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1 |  INTRODUCTION

Immature permanent teeth with necrotic pulp and periapical 
tissues constitute a challenging endodontic problem due to 
difficult root canal debridement and obturation as well as 

high risk of tooth fracture. The conventional treatment of 
such cases is apexification by calcium hydroxide, which re-
sults in acceptable endodontic outcomes. Apexification has 
several disadvantages such as multiple visits and alteration of 
the mechanical properties of dentin.1
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Summary
This study evaluated the outcomes of partial exposure of dentin matrix to EDTA 
and application of PRF scaffold on regeneration of necrotic immature permanent 
teeth in a dog model. The present study was carried out on 216 permanent immature 
roots in nine mongrel dogs aged 6-9 months. Pulp necrosis and periapical patho-
sis were induced in 180 roots. These roots were divided into five equal groups (36 
roots each) according to the treatment protocol: group I: blood clot; group II: 17% 
ethylenediaminetetraacetic acid (EDTA) solution and blood clot; group III: platelet-
rich fibrin (PRF); group IV: 17% EDTA solution and PRF; and group V: without 
treatment (positive control). The negative control group (group VI) represented 36 
untouched normal roots for normal maturation. The groups were followed up for 1, 
2 and 3 months (subgroups). Maturation of the roots was monitored by radiogra-
phy and histopathology. All data were statistically analysed. Group IV exhibited the 
highest increase in root length and thickness, decrease in apical diameter, the highest 
score of vital tissue infiltration and least inflammatory scores. There was a signifi-
cant difference regarding the increase in root length and thickness and decrease in 
apical diameter in all subgroups of the experimental and negative control groups 
(P ≤ .05). Platelet-rich fibrin has a better regenerative potential than the blood clot 
during treatment of immature permanent teeth with necrotic pulp. Inclusion of 17% 
EDTA solution as a final irrigation enhances the regenerative potential of both PRF 
and blood clot.
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Recent treatment option is one-step creation of an artifi-
cial apical barrier using mineral trioxide aggregate (MTA).2 
MTA is an ideal apical barrier due to its good sealing ability, 
biocompatibility, induction of hard tissue and setting in the 
presence of moisture.3 The main disadvantage of both tra-
ditional apexification and artificial apical barriers is lack of 
root development.4

Recent alternative approach is called regenerative end-
odontic treatment. The main goal of this treatment is to create 
suitable environment in the root canal such as elimination of 
infection, providing a good scaffold and a tight apical seal 
that enhances the pulp regeneration and root maturation.5 
Revascularization of the necrotic immature permanent teeth 
after disinfection of the root canal is the most applicable 
method for regenerative endodontics.6-8 The revasculariza-
tion method delivers the stem cells from periradicular tissue 
to the root canal system and provides a natural scaffold (fi-
brin clot) as well as growth factors in the blood platelets.9 In 
the revascularization method, the type and concentration of 
cells trapped in the fibrin clot are unpredictable. Therefore, 
a recent biomedical technology has been introduced to the 
regenerative endodontics to provide more appropriate condi-
tion for tissue regeneration with several biomaterials.10

Platelet-rich fibrin (PRF) constitutes a suitable scaffold 
for regenerative endodontics. Unlike other platelet concen-
trates, neither anti-coagulants nor bovine thrombin or jelli-
fying agents are required. PRF provides an autologous fibrin 
matrix with high numbers of blood platelets and growth 
factors.11

Another key factor of tissue engineering is the growth fac-
tors. One of the most important growth factors is the trans-
forming growth factor ß (TGF-ß) family, which is essential 
for odontoblast differentiation and enhancement of dentin 
matrix production. These growth factors are produced by 
odontoblasts and stored inside the dentin matrix in an active 
form.12 Ethylenediaminetetraacetic acid (EDTA) is a very 
effective material for the release of the growth factors from 
dentin.13,14

This study assesses the outcomes of partial exposure of 
dentin matrix to EDTA solution and application of PRF scaf-
fold on regeneration of necrotic immature permanent teeth in 
the dog model.

2 |  MATERIALS AND METHODS

2.1 | Animal model

A total of nine mongrel dogs aged 6-9 months were selected 
for the study. The selected dogs were of both sexes and clini-
cally normal. Animals were quarantined in separate cages 
and kept under observation for 2  weeks before the study. 
Three maxillary premolars (two double-rooted teeth and one 

single-rooted tooth: n = 5 roots) and four mandibular premo-
lars (three double-rooted teeth and one single-rooted tooth: 
n = 7 roots) in each quadrant were included in the study sum-
ming up 216 roots of 126 teeth (14 teeth with 24 roots/dog).

2.2 | Ethical approval

This study was approved by the Ethical Committee at the
Faculty of Dental Medicine for Girls, Al-Azhar University,
Cairo, Egypt (15-04-2014-Endo).

2.3 | Classification of the roots

The roots were divided into six equal groups (36 roots each) 
according to the treatment protocol. Group (I): blood clot; 
group (II): 17% EDTA and blood clot; group (III): PRF; 
group (IV): 17% EDTA and PRF; group (V): positive control 
(no treatment); and group (VI): negative control (normal un-
touched teeth for normal maturation).

Each experimental group was further subdivided into 
three subgroups according to the post-treatment evaluation 
period: subgroup A: 1  month; subgroup B: 2  months; and 
subgroup C: 3 months (12 roots each). All groups were rep-
resented in each dog in a randomized manner, and each indi-
vidual root was taken as the unit of measure.

2.4 | Induction of periapical pathosis

General anaesthesia was administrated after fasting the dogs 
for 12 hours. The dogs were premedicated by 0.05 mg/kg by 
weight atropine sulphate (atropine sulphate 1%®, ADWIA, 
Egypt) injected subcutaneously and 1 mg/kg by weight xyla-
zine HCl (Xylaject 2%®, ADWIA) injected intramuscularly. 
The anaesthesia was induced by using ketamine HCl (keta-
mine hydrochloride®, Rotexmedica Co.) injected intravenous 
through the cannula in cephalic vein at a dose of 5 mg/kg by 
weight. The anaesthesia was maintained by 2.5% thiopental 
sodium (thiopental sodium®; Sandoz) at a dose of 25 mg/kg 
by weight solution injected intravenous.

All teeth were examined radiographically to confirm in-
complete root formation and to establish baseline working 
length. Endodontic access cavity was done in all experimen-
tal and positive control teeth. Exposing the pulp chamber 
was done using #2 diamond stone with conventional speed 
handpiece mounted on electric micromotor. A sterile file 
#40 was used to disrupt the pulp. A piece of cotton was 
inserted into the entrance of each canal, and the access was 
left open for 4 weeks. Carprofen tablets were given orally 
for 15 days at a dose of 4.4 mg/kg once daily as postopera-
tive analgesic.
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2.5 | Root canal disinfection

The triple antibiotic paste (TAP) was prepared by mixing 
metronidazole 500 mg tablets, ciprofloxacin 250 mg tablets 
and doxycycline 100 mg capsule with macrogol and propyl-
ene glycol as vehicle.6

After the infection period, dogs were re-anaesthetized. All 
surfaces were dressed with povidone iodine. The experimental 
teeth were re-entered under complete aseptic conditions and 
cotton roll isolation. Minimal instrumentation was done with 
file #40 to disrupt the biofilm on the canal walls and remove 
bacteria in the dentinal surface. The canals were irrigated with 
20 mL of 1.5% NaOCl for 5 minutes, then irrigated with 20 mL 
of 0.9% saline solution for 5 minutes and dried by paper points. 
The root canals were filled with 1-2 mL of the prepared TAP 
using a sterile plastic syringe with 20-gauge needle. The access 
cavity was sealed using temporary restoration for 3 weeks.

2.6 | Treatment protocols

After the disinfection period and under general anaesthesia and 
strict aseptic conditions, the teeth were re-entered, and the an-
tibiotic paste was removed by copious irrigation using 20 mL 
of 1.5% NaOCl solution for 5 minutes and then irrigated with 
20 mL of 0.9% saline solution for 5 minutes. Root canals were 
dried and treated according to the group as follows:

2.6.1 | Group I (Blood clot)

Hand file size #40 was inserted past to the canal terminus 
until bleeding was induced to fill up to the coronal 2-3 mm of 
the canal space. MTA was mixed according to the manufac-
turer's instructions and inserted into the canal using Micro-
Apical Placement system (MAP system) to form MTA 
orifice plug. Teeth were radiographed to check the MTA ori-
fice plug. A sterile cotton pellet was then placed in the access 
cavity to absorb excess moisture from MTA for 10 minutes.6 
The cotton was then removed, and glass ionomer filling was 
used to seal the remaining part of access cavity.

2.6.2 | Group II (17% EDTA solution and 
blood clot)

After disinfection period, 20 mL of 1.5% NaOCl was used for 
irrigation followed by 5 mL of 17% EDTA solution to treat 
each canal for 5 minutes.13 A subsequent rinse with 20 mL of 
0.9% saline for 5 minutes was performed to stop the effect of 
EDTA. The procedure was then continued as group I for blood 
clot formation, MTA application and coronal restoration.

2.6.3 | Group III (PRF)

A 20 mL sample of whole venous blood was drawn from 
the dog's right cephalic vein. The blood sample was trans-
ferred into a test tube without anti-coagulant and centri-
fuged immediately using a tabletop centrifuge (REMI 
Laboratories) at 3000 revolutions per minute (RPM) for 
10 minutes. Three distinct layers were formed in the tube: 
platelet-poor plasma at the top, platelet-rich fibrin clot 
(PRF) at the middle and red blood cells at the bottom. 
Sterile tweezers were inserted into the tube to gently re-
move the PRF clot. The PRF clot was squeezed between 
sterile dry gauze. The freshly prepared PRF membrane 
was cut, and the fragments were placed incrementally in 
the canal using a finger plugger up to the level of the ce-
mentoenamel junction (CEJ). Orifices were plugged using 
MTA, and the access cavities were sealed by glass ionomer 
filling.

2.6.4 | Group IV (17% EDTA and PRF)

Each disinfected canal was irrigated with 20 mL of 1.5% 
NaOCl and then by 5  mL of 17% EDTA for 5  min. A 
subsequent rinse with 20 mL of 0.9% saline solution for 
5 minutes was performed to stop the effect of EDTA. The 
procedure was then continued as group III for prepara-
tion and application of PRF, MTA application and coronal 
restoration.

2.6.5 | Group V (Positive control)

The teeth were left open without treatment after induction of 
periapical pathosis.

2.6.6 | Group VI (Negative control)

The teeth were left untouched for tooth maturation.

2.7 | Radiographic evaluation

Periapical radiographs were taken after induction of the peri-
apical lesion and compared with follow-up radiographs taken 
for all subgroups in each group. Periapical radiographs were 
digitized using a transparency scanner. Digital image files 
were converted to 32-bitt TIFF files using ImageJ analysis 
software. TurboReg plug-in was used to transform non-
standardized radiographs into standardized images.6 The fol-
lowing criteria were assessed.
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2.7.1 | Increase in root length

Root lengths (mm) were measured as a straight line from the 
CEJ to the radiographic apex of the tooth. The difference in root 
length and percentage of increase in length were calculated.6

2.7.2 | Increase in root thickness

The level of apical third was determined and fixed from the 
cement-enamel junction. The root thickness and pulp space 
width were measured at this level in millimetre. Dentin thick-
ness was measured by subtraction of pulp space from whole 
root thickness. The difference in thickness and percentage of 
increase in dentin thickness were calculated.6

2.7.3 | Decrease in apical diameter

Measurements were done preoperatively to the level of the 
apex and postoperatively at the upper border of the apical 
barrier. The difference in apical diameter and percentage of 
apical closure were calculated.13

2.8 | Histopathologic evaluation

The animals were sacrificed according to the subgroups 
using anaesthetic overdose (thiopental sodium). Bone seg-
ments including the experimental and control teeth were re-
sected. Blocks were fixed in 10% buffered formalin solution 
with ratio 1:50 for 2 weeks and then decalcified using 17% 
EDTA solution for about 120 days.

The decalcified specimens were prepared as usual for his-
topathology and sectioned in bucco-lingual sections of 6µm 
thickness. Sections were stained by haematoxylin and eosin 
dye. The following parameters were assessed:

2.8.1 | Presence or absence of vital tissues 
inside the pulp space

Scores 0, 1, 2 and 3 represented no tissue in-growth into the 
canal space and evidence of tissue in-growth extending to 
the apical third, middle third and cervical third of root canal 
respectively.13

2.8.2 | Presence or absence of new 
hard tissue

Scores 0, 1 and 2 represented no, partial and complete new 
hard tissue formation respectively.13

2.8.3 | Apical closure

Scores 0 and 1 represented no apical closure and apical 
closure.13

2.8.4 | Intensity of inflammatory cell 
infiltrates

Scores 0, 1, 2 and 3 represented absence or very few cells, 
<10 cells, 10-25 cells and >25 cells on average respectively.

2.9 | Statistical analysis

Data were statistically described as mean, standard deviation 
(SD), frequency (N) and percentage (%) when appropriate. 
Data were explored for normality using Kolmogorov-Smirnov 
test. Kruskal-Wallis test was used to compare between dif-
ferent groups and subgroups for non-parametric data. For 
parametric data, one-way ANOVA was used to compare be-
tween the groups and subgroups. Significant level was set 
at P  <  .05. Statistical analysis was performed with IBM® 
SPSS® (SPSS Inc, IBM Corporation) Statistics version 24 
for Windows.

3 |  RESULTS

3.1 | Radiographic findings

The positive control group had no increase in root length and 
thickness and no signs of apical closure among all subgroups, 
whereas the negative control group showed the significant 
highest increase (P ≤ .05) in root length and thickness with 
signs of apical closure among all subgroups (Figure  1). 
The four experimental groups showed different degrees 
of changes in root length and thickness and apical closure 
(Figures 2 and 3).

Tables  1-3 show the increase in root length and thick-
ness and decrease in apical diameter in all groups and sub-
groups. Regarding the experimental groups, group IV (17% 
EDTA + PRF) showed the highest increase in root length and 
thickness and decrease in apical diameter, whereas group I 
(blood clot) showed the least measurements among the ex-
perimental groups. There was a significant difference be-
tween groups I and II (17% EDTA + blood clot) compared 
to groups III (PRF) and IV (P ≤ .05). However, there was no 
significant difference between groups III and IV (P > .05).

There was a significant difference regarding the increase 
in root length and thickness and decrease in apical diame-
ter in all subgroups of the experimental and negative control 
groups (P ≤ .05).
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F I G U R E  1  Representative preoperative (left side) and postoperative (right side) radiographs of the positive control group showing no changes 
in root length and thickness and apical diameter after 1 mo (A), 2 mo (B) and 3 mo (c). Representative (left side) and postoperative (right side) 
radiographs of the negative control group showing marked increase in root length and thickness and decrease in apical diameter after 1 mo (D), 
2 mo (E) and 3 mo (F)

(A) (B) (C)

(D) (E) (F)

F I G U R E  2  Representative preoperative (left side) and postoperative (right side) radiographs of group I after 1 mo (A), 2 mo (B) and 3 mo (C) 
and group II after 1 mo (D), 2 mo (E) and 3 mo (F) showing increase in the root length and thickness and decrease in apical diameter

(A) (B) (C)

(D) (E) (F)
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3.2 | Histopathological findings

3.2.1 | Group I (blood clot)

In subgroup A (1  month), the absence of vital tissue infil-
tration and hard tissue formation, open apex, moderate 

inflammation and migrating well-differentiated epithelial 
cells towards the root apex were observed (Figure 4A).

In subgroup B (2 months), vital tissue infiltration towards 
the apical third, partial hard tissue formation, signs of api-
cal closure and mild inflammatory cell infiltration were seen 
(Figure 4B).

F I G U R E  3  Representative preoperative (left side) and postoperative (right side) radiographs of group III after 1 mo (A), 2 mo (B) and 3 mo 
(C) and group IV after 1 mo (D), 2 mo (E) and 3 mo (F) showing increase in the root length and thickness and decrease in apical diameter

(A)

(D)

(B)

(E)

(C)

(F)

Groups

Subgroup A
(1 mo)

Subgroup B
(2 mo)

Subgroup C
(3 mo)

P-
valueMean SD Mean SD Mean SD

Group I
(blood clot)

0.98aA

(9.7%)
0.08 1.21bA

(12.8%)
0.04 1.88cA

(17.3%)
0.10 ≤.001*

Group II
(EDTA + blood clot)

1.09aB

(10.1%)
0.06 1.34bB

(14.1%)
0.04 1.90cAB

(18.2%)
0.12 ≤.001*

Group III
(PRF)

1.20aC

(11.3%)
0.03 1.50bC

(15.8%)
0.06 1.95cAB

(18.6%)
0.07 ≤.001*

Group IV
(EDTA + PRF)

1.21aC

(11.4%)
0.07 1.58bD

(16.6%)
0.07 1.97cB

(18.9%)
0.08 ≤.001*

Group V
(positive control)

0.00
( 0%)

0.00
(0%)

0.00
(0%)

Group VI
(negative control)

1.31aD

(13.2%)
0.08 1.77bE

(17.8%)
0.12 2.10cC

(20.1%)
0.12 ≤.001*

P-value ≤.001* ≤.001* ≤.001*

Note: The same upper-case letters within each column indicate insignificant difference.
The same lower-case letters within each row indicate insignificant difference.
Abbreviation: NS, non-significant.
*Significant at P ≤ .05. 

T A B L E  1  Mean value and standard 
deviation (SD) of increase in root length 
(mm) and the percentage of increase in all 
groups
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In subgroup C (3 months), vital tissue infiltration along 
the apical two-thirds of the pulp space, fibrous tissues and 
calcified structures inside the pulp space, partial hard tissue 
formation, signs of apical closure and mild inflammation 
were observed (Figure 4C).

3.2.2 | Group II (17% EDTA + blood clot)

In subgroup A, no vital tissue infiltration, signs of partial 
hard tissue formation, open apex and mild inflammation 
were observed (Figure  4D). In subgroup B, vital tissue 

Groups

Subgroup A
(1 mo)

Subgroup B
(2 mo)

Subgroup C
(3 mo)

P-
valueMean SD Mean SD Mean SD

Group I
(blood clot)

0.26aA

(8%)
0.07 0.31bA

(9.5%)
0.05 0.35cA

(10.7%)
0.06 ≤.001*

Group II
(EDTA + blood 
clot)

0.30aAB

(9.2%)
0.07 0.34bAB

(10.4%)
0.06 0.37cA

(11.35%)
0.08 ≤.001*

Group III
(PRF)

0.32aAB

(9.6%)
0.04 0.38bBC

(12.16%)
0.07 0.44cB

(14.1%)
0.06 ≤.001*

Group IV
(EDTA + PRF)

0.34aB

(10.1%)
0.05 0.43bC

(12.7%)
0.09 0.50cC

(14.9%)
0.08 ≤.001*

Group V
(positive control)

0.00 0.00 0.00

Group VI (negative 
control)

0.43aC

(12.7%)
0.08 0.51bD

(15.7%)
0.08 0.58cD

(17.96%)
0.05 .003*

P-value ≤0.001* ≤0.001* ≤0.001*

Note: The same upper-case letters within each column indicate insignificant difference.
The same lower-case letters within each row indicate insignificant difference.
Abbreviation: NS, non-significant.
*Significant at P ≤ .05. 

T A B L E  2  Mean value and standard 
deviation (SD) of increase in root thickness 
(mm) and the percentage of increase in all 
groups

Groups

Subgroup A
(1 mo)

Subgroup B
(2 mo)

Subgroup C
(3 mo)

P-
valueMean SD Mean SD Mean SD

Group I
(blood clot)

0.37aA

(6.5%)
0.02 0.50bA

(9.1%)
0.07 0.82cA

(27.8%)
0.11 ≤.001*

Group II
(EDTA + blood clot)

0.39aAB

(7.1%)
0.03 0.57bA

(10.4%)
0.10 0.91cB

(29.1%)
0.09 ≤.001*

Group III
(PRF)

0.40aAB

(8%)
0.06 0.68bB

(14.1%)
0.08 0.98cB

(35.1%)
0.11 ≤.001*

Group IV
(EDTA + PRF)

0.42aB

(8.1%)
0.05 0.72bB

(14.9%)
0.12 1.20cC

(36.3%)
0.10 ≤.001*

Group V
(positive control)

0.00 0.00 0.00

Group VI
(negative control)

0.83aC

(13.2%)
0.09 1.20bC

(22.1%)
0.11 1.40cD

(38.2%)
0.05 ≤.001*

P-value ≤0.001* ≤0.001* ≤0.001*

Note: The same upper-case letters within each column indicate insignificant difference.
The same lower-case letters within each row indicate insignificant difference.
Abbreviation: NS, non-significant.
*Significant at P ≤ .05. 

T A B L E  3  Mean value and standard 
deviation (SD) of decrease in apical 
diameter (mm) and the percentage of 
increase in all groups
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infiltration at the apical third, partial hard tissue formation, 
signs of apical closure and mild inflammatory cell infil-
tration were seen (Figure 4E). In subgroup C, vital tissue 
infiltration along the pulp space, fibrous tissue formation 
inside the pulp space, signs of complete hard tissue forma-
tion, apical closure and mild inflammatory cell infiltration 
were noticed (Figure 4F).

3.2.3 | Group III (PRF)

In subgroup A, vital tissue infiltration in the apical third, 
signs of partial hard tissue formation, open apex and mild 
inflammatory cell infiltration were seen (Figure 5A). In sub-
group B, vital tissue infiltration at the apical third, partial 
hard tissue formation, signs of apical closure and no sign of 
inflammation were noticed (Figure  5B). In subgroup, vital 
tissue infiltration along the pulp space, odontoblast-like cells 

with increased vascularity inside the pulp space, complete 
hard tissue formation, signs of apical closure and no signs of 
inflammation were observed (Figure 5C).

3.2.4 | Group IV (17% EDTA + PRF)

In subgroup A, vital tissue infiltration in the apical third, signs 
of partial hard tissue formation, open apex and mild inflam-
matory cell infiltration were seen (Figure 5D). In subgroup 
B, vital tissue infiltration towards the middle third, partial 
hard tissue formation, signs of apical closure and no signs 
of inflammation were observed (Figure 5E). In subgroup C, 
vital tissue infiltration along the pulp space, dontoblast-like 
cells undergoing differentiation with increased vascularity 
inside the pulp space, complete hard tissue formation, signs 
of apical closure and no signs of inflammation were noticed 
(Figure 5F).

F I G U R E  4  (A) Photomicrograph of the apical third of a root in group I (blood clot) after 1 mo showing differentiation of the epithelial 
cells (black arrow), no vital tissue infiltration, no sign of hard tissue formation, open apex and moderate inflammatory cell infiltration (H&E, 
×40). Notice the well-differentiated epithelial cells migrating towards the root apex (blue arrow) as seen in the small box (H&E, ×200). (B) 
Photomicrograph of the apical third of a root in group I after 2 mo showing vital tissue infiltration towards the apical third, partial hard tissue 
formation, signs of apical closure and mild inflammatory cell infiltration (H&E, ×40). (C) Photomicrograph of the apical two-thirds of a root in 
group I after 3 mo showing vital tissue infiltration along the apical two-thirds of the pulp space, fibrous tissue formation and calcified structures 
(black arrow) inside the pulp space, partial hard tissue formation, signs of apical closure and mild inflammation (H&E, ×40). (D) Photomicrograph 
of the apical third of a root in group II (17% EDTA + blood clot) after 1 mo showing no vital tissue infiltration, signs of partial hard tissue 
formation, open apex and mild inflammation (H&E, ×40). (E) Photomicrograph of the apical third of a root in group II after 2 mo showing vital 
tissue infiltration at the apical third, partial hard tissue formation, signs of apical closure and mild inflammation (H&E, ×40). (F) Photomicrograph 
of the apical two-thirds of a root in group II after 3 mo showing vital tissue infiltration along the pulp space, fibrous tissue formation inside 
the pulp space, signs of complete hard tissue formation, apical closure and mild inflammation (H&E, ×40)

(A) (B) (C)

(D) (E) (F)



   | 9EL HALABY Et AL.

3.2.5 | Group V (positive control)

In subgroup A, no vital tissue infiltration, no sign of hard 
tissue formation, open apex, severe inflammatory cell in-
filtration and granulation tissue formation were observed 
(Figure 6A). In subgroup B, similar findings of subgroup A 
with increased granulation tissue formation were observed 
(Figure 6B). In subgroup C, similar findings of subgroup B 
with abscess formation were seen (Figure 6C).

3.2.6 | Group VI (negative control)

Normal architecture of pulpal tissue, signs of apical closure 
and no inflammatory cell infiltration were seen in all sub-
groups (Figure 6D-F).

Statistical analysis of the histopathologic findings re-
vealed the following:

3.2.7 | Presence or absence of vital tissues 
in the pulp space (Table 4)

Table  4 connective tissue in-growth was seen in the pulp 
space in many samples. The nature of this tissue resem-
bled periodontal connective tissue with variable amounts 
of inflammatory cell infiltration and noticeable angiogen-
esis. In groups III and IV, some samples showed the for-
mation of odontoblast-like cells with various degrees of 
differentiation.

In all subgroups, group IV showed the highest score of 
vital tissue infiltration, whereas group I showed the least 
score among the experimental groups. Group V showed the 
least vital tissue infiltration score among all groups. A sig-
nificant difference was seen among all experimental groups 
in all subgroups (P ≤ .05). However, there was no significant 
difference between all subgroups in the positive control group 
(P > .05).

F I G U R E  5  (A) Photomicrograph of the apical third of a root in group III (PRF) after 1 mo showing vital tissue infiltration into the apical 
third, signs of partial hard tissue formation, open apex, mild inflammation and a line of demarcation separating the newly formed hard tissue from 
the old one (black arrow) (H&E, ×40). (B) Photomicrograph of the apical half of a root in group III after 2 mo showing vital tissue infiltration at 
the apical third, partial hard tissue formation, signs of apical closure and no sign of inflammation (H&E, ×40). (C) Photomicrograph of the apical 
two-thirds of a root in group III after 3 mo showing vital tissue infiltration along the pulp space, odontoblast-like cells (black arrow), increased 
vascularity inside the pulp space, complete hard tissue formation, signs of apical closure and no inflammation (H&E, ×40). (D) Photomicrograph 
of the apical third of a root in group VI (17% EDTA + PRF) after 1 mo showing vital tissue infiltration at the apical third (black arrow), signs of 
partial hard tissue formation (blue arrows), open apex (white arrow) and mild inflammation (H&E, ×40). (E) Photomicrograph of the apical half 
of a root in group IV after 2 mo showing vital tissue infiltration towards the middle third, partial hard tissue formation, signs of apical closure and 
no sign of inflammation (H&E, ×40). (F) Photomicrograph of the apical two-thirds of a root in group IV after 3 mo showing vital tissue infiltration 
along the pulp space, odontoblast-like cells undergoing differentiation (black arrow), increased vascularity inside the pulp space, complete hard 
tissue formation, signs of apical closure and no sign of inflammation (H&E, ×40)

(A) (B) (C)

(D) (E) (F)
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3.2.8 | Presence or absence of new 
hard tissue

Hard tissue formation of different thicknesses and shapes 
was observed. The newly formed hard tissue resembled 

osteodentin- or bony-like structure or cementum. Some sam-
ples showed various calcified islands in the root canal.

In all subgroups, group IV showed the highest mineraliza-
tion score, whereas group I showed the least mineralization 
score among the experimental groups. However, groups III 

F I G U R E  6  (A) Photomicrograph of the apical third of a root in group V (positive control) after 1 mo showing no vital tissue infiltration, no 
signs of hard tissue formation, open apex, severe inflammation and granulation tissue formation (H&E, ×40). (B) Photomicrograph of the apical 
half of a root in group V after 2 mo showing the same findings after 1 mo with increased granulation tissue (H&E, ×40). (C) Photomicrograph of 
the apical third of a root in group V after 3 mo showing the same findings after 1 month with abscess cavity formation (black arrow) (H&E, ×40). 
Photomicrographs of the apical third of a root in group VI (negative control) after 1 mo (D), 2 mo (E) and 3 mo (F) showing normal architecture of 
pulpal tissue, signs of apical closure and no inflammation (H&E, ×40)

(A) (B) (C)

(D) (E) (F)

Groups

Subgroup A
(1 mo)

Subgroup B
(2 mo)

Subgroup C
(3 mo)

P-valueMean SD Mean SD Mean SD

Group I (blood 
clot)

0.33aA 0.47 1.25aB 0.43 2.08aC 0.28 ≤.001*

Group II 
(EDT + blood 
clot)

0.50bA 0.50 1.50aB 0.50 2.33bC 0.47 ≤.001*

Group III (PRF) 0.67cA 0.47 2.00 bB 0.00 2.50 bC 0.50 ≤.001*

Group IV 
(EDTA + PRF)

1.42dA 0.49 2.17bB 0.37 2.67cC 0.50 ≤.001*

Group V (positive 
control)

0.50bA 0.50 0.58cA 0.49 0.58dA 0.49 1.00 NS

P-value ≤0.001* ≤0.001* ≤0.001*

Note: The same upper-case letters within each row indicate insignificant difference.
The same lower-case letters within each column indicate insignificant difference.
Abbreviation: NS, non-significant.
*Significant at P ≤ .05. 

T A B L E  4  Mean values and standard 
deviation (SD) of tissue infiltration score in 
all groups
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and IV showed equal high mineralization score in subgroup 
B. Group V showed the least mineralization score among all 
subgroups.

A significant difference was reported between all exper-
imental groups among all subgroups (P  ≤  .05). However, 
there was no significant difference between all subgroups in 
the positive control group (P > .05).

3.2.9 | Presence or absence of apical closure

Hard tissue formation of different thicknesses and shapes 
forming the apical barrier was seen. The newly formed hard 
tissue appeared to be osteodentin- or cementum-like or bony-
like structure.

The negative control group showed the highest score of 
apical closure in all subgroups. The positive control group 
showed no signs of apical closure in all subgroups. There was 
no significant difference among all subgroups for the positive 
and negative control groups (P ≤ .05).

There was a significant difference between groups I, II, III, 
IV and V compared to the negative control group (P ≤ .05). 
There was no significant difference among groups I, II, III, 
IV and V in subgroup A (P > .05).

In subgroup B, there was a significant difference between 
the experimental and control groups (P ≤ .05). There was a 
significant difference between groups I and II compared to 
groups III and IV (P ≤ .05). There was no significant differ-
ence neither between groups I and II (P > .05) nor between 
groups III and IV (P > .05).

In subgroup C, there was a significant difference between 
groups I, II, III, IV and VI compared to group V (P ≤ .05). 
There was no significant difference between groups I, II, III, 
IV and VI (P > .05).

3.2.10 | Inflammatory score

Different degrees of chronic inflammatory cells were 
seen in groups I-V. Among experimental groups, group II 
showed the highest inflammatory score, whereas group III 
showed the least inflammatory score among all subgroups. 
Group VI showed the least inflammatory score, whereas 
group V showed the highest inflammatory score among all 
groups.

In subgroup A, a significant difference was recorded 
between the experimental and control groups (P  ≤  .05). 
There was a significant difference between groups I, II 
and IV compared to group III (P ≤  .05). However, there 
was no significant difference between groups I, II and IV 
(P > .05).

In subgroup B, a significant difference was reported 
between the experimental and control groups (P  ≤  .05). 

There was a significant difference between groups I and 
II compared to group III (P  ≤  .05). However, there was 
no significant difference between groups I and II (P > .05) 
and between groups I, II and III compared to group IV 
(P > .05).

In subgroup C, a significant difference between the exper-
imental and control groups was seen (P ≤ .05). There was a 
significant difference between groups I and II compared to 
groups III and IV (P ≤ .05). However, there was no signif-
icant difference between groups I and II (P >  .05) and be-
tween groups III and IV (P > .05).

4 |  DISCUSSION

Therapy of immature permanent teeth with pulp necrosis 
is a big challenge to clinicians. Several studies have been 
conducted on regenerative potential of these necrotic pulps 
in both animal models and humans with great success in 
the form of continuation of normal root development.6-8,13

The choice of dog as an animal model for this experiment 
was because dogs have similar apical repair compared with 
that of humans but in short duration.15 Premolars were se-
lected due to their good accessibility, high number of roots 
for a reliable statistical analysis and wide root canals for end-
odontic treatment. Age of the selected dogs was 6-9 months 
because the premolars are permanent and immature at this 
age and the dogs can withstand repeated general anaesthe-
sia.6 In the present study, the evaluation periods were 1, 2 
and 3 months, which are equivalent to 6, 12 and 18 months, 
respectively, in the human analogue.16

To simulate the clinical cases, periapical pathosis was in-
duced by creation of access cavities and leaving them open 
for 4 weeks. The periapical pathosis was evident radiograph-
ically and histologically. Similar findings were recorded 
before.6,8 To avoid generation of a smear layer that could oc-
clude the dentinal walls or tubules, minimal instrumentation 
was used in this study as recorded before.17

The choice of 1.5% NaOCl solution as an irrigant was 
based on its potent antimicrobial activity and ability to pre-
serve viability of stem cells, which have a crucial role in re-
vascularization as mentioned before.18,19 Platelet-rich fibrin 
was chosen as a treatment protocol because it has autologous 
nature, a three-dimensional architecture and bioactive mole-
cules as recorded before.20

The choice of 17% EDTA solution for conditioning 
was based on its ability for demineralization of the super-
ficial dentin layer, exposure of growth factors entrapped 
in dentin matrix and removal of loosely attached smear 
layer.12,21 TAP was applied to kill all types of bacteria 
inside the root canal. Application of TAP for 3 weeks was 
sufficient time for canal disinfection as recorded by several  
studies.6-8,22,23
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Outcome of the tested treatment protocols was assessed 
by summing up both radiographic and histological findings to 
obtain a comprehensive conclusion. Radiographic evaluation 
was standardized using ImageJ software including TurboReg 
plug-in. This computer software is based on mathematical 
alignment of source and target pictures using multiple identi-
cal points on the two pictures.24

After 1 month, PRF group showed higher score of vital tis-
sues inside the pulp than blood clot group because PRF provides 
an ideal scaffold, prolonged source of growth factors and better 
cell organization and diffusion than those of the blood clot. This 
was supported by other studies, which concluded that PRF is a fi-
brin biomaterial and optimal matrix for migration of endothelial 
cells and fibroblasts as well as rapid angiogenesis.20,25 The tissue 
infiltration score in groups II and IV showed higher scores with 
a statistical significant difference compared to groups I and III 
respectively (P ≤ .05). This may be attributed to the chelating ef-
fect of EDTA on the dentin surface, which leads to the exposure 
of collagen fibrils and growth factors from the dentin matrix.18,26 
Group VI showed the highest degree of tissue infiltration among 
all subgroups due to the synergistic effect of PRF and EDTA 
on tissue infiltration. Continuation of tissue infiltration in group 
I after 2- and 3-month evaluation periods may be attributed to 
controllable biodegradation and incorporation of growth factors 
in the blood clot, which was supported by other studies.6,13,27

There was a significant difference between groups I and 
IV regarding hard tissue formation after 2 and 3  months 
due to the synergistic effect of PRF and EDTA on the root 
maturation.

The radiographic findings regarding increase in the root 
length and thickness were consistent with the histologic find-
ings of hard tissue formation. This was in agreement with 
other studies.6,28 In contrast, another study recorded that ra-
diographic findings were not accurate regarding actual in-
crease in root length or thickness due to different angulations 
and image resolution.29 This could be avoided in our study 
by standardization of radiographs using computer software.

After 2-month follow-up evaluation period, groups III and 
IV showed higher score of hard tissue formation with a sig-
nificant difference compared to groups I and II. This may be 
attributed to the positive effect of PRF on mineralization due 
to its properties. The newly formed hard tissue deposited was 
osteodentin- or cementum-like or bony-like structure, possi-
bly due to the presence of growth factors as reported before.30 
In the present study, the newly formed hard tissue was com-
parable to that obtained with previous studies.29,31

After 2 months, there was a significant difference in the 
percentage of apical closure between groups I and III and 
also between groups II and IV (P ≤ .05). These results could 
be related to the positive effect of PRF and EDTA on the 
continuation of root development. On the other hand, there 
was no significant difference in the apical closure among all 
experimental groups after 3  months (P  >  .05). This could 

be explained by hard tissue deposition and consequently api-
cal closure. These findings are in agreement with findings of 
other studies.29,32

Regarding the inflammatory scores, all the experimental 
groups showed a significant difference compared to the neg-
ative control group after 1 month. These findings could be 
attributed to the inflammatory reaction of periradicular tis-
sues to the performed treatment protocols superimposed by 
the immunological reaction against the previously induced 
infection. There was a significant difference in the mean in-
flammatory score between groups I and III, where group I 
showed higher scores. This might be attributed to the trau-
matic insult of periapical tissues through overinstrumenta-
tion to induce bleeding. Similar findings were recorded in a 
previous study.30 Moreover, the use of 17% EDTA and PRF 
treatment resulted in higher mean inflammatory score than 
that of group III (PRF). This could be attributed to the mild 
inflammatory effect of EDTA on the periapical tissues.

All experimental groups exhibited lower mean inflam-
matory scores in subgroups B and C than subgroup A. This 
indicates a progressive healing of the periapical lesion due to 
eradication of the aetiological factors. In contrast, the positive 
control group had a significant highest inflammatory reaction 
due to progression of the induced infection that resulted from 
lack of treatment.

5 |  CONCLUSION

Platelet-rich fibrin has a better regenerative potential than 
the blood clot during treatment of immature permanent teeth 
with necrotic pulp. Inclusion of 17% EDTA solution as a 
final irrigation enhances the regenerative potential of both 
PRF and blood clot.
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