrow) and even from periapical lesions. Moreover PRP provokes proliferation of human dental pulp cells 

and increases the protein expression of osteoprotegerin (OPG) and alkalinephosphatase (ALP) activity 

thereby increases the speed of hard and soft tissue healing. There are studies
19,20

 in which it had been reported 

that PRP alone resulted in effective scaffold formation in successful revascularization. In the present study 33 

teeth in 19 patients out of total 52 teeth were evaluated for REP using PRP as scaffold 

 

In this present study patients with different age groups were included. They were matched for their age and 

gender in the three allocated groups which were also matched for the type of teeth treated. The follow up 

period varied case to case in different groups, but it was seen that there was no association between the last 

follow up periods & the effect of it on the treatment outcome. However the studies of outcome 

analysis
21,22,23,24,25

reported to have no significant difference in efficacy of BC & PRP as scaffold in 

regenerative endodontics. 

 

On clinical examination, all the teeth were asymptomatic with no tenderness, swelling or discharging sinus. 

Pulp sensibility test with cold and EPT of experimental group was negative. Similar findings were also seen in 

the study conducted by Arsalan et al (2019)
26

 where in all the teeth under study (CRCT & REP) remained 

asymptomatic at the followup visits. 

 

32 teeth (2 in control, 20 in PRP , 10 teeth in BC groups) were evaluated qualitatively by IOPAR & also 

evaluated through CBCT to quantify the decrease in size of the lesion and increase in the Hounsfield unit. 

IOPAR evaluation revealed healing of periapical pathology in all the 32 teeth and its quantitative assessment 

through CBCT in terms of decrease in lesion size and increase in bone density were seen significantly high 

 within the PRP & BC mediated REP group than control group in which conventional RCT was done. Study 

conducted by Shah and Logani (2012)
27

 reported significant decrease in lesion size assessed through CBCT 

& IOPAR following REP using BC as scaffold .In the same way Saoud et al (2014)
28

 also revealed healing of 

apical pathology through REP using BC as scaffold in necrotic mature teeth. 

 

At the end of follow up visits the bone density gain and lesion size reduction was seen different in 3 groups 

but this difference was not significant in the present study.Similar findings was also obtained in the study of 

Alagl et al (2017)
29

 where in outcome of REP with PRP & BC was compared. 

 

BC mediated REP studies of Saoud et al (2016)
30

, Arsalan et al (2019)
31

, Emre Nagas et al (2018)
32

, Abou 

Samra et al (2018)
33

, Nageh et al (2018)
34

, Paryani et al (2013)
35

, evaluated through IOPAR only, provided 

ample evidence of healing of periapical pathology justifying feasibility of REP in treatment of mature 

permanent tooth with necrotic pulp with apical periodontitis. In the present study the IOPAR assessment of 

healing of periapical pathologies both in CRCT & REP groups were also validated with CBCT 

observations. But 

 

search literature failed to provide existence of such study of comparing and evaluating healing of 

periapical pathologies through CRCT and REP in mature teeth assessed with the help of CBCT and 

IOPAR except a study of Arsalan et al (2019)
36

 where in outcome of CRCT and REP evaluating through 

IOPAR only. 

 

Qingan Xu et al (2018)
37

 successfully treated a mature non vital premolar with pulpitis (without periapical 
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pathology) through REP. In the present study 20 teeth with pulpitis & without periodontitis that include 

both in control & experimental group showed intact lamina dura and regular PDL space in IOPAR & 

CBCT scan till the last follow up visit depicting success in CRCT & REP, except in one tooth in BC group in 

which CBCT revealed apical periodontitis at 3 month follow up visit indicating failure. 

 

Patients are kept on follow up visits, on passage of time the pulp sensibility test may appear positive. It is also 

documented that false negative results of pulp sensibility test may be obtained in presence of the capping 

material MTA deeper into the root canal and poor/delayed development of neurovasculature of newly grown 

vital tissue
38,39

. 

 

V. Conclusion: 
Within the limitation of the present study it can be concluded , REP has potential as a treatment option 

for necrotic mature teeth with or without periapical pathology using Blood Clot, PRP and PRF as scaffold and 

therefore can be used as an alternative to conventional root canal treatment. 
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