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ABSTRACT  
Introduction Traumatic injuries and decays are the biggest challenges to the integrity of a young permanent 
tooth .The aim of this study was to compare the biostimulating and repairing action of mineral trioxide 
aggregate (MTA) and of the mineral aggregate with ceramic nanoparticles (BioAgreggate) with calcium 
hydroxide action, in terms of clinical-radiological parameters, after vital pulp therapy in young permanent teeth 
affected by dental caries or traumatic injury. Material and methods The study was conducted on a sample of 
36 teeth from 31 patients of both sexes, aged between 7 and 15 years (mean 9.3 ± 1.9 years), divided into three 
groups, and took place for a period of up to 4 years. Results The results concerning the effectiveness of the 
three materials used were evaluated in terms of clinical and radiological manifestations. These were 
significantly correlated ( 2 = 35.3, r = 0.705, p = 0.003, 95% CI), the study demonstrating an important  
differences between the three groups of teeth. Final evaluation showed a significant association ( 2 = 18.69, r = 
0.725, p = 0.001, 95% CI) between the material used and the final results. Conclusions Following clinical 
aseptic procedures, after removing bacterial contamination, applying a bio-stimulative dressing and an 
hermetic crown sealing, there are high chances (about 95%) that the pulp of a young permanent tooth, even 
seeming irreversibly inflamed, to return to the original status and continue to exercise its functions with long-
term preservation of vitality. 
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INTRODUCTION 

The main purpose of conservative 
treatment for young permanent teeth should 
be to maintain pulp vitality so that normal 
root development can take place. [1,2,3]. This 
can be achieved by apexogenesis, 
physiological process which is extremely 
important because it promotes healing by 
regeneration rather than by apical repair 
[4,5,6,]. In addition, in all young teeth with 
complete or incomplete apex formation, 

endodontic treatment would stop the dentin 
apposition along the canal walls and pulp 
chamber, causing them to be more susceptible 
to fracture. Direct pulp capping and 
pulpotomy are two clinical methods of 
preserving the vitality of exposed young 
permanent teeth. Partial pulpotomy in teeth 
diagnosed with reversible pulpitis involves 
surgical removal of a portion of affected vital 
coronal pulp tissue, while the remaining 
radicular tissue is left intact, under a histofil 
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dressing to allow continuous normal root 
development [7,8]. 

Over time, various materials have been 
used in order to induce the normal 
development of the root. Until recently, the 
preferred material was calcium hydroxide. 
[9,10]. In the last decades, an alternative 
material called mineral trioxide aggregate 
(MTA) has become available as a reparative 
solution in both pulp and periradicular 
interventions [11, 12] . More recently, a new 
bioactive mineral aggregate, DiaRoot-
BioAggregate (DiaDent Group International, 
Vancouver), has appeared with similar 
properties and application instructions with 
other materials mentioned above [13,14]. 

The antimicrobial effect of the material 
used for pulpotomy relates to the materials 
ability of removing existing bacteria and to 
avoid their penetration into the pulp tissue 
from the oral cavity. The antimicrobial 
properties of calcium hydroxide are based on 
the increased pH, producing an environment 
not conducive to bacterial growth [15]. There 
are three mechanisms by which the calcium 
hydroxide induces bacterial lysis: the 
hydroxyl ions (OH-) destroy the 
phospholipids from bacterial cell membrane, 
reacted with bacterial DNA replication, and 
they induce inhibition and increased 
alkalinity break the bonds between the ions, 
such that the bacterial proteins are denatured, 
[16,17]. 

It has been shown that treatment with 
calcium hydroxide reduces the effect 
liposacharides associated to bacteria (LPS). It 
can hydrolyze the lipid moiety of LPS and is 
able to eliminate the ability of LPS to 
stimulate the production of tumor necrosis 
factor alpha (TNF ) in peripheral blood 
monocytes. These factors diminish the ability 
of microorganisms to destroy tissues. [18,19] 

MTA has demonstrated the ability to 
produce hard tissue in contact with the dental 
pulp [20,21] and compared to calcium 

hydroxide, showed a greater ability to 
maintain the integrity of the pulp tissue. 
Histological evaluation of pulp tissue in 
animals and humans showed that MTA 
produce a thicker dental bridge, less 
inflammation, less hyperemia  and less 
necrosis than calcium hydroxide [22]. MTA 
also seems to cause the formation of bridges 
at a faster rate than that of calcium hydroxide 
[23].  
 
AIM OF THE STUDY 

The objectives of the study were the 
maintaining of pulp vitality in optimal 
parameters necessary for further development 
of root physiological apex (by apexogenesis) 
fallowing pulpotomy, depending on the 
clinical situation. Also, to motivate patients 
about the importance of preserving the 
vitality of these teeth fully developed and 
susceptible to fracture and to monitor them 
over a period of up to four years. 

 
MATERIAL AND METHODS 

The study was conducted on a sample of 
36 teeth from 31 patients of both sexes (14 
girls and 17 boys -45.16%, 54.84%) aged 
between 7 and 15 years (mean 9.3 ± 1.9 
years) and held for a period of up to 4 years 
of age (fig. 1, 2). In all cases studied, the key 
factor in the decision to opt for pulpotomy, 
instead of pulpectomy was the ability to stop 
the bleeding from the pulp.  

Preoperative radiographs were performed 
for all studied teeth,   in order to have a 
radiological analysis of the endodontic and 
periradicular status, using the parallel 
technique with an X-ray Satelec X-Smart 
device, as recommended by the producing 
company.   Vitality tests, thermal and electric 
pulp tissue confirming biological status. 

 Subsequently, the teeth were randomly 
divided  into 3 groups, as follows: Group 1- 
control (GR 1) with 12 teeth to which has 
been applied a base material of calcium 
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hydroxide, prepared extemporaneously from 
powder  of Ca(OH)2 (Calcium Hydroxide, 
Sultan Chemists Inc.) and distilled water, to a  
consistent  paste. Group 2 (GR 2) - to which 
has been applied white MTA (ProRoot® 
MTA Dentsply, Tulsa Dental), prepared 
according to the manufacturer's instructions, 
by mixing the powder to the appropriate 
amount of sterile distilled water. We chose 
white MTA, instead of gray, as in the study 
were part maxillary central incisors and the 
gray variant may have affected the 
physiognomy. To the 3rd group (GR 3) was 
applied DiaRoot® BioAggregate (DiaDent® 
Group International, Vancouver), prepared 
according to manufacturer, by mixing the 
powder with the BioA  liquid. 

After loco-regional anesthesia, a rubber 
dam has been applied, in order to remove or 
smoothen the affected enamel with a high-
speed diamond bur under copious irrigation. 
For the remaining altered dentin, active 
excavators of appropriate size, or large 
spherical burs, at low speed contra angle 
handpiece  were used. In each case, the pulp 
tissue hemostasis was achieved with 2 ml of 
sodium hypochlorite 5%  irrigation, for about 
one minute. With a high speed spherical bur, 
2-3 mm from the superficial layer of affected 
pulp tissue were removed, without applying 
pressure on the pulp margins. After 
hemostasis, and antiseptic cleaning with 
cotton pellets soaked in 5% sodium 
hypochlorite, a layer of about 2 mm from 

each material (mixed according to the 
manufacturer) was placed over the exposed 
pulp tissue. 

Both in case of MTA and BioAggregate, a 
wet cotton pellet was placed in the cavity 
above the material, both materials being 
hydrophilic and having a setting time of about 
4 hours after application. Over these 
materials, a layer of temporary cement was 
placed (Citodur, DoriDent, Austria). After 3-4 
days the biomaterial’s surface was checked 
and a final composite filling was applied. 
Monitoring intervals were approximately 3, 6 
and 12 months. 

Final statistical analysis was done to assess 
the survival and healing rate after tooth 
pulpectomy and a statistical study on the 
reparative ability of the two biomaterials, 
(MTA BioAggregate) compared to calcium 
hydroxide. 
 
RESULTS 

All cases studied could be reassessed after 
3, 6, and 12 months, and those who required 
further monitoring, were followed over a 
longer period. The average review was 16.81 
months ± 6.3 months and the average age of 
patients studied was 9.3ani ± 1.9SD (Table 1, 
2, 3).  

Of the 36 cases studied, 28 (77.8%) were 
diagnosed with irreversible pulpitis by pulp 
exposure due to carious process development 
(CIP), and 8 were due to trauma to the pulp 
chamber (TIP). 

Table 1.  Distribution of cases according to sex 
of patients 

 Nr. of cases % 
Female 14 45.16% 
Male 17 54.84% 
Total                31 

 

Figure 1. The distribution of cases by sex of 
patients 
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Table 2. Statistical indicators of age in the study group patients according to sex 

 Average 
Age 

Average Std. Dev. Std. Er. Min Max Q25 Mediane Q75 -95% +95% 
Female 9.39 8.40 10.38 1.71 0.46 7.50 14.00 8.00 9.00 10.00 
Male 9.32 8.24 10.40 2.10 0.51 7.50 15.50 8.00 9.00 9.00 

 
Figure 2.  Statistical indicators of age in the study group patients according to sex 

Table 3.  Test for comparison of mean age by sex of patients 
Age vs. patients sex F (95% interval of confidence) p 

ANOVA Test 0.009857 0.921596 

 
Table 4.  Statistical indicators of the reexamination interval in  the study group  

Average 
interval of 

reexamination 

Average 
Std. Dev. Std. Er. Min Max Q25 Mediane Q75 -95% +95% 

16.81 14.67 18.94 6.30 1.05 12.00 36.00 12 14 21 
Summary: Reexamination (months) 

 
Figure 3.  Histogram of reexamination interval in the study group 

Kolmogorov-Smirnov d=.25526, p<.05 ; Lilliefors p<.01
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Table 5.  Diagnosis of irreversible pulpitis 
 Nr. cazuri % 

TIP 8 22.22% 
CIP 28 77.78% 

Total               36 
 

Table 6.  Statistical indicators of age in the study group according to diagnosis 
 Avera

ge 
Average Std. Dev. Std. Er. Min Max Q25 Mediane Q75 -95% +95% 

PIT 8.50 7.95 9.05 0.65 0.23 7.50 9.50 8.00 8.50 9.00 
PIC 9.75 8.86 10.64 2.29 0.43 7.50 15.50 8.00 9.00 11.00 

 
Figure 4.  Statistical indicators of age in the study group according to diagnosis 

 
Table 7. Treatment evolution of irreversible pulpitis 

 Cured Currently 
healing 

Periapical 
complica ions Total 

TIP 
n 7 1 0 

8 
% 87.50% 12.50% 0.00% 

CIP 
n 16 9 3 

28 % 57.14% 32.14% 10.71% 

     TOTAL  23 10 3 36 

 
Figure 5. Evolution of treatment for irreversible pulpitis 
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From the first category (CIP), of the 28 
teeth, 16 were completely cured (57.14%), 
maintaining their vitality and forming the 
apex, 9 (32.14%) were being healing, 
exhibiting no painful symptoms and 
maintaining the normal vitality (Figure 6). 
Only three teeth (10.71%) were found 
painful, phenomena associated with 
periapical complications, and were to be 
endodontically treated. 

In the second category (TIP), all 8 

traumatized teeth had positive development, 
in seven healing was complete and the 8th 
was still healing. There is a significant 
difference in the development of teeth for the 
two types of diagnostic analysis ( 2 = 6.74, r 
= 0.68, p = 0.022, 95% CI). The probability 
of survival of a vital tooth at 12 months after 
treatment was 63.8%. In terms of clinical 
efficacy of the three materials used in this 
study, we followed the results according to 
clinical manifestations (Table 9, 10). 

 

A.  

 

B.  

C.  

 

D.  
Figure 6.  Maxillary central incisor (1.1) with coronal fracture  and pulp open chamber in an 8 

years patient (A, B). Preoperative radiograph: Tooth 1.1 with wide open apex (C); 
Postoperative radiograph at 12 months: note the root canal completely built and slightly 

narrowed; the arrow points to the newly formed dentin in the barrier material of Ca(OH)2 (D). 

 
Table 8. Estimated parameters of development according to treatment 

 Chi-p trat 2 p 
95% trust interval  

M-L Chi-square - 2 6.740068 0.03439 
Correlation coefficient 

(Spearman Rank R) 0.6893204 0.02206 
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Table 9.  Life-Table results to assess survival rate 
 Nr din i Material utilizat 

Group 1  (control group ) 12 Material based on calcium hydroxide 
Group 2 12 MTA (white) 
Group 3 12 DiaRoot® BioAggregate 
Total 36 

 
Table 10.  The association of clinical estimated parameters and material used 

 Chi-square 2 p 
95% trust  interval 

M-L Chi- square - 2 35.35802 0.00187 
Coefficient of correlation 

(Spearman Rank R) 0.70554 0.000356 

 
Clinical manifestations were significantly 

correlated ( 2 = 35.3, r = 0.705, p = 0.003, 
95% CI) with the material used, the study 
demonstrating significant differences 
occurring in the three groups of teeth in terms 
of clinical manifestations.  

After 3 months fallowing treatment, no 
tooth showed painful symptoms or other 
clinical manifestation in all 3 groups. At six 
months, only one case from GR 1 had 
tenderness to palpation and was swollen in 
the buccal area, next to the apex.  After 12 
months, two teeth of GR 1 showed the same 
symptoms, and one presented fistula. 
 
DISCUSSIONS 

When analyzing the effects of calcium 
hydroxide in vital pulp therapy, success rates 
range from 50-96% [24]. These studies 
typically focus on asymptomatic teeth with 
deep carious lesions resulting in exposure of 
the pulp. The pulp had no pre-existing 
condition. 

A major difference in our investigation 
was the painful condition of a high 
percentage of teeth before treatment. About 
70% of the cases involved teeth with carious 
exposures and a preoperative diagnosis of 
irreversible pulpitis. For this group, we 
obtained a success rate of 100% for the main 
purpose of normal development of the root. 

Another important aspect to note in this 

study would be that factors such as the size of 
the pulp exposed, the time between injury and 
treatment and the degree of maturation of the 
root are important, but not critical to the long 
term success of this therapy, favorable results 
in such situations being obtained even in 
young permanent teeth with completely 
formed root apex. 
 
CONCLUSIONS 

The major difficulty in the treatment of 
immature permanent teeth is precisely the 
inability of physicians to predict their healing 
due to the uncertain status of pulp 
inflammation Current methods of assessing it, 
can not accurately determine the parameters 
required for such evaluations,  being relative 
and more as a guidance. 

 After a monitoring period of 12 months, 
MTA and BioAggregate proved very 
effective in young permanent teeth 
pulpotomy, both materials being able to 
replace the classic calcium hydroxide in this 
situation.  

However, comparing the effect in time and 
clinical manifestations of both MTA and 
BioAggregate, with calcium hydroxide, we 
found a statistically significant difference 
between the rate of dentin barrier deposition, 
and its thickness, as well as of its radio-
opacity for the two mineral aggregates, as 
compared to calcium hydroxide. 
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