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ABSTRACT
Aim: The advantages of two bioactive coronal plug materials Bioceramic Root 

Repair vs. Bio-MTA for the revascularization of necrotic, immature, permanent teeth 
with apical periodontitis were assessed from a clinical and radiographic standpoint in 
this randomized clinical trial (RCT). Subject and Methods: Children between the 
ages of seven and twelve who had apical periodontitis in twenty-eight permanent, 
immature, non-vital teeth participated in this RCT. Samples were randomized into two 
groups according to type the coronal plug materials used: Bioceramic Root Repair 
(group I) and Bio-MTA (mineral trioxide aggregate) (group II) (n = 14). A clinical and 
radiographic follow-up was conducted for a one year in order to evaluate the level of 
clinical success and efficacy in apical root closure. Results: With respect to the level 
of clinical success, every single instance (100%) accomplished the main objective, 
which was the eradication of symptoms and the demonstration of bone healing. 
There was no significant difference between the groups (p > 0.05). Clinical results for 
both bioceramic cements were good. For every individual studied group, there was 
a significant increase in the apical dentin root thickness over time, nevertheless, the 
differences between the two examined groups were not statistically significant (p > 0.05).  
Conclusion: Bioceramic cements might be regarded as viable materials for the 
revascularization of non-vital immature permanent teeth with apical periodontitis.

INTRODUCTION

Young permanent teeth that have erupted but have not yet attained 
complete morphological and structural development or formed an 
occlusal link are known as immature teeth. A trumpet-shaped apical 
foramen, short clinical crown, wide pulp space, thin dental hard structure, 
and short root are some of their characteristics. (1) Endodontists have a 
significant problem when dealing with immature permanent teeth that 
have necrotic pulp and periapical disease since the root canal in these 
teeth is challenging in mechanical and chemical preparation. Because 
there is no apical barrier present in the open apex, root canal filling may 
present additional challenges.(2,3) Maintaining a coronal seal is essential 
to pulp revascularization, and this is often achieved with biocompatible 
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materials like MTA, which is recommended in 85% 
of clinical trials.  (4, 5)

There have been several documented treatment 
methods for immature teeth, such as apexification 
with MTA or non-vital pulp therapy with calcium 
hydroxide.(6) Even while these techniques were 
successful in healing periapical diseases and closure 
of apex, they had several disadvantages, as the 
maintenance of short and weak root walls because 
the dental hard structure  barrier only develops at 
the apex without further root growth. (7)

Originally, conventional MTA was offered as a 
hydraulic calcium silicate cement or as a cement 
based on calcium phosphate.(8) Because it forms an 
excellent seal and is the ideal material to place over 
a blood clot during regeneration procedures, MTA 
was regarded as the gold standard regenerative ma-
terial.(9) However, during condensation procedures, 
the traditional MTA material was displaced apically, 
making its use technically challenging. (10, 11) Apart 
from the prolonged setting time noted in several 
MTA products, post-treatment tooth discoloration 
was also noted. (4)

The chemical makeup of Bio-MTA, a new gen-
eration of conventional MTA, has changed in a 
number of ways to enhance its properties. Calcium 
tungstate is used as the radiopaque ingredient in 
Bio-MTA because bismuth oxide, which was used 
in previous MTA modifications, has negative ef-
fects. (12, 13) Furthermore, organic plasticizer, which 
may be essential for handling this material, is pres-
ent in the liquid of this product. Additionally, this 
compound demonstrated outstanding physicochem-
ical, chemical, and antibacterial properties. (14)

Because of its higher antibacterial activity, seal-
ing ability, biocompatibility, and physicochemical 
interactions with the surrounding environment, pre-
mixed bioceramic cement is regarded as the ideal 
substitute for MTA.(15,16) Furthermore, two com-
mon endodontic treatments that use Bioceramic are 
pulpal regeneration and hard tissue repair.(17,18) It has 
been suggested that the putty Bioceramic cement 
(like Bioceramic Root Repair) sealer composition 
may help avoid errors caused by mixing.(14,19) 

In the first three to five years after permanent 
teeth erupt, the roots of young permanent teeth can 
usually progressively enlarge and mature.(1,20) Even 
though there have been substantial improvements 
in the cytocompatibility of ceramic biomaterials for 
regenerative endodontics, pulp-capping agents that 
can promote new tissue growth are still required. The 
current clinical study’s objective was to compare 
the effectiveness of Bioceramic root repair material 
and Bio-MTA for revascularizing immature young 
permanent teeth.

SUBJECT AND METHODS

The protocol for this parallel, double-blind-
ed (patients and assessors), randomized clinical 
study with a 1:1 allocation ratio and approval code 
(745/1203) was authorized by the Research Eth-
ics Committee of the Faculty of Dentistry (Assiut 
Branch), Al-Azhar University. The research study, 
titled Clinical and radiographic evaluation of Bio-
ceramic Root Repair vs Bio-MTA in revasculariza-
tion of immature young permanent teeth, has been 
filed with clinicaltrials.gov. (NCT06630156). 

Children from the Pedodontics and Oral Health 
Department Outpatient Clinic at Al-Azhar Univer-
sity’s Faculty of Dentistry (Assiut Branch) who had 
28 necrotic immature permanent teeth that needed 
endodontic therapy and were between the ages of 7 
and 12 were selected to participate in this RCT. 

Children were referred to the lead investigator 
(A.S.) after being screened by department staff to 
make sure the involved teeth satisfied the eligibility 
requirements, which include: restorable permanent 
teeth with short roots and an open apex, and those 
who have not taken antibiotics in the previous 
two weeks. However, teeth having internal and/
or exterior root resorption, draining sinuses, 
periodontal weak mobile teeth, vital pulp, or full 
root development were not included. (4, 21)

After being informed about the trial’s proce-
dures, benefits, and potential risks, the guardian of 
the enrolled children verbally approved the clinical 
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procedures and later signed an official informed 
consent form translated into Arabic after the lead 
investigator (A.S.) decided the child was eligible 
for the research. Only specific individuals have ac-
cess to the locations where all patient data files were 
kept. Instead of using the patients’ names or other 
personally identifying information in the records, 
data collecting and administrative files coded and 
numbered the patients to preserve their civil rights 
and privacy.

Using a two sample, two tail t-test, a sample 
size of 14 per group was determined for this 
investigation. Assuming a normal distribution, the 
effect size (dz=1.929) and the necessary sample 
size were computed with a 95% confidence 
interval and a confidence power of 0.5 based on 
the finding of previous study by Alobaid et al. 
(21) The involved teeth were distributed into two 
equal groups (n=14) at random based on the kind 
of revascularization material with a 1:1 allocation 
ratio by using the website http://www.random.org/ 
to produce a random sequence in two columns; 
group A: teeth disinfected by triple paste and treated 
by a Bioceramic Root Repair material (intervention 
group); and group B: teeth disinfected by triple paste 
and treated by Bio-MTA material (Control group).

Tooth preparation for revascularization procedures

A postgraduate student (R.M.E.) performed the 
clinical procedures on a dental chair. A local anes-
thetic (3% mepivacaine and vasoconstrictor, Alex-
andria Co. for Pharmaceutical, Alexandria, Egypt) 
was administered to the children. A rubber dam 

(Flexi Dam, Coltene Roeko, Cuyahoga Falls, OH, 
USA) was used to isolate the affected teeth. Any de-
cay was then removed, and the access cavity was 
created (Figure 1). The lack of bleeding supported 
the diagnosis of pulp necrosis.(4,22) Using preapical 
radiography, the working length was established.(4) 
Without the use of mechanical equipment, the pulp 
chamber and root canal were gently irrigated for ap-
proximately five minutes with 20 mL of 1% NaOCl 
“sodium hypochlorite” (Clorox Co., 10th of Rama-
dan, Egypt) and then for approximately five minutes 
with 20 mL of normal saline solution (NSS, FIPCO, 
Alexandria, Egypt) using an irrigating needle that 
was positioned one millimeter shorter from the 
apex.(4) The root canals were then dried using paper 
points (Dia Dent, Chungcheongbuk-do, Korea). 

A syringe 2 mm shorter than the working 
length was then used to insert an inter-appointment 
medication of triple antibiotic paste into the apical 
portion of the root canal, filling it to just below the 
cemento-enamel junction (CEJ), which contained 
500mg of ciprofloxacin and 500mg of cefaclor 
(European Egyptian Pharm. Ind, Alexandria, 
Egypt), and 500 mg of metronidazole (Aventis, 
Cairo, Egypt) (1:1:1) (Figure 1). All of the remaining 
mixture was thrown away since the triple antibiotic 
paste combination needed to be made again.(4) The 
patient was given a four-week discharge after the 
access canal was sealed with dry sterile cotton and 
temporarily repaired with 2 mm thickness of glass 
ionomer cement (GIC) (Fuji IX, GC, Tokyo, Japan) 
as an intermediate restorative material (IRM). (4)

Fig. (1)  Showing access cavity and placement of Bioceramic Root Repair

http://www.random.org/
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Procedures for tooth revascularization 

After four weeks, the patients were assessed by 
the same postgraduate operator. When signs and 
symptoms, including pain, edema, and sinus or 
fistula, totally vanished, it was considered a success. 
A rubber dam was used to isolate the children’s 
teeth after they were given local anesthetic, and the 
temporary bandage was taken off.(4) Sterile NSS was 
used to gently flush the antibiotic paste out of the 
canal when the access was reopened.  Ten milliliters 
of a 17% EDTA solution (Prevest Den, Jammu, 
India) were used for a generous amount of mild 
watering. A pre-curved sterile K-file (Mani Inc., 
Japan) was turned 2 mm past the apical foramen to 
introduce bleeding into the canal system after the 
canal’s dryness was measured using size 45 paper 
points. The objective was to fill the canal with blood 
all the way up to the CEJ. (4) A dry, sterile cotton 
pellet was placed in the canal no deeper than 3–4 
mm and left there for 7–10 minutes to allow a blood 
clot to form. (4)

In Group B, 3–4 mm of Bio-MTA was applied 
over the clot using an amalgam carrier, while in 
Group A, the clot was meticulously covered with 
3–4 mm of Bioceramic Root Repair material.  Each 
material was carefully packed with wet cotton 
pellet for the coronal closure, and GIC was used to 
temporarily close the access hole. (4) Composite was 
used to permanently restore the tooth. 

Follow-up and evaluation

The radiographic stent, charge-coupled device 
size 1 image sensor, and ZT-Dental x-ray sensor 
holder were used in a standardized paralleling tech-
nique to obtain a post-operative radiograph for each 
group at the conclusion of the second visit. Follow-
ing three, six, and 12 months of follow-up calls, 
clinical results (pain on biting, pain on percussion, 
swelling, sinus or fistula, crown discoloration, and 
mobility) and radiographic outcomes (preapical root 
dentine thickness/apical closure) were assessed. (4)

The pulp width and root thickness were mea-
sured at standard level in the tooth’s apical third for 
the apical closure measurement (Figure 2). At the 
same fixed elevation, apical closure was calculat-
ed by deducting the pulp space from the total root 
thickness as follows: apical pulp width ₾ apical root 
thickness. Calculations were made to determine the 
thickness difference and the growth in root dentine 
thickness (apical closure). 

Statistical analysis

The Shapiro-Wilk Test (α=0.05) was used to 
verify the age normality assumption. Quantitative 
data were described using metrics like mean and 
standard deviation (SD). The Mann-Whitney U 
test or t-test were used to assess the significant 
differences in the quantitative data. Qualitative data 
were described using percentages and frequencies. 

Fig. (2)  Showing Digital measurements of apical root dentin thickness using image J software.
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The chi-square (χ2) test was used to assess if 
there were any significant differences among the 
qualitative data. The significance level is set at 
P<0.05. SPSS® was used for the statistical analysis 
(SPSS, Inc., an IBM Co., Armonk, NY, USA).

RESULTS

The result of comparison of age between 
Bioceramic Root Repair group (9.56±1.56 years) 
and Bio-MTA group (9.50±1.29 years) revealed that 
there was statistically non-significant difference 
between the both groups (P=0.906). Moreover, 
the Bioceramic Root Repair group had gender 
percentage of (64.28% male and 35.72% female) 
however, the Bio-MTA group gender percentage 
of (57.14% male and 42.85% female) without 
significant difference (P=0.698). 

The result of comparison of clinical outcomes 
(pain on biting, pain on percussion, swelling, 
presence of sinus or fistula, crown discoloration 
and tooth mobility) between Bioceramic group 
and Bio-MTA group revealed that there was no 
statistically significant difference between the both 
groups according to the statistical results of Chi-
square-test at baseline, 3 months, 6 months, and 12 
months (Table 1- 3). Moreover, the clinical results 
revealed no swelling, sinus or fistula, discoloration, 
and mobility in both groups (Table 3).

Table (1) Comparison of number and percentages of pain on biting between Bioceramic Root Repair and 
Bio-MTA groups. 

Variables Bioceramic Root Repair Bio-MTA Χ2 P-value
Baseline Presence; No (%) 10 (71.43%) 11 (78.57%)

0.190 0.662 Ns
Absence; No (%) 4 (28.57%) 3 (21.43%)

3 Months Presence; No (%) 5 (35.71%) 6 (42.85%)
0.149 0.698 Ns

Absence; No (%) 9 (64.29%) 8 (57.14%)
6 Months Presence; No (%) 2 (14.29%) 3 (21.43%)

0.477 0.489 Ns
Absence; No (%) 12 (85.71%) 9 (64.29%)

12 Months Presence; No (%) 0 (0%) 0 (0%)
0 1 Ns

Absence; No (%) 14 (100%) 14 (100%)
Χ2 19.17 19.54
P- value ˂0.001* ˂0.001*

*; Significant at P˂0.05. Ns; Non-significant at P>0.05. NC; Not computed.

The result of comparison of the change in the 
preapical root dentine thickness in mm regarding 
the time for Bioceramic Root Repair and Bio-
MTA material revealed that there was a statistically 
significant difference between baseline root dentine 
thickness when compared with three months, six 
months, and 12 months and the preapical root 
dentine thickness in both of Bioceramic Root Repair 
and Bio-MTA group was significantly increase with 
time according to the statistical results of dependent 
t-test (Table 4).  

However, the result of comparison of the 
preapical root dentine thickness in mm between 
Bioceramic Root Repair group and Bio-MTA group 
revealed that there was no statistically significant 
difference between the both groups according to 
the statistical results of independent t-test at the 
baseline as well as after 3 months, 6 months, and 12 
months (Table 5). 

Moreover, the result of comparison of the change 
in the preapical root dentine thickness in mm 
regarding the time between Bioceramic Root Repair 
group and Bio-MTA group revealed that there was 
a non-statistically significant difference between 
the both groups at 3 months and at 6 months and 
12 months according to the statistical results of the 
Mann-Whitney U test (Table 6). 
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Table (4) Comparison of the change in the pre-
apical root thickness in mm regarding the time for 
Bioceramic Root Repair and Bio-MTA materials

Bioceramic Root Repair

Variables Mean± 
SD (mm)

Mean of change 
(mm)± Sq. Dev. t-value P-value

Baseline vs. 3 months
Baseline 2.1± 0.34 +0.24±0.03 17.73 ˂0.0001**
3 Months 2.33±0.33

Baseline vs. 6 months
Baseline 2.1± 0.34 +0.46±0.09 20.08 ˂0.0001**
6 Months 2.56±0.30

Baseline vs. 12 months
Baseline 2.1± 0.34 +0.74±0.25 19.87 ˂0.0001**

12 Months 2.84±0.29

Bioceramic Root Repair

Variables Mean± 
SD (mm)

Mean of change 
(mm)± Sq. Dev. t-value P-value

Bio-MTA
Baseline vs. 3 months

Baseline 2.03±0.24 +0.19±0.09 8.70 ˂0.0001**
3 Months 2.22±0.28

Baseline vs. 6 months
Baseline 2.03±0.24 +0.44±0.11 17.55 ˂0.0001**
6 Months 2.46±0.29

Baseline vs. 12 months
Baseline 2.03±0.24 +0.69±0.15 24.19 ˂0.0001**

12 Months 2.72±0.28

*; Significant at P˂0.05. Ns; Non-significant at 
P>0.05. Sq: square. Dev. Deviation

Table (2) Comparison of number and percentages of pain on percussion between Bioceramic Root Repair 
and Bio-MTA groups 

Variables Bioceramic Root Repair Bio-MTA Χ2 P-value
Baseline Presence; No (%) 11 (78.57%) 12 (85.71%)

0.243 0.621 Ns
Absence; No (%) 3 (21.43%) 2 (14.29%)

3 Months Presence; No (%) 6 (42.85%) 5 (35.71%)
0.149 0.698 Ns

Absence; No (%) 8 (57.14%) 9 (64.29%)
6 Months Presence; No (%) 3 (21.43%) 4 (28.57%)

0.190 0.662 Ns
Absence; No (%) 11 (78.57%) 10 (71.43%)

12 Months Presence; No (%) 0 (0%) 0 (0%)
0 1 Ns

Absence; No (%) 14 (100%) 14 (100%)
Χ2 20.53 22.78

P- value ˂0.001* ˂0.001*

*; Significant at P˂0.05. Ns; Non-significant at P>0.05. NC; Not computed.

Table (3) Comparison of number and percentages of swelling/ sinus or fistula/tooth discoloration/tooth 
mobility between Bioceramic Root Repair and Bio-MTA groups  

Variables Bioceramic Root Repair Bio-MTA Χ2 P-value
Baseline Presence; No (%) 2 (14.29%) 3 (21.43%)

0.243 0.621 Ns
Absence; No (%) 12 (85.71%) 11 (78.57%)

3 Months Presence; No (%) 0 (0%) 0 (0%)
0 1 Ns

Absence; No (%) 14 (100%) 14 (100%)
6 Months Presence; No (%) 0 (0%) 0 (0%)

0 1 Ns
Absence; No (%) 14 (100%) 14 (100%)

12 Months Presence; No (%) 0 (0%) 0 (0%)
0 1 Ns

Absence; No (%) 14 (100%) 14 (100%)
Χ2 6.22 9.50

P- value 0.10 Ns 0.02*

*; Significant at P˂0.05. Ns; Non-significant at P>0.05. NC; Not computed.
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Table 5: Comparison of the preapical root thickness 
in mm regarding the material 

Variables Bioceramic 
Root Repair

(mm)

Bio-MTA
(mm)

t-value P-value

Baseline 2.1± 0.34 2.03±0.24 0.639 0.527 Ns

3 Months 2.33±0.33 2.22±0.28 0.992 0.330 Ns

6 Months 2.56±0.30 2.46±0.29 0.817 0.420 Ns

12 Months 2.84±0.29 2.72±0.28 1.115 0.275 Ns

*; Significant at P˂0.05. Ns; Non-significant at 
P>0.05. 

Table (6) Comparison of the change in the preapical 
root thickness in mm regarding the material

Variables Bioceramic 
Root Repair

(mm)

Bio-MTA
(mm)

Z/t-value P-value

3 Months 0.23±0.05 0.19±0.08 1.42 0.152 Ns

6 Months 0.45±0.08 0.43±0.09 0.68 0.49 Ns

12 Months 0.74±0.14 0.69±0.11 0.74 0.459 Ns

*; Significant at P˂0.05. Ns; Non-significant at 
P>0.05. 

DISCUSSION

Non vital immature permanent teeth with 
periapical disease provide a major obstacle for 
endodontists since it is difficult to prepare and 
disinfect the root canal space in these teeth using 
standard endodontic files. Root canal filling may 
create extra difficulties since the open apex lacks an 
apical barrier. (2, 3)

Because the American Association of Endodon-
tists (AAE)  recommend a follow-up period of 6 to 
12 months to monitor the healing of apical disease  
and 12 to 24 months to monitor the increase in root 
thickness, this trial used a 12-month clinical and ra-
diographic follow-up term. (13)

In this RCT young children’s immature teeth 
were selected because they are often the victims 
of trauma. (4, 13) Moreover, in this RCT apical root 
closure was investigated because an adequate 

coronal seal is advised during this course of therapy 
in order to prevent coronal bacterial leakage, which 
is thought to be one of the main reasons of treatment 
failure. (23)

No mechanical preparation was performed in 
this RCT because might further harm the thin and 
fragile dentin walls. Furthermore, the use of me-
chanical equipment is not recommended for revas-
cularization technique.(13,24) Furthermore, because 
greater concentrations of NaOCl solution signifi-
cantly reduce stem cell viability, 1.5% was chosen 
as the irrigation concentration in this randomized 
controlled study.(25, 26)

Since triple antibiotic paste has been shown to 
be successful in cleaning necrotic root canals, it 
was employed as a therapy in this investigation.(24,27) 
Additionally, a dosage of 5 mg/mL was given to 
shield stem cells from the apical papilla. (13)

On the second appointment, local anesthesia 
was administrated without a vasoconstrictor to 
lessen inadequate intra-canal hemorrhage.(24) Due 
to its demineralizing effect, which releases growth 
factors and eliminates the smear layer, a 17% EDTA 
solution was then applied as a conditioning treatment 
to the superficial dentin layer.(28) Furthermore, the 
pulp dentin complex’s physiological structure and 
function can be restored by mechanically irritating 
the periapical tissues, which also promotes the 
inflow of various mesenchymal cells subtypes into 
the canal area.(29, 30)

Because it has been noted that several cases had 
negative test results even though evidence of root 
development radiographically whereas the presence 
of vital tissue within the canal space does not ensure 
pulp vitality, the vitality test was not used in this 
RCT. (31) In addition, the existence of filling coronal 
materials over the scaffold makes it challenging to 
assess the response to vitality tests. (13)

There was no statistically significant difference 
in the groups’ levels of success in the current 
investigation.  In both groups, every case had main 
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success (100%) rate. In this RCT revascularization 
was clinically and radiographically successful in both 
of Bioceramic Root Repair and Bio-MTA groups 
because it was reported that revascularization has 
only been shown to be successful in teeth with root 
canals that have been cleaned. (13) Hence, the clinical 
and radiographic success of both of Bioceramic 
Root Repair and Bio-MTA groups in this RCT 
Could be attributed to the fact that the both coronal 
plug materials were bioactive, biocompatible, 
noncytotoxic, and antimicrobial comes into direct 
contact with the blood clot.(32)

During the clinical examination in the current 
investigation, no edema, abscess, sinus tract, or 
mobility were found. This could be attributed to the 
bactericidal effectiveness of triple antibiotic paste 
may have contributed to the teeth’s insensitivity to 
percussion and palpation.  (33)

Saoud et al.’s(34) findings, which showed 100% 
clinical success at the follow-up 12-month mark 
following revascularization, are consistent with 
these findings. Additionally, Shaker et al.(13) dis-
covered that neither of the bioceramic cements dis-
played any pathological tooth movement, edema, 
abscess, or sinus tract symptoms after the follow-up 
for 12-month.

According to previous study when readymade 
bioceramic putty (based on tricalcium silicate) and 
MTA were applied in regenerative treatment to 
immature teeth with pulp necrosis, 75% of the teeth 
had apical healing and root maturation. (35) Moreover, 
the results of the current investigation corroborated 
those of a study by previous investigator, which 
employed readymade bioceramic putty in 
regenerative treatment and found that all periapical 
lesions had disappeared and that all teeth had 
partially to completely closed the apical space. (36)

The superior biocompatibility and success rates 
of premixed calcium aluminosilicate cement, such 
as MTA, which may produce coronal and apical 
seals, may be the reason for the comparable degree 

of success achieved when employing both materi-
als.(13) Additionally, the use of readymade bioceram-
ic putty demonstrated clinically acceptable, accord-
ing to previous study. (37)

RECOMMENDATIONS

Both Bioceramic and Bio-MTA materials proved 
excellent clinical and radiological results when used 
in the revascularization technique.

REFERENCES

1. Shang W, Zhang Z, Zhao X, Dong Q, Schmalz G, Hu S. The 
Understanding of Vital Pulp Therapy in Permanent Teeth: 
A New Perspective. Biomed Res Int. 2022; 2022:8788358.

2. Chueh LH, Ho YC, Kuo TC, Lai WH, Chen YH, Chiang 
CP. Regenerative endodontic treatment for necrotic 
immature permanent teeth. J Endod. 2009; 35:160-64.

3. Trope M. Treatment of the immature tooth with a non-vital 
pulp and apical periodontitis. Dent Clin North Am. 2010; 
54:313-24.

4. Aly MM, Taha SEE, El Sayed MA, Youssef R, Omar 
HM. Clinical and radiographic evaluation of Biodentine 
and Mineral Trioxide Aggregate in revascularization of 
non-vital immature permanent anterior teeth (randomized 
clinical study). Int J Paediatr Dent. 2019; 29:464-73.

5. Kontakiotis EG, Filippatos CG, Tzanetakis GN, Agrafioti 
A. Regenerative endodontic therapy: a data analysis of 
clinical protocols. J Endod. 2015; 41:146-54.

6. Wigler R, Kaufman AY, Lin S, Steinbock N, Hazan-
Molina H, Torneck CD. Revascularization: a treatment for 
permanent teeth with necrotic pulp and incomplete root 
development. J Endod. 2013; 39:319-26.

7. Shin SY, Albert JS, Mortman RE. One step pulp 
revascularization treatment of an immature permanent 
tooth with chronic apical abscess: a case report. Int Endod 
J. 2009; 42:1118-26.

8. Camilleri J. Classification of Hydraulic Cements Used in 
Dentistry. Frontiers in Dental Medicine. 2020; 1:1-5.

9. Faizuddin U, Solomon RV, Mattapathi J, Guniganti SS. 
Revitalization of traumatized immature tooth with platelet-
rich fibrin. Contemp Clin Dent. 2015; 6:574-76.



94

ADJ-from Assiut, Vol. 8, No. 1 Reda Mohammed Elsayed, et al.

95

Clinical and Radiographic Evaluation of Two Bioactive Materials in Revascularization of Immature Young Permanent Teeth: 
Randomize Control Trial

10. Timmerman A, Parashos P. Delayed Root Development by 
Displaced Mineral Trioxide Aggregate after Regenerative 
Endodontics: A Case Report. J Endod. 2017; 43:252-56.

11. Llaquet M, Mercadé M, Plotino G. Regenerative 
endodontic procedures: a review of the literature and a case 
report of an immature central incisor. Giornale Italiano di 
Endodonzia. 2017; 31:65-72.

12. Kharouf N, Zghal J, Addiego F, Gabelout M, Jmal H, 
Haikel Y, et al. Tannic acid speeds up the setting of mineral 
trioxide aggregate cements and improves its surface and 
bulk properties. Journal of Colloid and Interface Science. 
2021; 589:318-26.

13. Shaker A, Rekab MS, Alharissy M, Kharouf N. 
Revascularization of Non-Vital, Immature, Permanent 
Teeth with Two Bioceramic Cements: A Randomized 
Controlled Trial. Ceramics. 2024; 7:86-100.

14. Ashi T, Mancino D, Hardan L, Bourgi R, Zghal J, Macaluso 
V, et al. Physicochemical and Antibacterial Properties of 
Bioactive Retrograde Filling Materials. Bioengineering 
(Basel). 2022; 9:1-5.

15. Joo Y, Lee T, Jeong SJ, Lee JH, Song JS, Kang CM. A 
randomized controlled clinical trial of premixed calcium 
silicate-based cements for pulpotomy in primary molars. J 
Dent. 2023; 137:104684.

16. Jang YJ, Kim YJ, Vu HT, Park JH, Shin SJ, Dashnyam 
K, et al. Physicochemical, Biological, and Antibacterial 
Properties of Four Bioactive Calcium Silicate-Based 
Cements. Pharmaceutics. 2023; 15:1-6.

17. Dawood AE, Parashos P, Wong RHK, Reynolds EC, 
Manton DJ. Calcium silicate-based cements: composition, 
properties, and clinical applications. J Investig Clin Dent. 
2017; 8:11-5.

18. Bossù M, Iaculli F, Di Giorgio G, Salucci A, Polimeni 
A, Di Carlo S. Different Pulp Dressing Materials for the 
Pulpotomy of Primary Teeth: A Systematic Review of the 
Literature. J Clin Med. 2020; 9:1-5.

19. Debelian G, Trope M. The use of premixed bioceramic 
materials in endodontics. Giornale Italiano di Endodonzia. 
2016; 30:70-80.

20. Khan AS, Nagar P, Singh P, Bharti M. Changes in the 
Sequence of Eruption of Permanent Teeth; Correlation 
between Chronological and Dental Age and Effects of 
Body Mass Index of 5-15-year-old Schoolchildren. Int J 
Clin Pediatr Dent. 2020; 13:368-80.

21. Alobaid AS, Cortes LM, Lo J, Nguyen TT, Albert J, Abu-
Melha AS, et al. Radiographic and clinical outcomes 
of the treatment of immature permanent teeth by 
revascularization or apexification: a pilot retrospective 
cohort study. J Endod. 2014; 40:1063-70.

22. Torabinejad M, Turman M. Revitalization of tooth with 
necrotic pulp and open apex by using platelet-rich plasma: 
a case report. J Endod. 2011; 37:265-68.

23. Garcia-Godoy F, Murray PE. Recommendations for 
using regenerative endodontic procedures in permanent 
immature traumatized teeth. Dent Traumatol. 2012; 28: 
33-41.

24. Wei X, Yang M, Yue L, Huang D, Zhou X, Wang X, et al. 
Expert consensus on regenerative endodontic procedures. 
Int J Oral Sci. 2022; 14:55-61.

25. Trevino EG, Patwardhan AN, Henry MA, Perry G, Dybdal-
Hargreaves N, Hargreaves KM, et al. Effect of Irrigants on 
the Survival of Human Stem Cells of the Apical Papilla 
in a Platelet-rich Plasma Scaffold in Human Root Tips. 
Journal of Endodontics. 2011; 37:1109-15.

26. Martin DE, De Almeida JFA, Henry MA, Khaing 
ZZ, Schmidt CE, Teixeira FB, et al. Concentration-
dependent Effect of Sodium Hypochlorite on Stem Cells 
of Apical Papilla Survival and Differentiation. Journal of 
Endodontics. 2014; 40:51-55.

27. Wang HJ, Chen YM, Chen KL. Conservative treatment 
of immature teeth with apical periodontitis using triple 
antibiotic paste disinfection. J Dent Sci. 2016; 11:196-201.

28. Glynis A, Foschi F, Kefalou I, Koletsi D, Tzanetakis GN. 
Regenerative Endodontic Procedures for the Treatment 
of Necrotic Mature Teeth with Apical Periodontitis: A 
Systematic Review and Meta-analysis of Randomized 
Controlled Trials. J Endod. 2021; 47:873-82.

29. Lin LM, Huang GT, Sigurdsson A, Kahler B. Clinical 
cell-based versus cell-free regenerative endodontics: 
clarification of concept and term. Int Endod J. 2021; 
54:887-901.

30. Liu H, Lu J, Jiang Q, Haapasalo M, Qian J, Tay FR, et al. 
Biomaterial scaffolds for clinical procedures in endodontic 
regeneration. Bioact Mater. 2022; 12:257-77.

31. Staffoli S, Plotino G, Nunez Torrijos BG, Grande NM, 
Bossù M, Gambarini G, et al. Regenerative Endodontic 
Procedures Using Contemporary Endodontic Materials. 
Materials (Basel). 2019; 12:1-6.



96

ADJ-from Assiut, Vol. 8, No. 1 Reda Mohammed Elsayed, et al.

97

Clinical and Radiographic Evaluation of Two Bioactive Materials in Revascularization of Immature Young Permanent Teeth: 
Randomize Control Trial

32. Hameed MH, Gul M, Ghafoor R, Badar SB. Management 
of immature necrotic permanent teeth with regenerative 
endodontic procedures - a review of literature. J Pak Med 
Assoc. 2019; 69:1514-20.

33. do Couto AM, Espaladori MC, Leite APP, Martins CC, 
de Aguiar MCF, Abreu LG. A Systematic Review of Pulp 
Revascularization Using a Triple Antibiotic Paste. Pediatr 
Dent. 2019; 41:341-53.

34. Saoud TM, Zaazou A, Nabil A, Moussa S, Lin LM, Gibbs 
JL. Clinical and radiographic outcomes of traumatized 
immature permanent necrotic teeth after revascularization/
revitalization therapy. J Endod. 2014; 40:1946-52.

35. Bukhari S, Kohli MR, Setzer F, Karabucak B. Outcome of 
Revascularization Procedure: A Retrospective Case Series. 
J Endod. 2016; 42:1752-59.

36. Cymerman JJ, Nosrat A. Regenerative Endodontic 
Treatment as a Biologically Based Approach for Non-
Surgical Retreatment of Immature Teeth. J Endod. 2020;  
46:44-50.

37. Song M, Lee SM, Bang JY, Kim RH, Kwak SW, Kim HC. 
Chemomechanical Properties and Biocompatibility of 
Various Premixed Putty-type Bioactive Ceramic Cements. 
J Endod. 2023; 49:1713-21.



96

ADJ-from Assiut, Vol. 8, No. 1 Reda Mohammed Elsayed, et al.

97

Clinical and Radiographic Evaluation of Two Bioactive Materials in Revascularization of Immature Young Permanent Teeth: 
Randomize Control Trial

   

AADJ, Vol. 8, No. 1, April (2025) — PP. 97

الأسنان طب  لكلية  الرسمي  النشر 
أسيوط الأزهر  جامعة 

مصر

الأزهــــر
مجلة أسيوط لطب الأسنان

 التقييم السريري والشعاعي لمادتين حيويتين 

 نشطتين في إعادة تكوين الأوعية الدموية للأسنان 

الدائمة غير الناضجة: تجربة عشوائية محكومة

رضا محمد السيد*1 ، محمد ابو المعاطى محمد2، احمد صفاء والى1
،مصر. 	 الازهر،اسيوط  ،جامعه  الاسنان  طب  كلية  العامة،  والصحة  اطفال  اسنان  طب  قسم 
القاهرة،مصر. 	 الازهر،بنين  ،جامعه  الاسنان  طب  كلية  العامة،  والصحة  اطفال  اسنان  طب  قسم 

 	 DENTISTREDAMOHAMED555				@GMAIL.COM الإلكتروني:  البريد 

: الملخص 

توعية  إعادة  في   ،BIO-MTA مادة  الحيوية مقابل  الخزفية  الأسنان  وهما إصلاح جذور  بيولوجيًا،  تاجية نشطتين  مادتي سدادة  مزايا  قيُِّمت  الهدف: 
العشوائية.ا السريرية  التجربة  هذه  في  وشعاعي  سريري  منظور  من  القمي،  السن  دواعم  بالتهاب  المصابة  الناضجة  غير  الميتة  الدائمة  الأسنان 

دواعم  بالتهاب  والثانية عشرة، مصابون  السابعة  بين  أعمارهم  تتراوح  أطفال  العشوائية  السريرية  التجربة  شارك في هذه  والاساليب:  المواد 
التاجية  إلى مجموعتين وفقًا لنوع مواد السدادة  العينات عشوائيًا  مت  دائمة غير ناضجة وغير حيوية. قسُِّ القمي في ثمانية وعشرين سناً  السن 
العينة  )عدد  الثانية(  )المجموعة  معدني(  ثلاثي  أكسيد  تجمع  )مادة   BIO-MTAو الأولى(  )المجموعة  الحيوية  الخزفية  الأسنان  جذور  إصلاح  المستخدمة: 

القمي. الأسنان  جذور  إغلاق  في  والفعالية  السريري  النجاح  مستوى  لتقييم  عام  لمدة  وشعاعية  سريرية  متابعة  أجُريت   .)	4  =

العظام.  التئام  وإظهار  الأعراض  على  القضاء  وهو  الرئيسي،  الهدف   )	00%( حالة  كل  حققت  السريري،  النجاح  بمستوى  يتعلق  فيما  النتائج: 
النتائج السريرية لكلا الأسمنتين الخزفيين الحيويين جيدة. لكل مجموعة مدروسة، كانت  )P > 0.05(. كانت  لم يكن هناك فرق كبير بين المجموعتين 
.)P > 0.05( هناك زيادة كبيرة في سمك جذر العاج القمي بمرور الوقت، ومع ذلك، لم تكن الاختلافات بين المجموعتين المدروستين ذات دلالة إحصائية

المصابة  الحيوية  غير  الناضجة  غير  الدائمة  للأسنان  الدموية  الأوعية  تكوين  لإعادة  فعالة  مواد  الحيوي  الخزفي  الأسمنت  اعتبار  يمكن  الخلاصة: 
القمي. السن  دواعم  بالتهاب 

الناضجة. غير  الدائمة  الأسنان  الدموية،  الأوعية  تكوين  إعادة  الجذور،  إصلاح  الحيوي،  الخزف   : المفتاحية  الكلمات 


