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ABSTRACT

BACKGROUND: Dental trauma can cause damage to the pulp tissue in immature teeth. Revascularization therapy is a possible op-
tion in the treatment of non-vital, immature permanent teeth with a history of trauma. The aim of this prospective study was to evalu-
ate the radiographic and clinical results of immature teeth with a history of trauma treated by regenerative endodontic procedures and 
mineral trioxide aggregate apexification techniques.

METHODS: Forty-one patients aged between 7 and 12 years with traumatized immature permanent maxillary incisors were included 
in the study. These patients were divided into two groups: those who had previously received endodontic treatment and those who 
had not. Twenty-four patients who applied directly to the university clinic and had not received endodontic treatment before were 
included in the regenerative endodontic protocol group (Group 1). Seventeen patients who had previously undergone endodontic 
intervention on their relevant teeth were included in the mineral trioxide aggregate apexification group (Group 2). The patients were 
followed for a period of 24 months. Clinical success rates were evaluated, and pre-treatment and control radiographs were analyzed 
to calculate the percentage increase in root dentin width and root length.

RESULTS: After 24 months of follow-up, positive periapical healing was detected in the radiographic findings in the majority of cases. 
In Group 1, a limited increase in root length and root dentin width was observed, while a narrowing in the apical opening was evident. 
The radiographic evaluation of two of the cases, which could be accessed 11 years later, emphasized the importance of long-term 
follow-up in assessing the effectiveness of the chosen methods.

CONCLUSION: The revascularization method is a treatment option that has positive results in terms of root development in teeth 
with necrotic pulp as a result of trauma.

Keywords: Immature permanent teeth; regenerative endodontic protocol; mineral trioxide aggregate.

INTRODUCTION

Traumatic injuries to permanent teeth are common in both 
children and young adults,[1] and during this period, the most 
traumatized region is the anterior maxilla.[2] Damage to im-
mature permanent teeth may occur through bacterial inva-
sion and/or dental trauma. In this situation, if the inflamed 

pulp tissue is not treated, necrosis will develop. Odontoblast 
death resulting from necrosis leads to deterioration in root 
development[3] and teeth become more fragile. Such results 
may develop due to the possibility of damage to the vascular 
system and Hertwig’s epithelial root sheath in the periapical 
region, even if the crown dentin and enamel remain intact.[4-6] 

Infected pulp treatments in immature permanent teeth pose a 
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number of clinical challenges. The wide apex opening creates 
difficulty in root canal debridement and obturation. In an im-
mature tooth, the apical opening is closed by the apexification 
method to create a calcified barrier or to maintain the apical 
development of the tooth root with necrosed pulp, where 
root development has not been completed. These teeth have 
been conventionally treated with either long-term calcium hy-
droxide treatment[7-9] or apexification procedures with min-
eral trioxide aggregate (MTA).[10] In fact, although these ap-
proaches relieve negative signs and symptoms, their beneficial 
effects on root development are insufficient.[11] Therefore, it 
is accepted that immature teeth treated with these methods 
cannot continue their development. It should not be expected 
that root growth will continue, pulpal nociception, and im-
mune defense will be normal in these teeth. All these reasons 
bring regenerative endodontic procedures (REP) to the fore-
front in etiological trauma injuries.

The clinical results of the revitalization method used in the 
treatment of teeth with necrosis due to trauma and ongoing 
root development are not clear. Although there are studies on 
the timing in periapical wound healing, increased dentin thick-
ness on the canal walls, and increase in root length after revi-
talization applied to immature teeth with necrotic pulps, the 
proportional results are unclear.[12-13] However, in traumatized 
teeth, such endodontic approaches are important in helping 
the functionality and vitality of the tooth.[14]

The aim of the present study is to evaluate the clinical and ra-
diographic outcomes over a 24-month period in patients with 
traumatic immature permanent incisors treated with regen-
erative endodontic protocol or MTA apexification techniques.

MATERIALS AND METHODS
This prospective study was conducted at the Pediatric Den-
tistry Department of Istanbul University, Faculty of Dentistry, 
from January 2012 to June 2014. The study protocol was ap-
proved by the Ethics Committee of Istanbul University Fac-
ulty of Dentistry (ref. 2012/851).

The trial included 45 children (18 girls and 27 boys) aged 7 to 
12 years (average age of 10.5±2.7 years) who had at least one 
non-vital upper permanent incisor with an open apex where 
root development was affected as a result of trauma. Dur-
ing the clinical examination, the patient's spontaneous pain 
status, presence or absence of a sinus tract, sensitivity to 
palpation, and response to cold and electric pulp tests were 
determined. An informed consent form was obtained from 
the parents regarding the possible consequences and com-
plications of the proposed treatment approach. In this study, 
in the power analysis performed with G*Power 3.1 software 
(alpha error p=0.05), the sufficient number for the sample 
size was calculated as 40. A sample size of 46 teeth was calcu-
lated to detect differences at the 5% significance level, with an 
expected loss to follow-up of 10%, using the Mann-Whitney 
U test to compare independent means.

Fifty single-rooted teeth (1 or 2 per patient) with apical le-
sions, with or without previous endodontic intervention, 
were included in both treatment groups. Twenty-five patients 
who first came to the university clinic without consulting any 
dentist before were included in the regenerative endodontic 
protocol group (Group 1). Meanwhile, 25 patients who had 
previously received endodontic treatment were included in 
the MTA apexification group (Group 2).

In the REP group, one patient was excluded from the study at 
the 6-month follow-up due to re-traumatization of the same 
tooth, and in the MTA apexification group, eight patients 
were excluded from the study at the 12-month follow-up for 
the same reason. Forty-one teeth were included in the sta-
tistical analysis.

Only healthy and cooperative patients were included in this 
study. Teeth with vertical fractures, serious periodontal prob-
lems, and teeth that could not be restored were excluded 
from the study. Exclusion criteria from the study were poor 
cooperation, new trauma or new complications, and develop-
ment of disease leading to termination of the study. 

In order to have reproducible film position at all experimen-
tal time points, a film holder was used to take periapical ra-
diographs (Endo-Bite Senso Anterior, Kerr, Switzerland). The 
digital films were exposed to the same X-ray source (Trophy 
ETX System, Kodak Dental Systems, France) set at 60 kV, 
4 mA , 0.25 s. The same clinician (GK) treated both groups 
of teeth according to the following protocol: pulpal sensitiv-
ity was assessed by a carbon dioxide negative test (-50°C) 
(EndoFrost; Roeko, Langenau, Germany) and an electric pulp 
tester (Analytic Technology, Redmond, WA); local anesthe-
sia without vasoconstrictors was used during the anesthe-
sia of the teeth (Citanest® 2% plain, AstraZeneca, Istanbul, 
Türkiye). After rubber dam isolation, the access cavity was 
prepared with a round diamond and Endo-Z bur (Dentsply 
Maillefer, Ballaigues, Switzerland), and the working length was 
estimated with an apex locator (Sybron Endo, Orange, CA).

Group 1

Passive positive pressure irrigation was used to disinfect the 
canals with 20 mL of 5% sodium hypochlorite (NaOCl), 20 
mL saline, and 20 mL of 0.2 % chlorhexidine (CLX) solution 
with no instrumentation via a Max-i-Probe® needle (Dentsp-
ly Rinn, Elgin, IL). Care was taken to ensure that the irriga-
tion was 3 mm shorter than the working length to eliminate 
chemical interaction with periapical stem cells. The canals 
were then dried using paper points, and to eliminate or re-
duce discoloration, a bonding agent was applied to the cav-
ity walls. Commercially prepared chemotherapeutic agents, 
namely metronidazole (500 mg tablets, Nidazol®, İ.E. Ulagay, 
Topkapı, İstanbul), ciprofloxacin (500 mg tablets, Cipro®, Bio-
farma, Sancaktepe, Istanbul), and minocycline (500 mg tab-
lets, Minocycline®, Ratiopharm, Germany) were used. The 
preparation procedures of the triple antibiotic paste (TAP) 
have been described elsewhere.[14-16] In short, after removing 
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the materials covering the drugs, each was crushed with a 
pestle in a porcelain mortar into a fine powder. It was then 
stored separately in tightly closed porcelain containers to 
prevent exposure to light and moisture. A small amount of 
silica gel was added to reduce humidity in the environment, 
and the drugs were used within a month.

The TAP was transferred into the canal spaces to protect 
the root canal walls using a 25-gauge lentulo spiral up to 8 
mm in size (Medin, Nave Mesto Moravia, Czech Republic), 
attached to achieve a paste-like consistency. Glass ionomer 
cement was used to seal the access cavity (3M Single bond®, 
Minneapolis, MN, USA), and the patients were recalled for 
control after 4 weeks.

If there were no symptoms in the tooth, it was isolated with 
a rubber dam, and the antibiotic mixture was removed from 
the canal by washing with 5.25% NaOCl. The canal was dried 
with paper points to confirm that there was no exudate. An 
endo spreader was inserted into the canal until vital tissue 
was felt, and this tissue was gently stimulated, initiating some 
bleeding. It was observed that the bleeding reached approxi-
mately 3 mm below the enamel-cement junction, and another 
15 minutes were waited for the blood clot to form. A wet 
cotton pellet with NaOCl was placed on the blood clot for 
1 minute. Mineral trioxide aggregate (MTA Angelus White, 
Londrina, Brasil), prepared in accordance with the manufac-
turer's instructions, was gently placed over the blood clot. 
Afterwards, a wet cotton pellet was placed on the MTA for 
15-30 minutes, and the cavity was temporarily sealed with 
conventional glass ionomer cement. After 4 weeks, the tooth 
was restored with composite.

Group 2

For disinfection, the canals were irrigated without pressure 
with 20 mL of 0.5% sodium hypochlorite and infused with 
20 mL of saline using a Maxiprobe (Dentsply Rinn, Elgin, IL). 
During the irrigation, the needle was placed 1 mm shorter 
than the radiographic apex of the tooth. 

The canals were then dried with paper points, and to elimi-
nate or reduce discoloration, a bonding agent was applied 
to the cavity walls. Calcium hydroxide (Ca(OH)2) (Merck, 
Darmstadt, Germany), prepared in paste consistency, was 
transferred into the root canal cavities using a low-speed spi-
ral, and the cavity was temporarily closed with conventional 
glass ionomer cement. The patient was then scheduled for 
an appointment 1 week later. At the next visit, under rub-
ber dam isolation, the canals were washed with sterile saline 
to remove calcium hydroxide residues and dried with paper 
points. Mineral trioxide aggregate, prepared in accordance 
with the manufacturer's recommendations, was moved into 
the canal and placed with the appropriate plugger to fill the 
apical one-third (4-5 mm) of the canal. The correct place-
ment of the material was confirmed with a periapical radi-
ography. If the apical barrier was inadequate, the procedures 
were repeated. A cotton pellet moistened with sterile water 

was placed at the canal opening for 15-30 minutes, then a dry 
cotton pellet was placed, and the access cavity was filled with 
thermoplasticized gutta-percha. Finally, the coronal access 
cavity was restored with glass-ionomer cement, and compos-
ite restorations (3M ESPE Filtek® Z550, St. Paul, USA) were 
placed. Patients in Group 1 and Group 2 were scheduled for 
recall appointments at thirty days, three months, six months, 
one year, and two years for further clinical and radiographic 
evaluation.

Clinical and Radiographic Follow-up

Both groups were called back for control periods at 1, 3, 
6, 12, and 24 months. The data collected during these pe-
riods were compared with the initial examination findings. 
Both clinical and radiographic findings were detected by the 
same qualified clinicians (GK, GA). When evaluating clinical 
findings, the following criteria were considered: pulp sen-
sitivity, presence of spontaneous pain, presence of pain on 
percussion and palpation, condition of the sinus tract, and 
discoloration of the enamel. Pulp sensitivity was evaluated 
via cold thermal testing and electric pulp testing. Among the 
criteria in the radiographic examination were complete bone 
healing of the periapical lesion, increase in root length, and 
radiographic apex formation. RVG images before and after 
treatment were recorded in JPEG format. The root length 
and root width were measured and recorded by transferring 
to Morita imaging software (Morita®, 3D Accuitomo, Kyoto, 
Japan). All radiographs were taken by the same clinician using 
a film holder. The method of subtracting the pulp cavity from 
the canal width was preferred to measure the root width.

Statistical Analysis

The analysis of the data was evaluated using NCSS (Number 
Cruncher Statistical System) 2007 and PASS (Power Analysis 
and Sample Size) 2008 Statistical Software (NCSS, LLC, Utah, 
USA).

In the analysis of clinical and radiographic parameters, the dif-
ference between Group 1 and Group 2 was evaluated using 
the McNemar test and Chi-square test at a significance level 
of p<0.05. The percentage change in root length and dentin 
thickness was analyzed by the t-test, and the difference be-
tween groups was determined using the Mann-Whitney U 
test. A p value <0.05 was accepted as significant, and mean 
values are reported.

RESULTS
Trauma was the primary contributory etiology in both groups, 
and the number of patients whose treatment procedures 
were completed totaled 50 cases meeting the eligibility cri-
teria, of which 41 cases had at least 24 months follow-up for 
a recall rate of 82%. These 41 cases included 24 regenerative 
endodontic protocol cases and 17 MTA apexification cases. 
Table 1 summarizes the patient data for this study population. 
One patient in the REP group and eight patients in the MTA 
apexification group were excluded from the study because 
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they did not attend the 6-month follow-up.

At the 3rd month, all teeth in Group 1 were asymptomatic 
and periradicular radiolucency areas were observed to heal 
radiographically. In clinical evaluation, a decrease in palpation, 
pain, sensitivity to percussion, and sinus tract was observed 
in both treated groups (REP and MTA), and the difference 
between the groups was not statistically significant (p>0.05).

Crown discoloration was obvious in 24 teeth (100%) in 
Group REP and seven teeth (41.18%) in Group MTA, and 
the difference was not significant (p=0.01). All clinical find-
ings before and after treatment for the groups are detailed 
in Table 2.

In terms of tooth survival analysis, the REP group had simi-
lar survival rates (24/24 teeth [100%]) compared to teeth 
treated in the MTA apexification group (17/17 teeth [100%]) 
(p<0.05).

On radiographic examination, repair of periapical lesions was 
seen in both groups, but there were no statistically significant 
differences between the groups (p=0.305). Apical closure re-
sults were significant in both groups (p<0.05).

No significant difference was observed between the groups 
regarding the increase in root length (p=0.304), and group 
analyses are presented in Table 3. Although the number of 
immature teeth was higher in the revascularization group, the 
groups did not differ in terms of root development.

Analysis of radiographic findings revealed that revasculariza-
tion treatment had a significant effect on the root tip width in 
the apical 1/3 (p<0.0001).

Representative cases for the groups are presented in Figures 
1 and 2. As shown in Figure 2a, REP treatment in immature 
teeth resulted in significant percentage increases in root tip 
width (31.43%) compared to MTA apexification techniques 
(19.33%). The same case 12 months after MTA apical plug 

Table 1. Summary of patient demographics and clinical characteristics of the study population

  Group REP Group MTA 

 Teeth % Teeth %

Sex

     Male 16 66.6% 12 70.5%

     Female 8 33.3% 5 29.4%

Signs and Symptoms

     Absent 4 16.6% 10 58.82%

     Present 20 83.3% 7 41.7%

Apical Lesion

     Absent 13 54.16% 14 82.35%

     Present 11 45.83% 3 17.65%

Age 10.5±2.7

Follow-up Time 2 years

Table 2. Clinical findings before and after treatment for groups undergoing regenerative endodontic procedure (REP) and mineral 
trioxide aggregate (MTA) apexification protocol

 Group REP (n=24) Group MTA (n=17)

Clinical Aspects Before After P value Before After P value

Pulp Vitality 0 (0%) 20 (83.33%) ¶ 0 (0%) 0 (0%) 

Mobility 17 (70.83%) 1 (4.17%) ¶ 4 (23.53%) 0 (0%) ¶

Pain on Percussion  20 (83.33%) 1 (4.17%) ¶ 7 (41.18%) 0 (0%) ¶

Spontaneous Pain 19 (79.17%) 1 (4.17%) ¶ 9 (52.94%) 0 (0%) ¶

Sinus Tract 11 (45.83%) 0 (0%) ¶ 3 (17.65%) 0 (0%) ¶

Crown Discoloration  0 (0%) 24 (100%) ¶ 0 (0%) 7 (41.18%) ¶

¶ Statistical reduction of clinical aspects before and after treatments in groups REP and MTA (Chi-square and McNemar test, p<0.05).
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application is shown in Figure 2b. The apical closure of the 
case and the increase in root length after 24 months can be 
seen in Figure 2c.

Follow-up radiographs of the case in Group 2, for which the 
MTA apexification technique was applied, at the beginning, 
12th and 24th months are shown in Figure 2A-B-C. In the 
present study, 83.33% of the teeth recovered pulp sensitivity 
in the REP group. Figure 3 shows the radiographic analysis 
results of the groups.

After 11 years, one case from each study group that could 
be reached was called for a follow-up and was evaluated ra-
diographically.

The clinical presence of periapical healing and its radiographic 
observation, radiographic monitoring of root development, 
and positive developments in the pulp vitality test were the 
expected positive results of the treatment.

DISCUSSION
Trauma is more common in the immature teeth of young 
people,[2,15,16] and apexification therapy is also commonly used 

Table 3. Pre- and post-treatment radiographic analysis data for regenerative endodontic procedure (REP) and mineral trioxide ag-
gregate (MTA) apical plug applied groups

 Group REP (n=24) Group MTA (n=17)

Radiographic Aspects Before-After Before-After p value

Root Length -7.52±8.33 -9.36±10.31 0.255ǂ
Root Tip Width 31.97±15.17 19.11±18.91 0.039ǂ
Root Canal Width 0.98±7.35 -0.78±10.42 0.721ǂ
Pulp Space 3.73±17.87 -16.56±16.56 0.001ǂ
Dentin Thickness -2.76±14.12 8.97±21.35 0.039ǂ

¶ Statistical reduction of clinical aspects before and after treatments in groups REP and MTA (Chi-square and McNemar test, p<0.05).

(a) (b) (c) (d)

Figure 1. (a) The measurence of the root length, the root tip width, 
the pulp space and the dentin thickness of REP group from the 
CEJ to the radiographic apex on first visit. (b) Measurement on 24 
month. (c) The measurence of the root length, the root tip width, 
the pulp space and the dentin thickness of grup 2 from the CEJ 
to the radiographic apex on first visit. (d) Measurement on 24th 
month.

(a)

(d)

(b)

(e)

(c)

(f)

Figure 2. (a) The RVG of maxillary permanent incisor teeth after 
3Mix-MP, (b) 12 months after MTA apical plug apexification, (c) 
Apical closure and increasing lenght of the rooth after 24 months. 
(d) First visit, Ca (OH)2 application, (e) After 12 months dentinal 
barrier formation, (f) After 24 monts apical closure of the rooth.

Figure 3. Comparison of radiographic analysis of the findings of 
the groups in terms of pulp space and dentin thickness.
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in the treatment of these teeth.[6,17] Apexification is a proce-
dure performed for the treatment and protection of imma-
ture permanent teeth with necrotic pulp.[18]

Calcium hydroxide [Ca(OH)2] is widely used in apexifica-
tion, capable of providing physiological closure of immature 
pulpless teeth.[9,19,20] The traditional Ca(OH)2 technique has 
several drawbacks, including the unpredictability of apical bar-
rier formation, long treatment times that require frequent 
monitoring,[9,21-23] and the need for complete removal of the 
paste. These disadvantages have led to the use of mineral 
trioxide aggregate, which plugs the apical end and does not 
require calcific barrier formation.[18] Although MTA apexifica-
tion shortens the treatment time, it is costly. In addition, its 
widespread use may be limited due to the need for clinical 
skill in issues such as the thinness of the dentin walls or deliv-
ery of material to the apical 3-4 mm.[24-26]

Pulp damage due to trauma or caries in teeth with incom-
plete apical development has made it possible to investigate 
the regenerative potential in endodontics.[27] In this study, 
REP was preferred among the treatment options for the im-
mature non-vital teeth of patients coming directly to the uni-
versity clinic. Mineral trioxide aggregate apexification was the 
method of choice in the treatment of immature teeth that 
had previously undergone endodontic intervention.

In the REPs, disinfection is applied at a very high level.[28-29] 
In the disinfection of root canals, the use of Ca(OH)2 or an-
timicrobial dressing after sodium hypochlorite (NaOCl) and 
chlorhexidine irrigation is common.[30-32]

However, chlorhexidine is not used in this protocol after it 
was reported that it is cytotoxic on stem cells.[33] Basrani et 
al.[34] advocate the application of sterile saline between NaO-
Cl and chlorhexidine rinses to lower the potential chlorhexi-
dine precipitation in the canal if chlorhexidine is used. Suc-
cessful results have been obtained this way.[35,36] In this study, 
the reaction between NaOCl and chlorhexidine was tried to 
be reduced by this method.

In preliminary studies on successful revascularization, met-
ronidazole and ciprofloxacin were preferred to disinfect the 
canal.[37]

This was later followed by the success of the TAP containing 
1:1:1 ciprofloxacin, metronidazole, and minocycline.[28,38-40] It 
has been suggested that TAP containing minocycline allows 
better results to be obtained than other pastes in terms of 
their positive effects on root wall thickness.[12] Also, it has 
been observed that it can effectively disinfect the deep layers 
of root canal dentin throughout the entire dentin thickness.[41-

43] In a study conducted on the effectiveness of the antiseptic 
effects of antibiotic combinations, Sato et al.[41] emphasized 
that cefaclor has similar effects to minocycline in triple anti-
biotic paste. The toxic effects of antibiotic pastes on human 
dental cells are another important issue.[44-48] It was stated by 
Althumairy et al.[46] that there is a concentration-dependent 

effect in this toxicity. Balanced use of selected products dur-
ing canal disinfection is an important point. This importance 
is not only for the dentin matrix that releases growth factors 
but also for the survival and proliferation of stem cells from 
the apical papilla (SCAP).[49] 

The American Association of Endodontists (AAE) protocol[50] 
recommends that triple antibiotic pastes should not be used 
in concentrations above 0.1 mg/mL. In this study, TAP con-
taining 1:1:1 ciprofloxacin, metronidazole, and minocycline 
was used as an intracanal disinfectant. However, color change 
due to minocycline content after treatment is a serious dis-
advantage of this treatment step.[51,52] 

According to Kim et al.,[51] although the use of dentin bonding 
agents before antibiotic application can reduce discoloration, 
it does not prevent it. Therefore, in this study, dentin bonding 
agents were used to reduce discoloration of the cavity walls. 
However, almost all teeth medicated with the regenerative 
endodontic protocol demonstrated various degrees of crown 
color change (100%) due to the presence of the minocycline 
component. Cervical staining was observed in seven teeth 
(41.18%) of Group 2 MTA apical plug in this study. Reyn-
olds et al.[36] stated that the dentin walls in the access space 
should be sealed with a flowable composite before the paste 
is placed in the canal. They stated that color change could be 
prevented by acting in this way.

Revascularization enables the delivery of mesenchymal stem 
cells to the canal of necrotic immature teeth through the 
open apex after the regenerative endodontic approach.[53] 
Therefore, it can form new tissues in the root canal of the 
host cell.[54] Immature permanent teeth with a history of 
trauma and an apex diameter of 1.1 mm or more are the best 
candidates for regenerative endodontic procedures.[14] In this 
study, the root tip dimensions of the teeth in both groups 
were found to meet this requirement. Even if there is cur-
rently limited data, regenerative endodontic procedures are 
not recommended for children younger than 7 years of age or 
older than 16 years of age unless they have thin dentin walls 
at risk of fracture and an open apex.[14] Although not neces-
sary or achievable, healing of the periapical lesion, increase in 
root length and root dentin wall thickness, and formation of 
the radiographic apex are desired results.[50] Improvement of 
the periapical lesion on radiography is an important finding in 
terms of infection control. In addition, repair will begin only 
in the organized and uninfected tissue at the apex of imma-
ture teeth and will enable the development of the root tip.
[55] When root tip development is evaluated, most teeth have 
only apical closure. A similar result was observed in teeth that 
underwent apexification; there was no increase in root length 
and no narrowing of the root canal space. This may be due 
to the fact that Hertwig's epithelial root sheath, apical papilla, 
or periodontal ligament cells are alive and therefore root de-
velopment is continuous.[56,57] Kahler et al.[58] suggested from 
this perspective that longer examination periods would be 
more meaningful in regeneration cases because root matura-
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tion continued in two cases during the 36-month follow-up 
period in their study.

In this study, periapical lesions decreased in both groups, and 
periapical healing was proven radiographically in the major-
ity of cases. There were no statistically significant differences 
between groups in the development of root length (p=0.304). 
No difference was observed between the REP and MTA 
groups in terms of root development, but teeth showed less 
development in terms of maturation in the revascularization 
group. Analysis of radiographic data showed that revascular-
ization treatment had a significant effect (p<0.05) on root tip 
width in the apical third. In Group 1, a positive improvement 
in root tip width and a narrowing in apical diameter were 
observed in the apical 1/3.

Reaching the correct diagnosis in pediatric patients should 
be based on existing clinical symptoms, history of these 
symptoms, tests used for diagnosis, and clinical findings,[59] 
because younger patients may not respond reliably to clini-
cal symptoms. Regarding clinical examination, the literature 
shows that signs and symptoms generally regress after the 
revascularization procedure, and in some cases, pulp sensitiv-
ity returns.[6] In this study, patients in both groups reported a 
decrease in clinical complaints but increased pulp sensitivity 
in 83.33% of teeth in the REP group.

Although the desired results such as healing of the apical le-
sion and continuation of root development are often achieved 
in REPs, the observation of coronal color change due to mi-
nocycline is a negative effect. In this study, the induced bleed-
ing technique was used in REPs. Researchers have reported 
that this technique has a more positive effect on the results 
in traumatic teeth.[60] Although its effect on periapical healing 
could not be clearly determined in our study, it is thought to 
be positive.

In this study, the recall periods of the groups were similar (1, 
3, 6, 12, and 24 months) and were consistent with those of 
other studies in this field.[12] However, it would be appropri-
ate to emphasize that more definitive results will be obtained 
from longer follow-up periods. The clinical radiographs of 
two patients whom we could reach 11 years later for control 
purposes confirmed this (Figures 4 and 5).

The strength of this study is that it presents the results of 
different endodontic approaches in traumatized immature 
permanent teeth with a two-year prospective follow-up.

Given the prospective nature of this study, attention should 
be paid to reliability limitations in the selection of cases and 
their distribution into groups. Another limitation is the use 
of 2D images for radiographic evaluation. Additionally, differ-
ences in the severity and duration of apical lesions and differ-
ences in root development stages of the pediatric patients 
included in the study may have affected the results. The un-
predictability of these effects is another limitation.

The results of this study showed that patients with a history 

of trauma treated with REP and MTA protocols presented 
similar clinical and radiographic findings. However, when 
these two methods were compared, the color change ob-
served in the teeth after treatment in the REP-applied group 
created a serious aesthetic problem.

Studies are continuing to increase the effectiveness of regen-
erative endodontic treatments. However, the lack of long-
term evidence supporting regenerative endodontic proce-
dures in traumatized teeth with open apices is an important 
gap in this field.[61] 

Today, the number of studies on cell-free and cell-based ap-
proaches based on the regeneration of pulp tissue is increas-
ing. However, the implementation difficulties of cell-based 
approaches are quite obvious. On the other hand, complete 
clarity has not been achieved in the cell-free approach us-
ing biological signaling molecules. It is of great importance to 
increase the number of clinical studies on regenerative end-
odontic procedures that offer positive results in the clinic.

Figure 4. Radiographic image of MTA apical plug application on 
tooth number 21, 11 years later.

Figure 5. Radiographic image of tooth number 11, which under-
went REP, 11 years later.
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CONCLUSION

The results of this prospective study provided very satisfac-
tory treatment results in traumatized immature permanent 
necrotic teeth with REPs. While the effect of REPs on apical 
diameter can be predicted, it can be said that this effect is 
not sufficiently evident on root length. The induced bleeding 
technique in REP may have a positive effect on the treatment 
of traumatized immature teeth.

Ethics Committee Approval: This study was approved by 
the Istanbul University Ethics Committee (Date: 13.04.2012, 
Decision No: 2012/632-1035).

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: G.A.; Design: G.K.; 
Supervision: G.A.; Resource: G.K.; Materials: G.K.; Data col-
lection and/or processing: G.K.; Analysis and/or interpreta-
tion: G.K.; Literature search: G.K.; Writing: G.A.; Critical 
review: G.A.

Conflict of Interest: None declared.

Financial Disclosure: The author declared that this study 
has received no financial support.

REFERENCES
1. International Association of Dental Traumatology guidelines for the 

management of traumatic dental injuries: 1. Fractures and luxations of 
permanent teeth. DiAngelis AJ, Andreasen JO, et al. Dent Traumatol 
2012;28:2-12.

2. Aren G, Sepet E, Pınar Erdem A,Tolgay CG,  Kuru S, Ertekin C, et al. 
Predominant causes and types of orofacial injury in children seen in the 
emergency department. TJTES 2013;19:246-50.

3. Nagata JY, Soares AJ, Souza-Filho FJ, Zaia AA, Ferraz CCR, Almeida 
JFA, et al. (2014). Microbial evaluation of traumatized teeth treated with 
triple antibiotic paste or calcium hydroxide with 2% chlorhexidine gel in 
pulp revascularization. J Endod 2014;40:778-83.

4. Jadhav G, Shah N, Logani A. Revascularization with and without plate-
let-rich plasma in nonvital, immature, anterior teeth: a pilot clinical study. 
J Endod 2012;38:1581-7. 

5. Kottoor J, Velmurugan N. Revascularization for a necrotic immature per-
manent lateral incisor: a case report and literature review. Int J Paediatr 
Dent 2013;23:310-16.

6. Diogenes A, Henry MA, Teixeira FB, Hargreaves KM. An update on 
clinical regenerative endodontics. Endod Topics 2013;28:2-23.

7. Andreasen JO, Farik B, Munksgaard EC. Long-term calcium hydroxide 
as a root canal dressing may increase risk of root fracture. Dent Trauma-
tol 2002;18:134-7

8. Hatibovic-Kofman S, Raimundo L, Zheng L, Chong L, Friedman M, 
Andreasen JO. Fracture resistance and histological findings of im-
mature teeth treated with mineral trioxide aggregate. Dent Traumatol 
2008;24:272-6. 

9. Cvek M. Prognosis of luxated non-vital maxillary incisors treated with 
calcium hydroxide and filled with gutta-percha. A retrospective clinical 
study. Endod Dent Traumatol 1992;8:45-55. 

10. Jeeruphan T, Jantarat J, Yanpiset K, Suwannapan L, Khewsawai P, Har-
greaves KM. Mahidol study 1: comparison of radiographic and survival 
outcomes of immature teeth treated with either regenerative endodontic 
or apexification methods: a retrospective study. J Endod 2012;38:1330-6. 

11. Schmitt D, Lee J, Bogen G. Multifaceted use of ProRoot MTA root canal 
repair material. Pediatr Dent 2001;23:326-30.       

12. Bose R, Nummikoski P, Hargreaves K. A retrospective evaluation of ra-

diographic outcomes in immature   teeth with necrotic root canal systems 
treated with regenerative endodontic procedures. J Endod 2009;35:1343-
9. 

13. Cehreli ZC, Isbitiren B, Sara S, Erbas G. Regenerative endodontic treat-
ment (revascularization) of immature        necrotic molars medicated with 
calcium hydroxide: a case series. J Endod 2011;37:1327-30.

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

15. Hecova H, Tzigkounakis V, Merglova V, Netolicky J. A retrospective 
study of 889 injured permanent teeth. Dent Traumatol 2010;26:466-75. 

16. Lauridsen E, Hermann NV, Gerds TA, Kreiborg S, Andreasen JO. Pat-
tern of traumatic dental injuries in the permanent dentition among chil-
dren, adolescents, and adults. Dent Traumatol 2012;28:358-63.

17. Damle SG, Bhattal H, Loomba A (2012). Apexification of anterior teeth: 
a comparative evaluation of mineral trioxide aggregate and calcium hy-
droxide paste. J Clin Pediatr Dent 2012;36:263-8.

18. Rafter M. Apexification: a review. Dent Traumatol 2005;21:1-8.
19. Huang GT-J. Apexification: the beginning of its end. Int Endod J 

2009;42:855-66. 
20. Frank AL. Therapy for the divergent pulpless tooth by continued apical 

formation. JADA 1966; 72:87-93.
21. Abbot PV. Apexification with calcium hydroxide-when should the dress-

ing be changed? The case for regular dressing changes. Aust Endod J 
1998;24:27-32.

22. Bakland LK, Andreasen JO. Will mineral trioxide aggregate replace cal-
cium hydroxide in treating pulpal and periodontal healing complications 
subsequent to dental trauma? A review. Dent Traumatol 2012;28:25-32.

23. Andreasen JO, Bakland LK. Pulp regeneration after noninfected and in-
fected necrosis, what type of tissue do we want? A review. Dent Trauma-
tol 2012;28:13-8.

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

25. Wigler R, Kaufman AY, 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.

26. Hargreaves KM, Diogenes A, Teixeira FB. Treatment options: biological 
basis of regenerative endodontic procedures. Pediatr Dent 2013;35:129-
40.

27. Albuquerque MTP, Valera MC, Nakashima M, Nör JE, and Bottino 
MC. Tissue-engineering-based Strategies for Regenerative Endodontics. 
J Dent Res 2014;93:1222-31.

28. Ding RY, Cheung GS, Chen J, Yin XZ, Wang QQ, Zhang CF. Pulp 
revascularization of immature teeth with apical periodontitis: a clinical 
study. J Endod 2009;35:745-9.

29. Fouad AF. The microbial challenge to pulp regeneration. Adv Dent Res 
2011;23:285-9.

30. Geisler TM. Clinical considerations for regenerative endodontic proce-
dures. Dent Clin North Am 2012;56:603-26.

31. Fouad AF, Nosrat A. Pulp regeneration in previously infected root canal 
space. Endod Topics 2013; 28:24-37.

32. Haapasolo M, Shen Y, Qian W, Gao Y. Irrigation in endodontics. Dent 
Clin North Am 2010;54:291-312.

33. Trevino EG, Patwardhan AN, Henry MA, Perry G, Dybdal- Hargreaves 
KM, Diogenes A. Effect of irrigants on survival of human stem cells of 
the apical papilla in a platelet-rich plasma scaffold in human root tips. J 
Endod 2011;37:1109-15.

34. Basrani BR, Manek S, Sodhi RN, Fillery E, Manzur A. Interaction 
between sodium hypochlorite and chlorhexidine gluconate. J Endod 
2007;33:966-9.

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

36. Reynolds K, Johnson JD, Cohenca N. Pulp revascularization of necrotic 



Koyuncuoglu et al. Evaluation of apexification protocols in traumatized immature incisors

Ulus Travma Acil Cerrahi Derg, January 2025, Vol. 31, No. 1 31

bilateral bicuspids using a modified novel technique to eliminate potential 
coronal discolouration: a case report. Int Endod J 2009;42:84-92. 

37. Iwaya SI, Ikawa M, Kubota M. Revascularization of an immature per-
manent tooth with apical periodontitis and sinus tract. Dent Traumatol 
2001;17:185-7.

38. Banchs F, Trope M. Revascularization of immature permanent teeth with 
apical periodontitis: new treatment protocol? J Endod 2004;30:196-200.

39. Jung IY, Lee SJ, Hargreaves KM. Biologically based treatment of im-
mature permanent teeth with pulpal necrosis: a case series. J Endod 
2008;34:876-87

40. Nosrat A, Seifi A, Asgary S. Regenerative endodontic treatment (revas-
cularization) for necrotic immature permanent molars: a review and re-
port of two cases with a new biomaterial. J Endod 2011; 37:562-7.

41. Sato I, Ando-Kurihara N, Kota K, Iwaku M, Hoshino E. Steriliza-
tion of infected root-canal dentine by topical application of a mixture 
of ciprofloxacin, metronidazole and minocycline in situ. Int Endod J 
1996;29:118-24.

42. Windley W, Teixeira F, Levin L, Sigurdsson A, Trope M. Disinfection of 
immature teeth with a triple antibiotic paste. J Endod 2005;31:439-43.

43. Cohenca N, Heilborn C, Johnson JD, Flores DS, Ito IY , da Silva LA. 
Apical negative pressure irrigation versus conventional irrigation plus tri-
antibiotic intracanal dressing on root canal disinfection in dog teeth. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod 2010;109:e42-6.

44. Ruparel NB, Teixeira FB, Ferraz CC, Diogenes A. Direct effect of intra-
canal medicaments on survival of stem cells of the apical papilla. J Endod 
2012;38:1372-5.

45. Yadlapati M, Souza LC, Garlet GP, Letra A, Silva RM. Deleterious effect 
of triple antibiotic paste on human periodontal ligament fibroblasts. Int 
Endod J 2014;47:769-75.

46. Althumairy RI, Teixeira FB, Diogenes A. Effect of dentin conditioning 
with intracanal medicaments on survival of stem cells of apical papilla. J 
Endod 2014;40:521-5.

47. Phumpatrakom P, Srisuwan T. Regenerative capacity of human dental 
pulp and apical papilla cells after treatment with a 3-antibiotic mixture. J 
Endod 2014;40:399-405.

48. Chuensombat S, Khemaleelakul S, Chattipakorn S, Srisuwan T. Cyto-
toxic effects and antibacterial efficacy of a 3-antibiotic combination: an in 

vitro study. J Endod 2013;39:813-9.
49. Kahler B, & Lin L M (2017). A review of regeneratıve endodontıcs: cur-

rent protocols and future dırectıons. JIUFD 51(3 Suppl 1),41-51. 
50. American Association of Endodontics. Clinical considerations for a re-

generative procedure. Available at: www.aae.org.
51. Kim JH, Kim Y, Shin SJ, Park JW, Jung IY. Tooth discoloration of im-

mature permanent incisor associated with triple antibiotic therapy: a case 
report. J Endod 2010;36:1086-91.

52. Akcay M, Arslan H, Yas B, Kıvrık F, Yas E. Spectrophotometric analysis 
of crown discoloration induced by various antibiotic pastes used in revas-
cularization. J Endod 2014;40:845-8.

53. Lovelace TW, Henry MA, Hargreaves KM, Diogenes A. Evaluation of 
the delivery of mesenchymal stem cells into the root canal space of ne-
crotic immature teeth after clinical regenerative endodontic procedure. J 
Endod 2011;37:133-8.

54. Kim JY, Xin X, Moioli EK, Chung J, Lee CH, Chen M et al. Regenera-
tion of dental-pulp-like tissue by chemotaxis-induced cell homing. Tissue 
Eng Part A 2010;16:3023-1.

55. Chueh LH, Ho YC, Kuo TC, Lai WH, Chen YHM, Chiang CP. Regen-
erative endodontic treatment for necrotic immature permanent teeth. J 
Endod 2009;35:160-4.

56. Sonoyama W, Liu Y, Yamaza T, Tuan RS, Wang S, Shi S, Huang GTJ.  
Characterization of the apical papilla and its residing stem cells from hu-
man immature permanent teeth: a pilot study. J Endod 2008; 34:166-71.

57. Seo BM, Mirura M, Gronthos S, Bartold PM, Batouli S, Brahim J, et al. 
Investigation of multipotent postnatal stem cells from human periodon-
tal ligament. Lancet 2004;364:149-55.

58. Kahler B, Mistry S, Moule A, Ringsmuth AK, Case P, Thomson A et 
al. Revascularization outcomes: a retrospective analysis of 16 consecutive 
cases. J Endod 2014;40:333-8.

59. Mohammad G, Jerin F, Jebin S. Pulpal diagnosis of primary teeth: guide-
lines for clinical practice. Bangladesh j. dent. res. educ. 2013;2:65-8. 

60. Cheng J, Yang F, Li J, Hua F, He M, Song G. Treatment Outcomes of Re-
generative Endodontic Procedures in Traumatized Immature Permanent 
Necrotic Teeth: A Retrospective Study. J Endod 2022;48:1129-36.

61. Bezgin T, Sönmez H. Review of current concepts of revascularization/
revitalization. Dent Traumatol 2015;31:267-73.

Travmalı genç sürekli kesici dişlerde iki farklı apeksifikasyon protokolünün klinik ve 
radyografik değerlendirilmesi
AMAÇ: Diş travması, olgunlaşmamış dişlerde pulpa dokusuna zarar verebilir. Revaskülarizasyon tedavisi, travma öyküsü olan, non-vital, olgunlaşma-
mış sürekli dişlerin tedavisinde olası bir seçenektir. Bu prospektif  çalışmanın amacı, rejeneratif  endodontik prosedürler ve mineral trioksit agregat 
apeksifikasyon teknikleriyle tedavi edilen travma öyküsü olan olgunlaşmamış dişlerin radyografik ve klinik sonuçlarını değerlendirmektir.
GEREÇ VE YÖNTEM: Yaşları 7 ile 12 arasında değişen, travmatize immatür sürekli üst kesici dişlere sahip 45 hastadan oluşan gruptan 41 hasta ça-
lışma kapsamına alındı. Hastalar daha önce endodontik tedavi görmüş olanlar ve görmemiş olanlar olmak üzere iki gruba ayrıldı. Üniversite kliniğine 
doğrudan başvuran ve daha önce endodontik tedavi görmemiş 24 hasta rejeneratif  endodonti protokol grubuna (grup 1) dahil edildi. Daha önce 
ilgili dişlerine endodontik müdahale yapılmış 17 hasta mineral trioksit agregat apeksifikasyon grubuna (grup 2) dahil edildi. Hastalar 24 ay süreyle 
takip edildi. Klinik başarı oranları değerlendirilirken, kök dentin genişliği ve kök uzunluğundaki yüzde artış miktarını hesaplamak için tedavi öncesi ve 
kontrol radyografileri değerlendirildi.
BULGULAR: 24 aylık takip sonrasında vakaların çoğunda radyografik bulgularda pozitif  periapikal iyileşme tespit edildi. Grup 1'de kök uzunluğunda 
ve kök dentin genişliğinde sınırlı bir artış gözlenirken, apikal açıklıkta daralma belirgindi. 11 yıl sonra ulaşılabilen iki olgunun radyografik değerlendir-
mesi, seçilen yöntemlerin etkinliğinde uzun süreli takibin önemini vurgular tarzda idi.
SONUÇ: Revaskülarizasyon yöntemi travma sonucu nekrotik pulpalı dişlerde kök gelişimi açısından olumlu sonuçları olan bir tedavi seçeneğidir.

Anahtar sözcükler: Genç sürekli dişler; rejeneratif  endodontik protokol; mineral trioksit agregat.
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