
 

 

                                              

 

        Depósito de investigación de la Universidad de Sevilla  

 

                                  https://idus.us.es/ 

 

Esta es la versión aceptada del artículo publicado en:  

This is a accepted manuscript of a paper published in: 

               Dental Traumatology: 2005 

DOI: 10.1111/j.1600-9657.2005.00289.x 

Copyright: @ Blackwell Munksgaard 2005 

El acceso a la versión publicada del artículo puede requerir la suscripción de la 

revista.  

Access to the published version may require subscription. 

 

“This is the peer reviewed version of the following articleDr Antonia Dominguez Reyes, 

C/Alfonso de Cossı´o n 1, 1 A 1, 41004 Sevilla, Spain Tel.: 01134954421932 Fax: 01134954421932 

e-mail: adominre@us.es, which has been published in final form at 10.1111/j.1600-

9657.2005.00289.x]. This article may be used for non-commercial purposes in 

accordance with Wiley Terms and Conditions for Use of Self-Archived Versions. 

This article may not be enhanced, enriched or otherwise transformed into a 

derivative work, without express permission from Wiley or by statutory rights 

under applicable legislation. Copyright notices must not be removed, obscured 

or modified. The article must be linked to Wiley’s version of record on Wiley 

Online Library and any embedding, framing or otherwise making available the 

article or pages thereof by third parties from platforms, services and websites 

other than Wiley Online Library must be prohibited." 

 

https://idus.us.es/
https://doi.org/10.1111/j.1600-9657.2005.00289.x
https://doi.org/10.1111/j.1600-9657.2005.00289.x
https://doi.org/10.1111/j.1600-9657.2005.00289.x


 1 

PROFESSOR MARTIN TROPE, DMD 

DERPARTAMENT OF ENDODONTICS 

SCHOOL OF DENTISTRY 

UNIVERSITY OF NORTH CAROLINA 

CHAPEL HILL, NC 27599-7450 

USA 

 

 

 

 

DRA. ANTONIA DOMINGUEZ REYES 

 

  C/ ALFONSO DE COSSÍO Nº 1, 1º A 1 

 

  41004 SEVILLA (SPAIN) 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 



 2 

Study of Calcium Hydroxide Apexification  

in 26 Young Permanent Incisors. 

 
 

 

 

 

 

Authors: 

 

Dominguez Reyes A* , Muñoz Muñoz L**,  Aznar Martín T, ***. 

 

*Assistant Professor of Integrated Dentistry. School of  Dentistry.  

University of Seville. Spain 

 

** Honorary Collaborator of Integrated Dentistry. School of  Dentistry. 

University of Seville. Spain 

 

*** Associate Professor of Integrated Dentistry. School of  Dentistry.  

University of Seville. Spain 

 

 

 

 

 

 

Address all correspondence to: 

 

 

  Dra. Antonia Dominguez Reyes 

 

  C/ Alfonso de Cossío nº 1, 1º A 1 

 

  41004 Sevilla (Spain) 

 

  Telf: 01134954421932 

 

  Email : adominre@us.es 

  Fax: 01134954421932 

   

 

Dominguez Reyes A *,  Muñoz Muñoz L**, Aznar Martín T***.               Dent Traumatol 

 

 

 



 3 

STUDY OF CALCIUM HYDROXIDE APEXIFICATION IN 26 YOUNG PERMANENT 

INCISORS. 

 

ABSTRACT  

This study was carried out in order to observe the effectiveness of apexification in young 

permanent incisors. The sample comprised 26 young permanent incisors with necrotic pulp and 

open apices. The time taken to obtain apical closure, its form and size were analysed in order to 

find out if closure was influenced by existing pathology or size of apex. The treated teeth were 

compared with their corresponding contralateral teeth. The test of McNemar and Anova was 

used and a result of p 0.05 was considered significant. Apical closure was obtained in 100% of 

the cases studied, of these 88,4% needed three to four sessions of calcium hydroxide treatment  

(an average of 3.23 sessions) in order to obtain apical closure, the average time employed was 

12.19 months and the most frequent apical form obtained was similar to the physiological 

(73.1%).The apical diameter progressively decreased during treatment , the same occurred with 

that of  the healthy contralateral. The pathology of the tooth before treatment does not influence 

the time needed to obtain apical closure, but it does affect the size of its diameter. 
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INTRODUCTION 

 After  traumatic injuries children often present pulpar necrosis, normally in the 

permanent maxillary incisors. These incisors have a common characteristic: an incomplete 

radicular development and open apices. In these cases treatment is aimed at promoting 

complete radicular development, apical closure or both simultaneously. At a later date a 

complete obturation of the root canal is carried out in order to prevent irritating factors 

affecting the periapex. 

 Several different treatments have been described in order to achieve apical closure and 

radicular development (1). One is apexification, which is defined as the induction of apical 

closure in a tooth with non-vital pulp. This induction is promoted by stimulating the formation 

of mineralised tissue (osteocement) at the end of the root (2), either with or without radicular 

growth. 

 Since its first presentation by Kaiser and Frank in 1964, apexification has been used 

with great success by many researchers, (3, 4, 5, 6, 7, 8, 9). It is a treatment that complies with 

the aforementioned objectives: it allows apical closure and promotes radicular development if 

the Hertwig’s epithelial root sheath has not been irreversibly damaged (3). The drawback of 

this technique is that the time needed for treatment is prolonged. For this reason some authors 

prefer to carry out apexification in just one session (10) or obturation of the radicular canal with 

a gutapercha followed by apicectomy with retrograde filling. 

 Many kinds of materials have been used to induce apexification in teeth with immature 

apices: antiseptic pastes, antibiotic pastes (11), ceramic tricalcium  phosphate, the osteogenic 

protein-1,  trioxide mineral aggregate (MTA) (12) calcium hydroxide mixed with different 

substances in solution (3, 4, 5, 6, 7, 8, 9) etc; however treatment with calcium hydroxide is 

usually preferred. 
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 This study has been carried out for several reasons: in order to verify the effectiveness 

of this technique of apexification using calcium hydroxide; to observe the length of time 

required for apical closure; to analyse the shape and size of the apex of the contralateral tooth, 

and finally to find out if the clinical symptoms of the shape of the apex have any bearing on the 

time taken to achieve apical closure. 

 

METHODS  AND  MATERIALS 

 

This study involved 19 patients, 14 boys and 5 girls, between the ages of 6 to 9 years old. They 

attended our teaching unit of Integrated Paediatric Dentistry at the Dental School  

 between 1995-1998.  All children who presented pulp necrosis in their incisors were included 

in this study. They were all treated by students from the final year of Dental studies, supervised 

by a professor. A clinical record was taken and an examination carried out ( inspection, 

palpation, percussion and mobility). There was also a radiological examination (periapical x-

rays with positioner) and direct observation of the pulp after the aperture of the chamber. 

Although vitality tests were also carried out, they have not been included in this study due to 

their subjectivity. Out of the 19 patients included in our study one girl stopped attending our 

unit because she moved to another city. Apicoformation had already been carried out on her 

two upper central incisors. Therefore this study was completed with 18 patients (14 boys and 4 

girls), and 26 teeth were treated (22 central incisors and 4 lateral incisors). 

 These incisors were compared with their healthy contralateral incisor, (7 patients/13 

teeth). 

 All teeth were treated with the technique of apicoformation after local anaesthetic and 

use of a rubber dam. The chamber ceiling was perforated with a tungsten 330 high speed 

refrigerated 330 burr. The remaining coronal pulp was removed with a tungsten low speed 
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round burr and with the help of broaches. This was followed by irrigation with 5% sodium 

hypochlorate until the entrance to the canals was thoroughly visualised. In order to avoid 

surpassing the apical constriction  the length of the root canal was determined with high-calibre 

K-files (numbers 25 to 30) (conductectomy).  When the working length had been ascertained 

the instrumentation of the canals with K-files was commenced. The first used had the same 

measurement as that used for the measurement of the canals; larger calibre files were used 

progressively in order to widen the canal. After each step the canals were flushed with 0/5% 

sodium hypochlorate, then filled with pure, pro-analysis calcium hydroxide powder (Ca(OH)2) 

dissolved in distilled water. 

 In order to facilitate treatment in further sessions a cotton pellet was placed on the 

chamber floor, IRM or ionometer was added, and finally the tooth was restored with a 

permanent material in order to avoid the possibility of filtration. 

 Patients underwent a clinical and radiological check-up every three months, unless they 

missed their appointment or were on holiday. At each check-up apical size and shape were 

measured, and clinical symptoms observed. The material used for filling  was replaced and the 

technique of apexification formerly described was repeated until the existence of a barrier or 

apical stop was found. When this occurred root filling with gutta-percha was performed. 

 The shape of the open apices  was classified before treatment in the following way: 

convergent walls (CAW), parallel apical walls (PAW), or blunderbuss (DAW); after treatment 

as closed form, physiological closure or similar to physiological closure (PC), round apical 

closure (RC) and straight bridge (SBC). The apical diameters of the treated teeth were 

compared, whenever possible, with their matching contralateral teeth if these were healthy. 

They were measured with a milimetrical ruler. The statistical tests used were Anova and 

MacNemar. 
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RESULTS  

 

 In this study all cases of pulp necrosis were due to traumatic injuries, with a higher 

percentage of boys (73.4%) than girls (26.3%). The patients were treated until apical closure 

was achieved. One patient (5.26%) was excluded  from the study  due to missed appointments. 

26 incisors were studied and apical closure was 100% successful. At the first examination 8 of 

these teeth presented no clinical symptoms (30.8%) and 18 presented symptoms (69.2%). These 

symptoms were: spontaneous pain 57.7%, provoked pain 11%, fistula  3.8%, slight periodontal 

widening 19.2%, apical image 11.5%. All clinical symptoms disappeared after treatment 

(100%, 26 teeth) (p<0.0005) (Table 1). There was no relationship found  between time needed 

for apical closure and the clinical symptoms prior to treatment. 

 The shape of the apex after apexification was similar to the physiological shape 

(73.1%), rounded (19.2%) and straight (7.7%) (Table 2). 

       After taking into account the shape of the apex before treatment and the shape obtained 

after treatment the results showed that 100% of teeth with open apices  and convergent walls 

(CAW) (7 teeth) obtained apical closure which was very similar to physiological closure . 

100% of  teeth with parallel apical walls (11 teeth) obtained apical closure which was very 

similar to physiological closure; 8 teeth had open apices with divergent walls before 

apicoformation, of which one tooth obtained an apex similar to the physiological shape, 5 teeth 

round apices and 2 teeth straight apices. On comparing the apical form of the affected teeth 

with their matching contralateral teeth it was observed that any healthy apical form gave rise to 

physiological closure. This is not true of  teeth with apicoformation as the wider the apices the 

greater the different forms of apical closure (p=0.000108). 
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    The apical diameter of teeth with apicoformation progressively decreased in size during 

treatment (p=0.001049); the same occurred with their healthy contralateral teeth (p=0.019295) 

(table 3). 

 88,4% of teeth studied obtained apical closure after 3 to 4 sessions of treatment with 

calcium hydroxide (average 3.25 sessions). The average time needed for apical closure was 

12.19 months. (Table 4). 

 The following results were observed after taking into account the apical shape before 

treatment and the time needed to obtain apical closure: one tooth with divergent walls needed 5 

sessions of calcium hydroxide; 8 teeth needed 4 sessions, of which 3 had divergent walls and 5 

parallel walls;  15 teeth obtained closure with 3 sessions, 4 of these teeth had divergent walls, 6 

parallel walls and 5 convergent walls. There were 2 teeth that needed only one session of 

treatment and both had convergent walls. It can be observed that more sessions of treatment 

with calcium hydroxide are needed for teeth with divergent apical walls. (p=0.003686). 

  

 

DISCUSSION 

 

 In this study apical closure was obtained in 100% of teeth treated and is therefore in 

accordance with results obtained by other authors ( between 74% and 100%) (4, 5, 6, 7, 8, 9). 

Some authors consider that the existence of radio lucent apical images larger than 5mm delays 

the formation of apical barriers or provokes the formation of irregular apical barriers (7, 13). In 

this study there were three cases of radio lucent apical images but none resulted in delayed or 

irregular closure. These images disappeared in 100% of cases. This is a higher percentage than 

that found by Heithersay (3), 1975 (95.24%) or by Morfis and Siskos (8), 1991 (89.66%). In 
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this present study it is considered that apical lesions were closed through the use of a precise 

technique. 

 Ghose states that in 78% of cases apical closure is obtained 5 or 6 months after 

completing treatment and two sessions of calcium hydroxide treatment are usually required (4). 

Mackie et al. obtain closure in an average time of 10.3 months (14); Yates at 9 months (15);  

Cvek  in 18.2 months (13). Many authors consider that the size of the apical opening before 

treatment influences apical closure (14, 15).The results of this study confirm their findings. No 

evidence has been found to prove that symptoms such as pain or severe infections affect the 

time required to obtain apical closure (7, 13), possibly because no such symptoms were present 

in this study. According to Torneck and Smith (16) the reopening of the canal at each session 

delays apical formation. However, Morfis and Siskos (8) and Ghose et al. (4) consider 

apicoformation to be totally independent to  the number of sessions of treatment, or age or sex 

of the patient. Cvek (13) states that calcium hydroxide treatment should be repeated after 3 to 4 

months because after this time calcium hydroxide appears to lose its antibacterial properties its 

ability to form an apical barrier . A recent study carried out on monkeys (17) seems to indicate 

that there is no advantage in carrying out a greater number of sessions of apexification before 6 

months have passed. 

 The apical shape most frequently observed in this study was similar to the physiological 

shape (73.11%), followed by a rounded form (19.2%) and a straight form, or bridge (7.7%). 

These results differ from those of Morfis which indicate that the straight bridge is the most 

frequent (66.7%), and from Ghose (65% rounded closures and 24% straight bridges). For some 

authors the shape of the apical barrier is completely independent to the apical diameter before 

treatment (8, 4). In this study the teeth that presented convergent or parallel walls before 

treatment obtained a closure similar to the physiological shape. However, when the walls were 

divergent there was no relationship found between the shape of the walls and apical closure as 
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rounded, straight or physiological shapes were all found. The physiological shape was due to 

the fact that the HERS had not been irreversibly damaged. For this reason 100% of healthy 

contralateral teeth had a physiological development that showed  pointed apices with a small 

diameter. 

 The apical diameter of teeth with apexification decreases during treatment. This is also 

true of healthy antagonist teeth as the root develops, due to the HERS or to odontogenesis of 

the apex.  In most cases the apical diameter of a treated tooth is larger than its healthy 

contralateral tooth.. 

 Although the success of apexification  with calcium hydroxide treatment is widely 

accepted, nowadays the use of other materials such as MTA (12) or pastes containing 

tetracycline (11) is being studied. 

  

CONCLUSIONS  

 

 According to the results of this present study the most frequent cause of necrotic pulp in 

young permanent teeth is traumatic injury. Apexification using calcium hydroxide as a 

temporary material for filling is an effective means of inducing apical closure. This has been 

achieved with an average of 3.23 sessions of treatment over an average period of 12.19 months. 

There was no evidence to indicate that symptoms prior to treatment had any influence on the 

time take to achieve apical closure. The most frequent shape after closure was physiological 

(73.1%), followed by rounded (19.2%) and straight bridge (7.7%). The apical diameter of teeth 

treated with apicoformation  progressively decreased after treatment. This factor indicates that 

treatment is instrumental in achieving apical closure. The more divergent the apical walls the 

longer it takes to obtain apical closure. 
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Table 1 : Symptoms observed in incisors before and after apexification. 

 
 

SYMPTOMS   BEFORE  TREATMENT          AFTER  TREATMENT 

 
 
Without symptoms 
 
With Symptoms 
   Provoked pain 
   Spontaneous pain 
   Fistula 
   Abscess 
   Mobility 
   Apical image 
   Widening of periodontal 
ligament 
 

 
 

   8 (30.8%)* 
 

18 (69.2%) 
   3 (11.5%) 
  15 (57.7%) 

 1 (3.8%) 
-------------- 
-------------- 

    3 (11.5%) 
    5 (19.2%) 

 
 

26 (100%)* 

(*)P<0.0005  
 
 
 
 
 
 
Table 2: Apical shapes before and after treatment. 
 
 

APICAL  SHAPE  BEFORE  APEXIEFICATION 

 

 
APICAL  SHAPE  AFTER  APEXIFICATION 
 
 

 
Convergent apical 
walls 
(CAW) 

 
 7(26.9%) 

 
Apical closure similar 
to physiological 
closure 
(PC) 

 
19 (73.1%) 

 
Parallel apical walls 
(PAW) 
 

 
11(42.3%) 

 
Rounded apical 
closure 
(RC) 

 
5 (19.2%) 
 

 
Divergent apical walls 
(DAW) 

 
 8 (30.8%) 

 
Straight apical closure 
(SBC) 
 

 
2 (7.7%) 
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TABLE 3. Apical diameters before and after apexification. Comparison with contralateral tooth. 
 
 

Apical size       Tooth with apexification                   Contralateral tooth 

 (mm.)             B.T                       A.T                                       B.T               A.T                    
    
---------------------------------------------------------------------------------------------------------------------------- 
0.6-1  1(3.8%)  4 (15.4%)  2(15.4%)        4 (30.8%) 
1.1-2  9 (34.6%) 14(53.8%)  5(38.46%)      9(69.23%) 
2.1-3  10 (38.43%)   5(19.2%)  6(46.15%)        ------------    
3.1-4  5 (19.2 %)   3(11.5%)  ------------           -----------     
4.1-5  1 (3.8%) 
   
Average                   2.69                    2.17                                  2.15                 1.62 
SD                            0.91       0.81                                  0.75                0.46    

BT (Before treatment, or during the period of time taken to complete treatment) 
AT (After treatment, or after period of time taken to complete treatment) 
SD (Standard deviation) 
 
 
 
 
 
Table 4. (a )Sessions of calcium hydroxide treatment. (b )Time taken to obtain apical closure. 
 
 

Teeth                 Sessions         Teeth                                    Time 
                                                                                                    (months) 
-------------------------------------        ------------------------------------------------ 
  2 (7.7%)     1   3 (11.5%)    3 
15 (57.82%)     3   2 (7.7%)                10 
  8(30.8%)     4   12 (46.2%)  12 
  1(3.8%)     5   4 (15.4%)  15 
                                     4 (15.4%)  16 
     1 (3.8%)                             20 

    Average 3.23                                                       Average 12.19 
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