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ABSTRACT

Aim: To compare the histomorphological response of rat dental 
pulps capped with MM-MTA and ProRoot MTA at 1, 2 and 
4 weeks postoperatively.

Materials and methods: Direct pulp capping with MM-MTA and 
ProRoot MTA, overlaid with light-cured composite resin, was 
performed on right and left maxillary first molars of 20 Wistar 
rats. Animals were killed at 1, 2 and 4 weeks postoperatively. 
Biopsy samples were stained and viewed by light microscopy 
to determine dentin bridge formation. Data were statistically 
evaluated with the Kruskal-Wallis test (p < 0.05).

Results: Absence of dentin bridge formation at 1 week, partial 
dentin bridge formation at 2 weeks and complete dentin bridge 
formation at 4 weeks are observed with MM-MTA and ProRoot 
MTA. The results showed no statistically significant difference 
between both materials at 4 weeks.

Conclusion: Both materials produced similar responses in the 
pulp when used for pulp capping in intact, caries-free molars 
of rats. 
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Introduction

Direct pulp capping is a dental procedure in which the 
exposed pulp is covered with a suitable protection material 
to minimize additional injury and to allow exposed 
tissue to heal through a protective response of reparative 
dentinogenesis resulting in dentin bridge formation.1 
Mineral trioxide aggregate (MTA: commercially available 
as ProRoot MRA: Dentsply, Tulsa, OK, USA) that was 
initially used for endodontics to seal off all pathways of 

communication between the root canal system and the 
internal tissues was suggested also as a suitable material to be 
used in vital pulp therapies.2 Several laboratory and in vivo 
studies have reported that MTA has characteristics, such as 
biocompatibility, marginal adaptation, high PH, high calcium 
ion release and low solubility3,4 and that MTA exhibits better 
results than other pulp capping agents when used as direct 
pulp capping on uninflamed, traumatically exposed pulps.5,6 

But one of the reported drawbacks to MTA is the 
difficulty in handling and placement (sandy consistency), 
as well as its slow setting time which often necessitates 
another treatment appointment for the final restoration.7-9 
Many researchers worked on developing new classes of MTA 
to overcome its negative characteristics.8,10 In this context, 
MM MTA, a new endodontic cement for MicroMega (5-12, 
rue du Tunnel F-25006 Besançon Cedex-France). MM- 
MTA like ProRoot MTA is mainly composed of Portland 
cement with a variation in the amount of gypsum, in the 
radiopaque component (for purposes of dental diagnostics) 
and the addition of calcium carbonate (CaCO3) (for 
enhanced viscosity and putty consistency). According to the 
manufacturers, MM-MTA presents three main advantages 
over MTA: 
•	 MM-MTA accelerated setting time allows to finish final 

restoration within a single appointment time frame 
(20 minutes) instead of postponing it.

•	 MM-MTA putty consistency offers an ability to 
manipulate and rinse around it without the possibility 
of displacement of the cement when it is condensed in 
the cavity.

•	 MM-MTA presentation in predosed capsules and 
mechanical trituration allows clinicians to get a stable 
composition and fluidity instead of hand mixing powder 
and liquid. And depending on the application site, the 
cement can be directly delivered in the desired location 
through the nozzle of the capsule. 
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The purpose of the present study was to evaluate and 
compare the histomorphological features of MM-MTA and 
ProRoot MTA after pulp capping on rats molars.

Materials and methods

All animal experiments were conducted by an authorized 
person in compliance with the European directive (86/609 
of the 24th of November 1986) in the Surgical Research 
Laboratory at the Faculty of Medicine of Saint-Joseph 
University, Beirut-Lebanon. Forty caries-free, maxillary 
right and left first molars of 20 Wistar rats aged 6 to 
7 weeks (weight about 150 gm each) were used for these 
investigations. General anesthesia was obtained with 
intramuscular injection of an association of Ketamine 
(Ketalar, Warner, Lambert, Ireland) (65 mg/Kg body 
weight) and Xylasine (Rompun, Bayer, Leverkusen, 
Germany) (7 mg/Kg body weight). Teeth were disinfected 
with 0.2% chlorhexidine gluconate. Two teeth per rat were 
prepared. Class I occlusal cavities were prepared on the 
occlusal surface to approximately half the distance through 
dentin. Low speed tapered round diamond burs (Intensive, 
Switzerland) (0.84 mm in diameter) were cooled with 
copious sterile water to flush the drilling bur adequately. The 
pulp was perforated by pressing the tip of a steel (0.36 mm 
in tip diameter) through the remaining thickness of dentin.

Bleeding was weak and stopped after a few seconds. 
The cavities were rinsed with physiological serum and 
gently dried with a cotton pellet before being capped. MM-
MTA was placed on the exposed pulp of 18 molars with 
an MTA-gun (right molar), and ProRoot MTA mixed with 
distilled water according to the manufacturer’s instructions 
and placed on 18 left molars with an amalgam-carrier and 
condensed with a sterile paper point (left molar). All cavities 
were then filled with dentin adhesive and composite. As a 
control group, the pulp-capping procedure was performed 
in the absence of MTA on maxillary first molar on two 
animals, i.e. the composite resin was placed directly in 
contact with the pulp. Following the surgical procedure, one 
animal did not recover from the anesthesia and died 4 hours 
after treatment. The 19 surviving mice recovered within 
6 to 10 hours, and were then housed individually, with food 
and water ad libitum. Paracetamol [(0.06 mg) 1 day]1 was 
delivered in water for 72 hours for analgesia.

Treated animals were killed by perfusion through the 
heart with the fixative solution (10% neutral formalin) at 
increasing time periods following the clinical procedures 
as shown in Table 1.

Maxillary segments were carefully block dissected 
and fixed by immersion in 10% NBF for an additional 
24 hours. After decalcification in buffered EDTA, tissues 
were processed routinely for paraffin embedding. Serial 

sections were then prepared in the para-sagittal plane and 
mounted on silane-coated slides; representative sections 
from a total of 38 treated first molars were stained with 
hematoxylin and eosin (H&E) and then were evaluated by 
light microscopy. 

Light Microscopy Observations

Histological examination confirmed the successful 
completion of the procedure, the localization of the cavity 
and the diameter of the pulp exposure at around 160 µm. 

At 1 week postoperatively, no dentin bridge formation 
was observed with both materials.

At 2 weeks postoperatively, the first signs of the healing 
process were observed, a partial bridge was visible with 
presence of little communication of both capping material 
with dental pulp (Fig. 1).

At 4 weeks postoperatively, a complete dentin bridge 
was visible (Fig. 2) except for one specimen capped with 
MM-MTA and two with ProRoot MTA where the bridge 
formation was still incomplete. 

In the negative control in which no MTA was used for 
pulp capping, the histology of the pulp appeared normal, but 
neither dentin bridge nor any signs of healing of the exposure 
were evident, up to 4 weeks after treatment. 

Statistical Results 

The statistical analysis was performed using a software 
program (SPSS for windows version 17.0, Chicago, IL, 
USA). The alpha error was set at 0.05. The outcome 
variable of the study was the formation of dentin bridge 
(absent, partial or complete). This variable was compared 
among teeth treated with MM-MTA and ProRoot MTA at 
1, 2 and 4 weeks (Tables 2 and 3). The tooth was defined 
as the statistical units. The Fisher Exact tests were used. At 
1 week, there was no mineralization among teeth treated with 
MM-MTA and those treated with ProRoot MTA. However 
at 2 weeks, 3 (75%) teeth treated with MM-MTA presented 
partial dentin bridge formation and 4 (100%) treated with 
ProRoot MTA. Comparison at 4 weeks between teeth treated 
with MM-MTA and ProRoot MTA was also conducted. 
Eight (88.9%) teeth treated with MM-MTA and 7(77.8%) 
teeth treated with ProRoot MTA presented a complete 
dentin bridge formation. The difference was not significant 
(p-value = 1.000) (Table 4).

Discussion

If the main indicator of success in direct pulp capping or 
pulpotomies is the formation of complete or partial dentin 
bridge with none or little communication between material 
and dental pulp, it can be concluded that all specimens in 
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Fig. 1: MM-MTA at 2 weeks: there is a partial irregular hard dentin 
bridge formation with communication between the dental pulp and 
the capping material (H & E × 40)

Fig. 2: MM-MTA at 4 weeks: there is an irregular and thin hard 
tissue bridge with no communication between capping material 
and dental pulp (H & E × 40)

Table 1: Number of animals sacrificed in each period postoperatively
1 week postoperatively 4 rats sacrificed •	 4 molars capped with MM-MTA

•	 4 molars capped with ProRoot MTA
2 weeks postoperatively 4 rats sacrificed •	 4 molars capped with MM-MTA

•	 4 molars capped with ProRoot MTA
4 weeks postoperatively 11 rats sacrificed •	 9 molars capped with MM-MTA

•	 9 molars capped with ProRoot MTA
•	 4 molars (negative control group)

Table 2: Number and percentage N(%) of teeth treated with MM-MTA that present complete or  
partial dentin bridge formation postoperatively

MM-MTA 1 week 2 weeks 4 weeks Total
Presence of dentin bridge (Complete) 0 (0%) 0 (0%) 8 (88.9%) 8
Presence of dentin bridge (Partial) 0 (0%) 3 (75%) 1 (11.1%) 4
Absence of dentin bridge 4 (100%) 1 (25%) 0 (0%) 5
Total 4 4 9 17 teeth

Table 3: Number and percentage N(%) of teeth treated with ProRoot MTA that present complete or partial dentin bridge formation 
postoperatively

ProRoot MTA 1 week 2 weeks 4 weeks Total
Complete dentin bridge 0 (0%) 0 (0%) 7 (77.8%) 7
Partial dentin bridge 0 (0%) 4 (100%) 2 (22.2%) 6
Absence of dentin bridge 4 (100%) 0 (0%) 0 (0%) 4
Total 4 4 9 17 teeth

the present study capped with ProRoot MTA or MM-MTA 
achieved pulp healing in the chronological monitoring of the 
healing process. In spite of the differences in composition 
between ProRoot MTA and MM-MTA, this seems to have 
no effect on their performance in terms of pulp healing, 
as the result of this study were similar to those of earlier 
investigations with other animal models after capping with 
ProRoot MTA.4,6,9,11-15

Although the exact mechanism by which MTA induces 
hard tissue bridge formation is not understood completely, 
the indications show that the initiation of reparative 
dentinogenesis of MTA and Ca(OH)2 cement are similar.6 
Min et al16 evaluated the cellular effects of Portland 

cement (PC), the basic component of the MTA on cultured 
human pulp cells and compared PC with other materials 
including calcium hydroxide cement. They concluded 
that PC is biocompatible and allows the expression of 
mineralization-related genes on cultured human pulp cells, 
which are responsible for inductive process on hard tissue 
bridge formation with MTA cement. In an other study, 
Holland et al17 when analyzing the action of MTA after 
implantation of dentin tubes filled with MTA or calcium 
hydroxide and distilled water paste in the subcutaneous 
connective tissue of rats, found large and birefringent 
granulation deposits near the tube opening and inside the 
dentinal tubules. These granulations are calcite crystals 
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originated from the reaction of calcium hydroxide with 
tissue carbon dioxide, which allied to fibronectin, are the 
precursors of mineralized tissue barrier. According to the 
author, the similar results found for calcium hydroxide 
and MTA, which does not have calcium hydroxide in its 
composition, occur because MTA contains calcium oxide, 
which reacts with tissue fluids to form calcium hydroxide. 
The release of calcium hydroxide from the hydrating cement 
is responsible for the alkaline pH of MTA (pH = 10.2, 
increasing to 12.5 after 3 hours and then remaining constant) 
and thus for its antibacterial activity.18 Also, the completion 
of the pulp capping in a very short time and adaptation of a 
clean procedure limited the duration of the pulp exposure to 
the oral cavity and thus bacterial contamination. Moreover, 
the use of light-cured composite bonded avoided bacterial 
leakage post-restoration.19

Several species of animals have been used for pulp 
capping studies including the monkey,5 dog,4 ferret,20 
mouse,14 and rat.21 A pulp-capping protocol has been 
described in the rat model, using the mesial surface of the 
maxillary first molar, after gingivectomy21 or on the occlusal 
surface.22 Using the rat as experimental model in this study 
offers a number of advantages: it: presents morphological 
similarities between its molars and its human counterparts, 
permits the use of adequate numbers of sample for data 
collection thus facilitates reproducibility. However, small 
size of the animal complicates surgical procedures during 
pulp capping as traditional instrumentation is not suitable for 
use on such teeth. Another limitation of the model presented 
is that it currently uses healthy teeth, whilst in the clinical 
situation pulp inflammation is generally present. However, 
future experiments could simulate caries-like situations by 
incorporating bacterial infection models using whole live 
bacteria or bacterial components.

Conclusion

MM-MTA and ProRoot MTA show comparative results in 
dentin bridge formation after direct pulp capping on rats 
molars. Further investigations are recommended to analyze 
pulp healing reaction of MM-MTA on human teeth. 
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