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Eeeeeeee ental trauma in young permanent tooth may lead to non–vitality, if not intervened at an 
eeeeeeeeeearly stage. The treatment of non–vital immature teeth is a great challenge to clinician, 
as the root formation has not completed and open apex is found in the developing roots of 
immature teeth, which closes approximately 3 years after eruption of the tooth. For condensing 
gutta–percha, there should be an apex barrier to prevent extrusion of cement and gutta–percha 
into the periapical area causing trauma to the periapical tissues.(1) 

The procedural term apexification refers to that method of treatment aimed at inducing 
apical repair as a hard tissue barrier across an open apex. This technique usually refers to 
endodontic management of the pulpless permanent tooth with an open or even ‘blunderbuss’ 
apex.(2)  

The procedure requires the chemomechanical debridement of the canal followed by 
placement of an intracanal medicament to assist or stimulate apical healing and formation of an 
apical barrier. The most common material used in apexification is calcium hydroxide.(3) 

The composition of the apical barrier seems to vary. Cementum can form the apical 
bridge(4) and has been reported to have been deposited along the walls of the root canal even to 
the junction of the middle and cervical thirds.(5) Dentine and bone have also been reported to 
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have formed(6) but the most common result seems to be a combination of all three tissues(7) with 
connective tissue and calcium hydroxide sometimes mixed in with them.(8) 

Hertwig’s epithelial root sheath is considered to be an important tissue in the 
development of the apical barrier and may not always be irreparably damaged.(9) 

Hertwig’s sheath appears to be a resistant organ which can survive periapical 
inflammation and then continue its role of organization of root development when the 
inflammatory process is eliminated.(10) 

The aim of the present study is to identify the effectiveness of tgpaste of calcium 
hydroxide with barium sulfate in inducing a calcified apical barrier or continued apical 
development of an incompletely formed root in necrotic permanent incisors of children. 

 
MATERIALS AND METHODS 

After detailed history and thorough clinical and radiographical examinations, twenty 
children with twenty teeth with pulpal necrotic and an incompletely formed apex (Figure 1) were 
included in this study at Department of Peadiatric Dentistry, College of Dentistry, University of 
Mosul. 

First, the affected tooth was anesthetized with local anesthetic agent (Septodont, France), 
and an access opening was made into the pulp chamber. A suitable size of K–file (Technical & 
General Ltd, UK) was placed in the root canal, and a radiograph was taken to establish the root 
length accurately within 1 mm of the radiographic apex (Figure 2). It is important to avoid 
placing the instrument through the apex, which might injure the epithelial diaphragm.(1)  

After the remnants of the pulp were removed using barbed broaches and files (Technical 
& General Ltd, UK), the canal was carefully instrumented to completely remove necrotic debris 
and the canal was flooded with hydrogen peroxide to aid in the removal of debris. The canal was 
then irrigated with sodium hypochlorite (1% NaOCl)� and saline and then dried with large paper 
points and loose cotton, a cotton pellet with camphorated mono–parachlorophenol (CMCP) 
(Produits Dentaires SA, Switzerland) was placed in the pulp chamber and the seal was completed 
with a layer of reinforced zinc oxide–eugenol cement (Produits Dentaires SA, Vevey/ 
Switzerland).(1)  

Another visit was performed 4–5 days later, if there was any evidence of hemorrhage, 
exudates or sensitivity of the treated tooth, cleaning and irrigation with sodium hypochlorite (1% 
NaOCl)� and saline of the root canal was repeated. Then after 4–5 days later, with absence of 
hemorrhage, exudates or sensitivity of the treated tooth, a paste of non setting calcium hydroxide 
with barium sulfate (tgpaste, Technical & General Ltd, UK), manufactured in a form of syringe 
with disposable tip was inserted in the root canal to the correct working length and the paste was 
injected easily by withdrawing of the syringe's tip from the canal till the canal orifice, then the 
access opening was sealed with a layer of reinforced zinc oxide–eugenol cement(1) (Figure 3). 

The patient was re–examined after 3 months. Non setting calcium hydroxide paste was 
changed every 3 months if there was evidence of resorption of the paste. Until the closure 
occurred or calcific bridge was observed radiographically (Figure 4). An apical barrier formation 
was confirmed by using a size 30 paper point to check for the presence of a resistant ‘stop’ and 
absence of hemorrhage, exudates or sensitivity.  Then conventional obturation with gutta percha 
was done(1) (Figure 5). 
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RESULLTS 
The present study included the records of 20 patients with twenty teeth having a necrotic 

pulp and an incompletely formed apex. Four patients were excluded due to failure to follow up 
visits. 

The patients were between 7 and 9 years of age. The average age of the patients was 8 
years. There was significantly (p > 0.05) more boys (62.5%) than girls (37.5%). All the affected 
teeth were upper central incisors (Table 1). 

The mean duration for apical barrier formation was 6.813+1.1 months (range 6–12 
months). Majority of the cases, about 60%, needed 8–9 months for complete apical barrier 
formation, followed by 31.25% of cases required 6–7 months, 18.75% of cases required  10–11 

Figure (3): Calcium 
hydroxide paste injection 

Figure (4): After 6 months 
apical barrier closure 

Figure (5): Gutta percha 
obturation 

Figure (2): Working length 
determination 

Figure (1): Pulpal necrotic 
tooth and an incompletely 
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months and only 12.5% of cases required 12 months and over to complete their apical barrier 
formation (Figure 6).   

Table (1): Numbers and percentages of patients'  
distribution according to gender and age. 

Sex Age 
(Years) Male Female Total 

7 6 (60.0%) 2(33.3%) 8 (50.0%) 
8 3 (30.0%) 4 (66.7%) 7 (43.8%) 
9 1 (10.0%) 0 (0.0%) 1 (6.2%) 

Total 10 (62.5%) 6 (37.5%) 16 (100%) 
 

 

 

 

 

 

 

 

 
Figure (6): Duration for apical barrier formation. 

 
DISCUSSION 

Daily there is a greater number of individuals who are victims of different types of 
accidents which can cause often irreversible trauma to dental structures and to their supporting 
system, depending on the intensity and form of trauma.(11) In this study there was significantly 
more boys than girls suffering from dental trauma, this is in agreement with another study(12) that 
found boys more active than girls at school age. 

Traumatic injuries can cause a lot of complications, such as internal and external 
resorption, necrosis and calcification,(13) showing the importance of preservation using periodic 
clinical and x–ray exams to detect the presence of these pathological alterations. 

Endodontic treatment of teeth with incomplete root formation seeks to obtain 
physiological complementation of the radicular apex (apexigenesis) or apical closure by means 
of stimulation (apexification) which is the objective of this study.  

In this study all the affected teeth were upper central incisors, since these teeth are 
affected by trauma more than the other because their anterior position.(12) Normally, they erupt at 
age of 6.7–8.1 years and complete root formation at age of 8.6–9.8 years(14) that’s why in this 
study the children with affected non–vital immature central incisors range between 7–9 years of 
age.  

Diverse materials have been proposed to induce the apexification of nonvital permanent 
teeth. Morse et al.(15) studied five treatment methods for teeth with incomplete root formation 
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and pulpal necrosis and concluded that the success of therapy with apical tissue repair is due to 
the antibacterial action and the calcification–inducing action of calcium hydroxide. 

Many studies demonstrated other materials being used for apexification, such as calcium 
hydroxide in combination with sterile water, saline, local anesthetic, camphorated 
parachlorophenol, zinc oxide paste with cresol and iodoform,(16) polyantibiotic paste(17) and 
tricalcium phosphate.(18) There are new strides in the apexification procedure with mineral 
trioxide aggregate (MTA).(19) But the use of calcium hydroxide in apical barrier formation has 
shown promising results. Because of its enhanced success rate, easy availability for clinician and 
affordability for patients, it has gained widest acceptance all around the world. 

The alkalinity of non setting calcium hydroxide is used to stimulate the formation of 
mineralized and fibrous tissue by the granulation tissue cells in the apical part of the root 
canal.(20) It stimulates the physical barrier and also acts as disinfectant. The resultant mineralized 
tissue can be composed of osteocementum, osteodentine, or bone or some combination of the 
three. The calcific bridge can be a complete or an incomplete hard tissue bridge at the root end or 
a few millimeters short of it.(21)  

 In this study complete apical barrier formation was occurred in 100% of the teeth with 
using tgpaste of calcium hydroxide with barium sulfate. This indicated that this product 
considered being excellent in inducing calcified apical barrier formation. Even other studies(22–26) 
used calcium hydroxide of different sources, but they also gain very good result of apical closure.  

Chosack et al.(25) suggested that repeated root fillings are not required as calcium 
hydroxide is only required to initiate healing process. They also reported that the calcium 
hydroxide has to be replaced if there are any symptoms or displacement of the medicament that 
was also used in this study, so calcium hydroxide paste was changed every 3 months when there 
was any evidence of displacement or resorption of the medicament.  The frequency of calcium 
hydroxide dressing change is one of the few variables within the operator’s control, which also 
has an effect on the speed of barrier formation. Hence it is confirmed that, if the root apex is 
disturbed by repeated instrumentation and dressing changes, then the time required for apex 
formation prolongs.(24)  

It should be recognized that teeth treated by the apexification method are susceptible to 
fracture because of the brittleness that results from non–vitality and from the relatively thin 
dentinal walls of the roots. In addition, another important problem with the calcium hydroxide 
apexification technique is the duration of therapy, which often lasts many months. In this study 
the majority of cases required 8–9 months to complete the calcified apical barrier formation, 
meanwhile the range of all cases was 6 to 12 months, which is less than that found in other 
studies that reported in the absence of infection apexification can occur within 12 to 18 
months.(27–30) This may be related to availability and calcification–inducing action of different 
calcium hydroxide products. 

 
CONCLUSIONS 

 It is generally agreed that calcium hydroxide is the major ingredient responsible for 
stimulating the desired calcific closure of the apical area of non–vital immature permanent 
incisors.  
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