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ABSTRACT

Aim: The aim of the current study was to evaluate the effect of injectable platelet rich fibrin 
(i-PRF) revascularization technique VS conventional endodontic treatment on the periapical 
healing of mature permanent teeth with periapical periodontitis. 

Materials and Methods: A total of 30 patients with apical periodontitis related to permanent 
central incisors were included in the study. The control group (n=15) has undergone conventional 
root canal treatment using crown down technique on 2 visits with calcium hydroxide intracanal 
dressing in between visits and obturation was done using cold lateral compaction technique. The 
intervention group (n=15) has undergone regenerative procedures. Regenerative protocol was 
carried out using 1.5% sodium hypochlorite irrigation and DAP intracanal medicament for 3 
weeks. At the second visit, i-PRF was prepared and injected inside the root canal. The orifice was 
sealed with MTA followed by double sealing of the access by glass ionomer and composite-resin 
restoration. Clinical and radiographic evaluation was done for 1, 3, 6, 9, and 12 months, and CBCT 
imaging was done after 12- month follow-up period. 

Results: The i-PRF group recorded more decrease in the lesion size than the control group. 
However, the difference was not statistically significant yet, there was a highly significant statistical 
difference between the preoperative and postoperative measurements with great lesion size 
reduction within the i-PRF group 

Conclusion: i-PRF revascularization is an effective treatment of apical periodontitis in 
permanent teeth with mature apex.

KEY WORDS: Regeneration, i-PRF, Mature teeth, Apical healing, Root canal treatment, Pulp 
revascularization. 
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INTRODUCTION 

Regenerative endodontics is a novel technique 
aiming at replacing damaged dentino-pulpal 
structures due to presence of deep caries or trauma 
that hinders the development of the root (1). At the 
beginning, it was carried out with immature non-
vital teeth to aid in root completion and apical closure 
unlike the apexification procedures or conventional 
root canal treatment which fail to promote dentin 
formation and hence continued root maturation the 
fact that makes the tooth more prone to fracture 
under masticatory loads. The first revascularization 
procedures were done using the conventional blood 
column concept generated by inducing bleeding from 
the periapical area through the root canal containing 
lots of undifferentiated stem cells and growth factors 
(2,3,4). Then the regenerative protocol was modified 
by the introduction of the platelet rich plasma (PRP) 
and the platelet rich fibrin (PRF) which are totally 
autologous in nature, inexpensive and prepared 
with a very simple technique (5, 6). The results of 
these attempts were propitious and encouraging, 
showing favorable clinical outcomes and suggestive 
of periapical healing which encouraged us to use 
them on mature teeth with necrotic pulps (7,8) . Later 
on, worries concerning the incorporation of anti-
coagulants in PRP preparation that are known for 
inhibiting wound healing have been expressed. On 
the other hand, using of PRF in mature teeth with 
its gelatinous firm consistency may cause difficulty 
while introducing it into narrow mature canals. So, 
the creation of an innovative “injectable” form of 
PRF (i-PRF) has been proposed with aiming at 
providing endodontists with a simple technique 
utilizing the concentrate of platelets in a flowy form 
that can be applied either alone or in conjunction with 
other methods providing an adequate perspective 
for soft tissue as well as hard  tissue healing owing 
to the genesis of a three-dimensional fibrin network 
into which the platelets, type I collagen, leukocytes, 
growth factors and osteocalcin, are embedded(9,10). 
In the current study, innovative regenerative 

endodontic techniques were adopted making use of 
the (i-PRF) forming a scaffold as well as a source of 
growth factors to treat mature teeth with non-vital 
pulp and apical periodontitis.

MATERIALS AND METHODS

Thirty adults diagnosed with necrotic upper 
central incisor(s) were recruited from the diagnostic 
center of the Endodontic department clinic at the 
faculty of dentistry, Cairo University between the 
years 2018 and 2019. The study was performed in 
accordance with Helsinki declaration of the year 
1975 for medical studies as revised in the year 
2000. All the treatment procedures and the purpose 
of the work were explained for all the patients 
recruited for the study. The dental and medical 
history of all patients was thoroughly studied and 
medically compromised patients were excluded. 
All patients were asked to sign an informed consent 
that explained the aim of the study, and agreed to 
comply to a one year clinical and radiographic 
follow-up period where the assessment was carried 
out every 3 months.

The study inclusion criteria comprised healthy 
adults with an age range of 18-45 years old, with 
no sex predilection, diagnosed with pulp necrosis 
in mature maxillary central incisor(s) having a 
periapical radiolucency, negative response to both 
thermal (cold) and electric pulp testing, no tooth 
mobility, and a pocket depth less than 3 mm, with or 
without pain on percussion. The history of the chief 
complaint was recorded including intensity, quality, 
onset, duration, location, course, and initiating and 
relieving factors of pain. The final diagnosis was 
pulp necrosis associated with apical periodontitis. 

Radiographic examination was done with an 
indirect imaging system to detect the presence 
of periapical radiolucency, root morphology and 
curvature, to assure the absence of root calcifications 
and resorption. Cone beam computed tomography 
(CBCT) was performed preoperatively to detect the 
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size, boundaries of the periapical lesion. To achieve 
radiometric standardization of the images, the same 
exposure parameters were set at the follow-up as 
follows, 90 KVP, 8 Ma, 6.1 seconds exposure time, 
125 μm resolution, 5x5 cm field of view (FOV), and 
image slice thickness 1.5 mm.

For the control group, during the first visit, 
the teeth were anaesthetized by buccal infiltration 
technique using 1.8 – 3.6 ml of 2% lidocaine 
with 1:100,000 epinephrine as a local anesthetic 
solution. A proper rubber dam isolation was done 
and an access cavity was performed, negotiation 
of the canals was done using stainless steel hand 
k- files size # 15. An electronic apex locator was 
used for the working length determination, then its 
reading was confirmed with an intraoral periapical 
radiograph to be 0.5-1 mm shorter than radiographic 
apex. The chemo-mechanical preparation of the root 
canals was carried out employing the crown-down 
technique till reaching an apical canal preparation 
corresponding to K-file size #60. The canals were 
thoroughly irrigated using 1.5% sodium hypochlorite 
using a plastic disposable syringe (5ml) with a 
25-gauge closed end side vented needle. The canals 
were dried with sterile paper points of the same size 
of the master apical file (MAF). Calcium hydroxide 
intracanal medicament was then injected into the 
canal. A dry cotton pellet was placed inside the 
access cavity which was temporarily sealed by glass 
ionomer cement. All the patients were recalled after 
3 weeks for the second visit where completion of 
root canal treatment was done. The rubber dam was 
placed and the glass ionomer cement was removed. 
The root canals were irrigated with 20 ml of 17% 
EDTA solution for 1 minute, followed by normal 
saline. Then the canals were dried using paper 
points and were obturated utilizing gutta-percha by 
the cold lateral compaction technique and an epoxy 
resin based root canal sealer. After obturation, the 
access cavity was cleaned from excess sealer with a 
cotton pellet soaked in alcohol and was sealed with 
a glass ionomer cement base and resin composite 
restoration.

For the intervention group, during the first 
visit, the same steps were done as that of the first 
visit of the control group where the teeth were 
anesthetized with the buccal infiltration technique 
using 1.8–3.6 mL 2% lidocaine with 1:100,000 
epinephrine as a local anesthetic solution. A proper 
rubber dam isolation was done and an access 
cavity was performed, negotiation of the canals 
was done using stainless steel hand k- files size 
# 15. An electronic apex locator was used for the 
working length determination, then its reading was 
confirmed with an intraoral periapical radiograph 
to be 0.5-1 mm shorter than radiographic apex. 
The chemo-mechanical preparation of the root 
canals was carried out employing the crown-down 
technique till reaching an apical canal preparation 
corresponding to K-file size #60. The canals 
were thoroughly irrigated using 1.5% sodium 
hypochlorite using a plastic disposable syringe 
(5ml) with a 25-gauge closed end side vented 
needle. The canals were dried with sterile paper 
points of the same size of the master apical file 
(MAF). Calcium hydroxide intracanal medicament 
was then injected into the canal. A dry cotton pellet 
was placed inside the access cavity which was 
temporarily sealed by glass ionomer cement. At 
the second visit (after 3 weeks from the first visit), 
a 1.8-mL of 3% mepivacaine plain anesthetic was 
administered as a buccal infiltration. The rubber 
dam was placed, and the glass ionomer cement 
was removed. Reirrigation of root canals was done 
using 20 mL of 17% EDTA solution for 1 minute 
followed by saline irrigation (11,12). A 10-mL sample 
of whole venous blood was drawn from the patient’s 
forearm (median cubital vein) (Fig 1A) and were 
transferred into two plain plastic test tubes (without 
an anticoagulant) and were centrifuged immediately 
using a tabletop centrifuge at 700 rpm for 3 minutes 
(60×g) at room temperature (9). The surface liquid 
layer was collected as the i-PRF. After that, the 
i-PRF was injected inside the canals using a plastic 
syringe with a 25 gauge needle (Fig 1B) that was 
placed 1mm short of the working length and was 
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withdrawn gradually while injecting till reaching 
the canal orifice. A Collagen membrane matrix 
(collacote) was placed 1mm below the level of the 
canal orifice and was left for 5 minutes to partially 
harden then a 3 mm thick layer of Biodentine was 
placed directly over the collacote at the level of the 
canal orifice. The cavity was double sealed with a 
glass ionomer cement base and a resin composite 
restoration. 

Digital radiographic imaging was performed 3, 
6, 9 and 12 months postoperatively using the same 
x-ray machine. The radiographic parameters were 
also the same as preoperatively. Visual evaluation 
of the radiographic images, to monitor the changes 
in size of the periapical radiolucency through the 
follow up periods was done. Cone Beam Computed 
Tomography (CBCT) was performed at 12 months 
postoperatively using the same preoperative 
parameters; to assess the bone healing by measuring 
the size of periapical lesion in mm2 in the sagittal 
view using the area tool in OnDemand CBCT 
software.

Statistical analysis

All the collected data were tabulated and 
subjected to statistical analysis. Statistical analysis 
was performed by SPSS in general (version 17). 
Microsoft office Excel was used for data handling 
and graphical presentation. Quantitative variables 

were described by the Mean and Standard 
Deviation (SD). Qualitative categorical variables 
were described by proportions and percentages. 
Kolmogorov-Smirnova and Shapiro-Wilk tests of 
normality were used to test normality hypothesis 
of all quantitative variables for further choice of 
appropriate parametric and non-parametric tests. 
Paired sample t-test and independent samples 
t-test were used. General Linear Model Repeated 
measure ANOVA mixed model design with one 
between factors and one within factors are applied. 
The results were considered significant at P < 0.05.

RESULTS

The evaluation of the clinical signs and symp-
toms showed that there was no pain, swelling or 
fistula formation throughout the follow up periods. 
The measurements of periapical lesion perimeter 
in the control group resulted in a decrease in the 
mean value, with a highly significant difference be-
tween preoperative records and the postoperative 
and follow-up records (12 months),with a P value 
<0.05 (Fig 2) (Table 1). The mean measurements 
of periapical lesion perimeter in the intervention 
group with the paired t-test resulted in a decrease in 
the mean value, with a highly significant difference 
between preoperative records and the postoperative 
and follow-up records (12 months), a P value <0.05 
(Fig2) (Table1).

Fig. (1) A: Blood sample collection from the patient.  B: Collected iPRF in a plastic syringe ready for intracanal injection.



EVALUATION OF THE PERIAPICAL HEALING FOLLOWING PULP REVASCULARIZATION USING (2667)

TABLE (1): Mean value measurements of periapical 
lesion perimeter at preoperative and 
postoperative 12 months follow up period 
in both groups.

Group Preoperative 12 months

Control

N 15 15

Mean 39.75 17.05

SD 16.03 8.01

t value 8.55

P value 0.00000$

Intervention

N 15 15

Mean 47.69 14.12

SD 16.14 5.00

 t value 10.48

  P value 0.00000$

t value -1.35 1.20

P value 0.18729 ns 0.23936 ns

$= significant      ns= non significant

Fig. 2: Line chart representing the mean changes of periapical 
lesion size with time in each group and comparing both 
groups with each other.

At the preoperative time, the highest and lowest 
perimeter of periapical lesion in the control group 
was 60.32 mm2, and 14.57 mm2, respectively. While 
the highest and lowest perimeter of periapical lesion 
in the intervention group was 69.65 mm2, and 
18.67 mm2, respectively. The intervention group 
recorded a higher mean value preoperatively, while 
it recorded a lower mean value than the control 
group at 12 months follow up; indicating a decrease 
in the lesion size. However, the independent t-test 
showed that the difference was not statistically 
significant. Comparing the mean measurements 
of periapical lesion perimeter of both groups; at 
the preoperative and postoperative measurements, 
showed a non-significant difference with a P value 
>0.05 (Table 1). Comparing the percentage changes 
of periapical lesion perimeter between both groups 
using independent t-test revealed that there was a 
significant difference between the preoperative and 
12 months follow up (Table 2).

Sagittal view of CBCT images showed the 
difference in periapical lesion size between both 
groups after 12 months follow up period revealing 
the success of the i- PRF revascularization 
technique in treatment of necrotic pulp with apical 
periodontitis in maxillary anterior teeth (Figure 3)

TABLE (2): Comparison of the percentage (%) change of periapical lesion size at preoperative and 
postoperative 12 months follow-up period between both groups

Mean S.D. Mean difference
Standard error 

of difference
t value P value

Control -56.76 13.97
12.44 4.43 2.8 0.01$

Intervention -69.2 10.01
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DISCUSSION

The main goal of root canal therapy is to 
eliminate microorganisms and infected debris 
from the root canal system to prevent or treat 
apical periodontitis. In mature teeth, disinfection 
is carried out with the integration of mechanical 
instrumentation, irrigation, and placement of an 
intracanal medicament, however it may be difficult 
due to the complexity of the root canal system. In 
this study a novel treatment regenerative protocol 
is adopted using iPRF as a scaffold and source if 
growth factors which aided in complete resolution 
of signs and symptoms and complete healing of 
apical periodontitis. 

Central incisors were selected in this study owing 
to their wide canals and larger apical foramina 
where larger preparations that reached #60-80 is 
thought to allow deeper penetration of irrigants and 
medicaments for disinfection and decreasing the 
microorganism load and better application of the 
iPRF (7,13). 

Irrigation of the root canals with 20 mL 1.5% 
NaOCl for 5 minutes was done using a closed-end, 
side-vented needle to minimize the possibility of the 
extrusion of the irrigant into the periapical tissue. 
Although using a high concentration of NaOCl such 
as 5.25% would be more tissue solvent and has a 
more potent antimicrobial efficacy, but it possess 

Fig. (3) Sagittal view of CBCT im-
ages, A: preoperative periapi-
cal lesion size measurement of 
upper central incisor in control 
group, B:  12 months Post-
operative image showing de-
crease in periapical lesion size 
measurement, C: preoperative 
periapical lesion size measure-
ment of upper central incisor 
in i-PRF group, D:  12 months 
Postoperative periapical lesion 
size measurement showing 
complete healing and almost 
resolution of the lesion.
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a proteolytic action on the dentin collagen matrix 
which might cause a decrease in the elastic modulus 
and the flexural strength of human dentin and may 
cause toxicity to stem cells present in the periapical 
tissues with a decrease in the differentiation 
potential of odontoblasts (14,15). Calcium hydroxide 
was used as intracanal medication as it is a good 
antimicrobial agent due to its high pH 12.5–12.8, 
which is not a favorable environment for most 
bacteria to survive(16-18). Moreover, using calcium 
hydroxide in regenerative endodontic procedures 
showed higher survival rate of  the apical papilla 
stem cells (19), and increased the amounts of (TGF)-b1 
imprisoned in dentin matrix 20. 3% mepivacaine 
plain anesthesia was utilized during the second 
visit to allow the induction of bleeding. EDTA 17% 
solution was chosen as a second irrigating solution 
following NaOCl as it allows for the release of 
many growth factors imprisoned in the dentin by 
its chelating properties (21-23). The i-PRF used in 
the current study was prepared based on the “low-
speed Concept” for blood centrifugation which 
states that lower centrifugation speeds were shown 
to include a large amount of cells among which are 
leukocytes prior to the formation of a fibrin clot (24) . 
It was shown that i-PRF was able to cause a higher 
release of growth factors such as TGF-β1, PDGF, 
VEGF, IGF and EGF when compared to the classic 
PRF and PRP (10), which may be attributed to the 
high centrifugation forces during the preparation 
of the PRP or the PRF that is known to shift cell 
populations from the top of the centrifugation tubes 
towards the bottom. Since leukocytes are immune 
cells that have a great value in the tissue regeneration 
field as they can direct and recruit different types of 
cells during the wound healing process (25-27), it was 
thought that reducing the centrifugation G-force 
might cause a total increase in leukocyte numbers 
that would be concentrated in the top third layer of 
the test tubes(10,24).

Biodentine was used to seal the canals orifices 
owing to its physical qualities and handling prop-
erties28. Moreover, it has a high push-out bond 

strength with dentinal walls preventing its dislodge-
ment29. Biodentine as all of the tricalcium silicate 
cements is a bioactive material that is able to form 
hydroxyapatite crystals at the surface. These crys-
tals is thought to increase the sealing ability, espe-
cially when formed at the interface of the material 
with dentinal walls(30). Biodentine significantly in-
crease TGF-B1 which has a great role in angiogene-
sis, progenitor cells recruitment, cell differentiation 
and tissue mineralization(31).

CBCT was used for the assessment of healing 
owing to the fact that it is the most popular 3D imag-
ing technique that was shown to overcome various 
limitations of the 2D periapical radiographs as it is 
capable of detecting small size lesions, and cancel-
lous bone solely confined lesions which cannot be 
detected on periapical radiographs. Also, it allows 
viewing lesions in three dimensions and allows for 
the measurement of low density areas to give an ac-
curate estimate of the actual lesion size (32) .

According to American Association of 
Endodontists guidelines, all the cases of the i-PRF 
revascularization technique group were considered 
successful; where the primary goals of regenerative 
endodontics were achieved such as the resolution 
of apical periodontitis and the elimination of 
clinical signs/symptoms (33,34). Also, there was a 
decrease in the size of the periapical radiolucencies 
and an increase in periapical bone densities. 
Both the periapical lesion size reduction and the 
increase in periapical bone density were highly 
significant between the preoperative records and 
the postoperative follow-up records (12 months) 
in both the control and the intervention groups. For 
the control group, our results were in agreement 
with that of Van Der Borden et al. 2013 (35) and 
Fike 2016 (36) who stated that periapical lesions 
decreased in size following endodontic treatment 
which was confirmed by CBCT imaging after 10-
37 months, and 3-12 months respectively. This 
may be attributed to the reduction of periapical 
inflammation by antimicrobial medicaments, and 
entombing the residual bacteria with obturation. 
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Moreover, the results support the finding of Murphy 
et al. 1991 (37), as they found that the length of 
follow-up period was a significant factor and that 
if this period was extended to 12 months following 
nonsurgical endodontic treatment, the percentage 
of the lesions that might demonstrate complete 
healing would be more than that of 6 months or 
less follow up periods. Concerning the intervention 
group in this study; our results showed successful 
periapical healing and was in coincide with that of 
Shivashankar et al 2012 (5), Keswani and Pandey 
2013 (38) and Bakhtiar et al 2017 (39) who reported 
complete radiographic periapical healing following 
revascularization procedures of immature teeth after 
12 months using PRF which has nearly the same 
composition of iPRF used in this study except that 
the iPRF was proven to release more growth factors, 
having more leukocyte concentrations and easily 
applied as mentioned before. In addition, our results 
support the successful outcome of revascularization 
of mature teeth in the studies of Saoud et al. 2015 (40) 
and Saoud et al 2016 (41) where there was a resolution 
of the periapical lesions after 13-14 months, and 
8-26 months respectively. A hypothesis for these 
results might be that if the bacterial load inside the 
root canal is effectively reduced, the inflammatory 
periapical lesions might heal even without root 
canal fillings (43,44). 

CONCLUSION

Injectable Platelet rich fibrin (i-PRF) revascular-
ization is a successful regenerative endodontic treat-
ment modality in mature permanent Incisors with 
closed apex.
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