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INTRODUCTION 

Revascularization was first presented by Ostby, 
1961. The revascularization procedure relies upon 
the acceptance of seeping through the open apical 
foramen intra the chemically cleaned canal. The 
canal dentin and the blood clot give scaffolds in the 
root channel revascularization (Banchs and Trope, 
2004). 

EMD is produced using an enamel matrix 
derivative from Hertwig’s epithelial sheath during 
porcine tooth development (Hammarström, 
1997; Bosshardt and Nanci, 2004). This enamel 
matrix derivative contains amelogenin as its 
main part notwithstanding other enamel matrix 
proteins, for example, enamelins, tuftelin, amelin, 
and ameloblastin (Krebsbach et al., 1996). It 
considered important regulator of mineralization 
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of enamel (Robinson et al., 1998) and assumes 
a significant part during periodontal tissue 
development (Hammarström, 1997; Bosshardt 
and Nanci, 2004).

Matsumoto et al., 2014 discovered convincing-
ly that EMD doesn’t aggravate damaged periapical 
tissue and may establish a great climate that advanc-
es the healing of injured periapical tissues.

Therefore, the purpose of this study was to in-
vestigate the use of scaffolded revascularization us-
ing EMD with MTA in comparison to conventional 
MTA revascularization in human permanent ante-
rior teeth.

PATIENTS AND METHODS

Selection of patients: 

Based on previous studies Nagy et al., 2014, a 
total sample size of 24 patients was calculated*. 30 
patients with immature, non-vital single rooted teeth 
presenting with or without signs and/or symptoms 
of periapical pathology were included in the study 
from the clinic of Faculty of Dentistry, Ain shams 
University, Cairo, Egypt. A detailed dental and 
medical history were obtained from every patient or 
guardians, only systemically healthy patients were 
included in the study. 

Inclusion criteria

1.	 Age 8-15. 

2.	 Medically free patients. 

3.	 Single rooted immature necrotic permanent 
teeth.

4.	 Teeth without vertical root fracture or resorption. 

Exclusion criteria

1.	 Avulsed teeth immediately after replantation (as 
revitalization may occur naturally). 

*	 IBM™ SPSS™ SamplePower™

2.	 Luxation injuries. 

3.	 I nadequate tooth isolation. 

4.	 Teeth with severe loss of coronal tissue that re-
quire restoration with a post that will occupy the 
space required for blood clot formation. 

5.	 Medically compromised patients.

Classification of patients:

Cases were divided into two groups, fifteen 
patients each group (n=15).

Group A (n=15) treatment had been approached 
using scaffold regeneration.

 Group B (n=15) treatment had been approached 
using conventional regeneration.

Clinical procedures (according to AAE clinical 
considerations): 

First Visit: 

a)	 Preoperative digital radiograph** was obtained 
using standardized paralleling technique with 
Rinn XCP alignment system***.

b)	 Patients were given local anesthesia****. 

c)	 Dental dam isolation then access was done. 

d)	 Copious, gentle irrigation was done using 1.5% 
sodium hypochlorite (20mL) using needle with 
closed end and side-vents to minimize the pos-
sibility of extrusion of irrigants into the periapi-
cal space and then irrigated with 17% EDTA***** 
(20 mL), with irrigating needle positioned about 
1 mm from root end. 

e)	 Calcium hydroxide was injected to the full 
length of the canals after drying the canals with 
sterile paper points.

**	 Fona, Italy
***	 Rinn Corporation, Elgin, IL, USA
****  Mepecaine 3% cartilage 1.8 ml, Alexandria co., Egypt
*****	  Meta Biomed, Korea
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f)	 A sterile cotton pellet was inserted to the pulp 
chamber and the access cavity was sealed with 
a temporary restoration*.

Second Visit: (After 1-3 weeks from the first visit)

·	 The second visit was scheduled for the patient 
when there are no signs of periapical discharge, 
and the tooth is asymptomatic. 

·	 If there was any signs of discharge or persistent 
symptoms, one or more visits was scheduled to 
eradicate the symptoms. 

·	 Cases were divided to two groups according to 
the revascularization protocol, eighteen patients 
each group (n=18). 

·	 Patients were allocated randomly in their 
respective groups using sealed envelopes for 
randomization.

Group A

1.	 The patients were given plain anesthesia**, 
proper isolation was done; the temporary resto-
ration and cotton pellet were removed. 

2.	 Canals were irrigated with 20 ml of 17% EDTA 
for 1 minute. 

3.	 Canals were then dried using sterile paper 
points. 

4.	 A sterile hand file size #50 was used in sharp 
strokes 2mm beyond the apex into the peri-api-
cal tissues until bleeding was evident in cervical 
portion of the canal. 

5.	 EMD*** was injected inside the canal on the 
blood clot up to the CEJ to act as a matrix for 
the cells.

6.	 White MTA was placed at the orifice, over the 
EMD and the blood clot to seal the canal orifice 
with a wet sterile cotton pellet above.

*	 Coltosol F; Coltene Whaledent, Altstatten, 
**	 Switzerland
**  scandonest 3% plain, septodont, Saint- Maur-Des-

Fosses-France
***	Straumann® Emdogain®, Germany

7.	 Temporary filling was used to seal the cavity. 

8.	 After 1-2 days composite resin was used to seal 
the access cavity. 

GROUP B

1.	 The patients were given plain anesthesia, proper 
isolation was done; the temporary restoration 
and cotton pellet were removed. 

2.	 Canals were irrigated with 20 ml of 17% EDTA 
for 1 minute. 

3.	 Canals were then dried using sterile paper 
points. 

4.	 A sterile hand file size #50 was used in sharp 
strokes 2 mm beyond the apex into the peri-api-
cal tissues until bleeding was evident in cervical 
portion of the canal. 

5.	 White MTA was placed at the orifice, over the 
blood clot to seal the canal orifice with a wet 
sterile cotton pellet above.

6.	 Temporary filling was used to seal the cavity. 

 After 1-2 days composite resin was used to seal 
the access cavity.

Methods of Evaluation

Patients were recalled at 3, 6, 9 and 12 months. 
Follow up included the clinical assessment of pain 
and/or swelling and standardized radiographic as-
sessment which included the following Nagy et al., 
2014: 

Increase in root length: 

A measuring scale was set in the Image-J soft-
ware by measuring a known clinical dimension to 
its radiographic dimension. The scale was mea-
sured as number of pixels per mm length. Root 
lengths were measured as a straight line from the 
Incisal edge to the radiographic apex of the tooth in  
millimeters. Pre and follow-up root lengths were 
measured and the difference in root length was 
calculated as shown in figure (1). Percentage of  
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increase in length was calculated as follows: 

% Increase in Length =

Postoperative Length - Preoperative length 
x 100

 
Preoperative length

Increase in root thickness:

Utilizing the preset measurement scale, the level 
of the apical third was resolved and fixed from the 
cementoenamel junction. The root thickness and the 
pulp width were estimated at this level in millime-
ters. Dentin thickness was estimated by deduction 
of the pulp space from the entire root thickness. Es-
timations were done pre- and post-operatively at the 
same fixed level as demonstrated in figure (2). The 
distinction in thickness was determined. Percentage 

of increase in dentin thickness was determined as 
follows:

Dentin thickness = root thickness - pulp width

% Increase in Thickness =

Postoperative thickness - preoperative thickness
 x 100

P ostoperative thickness

Decrease in apical diameter: 

Using the preset measurement scale, the diameter 
of the apical foramen was measured in millimeters. 
Measurements were done pre- and post-operatively 
as shown in figure (3). The difference in apical 

diameter was calculated. Percentage of apical 
closure was calculated as follows: 

%Apical Closure = 

Preoperative apical diameter - Postoperative apical diameter x 100 

Preoperative apical diameter

RESULTS

The present study was conducted on 30 patients 
selected from the outpatient clinic of Endodontic 
department, Ain shams University.

The study included 30 patients, 19 males (10 
group A & 9 group B) and 11 females (5 group A & 
6 group B). For the 30 included patients ages ranged 
from 8 - 12 years with a mean of 10 years.

Fig. (2) Photograph Showing Digital Measurement of Root 
Thickness Using Image J Software.

Fig. (1) Photograph Showing Digital Measurement of Root 
Length Using Image J Software.

Fig. (3): Photograph Showing Digital Measurement of The 
Apical Diameter Using Image J Software.
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Tooth length:

Data were calculated and tabulated in (Table 1, 
Table 2) (Figure 4, Figure 5). 

TABLE (1): The mean, standard deviation (SD) 
percentage of change in tooth length of 
different groups 

Variables

Tooth length
Group A 

(Emdogain)
Group B 

(Conventional)
p-value

Mean SD Mean SD

Bl-12m 4.45 a 0.36 5.02 a 0.62 0.115ns

Means with same letters in the same row indicates non-
significant difference.

ns; non-significant

TABLE (2): The mean, standard deviation (SD) 
percentage of change in tooth length 
of different groups throw the follow up 
intervals

Variables

Tooth length
Group A 

(Emdogain)
Group B 

(Conventional)
p-value

Mean SD Mean SD

Bl-3m 2.83 cA 0.06 2.42 dB 0.08 <0.001*

3m-6m 3.1 bA 0.12 2.47 cdB 0.07 <0.001*

6m-9m 2.22 dB 0.02 3.56 bA 0.28 <0.001*

9m-12m 2.29 dB 0.06 2.54 cA 0.06 <0.001*

p-value <0.001* <0.001*

Means with different small letters in the same column in-
dicates significant difference, means with different capital 
letter in the same row indicates significant difference 

*; significant (p<0.05)      ns; non-significant (p>0.05)

In group A “Emdogain”, the mean percentage 
of increase in root length was 2.83±0.06% after 3 
months of follow up, 3.1±0.12% after 6 months of 
follow up, 2.22±0.02% after 9 months of follow up 
and 2.29±0.06% after 12 months of follow up. In 
group A “Emdogain”, the total mean percentage of 
increase in root length was 4.45±0.36%.

In group B “Conventional”, the mean percentage 
of increase in root length was 2.42±0.08% after 3 
months of follow up, 2.47±0.07% after 6 months of 
follow up, 3.56±0.28% after 9 months of follow up 
and 2.54±0.06% after 12 months of follow up. In 
group B “Conventional”, the total mean percentage 
of increase in root length was 5.02±0.62%.

Effect of time

Group A (Emdogain)

There was a statistically significant difference 
between (BL-3m) (3m-6m), (6m-9m), (9m-12m) 
and (BL-12m) groups where (p<0.001). 

A statistically significant difference was found 
between (BL-3m) and each of (3m-6m), (6m-9m), 

Fig. (4): Bar chart representing tooth length for different groups

Fig. (5): Bar chart representing tooth length for different groups 
throw the follow up intervals
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(9m-12m) and (BL-12m) groups where (p=0.003), 
(p<0.001), (p<0.001) and (p=0.001) respectively.

Also, a statistically significant difference was 
found between (3m-6m) and each of (6m-9m), 
(9m-12m) and (BL-12m) groups where (p<0.001), 
(p<0.001) and (p=0.002) respectively.

No statistically significant difference was found 
between (6m-9m) and (9m-12m) where (p=0.063), 
while a statistically significant difference was found 
between (6m-9m) and (BL-12m) groups where 
(p<0.001).

Also, a statistically significant difference was 
found between (9m-12m) and (BL-12m) groups 
where (p<0.001).

Group B (Conventional):

There was a statistically significant difference 
between (BL-3m) (3m-6m), (6m-9m), (9m-12m) 
and (BL-12m) groups where (p<0.001). 

No statistically significant difference was found 
between (Bl-3m) and (3m-6m) where (p=0.498). 
A statistically significant difference was found 
between (BL-3m) and each of (6m-9m), (9m-12m) 
and (BL-12m) groups where (p=0.002), (p=0.020) 
and (p=0.001) respectively.

Also, a statistically significant difference was 
found between (3m-6m) and each of (6m-9m) and 
(BL-12m) groups where (p<0.001) and (p=0.001) 
respectively. While no statistically significant 
difference was found between (3m-6m) and each of 
(9m-12m) where (p=0.208).

A statistically significant difference was found 
between (6m-9m) and each of (9m-12m) and 
(BL-12m) groups where (p=0.002) and (p=0.005) 
respectively.

Also, a statistically significant difference was 
found between (9m-12m) and (BL-12m) groups 
where (p=0.001).

Relation between groups:

a) Bl-3m:

There was a statistically significant difference 
between (Group A) and (Group B) groups where 
(p<0.001). 

b) 3m-6m:

There was a statistically significant difference 
between (Group A) and (Group B) groups where 
(p<0.001).

c) 6m-9m:

There was a statistically significant difference 
between (Group A) and (Group B) groups where 
(p<0.001). 

d) 9m-12m:

There was a statistically significant difference 
between (Group A) and (Group B) groups where 
(p<0.001). 

e) Bl-12m:

There was no statistically significant difference 
between (Group A) and (Group B) groups where 
(p=0.115). 

Dentin thickness:

   Data were calculated and tabulated in (Table 3, 
Table 4) (Figure 6, Figure 7). 

In group A “Emdogain”, the mean percentage of 
increase in dentin thickness was 6.9±0.91% after 3 
months of follow up, 3.03±0.78% after 6 months of 
follow up, 2.94±0.4% after 9 months of follow up 
and 1.58±0.12% after 12 months of follow up. In 
group A “Emdogain”, the total mean percentage of 
increase in dentin thickness was 15.08±2.49%.

In group B “Conventional”, the mean percentage 
of increase in dentin thickness was 2.28±0.15% after 
3 months of follow up, 0.7±0.06% after 6 months of 
follow up, 0.77±0.07% after 9 months of follow up 
and 0.58±0.05% after 12 months of follow up. In 
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group B “Conventional”, the total mean percentage 
of increase in dentin thickness was 4.39±0.72%.

TABLE (3): The mean, standard deviation (SD) 
values of change in dentin thickness of 
different groups

Variables

Dentin thickness

Group A 
(Emdogain)

Group B 
(Conventional) p-value

Mean SD Mean SD

Bl-12m 15.08 a 2.49 4.39 b 0.72 <0.001*

Means with different letters in the same row indicates 
significant difference.

*; significant

TABLE (4): The mean, standard deviation (SD) values 
of change in dentin thickness of different 
groups throw the follow up intervals

Variables

Dentin thickness

Group A 
(Emdogain)

Group B 
(Conventional) p-value

Mean SD Mean SD

Bl-3m 6.90 bA 0.91 2.28 bB 0.15 <0.001*

3m-6m 3.03 cA 0.78 0.70 cB 0.06 <0.001*

6m-9m 2.94 cA 0.40 0.77 cB 0.07 <0.001*

9m-12m 1.58 dA 0.12 0.58 dB 0.05 <0.001*

p-value <0.001* <0.001*

Means with different small letters in the same column 
indicates significant difference, means with different capital 
letter in the same row indicates significant difference

*; significant (p<0.05)      ns; non-significant (p>0.05)

Effect of time:

Group A (Emdogain):

There was a statistically significant difference 
between (BL-3m) (3m-6m), (6m-9m), (9m-12m) 
and (BL-12m) groups where (p<0.001). 

A statistically significant difference was found 
between (BL-3m) and each of (3m-6m), (6m-9m), 
(9m-12m) and (BL-12m) groups where (p<0.001), 
(p=0.002), (p<0.001) and (p=0.005) respectively.

No statistically significant difference was found 
between (3m-6m) and (6m-9m) where (p=0.857), 
while a statistically significant difference was 
found between (3m-6m) and each of (9m-12m) and 
(BL-12m) groups where (p=0.009) and (p=0.001) 
respectively.

A statistically significant difference was found 
between (6m-9m) and each of (9m-12m) and 
(BL-12m) groups where (p=0.003) and (p<0.001) 
respectively.

Fig. (6): Bar chart representing dentin thickness for different 
groups

Fig. (7): Bar chart representing dentin thickness for different 
groups throw the follow up intervals



(1114) Ahmed M. Khalil, et al.E.D.J. Vol. 68, No. 1

Also, a statistically significant difference was 
found between (9m-12m) and (BL-12m) groups 
where (p<0.001).

Group B (Conventional):

There was a statistically significant difference 
between (BL-3m) (3m-6m), (6m-9m), (9m-12m) 
and (BL-12m) groups where (p<0.001). 

A statistically significant difference was found 
between (BL-3m) and each of (3m-6m), (6m-9m), 
(9m-12m) and (BL-12m) groups where (p<0.001), 
(p<0.001), (p<0.001) and (p=0.002) respectively.

No statistically significant difference was found 
between (3m-6m) and (6m-9m) where (p=0.206), 
while a statistically significant difference was 
found between (3m-6m) and each of (9m-12m) and 
(BL-12m) groups where (p=0.011) and (p<0.001) 
respectively.

A statistically significant difference was found 
between (6m-9m) and each of (9m-12m) and 
(BL-12m) groups where (p=0.027) and (p<0.001) 
respectively.

Also, a statistically significant difference was 
found between (9m-12m) and (BL-12m) groups 
where (p<0.001).

Relation between groups:

a) Bl-3m:

There was a statistically significant difference 
between (Group A) and (Group B) groups where 
(p<0.001). 

b) 3m-6m:

There was a statistically significant difference 
between (Group A) and (Group B) groups where 
(p<0.001).

c) 6m-9m:

There was a statistically significant difference 
between (Group A) and (Group B) groups where 
(p<0.001). 

d) 9m-12m:

There was a statistically significant difference 
between (Group A) and (Group B) groups where 
(p<0.001). 

e) Bl-12m:

There was a statistically significant difference 
between (Group A) and (Group B) groups where 
(p<0.001). 

Apical diameter:

Data were calculated and tabulated in (Table 5, 
Table 6) (Figure 8, Figure 9). 

In group A “Emdogain”, the mean percentage of 
increase in apical diameter was 10.13±0.46% after 
3 months of follow up, 13.95±1.03% after 6 months 
of follow up, 18.76±1.39% after 9 months of follow 
up and 14.60±3.44% after 12 months of follow up. 
In group A “Emdogain”, the total mean percentage 
of increase in apical diameter was 97.53±1.40%.

In group B “Conventional”, the mean percentage 
of increase in apical diameter was 6.00±0.91% after 
3 months of follow up, 17.29±4.96% after 6 months 
of follow up, 18.88±1.63% after 9 months of follow 
up and 17.98±3.19% after 12 months of follow up. In 
group B “Conventional”, the total mean percentage 
of increase in apical diameter was 96.69±2.36%.

Effect of time:

Group A (Emdogain):

There was a statistically significant difference 
between (BL-3m) (3m-6m), (6m-9m), (9m-12m) 
and (BL-12m) groups where (p<0.001). 
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TABLE (5): The mean, standard deviation (SD) 
values of change in apical diameter of 
different groups

Variables

Apical diameter

Group A 
(Emdogain)

Group B 
(Conventional) p-value

Mean SD Mean SD

Bl-12m 97.53 a 1.40 96.69 a 2.36 0.512ns

Means with same letters in the same row indicates non-
significant difference

ns; non-significant

TABLE (6): The mean, standard deviation (SD) values 
of change in apical diameter of different 
groups throw the follow up intervals

Variables

Apical diameter
Group A 

(Endogain)
Group B 

(Conventional)
p-value

Mean SD Mean SD
Bl-3m 10.13 dA 0.46 6.00 cB 0.91 <0.001*
3m-6m 13.95 cA 1.03 17.29 bA 4.96 0.179ns
6m-9m 18.76 bA 1.39 18.88 bA 1.63 0.907ns
9m-12m 14.60 cdA 3.44 17.98 bA 3.19 0.147ns
Bl-12m 97.53 aA 1.40 96.69 aA 2.36 0.512ns
p-value <0.001* <0.001*

Means with different small letters in the same column 
indicates significant difference, means with different capital 
letter in the same row indicates significant difference 

*; significant (p<0.05)      ns; non-significant (p>0.05)

A statistically significant difference was found 
between (BL-3m) and each of (3m-6m), (6m-9m) 
and (BL-12m) groups where (p=0.002), (p<0.001) 
and (p<0.001) respectively. While no statistically 
significant difference was found between (BL-3m) 
and (9m-12m) where (p=0.050).

Also, a statistically significant difference was 
found between (3m-6m) and each of (6m-9m) and 
(BL-12m) groups where (p=0.008) and (p<0.001) 

respectively. No statistically significant difference 
was found between (3m-6m) and (9m-12m) where 
(p=0.726).

A statistically significant difference was found 
between (6m-9m) and each of (9m-12m) and 
(BL-12m) groups where (p=0.034) and (p<0.001) 
respectively.

Also, a statistically significant difference was 
found between (9m-12m) and (BL-12m) groups 
where (p<0.001).

Group B (Conventional)

There was a statistically significant difference 
between (BL-3m) (3m-6m), (6m-9m), (9m-12m) 

Fig. (8): Bar chart representing apical diameter for different 
groups

Fig. (9): Bar chart representing apical diameter for different 
groups throw the follow up intervals
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and (BL-12m) groups where (p<0.001). 

A statistically significant difference was found 
between (BL-3m) and each of (3m-6m), (6m-9m), 
(9m-12m) and (BL-12m) groups where (p=0.004), 
(p<0.001), (p=0.001) and (p<0.001) respectively.

No statistically significant difference was found 
between (3m-6m) and each of (6m-9m) and (9m-
12m) where (p=0.589) and (p=0.798). While a sta-
tistically significant difference was found between 
(3m-6m) and (BL-12m) groups where (p<0.001).

No statistically significant difference was found 
between (6m-9m) and (9m-12m) where (p=0.505). 
A statistically significant difference was found 
between (6m-9m) and (BL-12m) groups where 
(p<0.001).

A statistically significant difference was found 
between (9m-12m) and (BL-12m) groups where 
(p<0.001).

Relation between groups:

a) Bl-3m:

There was a statistically significant difference 
between (Group A) and (Group B) groups where 
(p<0.001). 

b) 3m-6m:

There was no statistically significant difference 
between (Group A) and (Group B) groups where 
(p=0.179).

Fig. (10): Radiograph showing representative case of group A at 3-month,6-month, 9-month and 12-month interval

Fig. (11): Radiograph showing representative case of group B at 3-month,6-month, 9-month and 12-month interval
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c) 6m-9m:

There was no statistically significant difference 
between (Group A) and (Group B) groups where 
(p=0.907). 

d) 9m-12m:

There was no statistically significant difference 
between (Group A) and (Group B) groups where 
(p=0.147). 

e) Bl-12m:

There was no statistically significant difference 
between (Group A) and (Group B) groups where 
(p=0.512). 

DISCUSSION

Pulp insults during tooth maturation can hinder 
dentin formation and root growth. Condition of 
the pulp and root development stage are the key 
elements in the treatment approach. Many treatment 
options have been introduced like Ca(OH)2–
apexification, MTA apexification and placement of 
apical plug. However, these treatment options have 
several limitations such as the high risk of tooth 
fracture and long treatment duration. Moreover, the 
length and thickness of the roots do not increase 
significantly (Silujjai and Linsuwanont, 2017). 

Since tissue regeneration cannot be accomplished 
with apexification, regenerative endodontic 
treatment was introduced as of late to treat permanent 
teeth with immature apex. Regenerative endodontic 
treatment is a treatment method intended to restore 
harmed pulp tissue with operable tissue which 
reestablishes the typical capacity of the pulp dentin 
structure. After regenerative endodontic treatment, 
proceeded with root development and hard tissue 
deposition on the dentinal wall can happen under 
ideal conditions (Lee et al., 2015).

Pulp revascularization is dependent on the 
capacity of remaining pulp and apical and 
periodontal stem cells to differentiate. These cells 

can generate a highly vascularized and a conjunctive 
rich living tissue, which can colonize the accessible 
pulp space. In this way, these undeveloped cells will 
separate into recently shaped odontoblasts that will 
instigate the arrangement of hard tissue (Namour 
and Theys, 2014).

Biologically, filling the root canal with vital 
tissue is better than filling it with foreign material 
(Saoud et al., 2016).

Tagelsir et al., 2016 discovered through a 
study that disinfection of the root canals for pulp 
regeneration faced two main problems when 
compared to conventional endodontic procedures. 
Firstly, the inability to utilize mechanical instruments 
through regenerative endodontics so that there is 
no enough space to the irrigants and medicaments 
due to the presence of the bacterial biofilm on the 
canal walls. Secondly, the difficulty in keeping stem 
cells vitality and bioactivity of dentin throughout 
the disinfection protocol. Increased concentrations 
of NaOCl, TAP, or DAP were proved to be toxic to 
stem cells from apical papillae and affect negatively 
their adhesion, proliferation on dentin, and disrupt 
release of growth factors from dentin. 

Having predictable long-term success of 
revascularization procedure requires effective root 
canal disinfection. The procedure requires minimal 
or no filing of the canal due to thinning of dentinal 
walls and the need of stem cells preservation. Be that 
as it may, in a histologic investigation of a failed REP 
treatment most microorganisms were noted in the 
apical and not the coronal segment of the waterway 
where a biofilm had shaped on the channel wall and 
infiltrated the dentinal tubules. The authors reasoned 
that based on the histobacteriologic discoveries that 
some level of mechanical instrumentation may 
likewise be needed to upset biofilm on the canal 
walls for proceeded with root advancement to 
happen (Lin et al., 2014; Lin and Kahler, 2017).

Chemo-mechanical instrumentation removes 
most of the bacteria, and necrotic pulp debris. 
However, this may be challenging due to thinning 
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of dentinal walls and the need of stem cells 
preservation limits instrumentation of the root canal 
system makes the need of intracanal medication and 
irrigation is mandatory (Diogenes et al., 2014).

In our study Ca(OH)2 was used as an intracanal 
medicament in accordance with the study conducted 
by Ruparel et al., 2012 which assess the survivability 
of human Stem cells of apical papilla (SCAPs) 
when using of TAP, DAP, and Ca(OH)2 as an intra 
canal medication. He found that medicaments used 
at high concentration in regenerative procedures 
have a detrimental effect on the survival of SCAPs, 
except for Ca(OH)2. The release of growth factors 
from dentine is also improved by Ca(OH)2, whereas 
growth factor release was negatively influenced by 
antibiotic pastes (Galler et al., 2015).

In our study, Patients with luxation injuries were 
excluded due to the possibility of root resorption 
to occur (Soares et al., 2015), avulsed teeth which 
were immediately replanted as revitalization may 
occur naturally (Tambakad and Naidu, 2016) and 
badly decayed teeth requiring post and core for their 
restoration as the canal space needed for the blood 
clot will not be available.

The involved teeth were radiographed using 
radiograph paralleling gadgets to affirm inadequate 
root development. Such gadgets were used again 
for all the cases in order to standardize the resulting 
images, make it amenable for comparison and reduce 
any possibility for magnification or distortion. (Bose 
et al., 2009).

 Irrigation with 1.5% NaOCl (20 ml, 5 min), using 
of irrigation needle while keeping a 2 mm distance 
between the tip of the needle and the vital tissue 
thus reducing the toxicity of NaOCl to apical tissue 
stem cells (Thomson and Kahler, 2010). NaOCl 
solution was used for copious passive irrigation 
as it proved effective in root canal disinfection in 
regenerative endodontic treatment and was found 
to significantly decrease bacterial infection inside 
canal with no need for synergistic irrigation (Nagata 

et al., 2014). NaOCl was the only utilized irrigant or 
combined with other irrigants in 97% of the clinical 
articles of regenerative endodontics (Kontakiotis et 
al., 2015). 

Concentration of NaOCl mirrors the requirement 
for a harmony between tissue preservation and 
adequate disinfection (Martin et al., 2014), then 
Irrigation with 5 ml 0.9% sodium chloride solution 
to limit the cytotoxic effects of NaOCl on vital 
tissue was done. 20 ml of 17% EDTA was used for 
irrigation. Growth factors are released from dentin 
in response to applied EDTA, such growth factors 
act to improve differentiation of stem cells of the 
dental pulp into odontoblast-like cells (Trevino 
et al., 2011). At the second visit after 2-4 weeks, 
of anesthesia without vasoconstrictor was used 
(Petrino et al., 2010).

The use of vasoconstrictors may negatively 
affect the ability to achieve bleeding in the canal, 
which is viewed as a significant step to attain a 
scaffold (Law, 2013) and the delivery of stem cells 
(Lovelace et al., 2011). 

Induction of bleeding by mechanical irritation 
of periapical tissue by a H-File in order to induce 
bleeding from the preapical area so as blood is 
allowed to fill the canal leaving 2 mm below the CEJ 
unfilled. Waiting for the blood clot to form for 15 
min; The bleeding step in regenerative endodontic 
therapy is important as it allows stem cells to 
accumulate in the root canal space, such cells are 
needed for regeneration (Lovelace et al., 2011). The 
formed blood clot act as a scaffold for the stem cells 
immigrate inside the canal and contains necessary 
factors for differentiation and cell growth (Nosrat 
et al., 2012).

a thin homogeneous layer of MTA is used to fill 
the canal leaving 2 mm underneath the CEJ unfilled 
to avoid discoloration. MTA was used to seal off 
the canal orifice cervically for its well-established 
biocompatibility, tissue inductivity and good sealing 
ability (Parirokh et al., 2018). 
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The set MTA act as a barrier facing the blood 
clot and provides the stem cells with molecules 
signaling for their growth. Therefore, MTA was 
used as an intracanal coronal barrier at the final 
session of regenerative endodontics in this study 
and in 85% other similar studies (Bose et al., 2009; 
Kontakiotis et al., 2015). Meticulous compaction 
of MTA and subsequent precise adhesive composite 
restoration of the tooth was done in our study to 
prohibit root canal system contamination (Žižka et 
al., 2018). 

In our study EMD gel was injected inside the 
canal on the blood clot to act as a matrix for the 
cells and white MTA was placed at the orifice, over 
the EMD and the blood clot to seal the canal orifice 
with a damp sterile cotton above. This application 
protocol was in accordance with other studies 
(Scarparo et al., 2012; Matsumoto et al., 2014 
and Ns et al., 2018).

Follow-ups were performed after 3, 6, 9 and 12 
months. Clinical and radiographic diagnostics were 
performed (Galler et al., 2016). 

According to “The American Association 
of Endodontics clinical considerations for 
a regenerative procedure”, the main goal of 
regenerative endodontic procedures is elimination 
of clinical signs/symptoms and resolution of apical 
periodontitis. Increased thickening of the canal walls 
and/or continued root development are considered 
secondary goals. All the cases in our study were 
completely functional since the start of treatment 
till now. The cases also demonstrated significant 
degree of root maturation over the 12 months of 
follow-up, the healing of periapical radiolucencies 
along with the continued thickening of the roots and 
apical maturation evaluated radiographically, can be 
explained by the ingrowth of progenitor cells from 
the periapical area (Rahim et al., 2019).

In group A (cases treated with Emdogain gel), 
the higher values found in dentin thickness & apical 
closure indicate better regenerative treatment effects 

due to the use of EMD it promotes periodontal 
tissues regeneration such as bone, PDL, and 
cementum (Crea et al., 2008; Meyle et al., 2011). 
These results agree with (Scarparo et al., 2012) 
who has reported that EMD induces new cementum 
formation in the destroyed root apex. Normal tissue 
formation was triggered by EMD is caused by 
mesenchymal cells derived from the periodontal 
tissue surrounding the defect through the action of 
EMD applied to the alveolar bone defect. 

Findings by Huang et al., 2008 showed that 
apical diseases induced by pulp death can stop root 
development. Hypothetically, SCAP can resist apical 
infection due to its proximity to the periodontal 
blood. These stem cells seem to be the source of 
odontoblasts that are responsible for the formation 
of root dentin and further root maturation. 

Root development occurs by achieving the 
following: an increase in root thickness, an increase 
in root length, and the narrowing of the canal 
apically leading to the formation of the root apex. 
An increase in root length and the formation of the 
apex are functions of the apical papilla and Hertwig 
epithelial root sheath (Nosrat et al., 2013).

In most of our cases, improvement or resolution 
of the apical lesion was evident in approximately 
9 months. Root elongation and apical closure, with 
thickening of the root canal walls, was evident after 
12-months postoperatively. This is consistent with 
previously published articles (Wigler, 2013).

As for our results, there was significant increase 
in root length and root thickness, also a significant 
decrease of apical diameter at the end of whole 
follow up periods in all groups.

CONCLUSION

From the results of our study, we concluded that 
the use of EMD with MTA in pulp regeneration has 
no better effect in increasing the apical diameter 
than the use of MTA alone.
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