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ABSTRACT

Aim : This study aim to evaluate the physicochemical properties (pH, calcium ion release, 
solubility and setting time) of different pulp capping materials  [Bioaggregate (BA),  Nano Bioactive 
glass (NBAG), Nano MTA& MTA] in vitro, and  to observe the histopathological pulp response 
following direct pulp capping of dog’s teeth. 

Material &Methods : for the weight loss, pH changes and calcium ions release, the tested 
specimens were immersed in distilled water. The solubility tests recorded weight loss of the test 
materials after immersion in distilled water. The evaluations were performed at 1h, 24h and 7 days.   
For the histological evaluation twenty adult dogs were used in this study, (8 teeth for each dog),  
classified into 4 experimental groups  as follows :Group 1: BA. Group 2: NBAG. Group 3: MTA. 
Group 4: NMTA, the pulpal tissue response was assessed at 1 month and 3 months time  intervals.  

Results:  Bioaggregate showed the highest mean values for ph, ca ions release and solubility 
tests, while MTA showed the highest setting time mean value. On the other hand, Nanobioactive 
glass was the only material which recorded negative solubility. Histological  results showed that 
dental pulpal tissues of  teeth capped with  MTA revealed absence of  inflammatoion  in addition 
to tubular pattern dentin bridge formation at site of exposure, BA showed dentin bridge formation 
and minimal inflammatory reaction, NMTA and NBAG enhanced the dentin bridge thickness, but 
of inferior quality than MTA and BA. 

Conclusion: based on histological analysis MTA and Bioaggregate are favorable materials for 
direct pulp capping, however  BA  revealed the superior physicochemical properties.

KEYWORD: Pulp capping materials   – histological  evaluation  – physical properties –    
MTA-  Nano MTA- Bioaggregate-  Bioactiveglass
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INTRODUCTION 

Dental pulp vitality is of great importance to 
teeth, not only for providing nutrition but also as 
a biological sensor to detect the outside stimuli(1). 
Direct pulp capping is a well-established method of 
vital pulp therapy in which the exposed dental pulp 
is covered directly with a material that protects the 
pulp  troduction from additional injury and permits 
healing and repair. A final goal of the application 
of capping materials is to induce the formation of 
dentin by pulp cells (2).

An ideal pulp capping material should have the 
ability of stimulating formation of reparative dentin, 
maintaining pulp vitality, providing effective 
bactericidal and/or bacteriostatic action and pulp 
sealing (3).

Despite Calcium Hydroxide (CH) being consid-
ered the gold standard for vital pulp therapy, consid-
erable confusion of its use persist. Recent attempts 
to develop different pulp capping materials have re-
sulted in the development of Mineral Trioxide Ag-
gregate (MTA) which was first proposed for pulp 
capping in 1993(4). when MTA was used for direct 
pulp capping, it showed better interaction with den-
tal pulp tissue than did CH or acid-etched dentin 
bonding (5). It has been shown to induce hard tissue 
formation with limited inflammation and increases 
dentin regeneration (6). However, MTA has a few 
disadvantages such as long setting time, poor han-
dling characteristics, discoloration and high cost(7).

The advancement of nanotechnology improved 
the properties and the sealability of endodontic 
materials (8). Nano MTA (NMTA) is a new bioac-
tive material with osteoinductive properties used 
for pulp capping and perforation repair. Also, Nano 
Bioactive glass (NBAG) is a kind of highly bio-
compatible, osteoinductive and osteoconductive 
calcium silicate-based biomaterial (9). In addition, 
Bioaggregate (BA)  is a white nanoparticle ceramic 
cement, composed primarily of calcium silicate, 
calcium hydroxide, and hydroxyapatite (10).

The physical properties of pulp capping materi-
als as solubility, pH and calcium release can affect 
the pulp tissue healing. The high pH of a material 
provides bactericidal activity and encourages tis-
sue repair (11). The ability of a material to release 
calcium is a key factor for successful pulp capping 
therapies because of the action of calcium on min-
eralizing cells differentiation and hard tissue miner-
alization (12).

Therefore, this study was conducted to test dif-
ferent capping materials physically and examine 
histologically the effect of these materials on the 
pulp tissue of dogs’ teeth.

MATERIALS AND METHODS

I- Evaluation of pulp capping materials in vitro:

a- PH test: Measurement of pH was performed 
with a pH meter  previously calibrated with buf-
fer solutions at pH 4.0 and 7.0 at 29ºC (13).

b- Calcium ion release test: was performed with 
atomic absorption spectrophotometer(14).

c- Solubility test: the samples’change in weight 
was recorded after different time intervals by 
calculatingThe difference between the original 
weight of each sample and its final weight (15).

d- Setting time:  was measured with  a vicat appa-
ratus  and recorded the time elapsed between the 
end of mixing when the needle failed to make a 
complete circular indentation on the tested ma-
terial(16).

II- Histological evaluation of pulp tissue reac-
tion to pulp capping materials:

Surgical procdure & sample selection: Twen-
ty adult dogs apparently healthy were used in this 
study, with an average weight 15-18 kg body weight, 
and of ages ranging from 12 – 18 months. 

The animals were quarantined in separate cages 
in the department of Veterinary surgery, Anesthesi-
ology and Radiology Faculty of Veterinary Medi-
cine, Suez Canal University. 
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Food was with held 6-8 hrs prior to surgery. Fif-
teen minutes before the induction of general anes-
thesia, each dog was premedicated with I/M injec-
tion of chloropromazine hydrochloride (Neurazine) 
in a dose of 1 mg/ kg (17). General anesthesia was 
accomplished by I/V injection of thiopental sodium 
2.5% solution until the main reflexes were abol-
ished. The animal, except the site of operation, was 
draped with sterile towels. Cefotaxime was injected 
30 minutes before the operation as well as wound 
lavage with isotonic solution in a dose of 10 ml/kg/
hr (Soduim Chloride 0.9%) containing water solu-
ble antibiotics was administered during surgery(18).

 A Total of 160 incisor teeth were used in this 
study (8 teeth of each dog). The utilized teeth of 
each dog (8 teeth) were classified into 4 experimen-
tal groups as follows :

Group 1: BA,  Group 2: NBAG, Group 3: 
MTA, Group 4: NMTA and the remaining tooth 
was used as control. To standardize the conditions, 
all groups were presented in each arch of each dog.  
Dogs were randomly subdivided into two  sub-
groups ( 10 dogs each), according to the observation 
period tested:  1 month and 3 months.

Cavity preparation & teeth restoration:    The 
animal was fixed on the operating table in a supine 
position and its mouth was opened using mouth gag  
with tilted head to provide an unblocked airway. 
Prior to operative procedure, teeth were cleansed 
and polished with pumice paste to remove plaque 
and calculus. Animal was covered using sterile 
towels, exposing only the operative field.  On the 
facial surfaces of the upper and lower incisors 
(4/arch), class V cavities were prepared in a 
standardized protocol approximately 1 mm coronal 
to the gingival margin (approximately 3× 5 mm).The 
cavity was prepared using sterile carbide inverted 
cone bur  under copious sterile water coolant and at 
rotational speed ranging between 25000-40000rpm.  
The pulpal floor of the prepared cavities were 
finished as close as possible to the pulps until the 

pink shadow of the pulp became apparent, leaving 
a thin dentin barrier. A sterile explorer was used to 
create pulp exposure in the center of the cavity floor. 
Bleeding of the pulp was controlled using sterile 
cotton pellets moistened with sterile saline until 
physiologic haemostasis occurred, and then dried 
with cotton pellets. After irrigation of the exposure 
sites, they were dried and capped directly with one 
of the tested materials. All teeth were sealed with 
glass ionomer filling (Riva, SDI, Australia). After 
the operation, dogs  were kept in separate cages 
and were fed with a special soft diet. For pain and 
infection control, all dogs were given cefotaxime 
sodium at a dose of 10 mg /kg and diclofenac 
sodium at a dose of 1.1 mg kg once/day for 5 days 
after surgery (19).

After 1 and 3 months, the animals were sacrified 
with thiopental sodium overdose. 

The teeth were extracted, fixed in 10% neutral 
buffered formalin solution and decalcified. The 
specimens were embedded in paraffin, sectioned 
at an average thickness of 6 μm, and stained with 
hematoxyline- eosin (20). The histopathological 
changes of pulp tissues were  interpreted according 
to the criteria that were established by Mercedes et 
al. (21) and Faraco Junior and Holland (22).

Statistical analysis was carried out using SPSS 
for windows ( SPSS, 20) (23). Results are considered 
significant at exact probability values less than 0.05 
(P≤ 0.05).

RESULTS

I-Evaluation of  pulp capping materials in vitro:

1- PH: Regarding comparison between the tested 
materials, Bioaggregate revealed the statistically 
significant highest mean values of pH through 
all time intervals. It was followed by NMTA 
then MTA, while NBAG revealed the lowest 
values through all time intervals ( Fig. 1a)

2- Calcium ion release: BA showed the highest 
mean values followed by NMTA and NBG with 
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non significant statistically differences between 
them then MTA ( Fig. 1b). 

3- Solubility: BA and NMTA revealed the 
statistically highest mean values of solubility 
respectively followed by MTA then NBAG 
(negative solubility) (Fig. 1c).

4- Setting time: MTA recorded the highest mean 
value of the setting time followed by NBAG, 
while NMTA and BA showed the lowest one 
with statistically non significant differences 
between them ( Fig. 1d)

II- Histological Evaluation of  pulp tissue reaction 
to capping materials:

1-Hard tissue dentin bridge (Fig 2)

A) Thickness of dentin bridge formation 

NMTA showed the highest mean values of thick-
ness of dentin bridge, followed by MTA and BA 
respectively with statistically non significant dif-
ferences between them then NBAG recorded the 
lowest value during the first month. After 3 months, 
NMTA recorded the highest mean value, followed 
by MTA, NBAG  and BA with non significant dif-
ferences between them statistically. Regarding 
comparison between time intervals of each mate-
rial, there were statistically significant differences 
between all groups that the mean thickness values 
increased with time (Table 1). 

Fig. (1)  Bar chart  of different groups representing distribution of :  a) pH    -  b) Ca 2+ release-  c) Solubility   d) Setting time
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B) Morphology of dentin bridge

After 1 month; there was a statistically sig-
nificant difference between the groups (P-value < 
0.05). NBAG group showed the highest prevalence 
of no tubular dentin. NMTA, NBAG  and BA groups 
showed the highest prevalence of irregular dentinal 
tubules pattern. MTA group  showed the highest 
prevalence of regular dentinal tubules pattern. After 
3 months; there was a statistically significant dif-
ference between the groups (P-value < 0.05). The 
results for all groups were the same at one month.   
As regards the changes by time within each group; 
there was no statistically significant change in den-
tin bridge morphology after 3 months in all groups 
( Table 2).

2-Dental pulp  (Fig 3)

A) Intensity of inflammatory reaction:

Regarding comparison between the tested ma-
terials, after  1 month, NBAG showed the highest 
mean inflammatory values followed by NMTA, 
then BA and MTA recorded the lowest values. 
While after 3 months, NBAG and NMTA revealed 
the highest values with non significant statistically 
differences between them followed by MTA and 
BA. On the other hand, there were statistically sig-
nificant differences between time intervals in each 
material (Table 3).

B ) Extension of the inflammatory reaction

After 1 month; there was a statistically 

TABLE (1) The mean, standard deviation values and results of repeated measures ANOVA test for comparison 
between dentin bridge thickness in different groups as well as the changes by time.

Material
Time

Bioaggregate Nano bioactive MTA NMTA P-value
Mean SD Mean SD Mean SD Mean SD

After one month 147.80b 9.36 95.50c 8.69 145.32b 6.01 188.27a 10.24 < 0.001*

After 3 months 235.0b 31.71 228.0b 37.76 239.40b 34.20 276.5a 18.93 < 0.001*

P-value < 0.001* < 0.001* < 0.001* < 0.001*

means with the different capital letters within each column are significantly different (p < 0.05),  for different times.

* =highly significant

TABLE (2) The percentages and results of Fisher’s Exact test for comparison between morphology of dentin 
bridges in the different groups after 1 month and 3 months.

Dentin bridge
Time

Bioaggregate Nano bioactive MTA NMTA P - value
% % % %

( 1 month) 
No tubule
Irregular pattern
Regular pattern

0
80
20

30
70
0

0
5
95

0
80
20

< 0.001*

( 3 months)
No tubule
Irregular pattern
Regular pattern

35
65
0

100
0
0

0
10
90

30
70
0

< 0.001*

*:     Significant at P ≤ 0.05
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significant difference between the groups. MTA 
group and BA showed the highest prevalence of no 
inflammatory reaction while NMTA group showed 
the highest prevalence of moderate inflammatory 
reaction. NBAG group was the only group to show 
severe inflammation. After 3 months; there was 
a statistically significant difference between the 
groups. MTA group and BA showed the highest 
prevalence of no inflammation. NMTA group 
showed the highest prevalence of mild inflammation. 
NBAG group was the only group to show severe 

inflammation and tissue necrosis. As regards the 
changes by time within each group; MTA and BA 
groups, there was a statistically significant decrease 
in extension of inflammation. While for NBAG 
group, there was a statistically significant increase 
in extension of inflammation from moderate and 
severe to severe and tissue necrosis respectively. For 
NMTA group, there was a statistically significant 
increase in extension of inflammation from minimal 
and moderate to moderate and severe (Table 4). 

TABLE (3)  The mean, standard deviation values and results of repeated measures ANOVA test for comparison 
between inflammatory scores in different groups as well as the changes by time.

Material
Time

Bioaggregate Nano bioactive MTA NMTA
P – value

Mean SD Mean SD Mean SD Mean SD

After one month 11.0c 6.37 35.0a 13.22 7.0d 3.89 26.0b 10.52 < 0.001*

After 3 months 2.70b 3.44 13.40a 4.78 1.40b 1.99 12.0a 5.15 < 0.001*

P-value < 0.001* < 0.001* < 0.001* < 0.001*

Means with the different superscripts small letters within each row are significantly different p ≤0.05  for different materials. 

 * = significant

TABLE (4) Percentages & results of Fishers Exact TEST for comparison between extension of imflammatory 
reaction in the different groups after 1 and 3 months.

Material
Time

Bioaggregate Nano bioactive MTA NMTA P - value
% % % %

(1 month)
No 
minimal
Moderate
Severe 
Necrosis

15
85
0
0
0

0
0
25
75
0

10
90
0
0
0

0
20
80
0
0

< 0.001*

(3 months)
No 
minimal
Moderate
Severe 
Necrosis

90
10
0
0
0

0
0
0
10
90

100
0
0
0
0

0
0
25
75
0

< 0.001*

*= Significant at P ≤ 0.05
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DISCUSSION 

In the present study, all tested materials showed a 
high pH throughout the time intervals. Bioaggregate 
showed the highest pH mean values than the other 
tested materials throughout all time intervals. This 
might be attributed to the hydration of Bioaggregate 
resulted in the formation of calcium hydroxide 
which increased pH by time. This result was in 
accordance with several studies(23,24,25). Both MTA 
and NMTA revealed high pH values in this study. 
The setting reaction of MTA is a complicated 
process depending on the exact proportions of 
mineral phases, their purity and temperature of 
the mix. On hydration calcium silicates present in 
MTA undergoes hydrolysis and produce calcium 
silicate hydrate and calcium hydroxide. About one 
third of hydration products constituted by calcium 
hydroxide to render MTA highly alkaline (26).

The higher pH values of NMTA than MTA 
during all time intervals tested might be due to its 
higher reactivity, the more rapid hydration process 

of nano-sized  particles over conventional particles 
and the increased surface area of the reactive 
molecules is another reason. This was in accordance 
with saghiri et al. (27).

In the current study, NBAG although recorded 
high pH values throughout  different time intervals, 
they were lower than other tested materials. When 
activated with water, BAG releases the ions of its 
composition which form a mineral matrix equivalent 
to that of natural hydroxy apatite. The mineral 
enrichment efficacy leads to an immediate increase 
of the pH level and then insignificantly increased by 
time(28) and this was in consonance with Carvalho et 
al (29) who reported that BAG presented an alkaline 
pH immediately in the first 10 min, and over the 
course of 7 days tended to neutralize but from the 
14th day on, the values began to rise again.

Regarding Ca 2+ release, BA recorded the 
highest values which increased by time. This might 
be inferred to the hydration reaction of calcium 
silicate particles that triggers the dissolution of their 

Fig. (2) A photomicrograph showing the dentin bridge 
formation of different groups after 3 month a) f MTA 
treated group, showing  formation of tubular dentin 
bridge at the exposure site (arrow), (b) Bioaggregate  
treated group, showing  formation of dentin bridge at 
the exposure site (arrow), c) pulp of nanobioactive glass  
treated group, showing discrete multiple pulp stone 
(arrows), d)  pulp of nano MTA - treated group showing 
formation of   thick dentin bridge with cellular inclusion 
(DB) a,b, d  (H&E. Mag x200), c (H&E. Mag x400).

Fig. (3)  A photomicrograph  showing a) (MTA - treated group) 
revealed almost normal appearance of pulp tissues, 
with blood vessles diltation, b) bioaggregate treated 
group, showing  mild inflammation, c) Nanobioactive 
glass treated group showing   diffuse inflammation and 
loss of odontoblastic layer, d) pulp of  nanoMTA treated 
group, showing marked fibrosis. (H&E. Mag x200)
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surface with the formation of a calcium silicate 
hydrate gel and calcium hydroxide (30,31,32).

On the other hand, NBAG showed the lowest 
mean value of Ca 2+ release during all time intervals. 
This could be attributed to the content of NBAG of 
calcium and phosphate. As those when activated 
with water are capable of generating a carbonated 
hydroxyapatite layer equivalent chemically and 
structurally to the mineral of bone. An amorphous 
silicon oxide is also formed which reduced the levels 
of calcium hydroxide produced on hydration(33).

MTA displayed the highest prevalence of absence 
of inflammation in the two evaluating periods 
followed by BA. This might be due to its high 
alkalinity which causes denaturation of adjacent 
cells, tissue proteins and a few bacteria that might 
be present in the exposed area. As the materials set, 
the pH changes and the cell injuries subside with 
an improvement of inflammatory condition(34,35). In 
addition, MTA and BA have the ability to release 
calcium ions during setting, with the subsequent 
binding of calcium with phosphorus to form 
hydroxyapatite crystals (36). These biomaterials are 
more likely to cause alterations in cellular enzymatic 
activity than to change the permeability, which 
facilitates healing (37). This result was in agreement 
with other studies(38,39).

It is important to note that shorter setting time 
promotes the least contact time of the material with 
the contaminants, which would reduce washout 
and facilitate the placement of a second restorative 
material on top (40).

In the present study, MTA showed the highest 
setting time value followed  by NBAG with 
statistically significant differences between them. 
While  NMTA and BA showed the lowest setting 
time with no statistically significant difference 
between them and this result was in compliance 
with the result of Torabinejad et al(41 ). In accordance 
with Saghiri et al(27), NMTA showed faster setting 
time than the conventional form. The greater surface 

area of nanoparticles helps it to react more rapidly 
with water thus prevent washout of the cement plug 
before final setting. This was also in agreement with 
Lee (42) who confirmed that surface area of powder 
is related directly to the setting time of a cement 
base material. In addition, Asgary et al. (43) proved 
that smaller particles provide larger surface area 
available for hydration and speed up setting.

Furthermore, the decreased setting time of 
NBAG and BA than MTA might be inferred to 
the accelerator setting effect of their nanoparticles 
contents, which act as a seed (site/point), stimulating 
growth (nucleation) of calcium silicate hydrate(44). 
In this study, all tested materials showed some 
degree of solubility except NBAG which gained 
weight rather than lose weight which increased by 
time. This could be due to precipitation of calcium 
carbonate on its surface. When NBAG are brought 
into contact with the body fluids a rapid leach of Na+ 
and congruent dissolution of Ca +2, Po 4 -3 and Si +4 
takes place at the glass surface. A polycondensated 
silica- ric4h (Sigel) layer is formed on the glass bulk, 
which then serves as a template for the formation 
of a calcium phosphate layer at its outer surface. 
Eventually, calcium phosphate crystallizes into 
hydroxyapatite(45,46). This was confirmed by other 
studies(47,48,49) which revealed negative solubility of 
BAG and NBAG. On the other hand, all other tested 
materials showed some degree of solubility which 
increased by time. BA and NMTA showed higher 
mean value of solubility than MTA during all time 
intervals as nanoparticles with larger surface area 
resulted in increase in chemical reactivity.

The histo-morphological data generated by this 
study regarding the formed dentin bridge showed 
that NMTA induced thick dentin bridge with 
irregular dentin pattern in 1 and 3 months evaluation 
time period while MTA  and BA induced thinner 
dentin bridge with regular dentin pattern.  Recent 
studies have concluded that nano-modification of 
MTA increased the surface area of the powder and 
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the surface reaction resulting in better hydration of 
particles and more calcium hydroxide formation 
that increases its chemical reactivity. Furthermore, 
the nanomodification of MTA increased the release 
of calcium ions in post setting time, which can 
significantly influence the induction of reparative 
dentin formation of human dental pulp cells. This 
means that a given mass of material in a nanoparticles 
form is much more reactive than the same mass of 
material in its conventional form. These properties 
may explain the formation of thick dentin bridge 
with irregular dentinal tubules pattern in NMTA.
In addition, MTA was able to stimulate dentinal 
bridge formation as it induced a high expression of 
fibronectin/tenascin, two major components of the 
matrix of reparative dentine bridge, when it used for 
direct pulp capping.

In the present study, both NBAG and NMTA 
showed the highest mean inflammatory cell counts 
at both evaluations time periods. This finding may 
be attributed to when our bodies exposed to several 
different types of nanoparticles molecules; it may 
induce unexpected tissue inflammation.  NBG 
recorded the highest inflammatory cell counts in 
the two evaluating periods. This might be due to the 
pivotal role of CaP debris with surrounding tissue.  
As it was indicated that when biomaterial particles 
that have been generated from bulk materials interact 
with immune cells (PMNs, monocytes...), it leads 
to cell activation and the release of inflammatory 
mediators. In addition, MTA and Bioaggregate 
showed the lowest inflammatory cell counts in the 
two evaluating periods.  In a similar study Menezes 
et al (50) evaluated the histological effects of these 
four materials (gray and white MTA, gray and white 
PC) on dog teeth (incisors, canines and premolars) 
when used as a wound dressing in pulpotomy. 
They reported that the tissue reaction patterns and 
cell reactions were identical for ProRoot MTA, 
MTA Angelus, Portland cement and white Portland 
cement. They attributed the ability of MTA and 
Portland cement to support the formation of a dentin 

bridge to high sealing ability and fast setting. This 
prevents diffusion of the material into surrounding 
tissues and reduces microleakage during the healing 
period.

In this study, we did not observe any acute inflam-
mation or necrosis in the BioAggregate specimens. 
However, when compared with MTA, BioAggre-
gate differed significantly with respect to forming 
a dentin bridge. Because BioAggregate differs from 
MTA in containing tantalum oxide instead of bis-
muth oxide as a radiopacifier, it may be important 
to further evaluate the differences between bismuth 
oxide and tantalum oxide in forming dentin bridges.

CONCLUSION

1- Nanomodifications of the  dental materials af-
fect its physicochemical properties. Test of 
physical properties showed that Bioaggregate 
was the best regarding ph and ca ions release & 
Nanobioactive glass was the best in solubility.

2-  The histological assessment revealed that, MTA 
and Bioaggregate are favorable materials for di-
rect pulp capping. NMTA and NBAG enhanced 
the dentin bridge thickness, but of inferior qual-
ity than MTA and BA.

3- BA revealed the superior physicochemical prop-
erties, with favorable pulpal tissue response.
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