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Table 1 list of abbreviations 

PDL MSCs Periodontal ligament derived mesenchymal cells 

MTA Mineral trioxide aggregate 

Ta2O5 tantalum oxide  

DMEM Dulbecco's Modified Eagle Medium 

FBS Fetal bovine serum 

PBS Phosphate buffered saline 

ALP Alkaline phosphatase 

RT-PCR Real Time Polymerase chain reaction 

pNPP p-nitro-phenyl phosphate solution  

MTT assay 3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide 

 



 

 

1 Introduction 

 

Introduction 

 

MTA cements are bio-interactive ion releasing alkalinizing 

materials able to induce differentiation of mineralizing cells and 

nucleation of apatite. MTA was introduced for the repair of root and 

furcal perforations and as a root-end filling material. It was also used as 

an endodontic sealer, direct pulp capping and pulpotomies. The 

biocompatibility of MTA has been investigated by various methods; the 

results indicates that MTA has acceptable biocompatible features and 

stimulates the growth of fibroblasts, osteoblasts, cementoblasts, bone 

marrow stromal cells and pulp cells. 

NeoMTA Plus is a fine powder new tricalcium silicate material and 

has tantalum oxide (Ta2O5) as a radiopacifying agent instead of bismuth 

oxide to overcome the discoloration potential. It is mixed with a water-

based gel that imparts good handling properties. The proportion of 

Mixing powder to liquid can be varied depending on the indication for 

use either thin consistency to be used as a sealer or a thicker consistency 

to be used as root end filling material or for repair of furcal and root 

perforations. 

The effects of NeoMTA on periodontal ligament cells are not fully 

understood in terms of cytotoxicity or the expression profile of genes 

related to mineralization. Thus, the aim of this study is to evaluate the 

biocompatibility of NeoMTA and mineral trioxide aggregate. The null 

hypothesis is that NeoMTA exhibits similar effects to MTA. 

 



 

 

2 Literature review 

 

Literature review 

Root perforation is a mechanical or pathological communication 

between the supporting periodontal tissues of the tooth and the root canal 

system 
1
. Root perforation is an undesired complication of endodontic 

treatment. Once the presence of a perforation has been confirmed, 

treatment must be started to seal the perforation site effectively so as to 

prevent alveolar bone resorption and to prevent contamination of the 

surrounding periodontal attachment apparatus. Perforations of the crown 

or root result in an inflammatory process that breaks down the 

periodontium, extending to the gingival sulcus, forming a deep and 

unmanageable periodontal defect. 

Successful outcome of perforation repair depends upon; whether 

bacterial contamination at the perforation site can be prevented or 

eliminated 
2
. Various factors affect the prognosis of perforation repair. 

Among these factors, time of perforation, the size of the tooth-root 

perforation affects the prognosis of perforation repair 

Furcation perforation is of low prognosis as it causes injury to the 

periradicular tissues in the furcation area causing inflammation, 

granulomatous tissue, bone resorption, periodontal breakdown, epithelial 

proliferation and leads to periodontal pocket. Furcation perforation might 

be sealed either intracoronally or with external surgical access. The 

nonsurgical intervention precedes the surgical repair of root perforations. 

In both approaches, a good sealing must be obtained between tooth 

structure and the periodontium
3
. 

Although successful treatment and prognosis depend on many 

factors, the material used for perforation repair is of utmost importance, 
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several materials have been used to be able to meet the biologic and 

mechanical properties. 

An ideal material used in the management of tooth-root perforation 

is still challenging. The repair material being in close contact with hard 

tissue and periodontal structures, should be biocompatible as it can cause 

toxic reaction by leaching of the material or by the material itself. Earlier 

various materials including Amalgam, Gutta-percha, Zinc oxide and 

Glass ionomer cements, Calcium hydroxide, Composites were used. 

Newer materials like; Bioceramics: MTA, Biodentine, Bioaggregate; 

Dentin chips, calcium enriched material and Neo MTA.  Perforation 

should be adequately sealed. The efficacy of a sealing material depends 

primarily on sealability and biocompatibility and thus ability to support 

osteogenesis and cementogenesis. 

Various research methodologies to evaluate biocompatibility, 

bioactivity and tissue response were encountered in the literature.  

Tests that evaluated biocompatibility and osteogenic bioactivity  

Hernandez et al.
4
 compared the percentage of apoptotic cells and 

the cell cycle profile of fibroblasts and macrophages exposed to either 

ProRoot, mineral trioxide aggregate (MTA) mixed with chlorhexidine 

(CHX), or exposed to ProRoot MTA mixed with sterile water. Mouse 

gingival fibroblasts or mouse macrophages were seeded in six-well plates 

and allowed to attach overnight. Freshly mixed or set (allowed to dry for 

24 h) specimens of tooth-colored (white) ProRoot MTA were prepared 

with 0.12% CHX gluconate (MTA/CHX) or with sterile water (MTA/ 

H2O). The cells were exposed for 24 h to the MTA specimens, which 

were placed over permeable membrane inserts to avoid direct contact 

with the cells. Untreated cells were used as controls. The effects of 

ProRoot MTA on cell apoptosis and cell cycle was evaluated by 
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Propidium iodide staining followed by flow cytometry. Results showed 

that MTA specimens containing CHX induced apoptosis of macrophages 

and fibroblasts. In contrast, no change in the proportion of apoptotic cells 

was observed when sterile water was used to prepare the specimens. Cell 

cycle analysis showed that exposure to MTA/CHX decreased the 

percentage of fibroblasts and macrophages in S phase (DNA synthesis) as 

compared with exposure to MTA/ H2O. The study demonstrated that 

cytotoxicity of MTA was increased when sterile water was substituted by 

CHX. 

Nakayama  et al.
5
 investigated the in vitro behavior of rat bone 

marrow cells (RBM) on mineral trioxide aggregate (MTA) compared 

with intermediate restorative materials (IRM). Rat femur supplied the 

RBM and were primary cultured and then subcultured. Cells were then 

seeded on three dishes of each material, and cultured for 3 days, after 

which they were evaluated morphologically using scanning (SEM) and 

transmission (TEM) electron microscopy. Furthermore, the calcium 

released from hydrated material, the cell proliferation ratio and alkaline 

phosphatase (ALP) activity were analyzed, and the expression of type I 

collagen and bone-related protein mRNAs were evaluated. Results 

showed that MTA is a material of low toxicity which does not inhibit cell 

growth but does suppress the differentiation of osteoblast-like cells.  

Shahi et al.
6
 compared the biocompatibility of amalgam, gray 

MTA and white MTA in the connective tissue of rats. Forty-five Sprague 

Dawley rats were used. The rats were divided into three groups. Root end 

filling materials were placed in polyethylene tubes and inserted into the 

rat’s connective tissue through incisions. The rats were sacrificed after 3 

days, 1 week, and 3 weeks, respectively. Histologic samples were 

sectioned in 5 mm thicknesses and stained with hematoxylin and eosin. 

The results showed that after 3 days, white MTA was more biocompatible 
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than gray MTA and amalgam. After 1-week, gray MTA was more 

biocompatible than white MTA and Amalgam. After 3 weeks, there were 

no significant differences between experimental groups and the control 

group. 

Souza et al.
7
 compared the cytotoxicity of materials used to repair 

perforations using permanent V79 fibroblasts and murine granulocyte-

macrophage progenitor cells (CFU-GM). Set specimens from amalgam, 

glass–ionomer, SuperEBA, N-Rickert, MTA and guttapercha were eluted 

with culture medium for 72 h and their cytotoxicities were assessed by 

incubating the extracts with V79 and bone marrow-derived progenitors 

for 24 h and 7 days, respectively. Results showed that all materials were 

cytotoxic in both cell systems; however, CFU-GM was more sensitive to 

the extracts than V79 cells. A similar rank order of toxicity was observed 

in V79 cells using the NAC and the MTT assays: glass–ionomer > N-

Rickert > SuperEBA > gutta-percha > amalgam > MTA (P < 0.05). 

Nevertheless, MTA was ranked as the least cytotoxic cement in both cell 

systems. 

Takita et al. 
8
 investigated the effect of mineral trioxide aggregate 

(MTA) on the proliferation of human dental pulp (HDP) cells ex-vivo. 

Human dental pulp cells were cultured with MTA or calcium hydroxide-

containing cement (Dycal) using culture plate inserts. Control cells were 

cultured with culture plate inserts only. Cell proliferation was measured 

for up to 14 days using a Cell Counting kit, and the concentration of 

calcium ions released from the tested materials was assessed using a 

Calcium E-test kit. To confirm that the effect of MTA was attributable to 

released calcium ions, cell proliferation was measured in the presence of 

exogenous calcium chloride as a source of calcium ions while in the 

absence of MTA. Results showed out that Mineral trioxide aggregate 

significantly stimulated cell proliferation after 12 days, whereas Dycal 
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had no such effect. The number of calcium ions released from MTA was 

significantly higher than that released from Dycal. Following the addition 

of calcium chloride, cell proliferation increased in a dose-dependent 

manner after 12 days. Moreover, cell proliferation showed a similar 

pattern whether a given concentration of calcium ions was produced by 

calcium chloride or by release from MTA. In their ex-vivo study, the 

elution components such as calcium ions from MTA had higher 

proliferation ability of HDP cells than control and Dycal. 

Min et al 
9
 examined the cellular effects of the Portland cement 

on cultured human pulp cells Using the 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay, no cytotoxicity was observed 

in the Portland cement group in comparison with the negative control 

group, whereas the glass ionomer cement, the intermediate restorative 

material, and Dycal groups showed a survival rate of less than 40% at 12 

hours. The scanning electron microscopy examinations showed that 

human pulp cells attached to the Portland cement were flat and had 

numerous cytoplasmic extensions. In groups in which other materials 

were used, a few rounded cells were observed on the material, but no 

living cells were observed. The expression of both osteonectin and the 

dentin sialophosphoprotein mRNAs was induced in the Portland cement-

treated group. These results suggest that the Portland cement is 

biocompatible, allows the expression of mineralization-related genes on 

cultured human pulp cells, and has the potential to be used as a proper 

pulp-capping material. 

Tani-Ishii et al 
10

 described the cytotoxicity of MTA and how it 

affects the expression of bone extracellular matrix protein in the MC3T3-

E1 osteoblast cells. This study quantified the cytotoxicity of MTA, 

amalgam, and Dycal on MC3T3-E1 cells by measuring the ability 

of cells to cleave a tetrazolium salt to produce formazan dye during a 
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period ranging from 24, 48, or 96 hours. The reverse-transcriptase 

polymerase chain reaction with primer was used and set for type I 

collagen, osteocalcin, and bone sialoprotein to measure the gene-

expression response of MC3T3-E1 cells treated with MTA. Results 

showed that MTA, amalgam, and Dycal were less toxic somehow after 48 

hours. MC3T3-E1 cell growth with MTA and Dycal was greater than 

non-stimulated controls. MTA caused an upregulation of the type I 

collagen and osteocalcin messenger RNA expression after 24 hours. 

Yasuda et al
11

examined and demonstrated the effect of mineral 

trioxide aggregate (MTA) on the cell viability and mineralization ability 

of rat dental pulp cells. Pulp capping materials, such as the MTA, Dycal , 

and Superbond C&B were placed on transwell inserts and cultured with 

rat dental pulp cells. MTA and SB exhibited no cytotoxicity, whereas 

almost all cells had died after 72 hours of culture with the Dycal. MTA 

significantly stimulated mineralization by 60% compared with that in 

control. MTA and Dycal significantly upregulated by 2 fold the level of 

bone morphogenetic protein (BMP)-2 messenger RNA expression 

compared with the control. Furthermore, MTA increased BMP-2 protein 

production by about 40%, whereas Dycal significantly reduced it. 

Although MTA and Dycal increased the concentration of extracellular 

calcium by about 0.4 mmol/L, SB had no effect on that. These results 

suggest that the BMP-2 may play an important role in mineralization 

stimulated by MTA. 

Min et al 
12

 investigated the potential and effectiveness of enamel 

matrix derivative (EMD) and mineral trioxide aggregate (MTA) in 

inducing differentiation of human dental pulp cells into odontoblast-like 

cells in vitro. The effects of MTA and EMD on odontoblastic 

differentiation were evaluated by alkaline phosphatase (ALP) activity and 

the expression of odontoblastic/osteoblastic markers, as determined by 
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the reverse-transcription polymerase chain reaction analysis. 

Mineralization was also evaluated by the staining of calcium deposits 

with Alizarin red. Cells were treated with a combination of MTA and 

EMD or with MTA alone. Compared with the MTA-treated cells on day 

3, MTA/EMD-treated cells exhibited significantly greater increases in 

ALP activity and in dentin sialophosphoprotein and bone sialoprotein 

expression. The mineralization was significantly greater on day 7 in 

MTA/EMD-treated cells than in MTA-treated cells. 

Min et al 
13

 investigated the mineralization process of the 

radiopaque Portland cement (RPC) in human dental pulp cells compared 

with pure Portland cement (PC). Under the scanning electron microscope 

(SEM), cellular morphology was evaluated. Alkaline phosphatase (ALP) 

activity was analyzed, and nodule formation was tested by performing the 

Alizarin Red S staining. In addition, the mRNA expressions of 

mineralization-related proteins were evaluated by performing real-time 

polymerase chain reaction. The ALP activity increased in the PC and 

RPC groups compared with the control group at 1 day. Alizarin Red stain 

increased in the PC and RPC groups compared with the control group at 2 

and 3 weeks. The mRNA expression of the dentin sialophosphoprotein 

increased at 14 days in PC and RPC groups. These results showed that PC 

and RPC have similar effects in terms of mineralization and suggest that 

the RPC also has the potential to be used as a clinically suitable pulp-

capping material.  

Lee et al
14

 investigated the effects of calcium phosphate cements 

(CPC) on the mechanical properties, growth, and odontoblastic 

differentiation in HDPCs compared with Portland cement (PC) and 

mineral trioxide aggregate (MTA). The setting time for chitosan 

containing calcium phosphate cements (CPC-Ch) was 7.5 minutes, which 

was significantly less than the 8.6 minutes for the CPC. On the seventh 
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day of immersion, the compressive strength of CPC-CH reached 13.1 

MPa, which was higher than 10.8 MPa of CPC. CPC and Ch-CPC-

treated cells showed decreased cell proliferation. Also, increased the 

levels of ALP activity, enhanced mineralized nodule formation, and 

upregulated odontoblastic markers messenger RNA including 

osteonectin, osteopontin, bone sialoprotein, dentin matrix protein-1, 

matrix extracellular phosphoglycoprotein, and dentin sialophosphoprotein 

(DSPP), compared with that in untreated control. The response of CPC 

and CP-CPC were similar to that of PC and MTA. However, the 

adhesion, growth, and differentiation in Ch-CPC-treated cells were 

similar to that in the CPC. 

Kim et al 
15

investigated the changes in gene expressions related 

to mineralization when mineral trioxide aggregate (MTA) was applied in 

vitro to human dental pulp cells (HDPCs). MTA in a Teflon tube 

(diameter 10 mm, height 2 mm) was applied to the HDPCs. Empty tube 

applied HDPCs were used as a negative control. Total RNA was 

extracted at 6, 24, and 72 hours after MTA application for the microarray 

analysis. The results suggested that rather than being a bio-inert material, 

MTA affects the pulp cells in various ways. MTA appeared to affect 

mineralization and induced a slight inflammation and protective role 

against slight inflammation. 

Yan et al.
16

 investigated the cytotoxicity of bioaggregate to 

human periodontal ligament (PDL) fibroblasts and its effect on 

differentiation of human PDL fibroblasts and compared its performance 

to that of mineral trioxide aggregate. Cytotoxicity was assessed by 3-(4,5- 

Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay on 

days 1, 2, and 3 after incubation with BA or MTA. The influence of BA 

and MTA on differentiation of human PDL fibroblasts on days 3, 5, and 7 

was evaluated by gene expression of alkaline phosphatase (ALP) and 
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collagen type I (COLI) via quantitative real-time polymerase chain 

reaction (PCR). Cell numbers in the BA group were similar to that of the 

control group throughout the culture period, whereas MTA suppressed 

the proliferation of fibroblasts. ALP expression was significantly 

increased in the BA group on day 7, whilst it was enhanced by MTA on 

day 3. Gene expression of COLI was induced by both BA and MTA 

compared to the control group.  Bioaggregate was nontoxic to human 

PDL fibroblasts and appeared to induce the differentiation of human PDL 

fibroblasts. 

Damas et al.
17

 compared the cytotoxic effect of white mineral 

trioxide aggregate cement , Brasseler EndoSequence Root Repair 

Material, and Brasseler EndoSequence Root Repair Putty by using human 

dermal fibroblasts. The cells were cultured in recommended culture 

conditions and exposed to the tested materials. The cytotoxic effects were 

recorded at an observation period of 24 hours by using a 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)-based 

colorimetric assay. Results showed that all materials demonstrated cell 

viability ≥ 91.8%. Overall, there was no statistically significant difference 

in cell viability of ProRoot MTA, MTA-Angelus, and 

Brasseler EndoSequence Root Repair Material. However, there was a 

statistically significant difference negatively associated with the cell 

viability of human dermal fibroblasts in association with the Brasseler 

EndoSequence Root Repair Putty. The Brasseler EndoSequence Root 

Repair Materials were shown to have similar cytotoxicity levels to those 

of ProRoot MTA and MTA-Angelus. 

Ma et al.
18

 evaluated the biocompatibility of 2 root-end filling 

materials, Endosequence Root Repair Material Putty (ERRM Putty) and 

Paste (ERRM Paste) and compare them with gray mineral trioxide 
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aggregate (MTA).ERRM Putty, ERRM Paste, MTA, intermediate 

restorative material (IRM), and Cavit G were tested. For cytotoxicity 

assay, human gingival fibroblasts were incubated for 1, 3, and 7 days 

with extracts of varying concentrations from materials set for 2 days or 7 

days. Cell viability was evaluated by methyl-thiazol-tetrazolium (MTT) 

assay. For cell adhesion assay, materials set for 7 days were examined 

under scanning electron microscope directly after setting, after incubation 

in cell culture medium for 7 days, and after incubation in gingival 

fibroblast suspension at a density of 5 × 10(4) cells/well for 2 and 7 days. 

The constituents of crystals formed on surface of materials were 

determined by energy dispersive analysis by x-ray. ERRM Putty and 

ERRM Paste displayed similar cell viabilities to MTA at all experimental 

conditions, except that fresh samples of ERRM Paste showed slightly 

lower cell viabilities than MTA. Cell viabilities with IRM and Cavit G 

were significantly lower than with the other 3 materials. Similar surface 

crystallographic features and cell adhesion were observed on ERRM 

Paste, ERRM Putty, and MTA. ERRM Putty and ERRM Paste displayed 

similar in vitro biocompatibility to MTA. 

Modareszadeh et al.
19

 evaluated the cytotoxicity of two forms of 

the novel root-end filling materials, polymer nanocomposite  (PNC) 

resins [C-18 Amine montmorillonate (MMT) and VODAC MMT] both 

containing Chlorhexidine Diacetate Salt Hydrate 2% and compare it 

withProRoot MTA and Geristore. Elutes of experimental materials 

extracted after 24 h, 1, 2 and 3 weeks were interacted with the mouse 

fibroblasts L-929 using a colorimetric cell viability assay (MTS) based on 

mitochondrial dehydrogenases activity. Results showed that no 

significant difference was found in cytotoxicity between ProRoot MTA, 

Geristore and PNC resin C-18 Amine MMT on 24 h, 1, 2- and 3-weeks 
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samples. Sample elutes of PNC resin VODAC MMT, however, revealed 

cytotoxic activity during most of these experiments. Cytotoxicity of the 

elutes of PNC resin C- 18 Amine MMT was not significantly different 

from that of ProRoot and Geristore PNC resin VODAC MMT, revealed 

significantly more cytotoxicity compared to the other tested materials. 

Ciasca et al.
20

 compared the cytotoxicity and cytokine expression 

profiles of EndoSequence Root Repair Material putty, ERRM flowable, 

and ProRoot mineral trioxide aggregate using osteoblast cells (MG-63). 

Four millimeters in diameter of each material was placed in the center of 

a 6-well culture plate, and a 2-mL suspension (10
(5)

 cells/mL) of human 

osteoblasts was seeded in each well. Photomicrograph images were used 

to evaluate cytotoxicity as evidenced by the lack of osteoblast cell growth 

in relation to the materials with AH-26 as the positive control. In 

addition, reverse-transcriptase polymerase chain reaction (RT-PCR) was 

used to evaluate the expression of interleukin (IL)-1β, IL-6, IL-8, and 

tumor necrosis factor-α (TNF-α). Results showed that ERRM putty and 

MTA exhibited minimal levels of cytotoxicity; however, ERRM was 

slightly more cytotoxic although not statistically significant. The 

expression of IL-1β, IL-6, and IL-8 was detected in all samples with 

minimal TNF-α expression. It was concluded that ERRM and MTA 

showed similar cytotoxicity and cytokine expressions. 

Modareszadeh et al.
21

 evaluated the cytotoxicity and alkaline 

phosphatase (ALP) activity of a bioceramic root repair material, 

EndoSequence Root Repair Material (ESRRM), and compared these 

characteristics with those of ProRoot MTA and Geristore (GR) .Human 

Saos-2 osteoblast-like cells were exposed to 1-, 3-, and 7-day elutes of the 

materials (100% and 50% strength) for 24 hours after which the 

bioactivity and ALP activity of the cells were evaluated using a 
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methylthiazol sulfophenyl (3-(4,5-dimethylthiazol-2-yl) - 5- (3-

carboxymethoxyphenyl)-2- (4-sulfophenyl)-2H-tetrazolium) assay and 

para-Nitrophenylphosphate colorimetric assay, respectively. Results 

revealed that the bioactivity of the cells as well as ALP activity were 

significantly decreased after exposure to ESRRM elutes in almost all time 

periods, both in 100% and 50% concentrations, except for ALP activity 

of day 1 elutes of ESRRM at 50% concentration. MTA did not change the 

bioactivity or ALP activity of the cells. GR elutes of 100% concentration 

reduced the bioactivity on days 1 and 3, whereas GR elutes of 50% 

concentration affected the cells only on day 1. None of the GR elutes had 

any effect on ALP activity of the cells. It was concluded that ESRRM 

elutes of all time periods in general reduced the bioactivity and ALP 

activity of osteoblast-like cells. GR reduced bioactivity only, whereas 

MTA had no effect on the cells. 

Hakki et al.
22

 compared the effect of several materials on the 

attachment of periodontal ligament (PDL) fibroblasts to experimentally 

perforated root surfaces. Root specimens (size 5*5 mm) were obtained 

from extracted human molar teeth and perforations with a 1 mm diameter 

were created. One group was kept as a control and the rest were repaired 

with the following materials: Amalgam, Dyract, IRM, Super Bond C&B 

and Mineral trioxide aggregate (MTA). PDL fibroblasts were placed, 

incubated on tissue culture inserts (48 h) and then transferred to 48 well-

plates. MTT assays were performed at 48 and 96 h for PDL fibroblast 

survival. Cell attachment was observed using confocal microscopy on 

days 2 and 5. Total RNAs from the root specimens were isolated on day 5 

and type I collagen (COL I) and Runt-related transcription factor 2 

(Runx2) mRNA expressions were checked using Quantitative-

Polymerase Chain Reaction (QPCR). Results showed that mineral 
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trioxide aggregate resulted in a significantly higher cell density. Dyract, 

IRM and Super Bond C&B groups had a lower cell density when 

compared with the control and MTA groups at 48 h. The authors thus 

concluded that mineral trioxide aggregate provided a more favorable 

environment for PDL cell adhesion and growth. 

De-Deus  et al. 
23

 evaluated the in vitro cytocompatibility of 

iRoot BP plus (iRoot) and compared it with White ProRoot MTA (MTA). 

Thirty-six human maxillary incisor root canals were prepared using a 

step-back flaring technique. The apical 3 mm was resected perpendicular 

to the long axis at the roots, and root-end cavities were prepared with the 

aid of an ultrasonic device plus a diamond retro tip with continuous 

irrigation using water, producing standardized preparations. The root-end 

cavities were filled with iRoot or MTA, and each root was exposed to cell 

culture media for 24 or 48 h. Human osteoblast cells were exposed to the 

extracts, and a multiparametric cell viability assay was performed, 

evaluating mitochondrial activity, membrane integrity and cell density. 

Results demonstrated that cells exposed to MTA revealed a 

cytocompatibility pattern similar to the untreated cells (negative control), 

at both experimental times. iRoot, however, promoted a significantly less 

viability than MTA and the control, after 48 h of exposure. Nevertheless, 

iRoot did not induce critical cytotoxic effects because cell viability 

remained higher than 70% of the control group in most tests performed. 

iRoot and MTA were biocompatible and did not induce critical cytotoxic 

effects. 

Silva et al.
24

 determined the effects of root repair materials on the 

cytotoxicity and gelatinolytic activity of matrix metalloproteinases 

(MMPs) in 3T3 fibroblasts where the levels of MMP-2 and MMP-9 

gelatinolytic activity was evaluated by gelatin zymography. Fibroblasts 

were incubated with elutes of calcium hydroxide, EndoBinder and 
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mineral trioxide aggregate (MTA) for 24 h. The cytotoxicity of all root 

repair materials was determined using the MTT assay. The cytotoxicity 

results revealed that there was no significant difference in the cell 

viability of MTA, EndoBinder and the control group. However, there was 

a significantly reduced cell viability of 3T3 fibroblasts in association with 

calcium hydroxide Calcium hydroxide was associated with significantly 

less cell viability when compared with EndoBinder and MTA. All 

materials had gelatinolytic activity for MMP-2 with calcium hydroxide 

being associated with the greatest activity.  

Corral et al.
25

 assessed the cell viability and messenger RNA 

expression of interleukin (IL)-1α and IL-6 in 3T3 fibroblast cells when in 

direct contact with Biodentine (BD) and mineral trioxide aggregate 

(MTA). Cell viability was assessed quantitatively using Alamar Blue 

after 3, 6, 24, and 72 hours. Morphologic cell changes of 3T3 cells in 

contact with BD and MTA were observed by scanning electron 

microscopy, and cytokine expression was assessed at the messenger RNA 

level by semiquantitative reverse-transcription polymerase chain reaction 

after 3 and 24 hours of direct contact with the materials. Results showed 

that cells in contact with Biodentine and MTA showed similar viability to 

untreated control cells at all time points, with the exception of 6 hours 

when viability was decreased with both treatments. Examination by 

scanning electron microscopy revealed cells adhering to most of the 

Biodentine surface after 24 hours. However, for MTA samples, 

significantly fewer cells were observed. The messenger RNA expression 

of IL-1α and IL-6 by cells in contact with Biodentine was similar to cells 

in contact with MTA. Biodentine and MTA showed similar cytotoxicity 

and induced a similar pattern of cytokine expression. 
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Chang et al.
26

 compared the cytotoxicity, inflammatory response, 

osteogenic effect, and the signaling mechanism of the biologic activities 

of 4 calcium compound-based root canal sealers Sealapex  apatite root 

sealer (SARS), MTA Fillapex , and iRoot SP in human periodontal 

ligament cells. Cytotoxicity was assessed using the 3-(4,5-

dimethylthiazolyl-2-yl)-2,5-diphenyltetrazolium bromide assay. Levels of 

inflammatory mediators were measured by enzyme-linked 

immunosorbent assay, reverse-transcription polymerase chain reaction, 

and Western blot analysis. Osteogenic potential was evaluated by alkaline 

phosphatase activity, alizarin red staining, and marker genes by reverse-

transcription polymerase chain reaction. None of the sealers were 

cytotoxic. SARS, MTA Fillapex, and iRoot SP induced a lower 

expression of proinflammatory mediators than Sealapex. All sealers 

increased ALP activity and the formation of mineralized nodules and up 

regulated the expression of osteoblastic marker messenger RNA. ARS, 

MTA Fillapex, and iRoot SP showed superior osteogenic potential 

compared with Sealapex.  

Kim et al.
27

 compared the biological properties of OrthoMTA and 

Endocem MTA with those of ProRoot MTA using the preosteoblast like 

cell line MC3T3-E1. The viability of the cells was assessed using the Cell 

Counting Kit-8 assay on the supernatants of calcium silicate–based 

cements (CSCs), and the cells osteopontin production was determined by 

an enzyme-linked immunosorbent assay on a culture with the materials 

on days 3 and 7 of incubation. Results demonstrated that OrthoMTA was 

significantly more cytotoxic than ProRoot and Endocem MTA. ProRoot 

MTA induced significantly more osteopontin production than OrthoMTA 

and Endocem MTA on both days 3 and 7. ProRoot MTA appeared to be 

superior to OrthoMTA and Endocem MTA in terms of biological 
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properties although Endocem MTA exhibited the shortest setting time 

and presented lower cytotoxicity with osteoblast like cells. 

Garcia et al.
28

 evaluated the biocompatibility of a new calcium 

aluminate cement (EndoBinder) in subcutaneous tissue of rats in 

comparison with mineral trioxide aggregate and calcium hydroxide hard-

setting cement. Polyethylene tubes (1.5 × 10 mm) containing the dental 

cements were implanted into dorsal subcutaneous tissue of 30 rats. After 

experimental periods of 7, 30, and 90 days, biopsies were performed for 

tissue response analysis under optical light microscope. The mRNA 

extraction was performed for molecular evaluation of the inflammatory 

process in the peri-implant tissue, which was submitted to quantitative 

real-time polymerase chain reaction analysis for inflammatory mediators 

and cytokines TNF-α, Ptges2, Il-1β, Il-4, and Il-10. Based on the score 

used to grade the tissue reaction (0-3), EndoBinder (0) presented no 

inflammatory reaction after the 90-day period, a similar result to mineral 

trioxide aggregate and calcium hydroxide. EndoBinder induced limited 

inflammatory reaction. It was considered biocompatible when tested in 

subcutaneous tissue of rats. 

Zhou et al.
29

 studied the cytotoxicity of 2 novel calcium silicate-

containing endodontic sealers on human gingival fibroblasts. 

EndoSequence BC, MTA Fillapex and a control sealer were evaluated. 

Human gingival fibroblasts were incubated for 3 days both with the 

extracts from fresh and set materials in culture medium and cultured on 

the surface of the set materials in Dulbecco-modified Eagle medium. 

Cytotoxicity was evaluated by flow cytometry, and the adhesion of the 

fibroblasts to the surface of the set materials was assessed using scanning 

electron microscopy. Cells incubated with extracts from BC Sealer 

showed higher viabilities at all extract concentrations than cells incubated 
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with extracts from freshly mixed AH Plus and fresh and set MTA 

Fillapex, especially for the high extract concentrations (1:2 and 1:8 

dilutions). Extracts from set MTA Fillapex of 2 weeks and older were 

more cytotoxic than extracts from freshly mixed and 1-week-old cement. 

With extract concentrations of 1:32 and lower, MTA Fillapex was no 

longer cytotoxic. After setting, AH Plus was no longer cytotoxic, and the 

fibroblast cells grew on set AH Plus equally as well as on BC Sealer. BC 

Sealer and MTA Fillapex, the 2-calcium silicate-containing endodontic 

sealers, exhibited different cytotoxicity to human gingival fibroblasts. 

Chang et al 
30

 analyzed the effects of different calcium silicate-

based cements (CSCs) for pulp capping agents including MicroMega 

MTA (MMTA), RetroMTA, ProRoot MTA (PMTA), and Experimental 

CSC (ECSC) on odontoblastic differentiation, in vitro angiogenesis, and 

the inflammatory response in human dental pulp cells. Differentiation 

was evaluated by alkaline phosphatase activity, alizarin red staining, and 

the reverse-transcriptase polymerase chain reaction (RT PCR) for the 

marker genes. The levels of inflammatory mediators and cytokines were 

measured by the RT-PCR and an enzyme-linked immunosorbent assay. In 

vitro angiogenesis was assessed by RT-PCR for angiogenic genes and an 

endothelial tube formation assay. Results showed that PMTA, MMTA, 

and ECSC increased the alkaline phosphatase activity and mineralization 

nodule formation and up-regulated messenger RNA (mRNA) expression 

of the odontoblastic markers compared with RMTA. In addition, PMTA, 

MMTA, and ECSC up regulated the mRNA of angiogenic genes in 

human dental pulp cells and increased the capillary tube formation of the 

endothelial cells compared with RMTA.  

Öncel Torun et al.
31

 evaluated the cytotoxicity and mineralization 

effects of iRoot BP in human dental pulp cells (hDPCs) and compared 
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them with those of white mineral trioxide aggregate (WMTA). HDPCs 

were exposed to prepared dilutions (1 : 1-1 : 10) of the test materials. Cell 

viability was evaluated using the XTT assay after incubation periods of 

24, 48 or 72 h. The expression of mineralization-related genes (bone 

morphogenic protein, osteonectin, bone sialoprotein, osteopontin, dentine 

sialophosphoprotein and collagen type 1) and heme oxygenase 1 was 

measured by quantitative real-time polymerase chain reaction (qRT-PCR) 

at 24 and 72 h. Results showed that the 1:1 and 1:2 dilutions of iRoot BP 

were associated with higher cell viability after 24 h Only the 1 : 1 dilution 

of iRoot BP had higher cell viability after 48 h , and no difference 

between iRoot BP and WMTA after 72 h . Although somewhat variable, 

according to the gene expression results, iRoot BP had a mineralization 

potential similar to that of WMTA. WMTA revealed a higher heme 

oxygenase 1 (HO-1) mRNA level than iRoot BP. iRoot BP and WMTA 

were biocompatible and facilitated odontoblastic differentiation of 

HDPCs. 

Zhang et al. 
32

 investigated the effect of BioAggregate on 

lipopolysaccharide (LPS)-induced bone destruction in vivo and compared 

its performance with that of mineral trioxide aggregate. Mouse bone 

marrow macrophages (BMMs) were primary cultured and treated with 

several concentrations of BioAggregate and MTA extracts. Cell viability 

was measured with a Cell Counting Kit-8 assay, whilst in vitro osteoclast 

differentiation was evaluated with tartrate-resistant acid phosphatase 

(TRAP) staining. LPS-induced mouse calvarial bone destruction model 

was established to assess the effect of BioAggregate and MTA extracts in 

vivo. BioAggregate extracts displayed no obvious cytotoxicity to BMMs 

and significantly inhibited the differentiation of RANKL-stimulated 

BMMs. Comparable effects were induced by MTA. Bio- Aggregate and 

MTA extracts markedly reduced osteoclast numbers and attenuated bone 
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resorption in LPS-challenged mouse calvaria. The expression levels of 

osteoclastogenic cathepsin K and its upstream regulator nuclear factor of 

activated T-cell cytoplasmic 1 and c-Fos were also decreased by 

BioAggregate and MTA extracts. BioAggregate and MTA showed 

comparable inhibitory effect on osteoclast differentiation and 

inflammatory bone resorption in vivo. 

Yun et al 
33

evaluated the effect of growth hormone (GH) on 

mineral trioxide aggregate (MTA) with regard to the cell adhesion, 

odontoblastic differentiation, and angiogenesis in human dental pulp cell 

and the underlying signal pathway mechanisms. Cell adhesion and 

proliferation were assessed by the adhesion analysis and cell counting. 

Differentiation was examined by alkaline phosphatase activity, alizarin 

red staining, and the reverse transcriptase polymerase chain reaction for 

marker genes. Results showed that the combined treatment with GH and 

MTA enhanced cell adhesion, growth, alkaline phosphatase activity, 

calcified nodules, expression of marker mRNAs, migration, and capillary 

tube formation, compared with the treatment with MTA or GH alone. In 

addition, GH plus MTA increased expression of bone morphogenetic 

protein-2 mRNA, phosphorylation of Smad 1/5/8, extracellular signal-

regulated kinase, JNK, and p38 MAPK, and increased the levels of 

transcription factors Runx2 and Osterix, compared with MTA alone. 

Daltoe et al 
34

 compared cell viability of dental pulp cells treated 

with Biodentine and mineral trioxide aggregate (MTA) and the in vitro 

and in vivo expression of mineralization markers induced by the 2 

materials. Cell viability was determined using the 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyl tetrazolium bromide assay, and quantitative reverse-

transcriptase polymerase chain reaction was used to determine the gene 

expression of mineralization markers. Specimens of teeth from dogs 

treated with Biodentine and MTA after pulpotomy were used to 
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determine the presence of osteopontin and alkaline phosphatase by 

immunohistochemistry and runt-related transcription factor 2 by 

immunofluorescence test. Results revealed no significant differences in 

cell viability between MTA and Biodentine extracts and the controls after 

24 and 48 hours. After 48 hours, osteopontin (SPP1), alkaline 

phosphatase (ALP), and runt-related transcription factor 2 (RUNX2) 

expression was remarkably higher in MTA and Biodentine than in 

controls. 

Rifaey  et al.
35

 examined the osteogenic potential of MTA and 

Endosequemce Root Repair Material (ERRM) by using a commercially 

available 3-dimensional Alvetex scaffold. Mandibular osteoblasts were 

derived from 3-week-old male transgenic reporter mice where mature 

osteoblasts express green fluorescent protein (GFP) driven by a 2.3-

kilobase type I collagen promoter (Col(I)-2.3). Mandibular osteoblasts 

were grown on Alvetex in direct contact with MTA, ERRM, or no 

material (negative control) for 14 days. Osteoblast differentiation was 

evaluated by expression levels of osteogenic genes by using quantitative 

polymerase chain reaction and by the spatial dynamics of Col(I)-2.3 GFP-

positive mature osteoblasts within the Alvetex scaffolds by using 2-

photon microscopy. Results showed that ERRM significantly increased 

alkaline phosphatase (Alp) and bone sialoprotein (Bsp) expression 

compared with MTA and negative control groups. Both MTA and ERRM 

increased osterix (Osx) mRNA significantly compared with the negative 

control group. The percentage of Col(I)-2.3 GFP-positive cells over total 

cells within Alvetex was the highest in the ERRM group, followed by 

MTA and by negative controls. ERRM promotes osteoblast 

differentiation better than MTA and controls with no material in a 3-

dimensional culture system. Alvetex scaffolds can be used to test 

endodontic materials. 
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Karygianni et al.
36

 evaluated the effects of various mixing 

solutions on the biocompatibility of mineral trioxide aggregate . Human 

alveolar osteoblasts (HAOs) were incubated with eluates of 24 h-set 

cement discs of MTA mixed with sterile H2O, 3% sodium hypochlorite, 

4% articaine, 0.9% NaCl, Ringer's solution or citrated blood, 

respectively. The cell proliferation in the presence of eluates was assessed 

by real-time cell analysis, and the expression of genes associated with 

proliferation (histone H3, HistH3), inflammation (interleukin-6, IL-6, 

matrix metalloproteinases 1 and 3, MMP1, MMP3) or apoptosis (caspase 

3, Casp3) was analysed by qPCR after 24 and 72 h. The ultrastructure of 

cells grown on cement discs was visualized by scanning electron 

microscopy (SEM), whilst actin cytoskeleton was monitored by 

fluorescence staining in the presence of eluates after 7 and 14 days. 

Except for NaOCl-MTA, SEM and FM revealed regular hOA 

morphology for all mixing solutions. NaOCl was highly cytotoxic for 

hOAs whilst all other mixing solutions can be considered as convenient 

biocompatible mixing solutions as alternatives to H2O for clinical use. 

Silva et al.
 37

 evaluated the cytotoxic effects of Biodentine, using 

a three-dimensional (3D) cell culture associated with an in situ root-end 

filling experimental model. White mineral trioxide aggregate (MTA) and 

zinc oxide cement were used as reference for comparison. IL-1a and 

TNF-a cytokine production were also evaluated. The root canals of 24 

human maxillary incisor teeth were prepared using a single-file 

reciprocating technique. After root filling, a 3-mm root-end resection was 

performed and 3 mm of guttapercha was removed from the canal.Results 

showed that Biodentine and MTA groups had similar cell activity to the 

negative control group, indicating low cytotoxicity for both materials. 

The stronger cytotoxicity effect was identified on the zinc oxide cement. 

Zinc oxide cement caused a significant up-regulation in IL-1a and TNF-a 
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. No significant differences amongst MTA, Biodentine and the negative 

control group were observed for TNF-a (P > 0.05); however, both MTA 

and Biodentine were associated with overproduction of IL-1a when 

compared to the control group (P < 0.05). Biodentine and MTA had 

similar cytocompatibility in a 3D cell culture model associated with an in 

situ root-end filling model. 

Peters et al. 
38

 evaluated the effects of two types of calcium 

silicate cements on viability, angiogenic growth factor release, and 

angiogenic and inflammation-related gene expression in human stem cells 

from the apical papilla (SCAP). SCAPs were grown for 7 days with either 

ProRoot mineral trioxide aggregate (MTA) or Biodentine (BD). Results 

showed that Cells in contact with either cement were associated with 

increased cell viability compared with the no-treatment group at day 1 but 

there were no differences amongst groups at days 3 and 7. Exposure to 

either cement significantly increased VEGF concentrations at day 3; 

however, ANGPT-1 levels decreased significantly compared with the no-

treatment group at day 3. Exposure to MTA and BD stimulated 

expression of VEGFA and FIGF/VEGFD. Furthermore, exposure to both 

cements significantly decreased the mRNA levels of ANGPT1 and FGF2 

relative to the no-treatment group. 

Gomes-Cornelio et al.
39

 compared the bioactivity of Biodentine, 

MTA Plus and calcium silicate experimental cement (CSC) with resin 

(CSCR) associated with zirconium (CSCR ZrO2 ) or niobium (CSCR 

Nb2 O5 ) oxide as radiopacifiers. According to the relevance of 

osteoblastic cell response for mineralized tissue repair, human 

osteoblastic cells (Saos-2) were exposed to test materials and assessed for 

viability (MTT), cell proliferation, gene expression of alkaline 

phosphatase (ALP) osteogenic marker by real-time PCR (RT-qPCR), 

ALP activity assay and alizarin red staining (ARS) to detect 
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mineralization nodule deposition in osteogenic medium. Results showed 

that all tested cements showed dose-dependent responses in cell viability 

(MTT). All materials had suitable biocompatibility and bioactivity. The 

MTA , BD and CSCR ZrO2 groups had the highest viability rates and 

velocity of proliferation whilst the CSCR Nb2 O5 group produced more 

mineralized nodules. 

Tomas-Catala et al.
40

 evaluated the biological effects in vitro of 

MTA‐Angelus , MTA Repair HP and NeoMTA Plus on human dental 

pulp stem cells (hDPSCs). Eluates of each material were used to evaluate 

the Cell viability and cell migration assays. HDPSCs were directly seeded 

onto the material surfaces and analyzed by immunocytofluorescence and 

scanning electron microscopy. Results showed that Undiluted MTA‐Ang, 

MTA‐HP and NeoMTA‐P displayed a significant increase in cell viability 

greater than that obtained using complete medium alone (control). 

Moreover, a cell migration assay revealed cell migration rates after 

incubation with extracts of MTA‐Ang, MTA‐HP and NeoMTA‐P that 

were like levels obtained in the control group. The authors concluded that 

MTA‐Ang, MTA‐HP and NeoMTA‐P were associated with biological 

effects on hDPSCs in terms of cell proliferation, morphology, migration 

and attachment. 

Castro-Raucci et al.
41

 evaluated the effect of a calcium aluminate 

based cement (CAC) on the development of the osteogenic phenotype in 

vitro. Rat calvaria-derived cells were grown on Thermanox_ coverslips 

for 24 h and then exposed to either samples (4-h set) of CAC+ or mineral 

trioxide aggregate (MTA) placed on Transwell inserts for periods of up to 

14 days. The results showed that proximity to MTA or CAC+ samples 

inhibited cell growth, whereas at a distance, viable and proliferative cells 

adhered to and spread on the Thermanox, expressing osteoblast 
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differentiation markers prior to mineralization of the extracellular matrix. 

Compared with MTA, the osteogenic cell cultures exposed to CAC+ 

exhibited significantly greater cell viability, alkaline phosphatase (ALP) 

activity and expression of runt-related transcription factor 2, osterix, 

ALP, bone sialoprotein and osteocalcin. For the osteogenic cell cultures 

exposed to CAC+, the quantification of matrix mineralization was not 

altered. CAC+ supported the acquisition of the osteogenic cell phenotype 

in vitro, rendering this novel material a potential alternative to MTA in 

endodontic procedures. 

Rodrigues  et al.
42

 investigated the cytotoxicity, osteogenic 

bioactivity and mRNA expression of osteogenic markers of bone 

morphogenetic protein 2 (BMP-2), osteocalcin (OC) and alkaline 

phosphatase (ALP) induced by the extracts of set MTA Plus (MTA P) in 

comparison with MTA on human dental pulp cells (hDPCs). Cell 

viability was assessed by mitochondrial dehydrogenase enzymatic (MTT) 

assay, and the mechanism of cell death was evaluated by flow cytometry. 

Bioactivity was evaluated by alkaline phosphatase (ALP) assay and 

detection of calcium deposits with alizarin red staining (ARS). The gene 

expression of BMP-2, OC and ALP was quantified with real-time PCR. 

Results showed that MTA and MTA P were not cytotoxic and did not 

induce apoptosis. MTA P had significant higher ALP activity in relation 

to MTA and the control. MTA had a significantly higher percentage of 

mineralized area than MTA P. The expression of BMP2 and OC mRNA 

was significantly higher in cells exposed to MTA than MTA P after 1 

day. At day 3, the mRNA expression of ALP was significantly higher in 

MTA P compared with MTA. MTA and MTA Plus were noncytotoxic, 

increased mineralization processes in vitro and induced the expression of 

osteogenic markers. 
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Rodrigues et al.
43

 evaluated the effect of MTA and Biodentine on 

viability, osteogenic differentiation and BMP-2 expression in osteogenic 

cells. Saos-2 cells were used as a model of osteoblastic cells. 

Overexpression of BMP-2 was induced by transfection of a CMV-driven 

plasmid construct including the human BMP-2 coding sequence, and 

stably transfected cells were selected. Cell viability was assessed by the 

mitochondrial dehydrogenase enzymatic (MTT) assay. The bioactivity of 

the materials was evaluated by the alkaline phosphatase (ALP) assay and 

detection of calcium deposits with alizarin red staining (ARS). The gene 

expression of BMP-2 and ALP was quantified with real-time PCR. 

Results showed that cell exposure to Biodentine and MTA had a 

significant stimulatory effect on the formation of mineralized nodules. 

The highest increase in BMP-2 gene expression was observed after 

3 days of BMP-2-transfected cells exposure to MTA and Biodentine in 

non-osteogenic medium in relation to Saos-BMP-2-unexposed control 

cells. Both MTA and Biodentine enhanced BMP-2 mRNA expression in 

the transfected system. Both MTA and Biodentine are suitable materials 

to improve osteoblastic cell mineralization. 

Zeid et al.
44

 analyzed  the chemistry and bioactivity of NeoMTA 

Plus in comparison with the conventional root repair materials. They 

analyzed the Unhydrated and hydrated (initial and final sets) materials by 

Fourier transform infrared (FTIR) spectroscopy and X-ray diffraction 

(XRD). For bioactivity study, small holes of dentin discs were filled with 

either materials, immersed in PBS for 15 days, and analyzed with FTIR 

and scanning electron microscope with energy dispersive X-ray 

(SEM/EDX). The results showed that Both materials are tricalcium 

silicate-based that finally react to be calcium silicate hydrate. NeoMTA 

Plus has relatively high aluminium and sulfur content, with tantalum 

oxide as an opacifier instead of zirconium oxide in MTA Angelus. 
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NeoMTA Plus showed better apatite formation, higher crystallinity and 

Ca/P but lower CO3/PO4 ratio than MTA Angelus. SEM showed 

globular structure with a small particle size in NeoMTA Plus while 

spherical structure with large particle size in MTA Angelus. They 

concluded that due to fast setting, higher crystallinity, and better 

bioactivity of NeoMTA Plus, it can be used as a pulp and root repair 

material. 

Tanomaru-Filho et al.
45

 evaluated the biocompatibility and 

mineralized nodule formation of an experimental tricalcium silicate 

cement with tantalum oxide (TSC/Ta2O5) as radiopacifier, Neo MTA 

Plus and MTA on human osteoblast-like cells (Saos-2). Biocompatibility 

was evaluated by 3-(4,5-dimethyl-thiazoyl)-2,5-diphenyl-tetrazolium 

bromide (MTT) and neutral red (NR) assays, after exposure of Saos-2 to 

cement extracts at 1 : 1, 1 : 2, 1 : 4 and 1 : 8 dilutions for 24 h. Bioactivity 

was evaluated by alkaline phosphatase (ALP) activity, and calcium 

deposits were detected with alizarin red staining (ARS). Results showed 

that Neo MTA Plus and TSC/Ta2O5 were biocompatible and induced 

ALP activity in Saos-2 cells. Both materials induced mineralized nodule 

formation by Saos-2 with Neo MTA Plus producing significantly more. 

Cintra et al
46 

evaluated the cytotoxicity, biocompatibility, and 

biomineralization of MTA HP compared with that of white MTA-Ang. 

Results showed increase in cell viability for MTA HP after 24, 48, and 72 

hours. At 72 hours, MTA HP exhibited a higher viability compared with 

white MTA-Ang. Histologic analysis performed at 7 days showed 

moderate inflammation and a thick fibrous capsule in all the groups. At 

30 days, mild inflammation and a thin fibrous capsule were observed in 

all groups. All materials had structures positive for von Kossa and 

birefringent to polarized light. The authors concluded that MTA HP 

showed good biocompatibility and biomineralization similar to MTA-
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Ang. In addition, MTA HP showed increased fibroblast cell viability 

compared with white MTA-Ang after a longer period. 

Hanafy et al
47

 assessed the role of mineral trioxide aggregate 

(MTA) and nano hydroxy-apatite as promoters of odontogenic 

differentiation of dental pulp stem cells (DPSCs).DPSCs were isolated, 

cultured in odontogenic media and divided into three groups; control 

group, MTA group and nanohydroxyapatite group. Odontogenic 

differentiation was assessed by tracing genes characteristic of different 

stages of odontoblasts via qRT-PCR. Calcific nodules formation was 

evaluated by Alizarin red staining. Results showed that both MTA and 

nanohydroxyapatite could enhance odontogenic differentiation of DPSCs, 

while nanohydroxyapatite was found to have a higher promoting effect. 

Tomás-Catalá et al.
48

 evaluated the in vitro cytotoxicity of MTA 

Repair HP, Neo-MTA Plus, and Biodentine, when used for dental pulp 

capping, on human dental pulp stem cells (hDPSCs). Results showed that 

Biodentine showed higher rates of cell viability than MTA Repair HP and 

NeoMTA Plus. The authors concluded that the new pulp-capping 

materials MTA Repair HP, NeoMTA Plus, and Biodentine showed a 

suitable degree of cytocompatibility with hDPSCs, and good cell 

migration rates, although Biodentine showed higher rates of proliferation 

time-dependent. 

Pinheiro et al.
49

 aimed to evaluate the cell viability and tissue 

reaction of NeoMTA Plus compared with mineral trioxide aggregate and 

Biodentine. They plated fibroblasts (3T3) and exposed them to 1% 

extract from the test material before and after setting. Cytotoxicity 

assessment was performed using the 3-(4,5-dimethyl-thiazoyl)-2,5- 

diphenyl-tetrazolium bromide and sulforhodamine B assays. The In vivo 

evaluation included implantation of polyethylene tube of the materials in 

rat subcutaneous tissue. Results showed that the materials in the 
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cytotoxicity assays presented greater viability after setting. NMP and 

MTA presented higher viability than the control on the 3-(4,5-dimethyl-

thiazoyl)- 2,5-diphenyl-tetrazolium bromide assay before and after 

setting. The sulforhodamine B assay showed that MTA and BD presented 

less viability than NMP and the control, and NMP was similar to the 

control before setting. After setting, MTA and BD presented higher 

viability when compared with the control group, and NMP was like 

control. Inflammatory infiltrate reduction occurred throughout the test 

periods for all materials. At 7 days, neutrophils were present in BD, and 

granuloma and giant cells were present in BD and MTA. At 30 days, BD 

showed intense inflammatory infiltrates and many macrophages when 

compared with NMP, MTA, and the control. At 90 days, BD presented a 

thick fiber layer compared with NMP (P # .05). The authors concluded 

that NMP has similar biocompatibility to MTA and BD. 

Rodríguez et al.
50

 evaluated the In vitro changes in ion release 

and biological properties of Endocem‐MTA and NeoMTA‐Plus exposed 

to acidic or neutral environment on human dental periodontal ligament 

stem cells (hPDLSCs). Cell viability and wound healing assays were 

performed using eluates of each material. Cell death and changes in 

phenotype induced by the set endodontic sealer eluates were evaluated 

through flow cytometry. To evaluate cell attachment to the different 

materials, hPDLSCs were directly seeded onto the material surfaces and 

analyzed by scanning electron microscopy. The chemical composition of 

the materials was determined by energy‐dispersive X‐ray (EDX), and ion 

release was evaluated by inductively coupled plasma‐mass spectrometry. 

Results showed that MTT assay revealed non‐cytotoxic effects of 

NeoMTA‐Plus and Endocem‐MTA at pH 5.2 and 7.4. Based on their 

results the authors concluded that an acidic environment favored the 
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release of Ca2+ ions from both bioactive cements, and the cytotoxicity of 

these bioactive cements was low in both environments studied. 

Alamoudi et al.
51

 evaluated the osteogenic activity of NeoMTA 

Plus using rat mesenchymal stem cells (MSCs). Pre-seeded rat MSCs 

were cocultured with either NeoMTA Plus or ProRoot-MTA and 

incubated for 1, 3 and 7 days (6 well for each). The cell growth, viability 

and proliferation were evaluated with light and scanning electron 

microscope. The specimens were also subjected to quantitative real time-

polymerase chain reaction for osteogenic gene expression. Results 

showed that after the treatment with either material, cell viability 

gradually increased by time, and the cells showed signs of differentiation 

into osteoblasts. ProRoot-MTA exhibited a significant higher mean value 

than NeoMTA plus after 7 days. At the third and seventh days, the cells 

treated with both materials exhibited deep alkaline phosphatase staining 

more than control untreated cells. Upregulation of osteogenic gene 

expression including bone morphogenetic-2, alkaline phosphatase, bone 

sialoprotein, osteopontin and osteocalcin was observed with both 

materials. The authors concluded that both NeoMTA Plus and ProRoot-

MTA had osteogenic activity when used as pulp and endodontic repair 

material. 

Patil et al.
52

 evaluated the effect of varying durations of intracanal 

medicament application used in regenerative endodontic treatment on the 

push out the bond strength of NeoMTA Plus. They decoronated a total of 

60 extracted single-rooted maxillary anterior teeth. Roots were 

instrumented uniformly until Peeso Reamer size #5 to simulate open 

apices. Sixty roots were then divided into four groups according to 

intracanal medicaments used (n = 15): Group 1: Triple antibiotic paste 

(TAP); Group 2: Double antibiotic paste (DAP); Group 3: Calcium 
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hydroxide paste (CH); and Group 4 (control): No medicament. After 

removal of the medicaments, NeoMTA Plus was placed into 8 mm of the 

coronal third of the roots and samples were incubated. A push-out test 

was used to measure the sealing efficacy of NeoMTA Plus. Results 

showed that CH, DAP, and TAP application resulted in significantly 

lower values of the push-out bond strength of NeoMTA Plus after 12 

weeks compared to 2 weeks. The authors concluded that CH, DAP, and 

TAP cause an alteration in dentinal surface properties leading to negative 

effect on bond strength of NeoMTA Plus. The effect is more evident in 

DAP and as treatment time is prolonged.  

Jiménez‐Sánchez et al.
53

 evaluated the hydration performance and 

the bioactive response of the new bioactive endodontic cement MTA HP 

repair (HP), comparing its physicochemical parameters with those of 

ProRoot MTA White (Pro) and NeoMTA Plus (Neo). Results showed 

that HP exhibit shorter initial setting time compared to Pro and Neo and 

produce a quick and effective bioactive response in vitro in terms of 

phosphate phase surface coating formation. This higher bioactive 

response for HP is correlated with increasing calcium aluminate content, 

increasing surface area of un‐hydrated powder precursor and the 

increasing release capacity of Si ionic products of the final hydrated 

product.  

Birant et al 
54

 aimed through their study to evaluate the 

biocompatibility and compare the potential invitro cytotoxic effects of 

NeoMTA Plus, ProRootMTA and Biodentine on human dental pulp stem 

cells (hDPSCs). To assess the effects of NeoMTA Plus, ProRoot MTA 

and Biodentine they used extracts at 1st, 3rd and 7th day on hDPCs, cell 

populations were determined by flow cytometry using an Annexin V 

detection kit. All groups showed cell viability similar to that of the 

control group on 1st, 3rd and 7th d. Although Biodentine exhibited higher 
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cell viability rates than the other material groups, no statistically 

significant differences were noted between the sampled days (p > 0.05). 

All materials extracts were not cytotoxic and did not induce apoptosis in 

the hDPSCs. Their results suggested that all the tested materials could 

lead to positive outcomes when used as reparative biomaterials. 

Bhavsar et al
55

 aimed to find out and compare the bioactivity of 

Neo MTA Plus, Pro root MTA white, Biodentine & Glass ionomer 

cement as root end filling materials using 1% methylene blue as tracer. 

To comparatively evaluate the sealing ability of different root end 

materials; the change in sealing ability of different root end filling 

materials with time; and evaluate seal of bioactive materials and glass 

ionomer cement. Freshly extracted, permanent, single rooted human 

maxillary central incisor teeth were collected. Samples were, randomly 

divided into four groups, consisting of 20 samples each, they filled Group 

I with GIC, Group II with pro root MTA, Group III with Neo MTA plus 

and Group IV with biodentine. The evaluation depth dye penetration was 

done with the help of Stereomicroscope at 2x magnification at 7days and 

1-month period intervals. All the four materials exhibited penetration Neo 

MTA plus and biodentine should be the preferred choice for root end 

filling. 

Ürkmez  and Erdem 
56

 aimed to compare the bioactivity of 

Biodentine, ProRoot MTA and NeoMTA Plus with regard to their 

element uptake (Ca, Si and Ca/P) by root canal dentine in a simulated 

apex (n = 30 each) they also evaluated the correlation between the dentine 

fracture resistance (n = 30 each) and interfacial layer thickness. They 

used specimens immersed in a corrected simulated body solution (c-SBF) 

for 1, 30 and 90 days. In all test materials, the Ca and Si concentrations in 
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the root dentine were found to be significantly higher, whereas the Ca/P 

and Si concentrations increased over time. The dentine fracture resistance 

showed a difference at only day 30. The dentine fracture resistance of 

Biodentine and ProRoot MTA was positively correlated with the Si and 

Ca/P values, and the mean interfacial layer thickness of all specimens. A 

high biomineralization capacity of ProRoot MTA and Biodentine were 

found, and their positive effects on the dentine fracture resistance during 

the first 30 days suggested that they may present more advantages than 

NeoMTA Plus in apexification treatment. 

 

Tests that evaluated histopathological and radiographic changes:  

Faraco and Holland 
57

 observed the response of dogs dental pulp 

to mineral trioxide aggregate (MTA) and a calcium hydroxide cement 

when used as pulp capping agents. After the pulps of 30 teeth were 

mechanically exposed, they were capped with either MTA or calcium 

hydroxide cement. Histological analysis was performed 2 months after 

pulp treatment. The results showed a healing process with complete 

tubular dentin bridge formation and no inflammation in any of the dental 

pulps capped with MTA. On the other hand, only 5 specimens from 

the calcium hydroxide cement group formed a complete dentinal bridge. 

In this experimental group, pulp inflammation was observed in all but 

three samples. Based on their results they concluded that MTA exhibited 

better results than the calcium hydroxide cement for the capping of the 

dental pulp in dogs. 

Holland et al 
58

 investigated the behavior of dog dental pulp after 

pulpotomy and direct pulp protection with mineral trioxide aggregate and 

portland cement. After pulpotomy, the pulp stumps of 26 roots of dog 

teeth were protected with MTA or PC. Sixty days after treatment, the 
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animal was sacrificed, and the specimens were removed and prepared for 

the histomorphological analysis. There was a complete tubular hard tissue 

dentin bridge in almost all specimens. In conclusion, MTA and PC show 

similar comparative results when used in the direct pulp protection after 

pulpotomy. 

Min et al 
59

 evaluated the pulpal response to direct capping with 

either mineral trioxide aggregate (MTA) or calcium hydroxide (CH) 

cement in humans, with a focus on new hard tissue formation (dentin 

bridge) and dentin sialoprotein (DSP)and heme oxygenase1  (HO-1) gene 

expression. Direct pulp capping was performed in twenty cases of caries-

free human third molars. The pulps were exposed and capped with either 

MTA or hard-setting CH. After 2 months, the teeth were extracted, and 

the specimens were prepared for the histologic and immunohistochemical 

evaluations. Histologically, 100% of the MTA group and 60% of the CH 

group developed good dentin bridges.  

Kuratate et al 
60

 investigated the reparative and healing process of 

mechanically exposed pulps capped with mineral trioxide aggregate. 

Maxillary first molars of 8-week-old rats were MTA-capped for one to 

fourteen days, and 5-bromo-2'-deoxyuridine-labeled proliferating cells 

and the immunoreactivity for both nestin and osteopontin were analyzed. 

Results showed that MTA capping caused mild necrotic changes 

followed by a progressive new matrix formation and calcified bridging 

formation suggesting that the pulpal responses to MTA capping involve 

proliferation and migration of progenitors followed by their 

differentiation into odontoblast-like cells, a mechanism which is basically 

similar to those of calcium hydroxide. 

Danesh et al.
61

 evaluated the effect of apatite formation on tissue 

contact with white mineral trioxide aggregate (WMTA) and compared 

this apatite with a synthetic hydroxyapatite (SHAp) in subcutaneous 
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connective tissue of rats. Thirty-three Wistar rats were used. Polyethylene 

tubes filled with WMTA, apatite formed by WMTA (BCAp), and an 

SHAp along with empty tubes were implanted into dorsal connective 

tissue of rats for 15, 30, and 60 days. Set MTA covered with BCAp 

(setMTA/BCAp) was implanted as well. The specimens were stained 

with hematoxylin and eosin and von Kossa and evaluated for 

inflammatory reactions and mineralization through a light microscope. 

Results showed that all groups evoked a moderate chronic inflammatory 

reaction at 15 days, which subsided with time. BCAp did not 

stimulate mineralization. WMTA, SHAp, and set MTA/BCAp induced 

significantly more dystrophic calcification than BCAp. WMTA and set 

MTA/BCAp stimulated the same amount of calcification. Results 

suggested a possible role of apatite formation on 

the mineralization induction characteristics of WMTA, which indicated a 

definite effect on biocompatibility.  

Parirokh  et al.
62

 compared the subcutaneous tissue response to 

grey mineral trioxide aggregate (GMTA), white mineral trioxide 

aggregate (WMTA) and a new experimental cement (calcium enriched 

cement, CEM). Thirty-six Wistar male albino rats each received three 

implants, containing one of the tested materials, and an empty tube as a 

control. Seven, 30 and 60 days after implantation, the animals were 

sacrificed. After histological preparation and H&E staining, the 

specimens were evaluated for capsule thickness, necrosis, and for the 

type, the severity, and the extent of inflammation. After 1 week, CEM 

produced no necrosis compared to both types of WMTA and GMTA. 

After 30 days, GMTA specimens had significantly less inflammation 

compared with WMTA and CEM. After 60 days, less inflammation was 

associated with CEM specimens compared to the other materials. 
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Dystrophic calcifications in the connective tissue adjacent to all 

experimental material were detected. Histological observation illustrated 

that all materials were well tolerated by the subcutaneous tissues. 

Da Silva et al.
63

 compared the subcutaneous tissue response to 

grey mineral trioxide aggregate (GMTA), white mineral trioxide 

aggregate (WMTA) and a new experimental cement (calcium enriched 

cement, CEM). Thirty-six Wistar male albino rats each received three 

implants, containing one of the tested materials, and an empty tube as a 

control. Seven, 30 and 60 days after implantation, the animals were 

sacrificed. After histological preparation and H&E staining, the 

specimens were evaluated for capsule thickness, necrosis, and for the 

type, the severity, and the extent of inflammation. After 1 week, CEM 

produced no necrosis compared to both types of WMTA and GMTA. 

After 30 days, GMTA specimens had significantly less inflammation 

compared with WMTA and CEM. After 60 days, less inflammation was 

associated with CEM specimens compared to the other materials. 

Dystrophic calcifications in the connective tissue adjacent to all 

experimental material were detected.  Histological observation illustrated 

that all materials were well tolerated by the subcutaneous tissues. 

Nagy et al 
64

 aimed to assess the regenerative potential of immature 

teeth with necrotic pulps following revascularization procedure in dogs. 

They infected 108 immature teeth creating necrotic pulps and periapical 

pathosis, with 216 root canals in nine mongrel dogs. Teeth were divided 

into three equal groups according to the evaluation period. Each group 

was further subdivided into six subgroups according to the treatment 

protocol including MTA apical plug, revascularization protocol, 

revascularization enhanced with injectable scaffold, MTA over empty 

canal. All root canals were disinfected with a triple antibiotic paste prior 

to revascularization except for control subgroups. After disinfection, the 
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root length, thickness, and apical diameter were measured from 

radiographs. Histological evaluation was used to assess the inflammatory 

reaction, soft and hard tissue formation. They found that in the absence of 

revascularization, the length and thickness of the root canals did not 

change over time. The injectable scaffold and growth factor weren’t more 

effective than a revascularization procedure to promote tooth 

development following root canal revascularization. The tissues formed 

in the root canals resembled periodontal tissues. In accordance they 

concluded that revascularization procedure allowed the continued 

development of roots in teeth with necrotic pulps.  

Chen et al.
65

  compared healing after root-end surgery by using 

grey mineral trioxide aggregate (MTA) and EndoSequence Root Repair 

Material (RRM) as root-end filling material in an animal model. Apical 

periodontitis was induced in 55 mandibular premolars of 4 healthy beagle 

dogs. After 6 weeks, root-end surgeries were performed by using modern 

microsurgical techniques. Two different root-end filling materials were 

used, grey MTA and RRM. Six months after surgery, healing of the 

periapical area was assessed by periapical radiographs, cone-beam 

computed tomography (CBCT), micro computed tomography (CT), and 

histology. Minimal or no inflammatory response was observed in most 

periapical areas regardless of the material. Results showed that similar to 

MTA, RRM is a biocompatible material with good sealing ability. 

However, RRM achieved a better tissue healing response adjacent to the 

resected root-end surface histologically. The superior healing tendency 

associated with RRM could be detected by CBCT and micro CT but not 

periapical radiography. 

Khalil and Abunasef.
66

 evaluated the injurious effects of mineral 

trioxide Aggregate (MTA) and EndoSequence Bioceramic Root Repair 
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Material after their implantation into rat subcutaneous tissues. Twelve 

Wistar rats were selected for the study. Each animal received 3 implants: 

one contained MTA, one contained ERRM, and one was an empty tube 

that served as a control. Half of the animals were killed after 7 days, and 

the remaining animals were killed 30 days after implantation. Results 

showed that after 7 days, MTA produced a significantly greater 

inflammatory reaction that involved the deposition of amyloid like 

protein and an increase in the mast cell population compared with ERRM. 

After 30 days, the ERRM group exhibited significantly reduced 

inflammatory reactions compared to the MTA groups. The findings 

suggested that both ERRM and MTA cause an injurious effect when 

implanted in rat subcutaneous tissues after 7 and 30 days. ERRM is 

significantly less injurious to tissues than MTA. 

Hassanein et al. 
67

 evaluated the healing of furcation 

perforation following treatment with Mineral Trioxide Aggregate (MTA) 

and BioAggregate by histologic examination. They used 72 premolar 

teeth from 6 adult mongrel dogs. The results revealed that MTA and 

BioAggregate had a similar biological response on the periodontal tissue. 

There was no significant difference in inflammatory cell count, 

epithelial proliferation, and new hard tissue formation between MTA and 

BioAggregate subgroups. In conclusion, both MTA and Bioaggregate 

show similar biological responses when used as a perforation repair 

material in dogs. These responses showed improved healing 

characteristics when compared to the control. 

Alshwaimi et al 
68

evaluated the response of human dental pulp to 

direct capping with betamethasone/gentamicin cream and MTA. Thirty-

six human first premolar teeth were then divided into 4 groups: BG1 

group (n = 9), BG cream with two-week follow-up; BG2 group (n = 10), 
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BG cream with 8-week follow-up; MTA1 group (n = 8), MTA with 2-

week follow-up; and MTA2 group (n = 9), MTA with 8-week follow-up. 

Teeth were extracted and examined at respective time intervals. Micro-

computed tomography scanning and histologic analyses were performed 

for all specimens. Pulp pathology and reparative reaction were properly 

recorded. Both the BG cream and the MTA resulted in a significantly 

better pulpal response at 8 weeks than at two weeks. Dentin bridge 

formation was significantly thicker in the MTA group at eight weeks than 

in any other group. Inflammation was of the acute type in all groups; no 

statistically significant differences in the distribution of inflammatory 

cells were found among the tested groups. Pulp abscesses and/or necrosis 

were observed more often in teeth capped with BG than with that with 

MTA. Direct pulp capping with both BG cream and MTA was associated 

with dentin bridge. MTA resulted in a significantly 

better pulpal response, with a less inflammation and a thicker dentin 

bridge at 8 weeks. 

Taha et al.
69

 evaluated the subcutaneous connective tissue 

response to EndoSequence root repair paste compared with mineral 

trioxide aggregate (MTA). Thirty-six Wistar rats each received 3 sterile 

tubes, containing 1 of the tested materials and control. The animals were 

killed 1, 3 and 6 weeks after implantation. The specimens were evaluated 

histologically for type of inflammation, intensity and extent of 

inflammatory cells, foreign body reaction, fibrous capsule thickness, 

perivascular fragments, calcific deposits, and vascular congestion. Results 

showed that EndoSequence provoked severe inflammation after 1 week, 

which was significantly different from MTA and control, with 

fragmented particles and foreign body reaction. MTA showed tissue-

tolerance features almost comparable to control. EndoSequence was 

significantly more irritating than MTA and control at 1 and 3 weeks in 
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terms of severity and extent of inflammation. After 6 weeks it displayed 

more biocompatible characteristics.  

Da Fonseca  et al.
70

 evaluated the inflammatory process induced 

by Biodentine and mineral trioxide aggregate (MTA) in rat subcutaneous 

tissues. The number of inflammatory cells was estimated and the 

numerical density of interleukin-6 (IL-6)-immunolabelled cells was also 

performed. Results showed high number of inflammatory cells and IL-6-

positive cells at 7 days, in all groups; however, in the Biodentine group, 

the number of inflammatory cells and IL-6-immunolabelled cells was 

significantly higher in comparison with the other groups at 7 and 15 days. 

In the capsules of animals from all groups, a gradual and significant 

reduction of these parameters was seen over time. At 60 days, the 

capsules exhibited numerous fibroblasts and bundles of collagen fibres; in 

addition, the number of IL-6-positive cells was not significantly different 

amongst Biodentine, MTA and control groups. There was a significant 

regression in the inflammatory reaction in the capsules indicating, 

therefore, that Biodentine is a biocompatible material. 

Zhou et al.
71

 evaluated the clinical and radiographic outcome of 

endodontic microsurgery when using iRoot BP Plus Root Repair Material 

or mineral trioxide aggregate (MTA) as the retrograde filling material and 

analyzed the relationship between some potential prognostic factors and 

the outcome of the surgery. A standardized surgical procedure was 

performed by a single operator. The patients were followed up at 1 week, 

3 months, 6 months, and 12 months; follow-up included clinical and 

radiographic examination. Clinical and radiographic evaluations acquired 

at the 12-month follow-up were taken as the primary outcome. A total of 

158 teeth were analyzed at the 12-month follow-up, including 87 teeth in 

the MTA group and 71 teeth in the BP-RRM group. The success rate in 

the MTA and BP-RRM groups was 93.1% (81/87 teeth) and 94.4% 
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(67/71 teeth), respectively. Three significant outcome predictors were 

identified: quality of root filling, tooth type, and size of the lesion. These 

results suggest that BP-RRM is comparable with MTA in clinical 

outcome when used as root-end filling materials in endodontic 

microsurgery. 

Silva  et al.
72

 evaluated the in vivo response of periradicular 

tissues after sealing of furcation perforations with Biodentine, mineral 

trioxide aggregate (MTA), and gutta-percha by means of histopathologic 

and indirect immunofluorescence analyses. Thirty teeth of 3 dogs were 

divided into 3 groups: Biodentine (n = 14 teeth), MTA (negative control, 

n = 10 teeth), and gutta-percha (positive control, n = 6 teeth). After 

endodontic treatment, perforations were made in the center of the pulp 

chamber floor and filled with the materials. After 120 days, the animals 

were killed, and blocks containing the teeth and periradicular tissues were 

processed. Results showed that MTA and Biodentine induced the 

formation of significantly more new mineralized tissue than gutta-percha, 

which did not induce the formation of mineralized tissue in any case. 

Complete sealing of the perforations was more frequent with MTA, 

which formed mineralized tissue with greater thickness and area. 

Biodentine and MTA exhibited no bone resorption in the furcation 

region, fewer inflammatory cells, and greater RUNX2 immunostaining 

intensity than gutta-percha. 

Walsh et al.
73

 compared the difference of healing of pulpal and 

periapical tissues in dogs after they were exposed to NeoMTA Plus and 

Quick-Set2 during a procedure of pulpotomy and root-end surgery. They 

used Seventy-two teeth in 6 beagle dogs where they received pulpotomy 

or root-end surgery using either NeoMTA Plus or Quick-Set2. The dogs 

were then sacrificed after the period of 90 days, and the teeth and 
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surrounding tissues were prepared for histologic evaluation. Specimens 

were scored for inflammation, quality and thickness of dentin bridging, 

pulp tissue response, cementum and periodontal ligament formation, and 

apical bone healing. Results showed that out that both materials displayed 

favorable healing at 90 days and the only significant difference between 

the two materials was the quality of dentin bridge formation in 

pulpotomies using NeoMTA Plus compared with Quick-Set2. Based on 

the results they found Quick-Set2 and NeoMTA Plus had similar effects 

on inflammation, pulp response, periodontal ligament and cementum 

formation, and apical tissue healing in dogs. NeoMTA Plus had superior 

dentin bridge quality compared with Quick-Set2. 

Quintana et al.
74

 compared the bone tissue reaction, setting time, 

solubility, and pH of NeoMTA Plus, Biodentine (BD), and MTA Angelus 

(MTA-A). The Initial and final setting times (n = 7) and solubility up to 

7 days (n = 11) were evaluated in accordance with ASTM C266–15 and 

ANSI/ADA Specification No. 57, respectively. pH (n = 10) was 

measured up to 28 days. Bone tissue reactions in 48 rat’s femur were 

histologically analyzed after 7, 30, and 90 days. Results showed that 

NeoMTA Plus had longer initial and final setting times than MTA-A and 

BD. At 7 days, BD showed the highest solubility, like NeoMTA Plus and 

different from MTA-A. NeoMTA Plus had a progressive mass loss over 

time; at 7 days, it was significantly different from the initial mass. BD 

showed higher pH in the periods assessed when compared to the other 

materials. All groups presented no difference from 30 to 90 days and had 

better bone repair at 90 days. They concluded that NeoMTA Plus and BD 

showed satisfactory physical-chemical and biological properties, being 

considered as alternatives to MTA-A as root repair materials for clinical 

use. 
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Aim of the study 

 

The aim of the current study was to evaluate the biocompatibility 

of Neo MTA Plus and ProRoot mineral trioxide aggregate when used as a 

perforation repair material. 

The biocompatibility of the tested materials was evaluated through: 

1. Cell culture study: The effect of the tested materials on the periodontal 

derived mesenchymal cells as regard to: 

 Cytotoxicity. 

 Alkaline phosphatase secretion. 

 Bone Sialoprotein Gene expression 

2. Animal study: Histopathological evaluation of the tissues surrounding 

the perforation site repaired by either one of the two tested materials  
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Materials and methods 

 

Part I: Cell culture Study 

1- Preparation of material discs 

Neo MTA Plus 
i
 and MTA Angelus cement

ii
 were prepared 

according to manufacturer’s instructions under sterile conditions. MTA 

Angelus powder was mixed with the distilled water supplied by the 

manufacturer at a ratio of 0.33 (w/p). Neo MTA was mixed with the 

liquid supplied in the ratio recommended by the manufacturer. The 

samples were placed into sterilized plastic cylinder molds (diameter 5 

mm and height 1 cm). Each sample was covered with wet cotton and was 

stored for 72 h at 37 °C in a humidified atmosphere. The set materials 

were removed from the molds and sterilized by ultraviolet radiation. The 

molds were incubated for 72 h at 37 °C to allow the release of any soluble 

components from the samples. The medium was filtered with a syringe 

filter to remove any particulate impurities. Dilutions of the test media 

were prepared with fresh culture medium: 1: 1 (original extract), 1 : 2, 1 : 

5 and 1 : 10 dilutions. 

                                           
i Avalon BioMed. Inc, Bradenton, FL 

ii MTA Angelus, Londrina, Brazil 
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2- Isolation and culture of Periodontal derived stem cells: (fig 1-4) 

Photomicrograph of human PDL derived MSCs (x2000) after 28 days of 

exposure to osteogenic cocktail 

a. The isolation of PDL derived MSC was done using a 

modification for the technique described by El Fattah et al.
75

 

as follows: 

i. The current study was performed by using human impacted 

third molars (n=7) collected from adults (18- 26 years of 

age) at the Department of Oral Surgery, Ain Shams 

University. Patients were informed about the nature of the 

study and they were asked to sign an informed consent. The 

tooth was held from the crown and inserted in a tube 

containing the transfer media (sterile PBS, Penicillin 

streptomycin mixture), and was transferred immediately to 

the Central lab of stem cells and biomaterials applied 

research, Ain Shams University, where all subsequent 

isolation and culturing procedures were executed 

ii. The root surfaces were carefully scraped using a lancet to 

ensure removal of all the periodontal tissues attached to 

them.  

iii. Under aseptic condition, using Thermo MSC 1.2 Laminar 

flow cabinet, the periodontal tissues were removed from all 

samples and mixed. Hence, identification of each separate 

sample was impossible. 

iv.  Periodontal tissues were washed with phosphate buffered 

saline and penicillin\streptomycin. 

v.  Tissues were digested with collagense type I at 37° C in a 

water bath. 
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vi.  Cell cultures were obtained in the final complement culture 

media (75 ml DMEM,15 ml FBS,5 ml Penicillin 

streptomycin mixture,50 microgram Antifungal) in the 

culturing flasks. The culturing flasks were incubated in a 

humidified CO2 incubator (Thermo Heracell 150i) at 37°c in 

5% CO2 and 95% air by volume. 

vii. The cultured cells were examined daily by using the 

inverted microscope 
i
 to follow up the growth of the cells 

and to detect the appearance of any bacterial or fungal 

infection among the cultured cells. 

viii. After a week, the supernatant that contained the non-

adherent cells was removed by aspiration using a sterile 

pipette.  

ix. The adherent cells were then washed twice with a sterile PBS 

and 10 ml of fresh complete media which was added to the 

dish. 

x. The second exchange of media was done after a week from 

the first one. 

xi. On the twentieth day the cultured cells showed confluent 

appearance.  

                                           
i
 LEICA Dmi80 inverted microscope platform + LASX software 
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Figure 1 Photomicrograph of a primary culture of human PDL derived 

MSCs (x2000) on day 0 of culture showing numerous small, rounded 

cells. 

 

 
Figure 2 Photomicrograph of a primary culture of human PDL derived 

 rounded MSCs (x2000) on day 4 of culture showing clusters of small,

cells alongside with large fibroblast like cells showing vesicular nucleus 

and granular cytoplasm 
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.

 

Figure 3 Photomicrograph of a primary culture of human PDL derived MSCs 

(x2000) on day 7 of culture showing fibroblast-like cells exhibiting various 

morphologies. 

Figure 4 Photomicrograph of a primary culture of human PDL derived MSCs 

(x2000) on day 14 of culture showing confluency 
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3- Culturing on material discs and Osteoplastic differentiation: 

(fig 5&6) 

i. PDL derived mesenchymal cells from the third passage were 

seeded on tested materials sample discs at a density of 10,000 

cells/cm2 and cultivated for 24 h in the final complement culture 

media (75 ml DMEM,15 ml FBS,5 ml Penicillin streptomycin 

mixture,50 microgram Antifungal).  

ii. After 24 h, the standard medium was removed and replaced by a 

differentiating medium containing the differentiating factors (10 

nm. dexamethasone, 0.2 mM ascorbic acid, 10 mM 

βglycerophosphate). Cells were cultured in differentiating medium 

for up to 28 days by refreshing it two times per week. At the 

established times, cells were harvested and processed for the 

required analysis. 

 

Figure 5 Photomicrograph of human PDL derived MSCs (x2000) at exposure to 

osteogenic cocktail after 14 days. 
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Figure 6 Photomicrograph of human PDL derived MSCs (x2000) after 28 days of 

exposure to osteogenic cocktail 

4- Evaluation of the effect of tested materials on the periodontal 

derived mesenchymal cells. 

a. Evaluation of material cytotoxicity (MTT assay). 

i. 0.1gm of tested sample in the form of discs was plated in 96 well 

tissue culture plate which was inoculated with 1 X 105 cells / ml 

(100 ul / well) and incubated at 37C for 24 hours to develop a 

complete monolayer sheet. 

ii. The cells were checked for any physical signs of toxicity, e.g., 

partial, or complete loss of the monolayer, rounding, shrinkage, or 

cell granulation.  

iii. MTT solution was prepared (5mg/ml in PBS)
i
. 

                                           
i
 (BIO BASIC CANADA INC). 
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iv. 20 ul MTT solution were added to each well and Placed on a 

shaking table, (150rpm for 5 minutes), to thoroughly mix the MTT 

into the media. 

v. The well was incubated (37C, 5% CO2) for 1.5 hours to allow the 

MTT to be metabolized. 

vi. The media was dumped off on paper towels to remove residue if 

necessary.  

vii. Resuspend formazan (MTT metabolic product) in 200ul DMSO. 

Place on a shaking table, (150rpm for 5 minutes), to thoroughly mix 

the formazan into the solvent. 

viii. The optical density was recorded at 560 nm and subtract 

background at 620nm.  

ix. Tests were done during three consecutive days. Three protocols 

and three tests were done each day, which included exposure of the 

cells to Neo MTA, MTA, and control group. 

b. Evaluation of the effect of tested material on the secretion of 

Alkaline phosphatase (Ellisa technique) 

Cells were plated in each well of a 96-well plate and exposed 

to the tested materials for 1, 2 and 3 days. The relative ALP 

activity was measured using a commercial ALP kit
i
. The detection 

was colorimetric, and the assay was enzyme activity. The cells 

were lysed and extracted and incubated with 0.5 mg/mL p-nitro-

phenyl phosphate solution (pNPP). pNPP assays are a class of 

phosphatase assays using p-nitrophenyl phosphate (pNPP) as a 

phosphatase substrate. Absorbance was measured at 405 nm. 

Concentrations were calculated based on the standards provided by 

the manufacturer. Cells cultured with dexamethasone were used as 

                                           
i
 Alkaline Phosphatase Assay Kit (Colorimetric) (ab83369), Waled, England. 
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the positive control. Samples and standards were added to wells 

then pNPP solution was added to sample wells (not to standards)- 

ALP enzyme solution was added to standard wells (not to samples) 

incubated for 60 min at room temp then stop solution was added 

and analysis with microplate reader was done. 

c. Evaluation of the effect of tested material on Bone Sialoprotein 

Gene Expression (RT-PCR) 

i. The individual solutions (Thaw 2x QuantiTect SYBR Green 

PCR Master Mix, cDNA, primers, and RNase-free water) were 

all mixed. 

ii.  The reaction mix was prepared according to Table 2 

Table 2 reaction setup 

Component Volume/reaction Final concentration 

2x QuantiTect SYBR 
Green 
PCR Master Mix* 

25 μl† 1x 

Primer A Variable 0.3 μM‡ 

Primer B Variable 0.3 μM‡ 

cDNA (added at step4) Variable ≤500 ng/reaction 

RNase-free water Variable  

Optional: Uracil-N-

glycosylase 

Variable 0.5 units/reaction 

Total reaction volume 50 μl  

 

iii. The reaction mix was thoroughly mixed, and appropriate 

volumes were dispensed into PCR tubes. 

iv. cDNA (≤500 ng/reaction) was added to the individual PCR 

tubes containing the reaction mix. 
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v.  Real-time cycler was programmed according to the program 

outlined in Table 3 

Table 3 real time cycler conditions 

Step Time Temperature Additional 

comments 

Optional: UNG 

(carryover  

prevention) 

2 min 50°C UNG will eliminate 

any dUMP-

containing PCR 

products resulting 

from carryover 

contamination 

PCR initial activation 

step 

15 min 95°C HotStarTaq DNA 

Polymerase is 

activated by this 

heating step 

3 (4)-step cycling:    

Denaturation 15 s 94°C  

Annealing 30 s 50–60°C Approximately 5–

8°C below Tm of 

primers 

Extension 30 s 72°C Perform 

fluorescence data 

collection, unless an 

additional data 

acquisition step has 

been integrated 

Optional: Data 

acquisition 

15 s x°C Tm dimer < x < Tm 

product:  

Number of cycles 35–45  The number of 

cycles depends on 

the amount of 

template DNA 

 

vi.  PCR plates were placed in the real-time cycler, and the cycling 

program was started. 

vii.  A melting curve analysis of the PCR product(s) was 

performed.  
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Part II:  Animal study 

1. Selection of animal model 

This study was performed on six healthy beagle dogs aged 6-8 

months with intact dentitions and weighing from 15-25 kilograms. 

The dogs were housed uniformly and were provided with healthy food 

(20g/Kg) and drinking bowls from the day of housing till the day of 

scarification. The research ethics committee in faculty of Dentistry of 

Ain Shams University reviewed the proposal. 

The study was conducted at the department of Surgery, 

Anesthesiology, and Radiology, Faculty of Veterinary Medicine, 

Cairo University. The study was performed observing the 

requirements for human attitude towards animals. 

The Five Freedoms were followed that outline the aspects of animal 

welfare under human control; freedom from hunger or thirst, freedom 

from discomfort, freedom from pain, freedom to express normal 

behavior, freedom from fear and distress. 

The Three Rs (3Rs) which are the guiding principles for more ethical 

use of animals in testing were considered while creating the study 

design of this research. 

 Replacement: non-animal computer models could not be used to 

achieve the scientific aims of the research. 

 Reduction: the least possible number of animals were used that 

can provide enough statistical power. Moreover, we try to obtain 

more information from the same number of animals. 

 Refinement: All means to alleviate or minimize potential pain, 

suffering or distress of the animals will be performed. 

 



 

 

55 Materials and methods 

Before the beginning of the experimental procedures, each dog 

was housed in a separate kennel and observed two weeks prior to the 

operative procedures to exclude any diseased dog. The kennels were 

sprayed by Neocidal agent (diazinon) with a concentration of 

6/1000ml of water. The dogs were bathed by the Neocidal agent in 

concentration of 1/100ml of water. As a precaution, each dog was 

injected with Ivermectin* 0.1 ml/Kg body weight to protect against 

internal and external parasites.  

2. Classification of samples: (Figure 8) 

The six dogs were classified into three groups according to the 

post-operative observation period as follows: 

Group 1 (two dogs) to be sacrificed after one week 

Group 2 (two dogs) to be sacrificed after one month 

Group 3 (two dogs) to be sacrificed after three months 

The permanent left and right first, second and third maxillary 

premolars and first, second, and third, left and right mandibular 

premolars of each of the 6 dogs were utilized for the study (Fig 7), (72 

teeth). The selected teeth were subdivided into three subgroups 

according to the material used for perforation repair as follows: 

Subgroup A: Neo MTA (n = 24 teeth). 

Subgroup B: MTA Angelus cement (n = 24 teeth).  

Subgroup C: (no material applied), (n =24 teeth).  
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Figure 7preoperative photograph 

 

Figure 8 schematic diagram for the classification used in this study 

 

3. Anesthesia  

Each animal was generally anesthetized by using atropine 

sulphate at a dose of 0.1 mg/Kg given subcutaneously then Xylazine 

Hcl
i
 at a dose of 1mg/Kg given intravenously. General anesthesia was 

                                           
i
 Xylaject; ADWIA Co., Cairo, Egypt 

72 teeth (6 
dogs) 

group 1 (1 
week)24 teeth 

(2 dogs) 

8 teeth (Neo 
MTA) 

8 teeth (MTA) 

8 teeth (control) 

group 2 (1 
month) 24 teeth 

(2 dogs) 

8 teeth (Neo 
MTA) 

8 teeth (MTA) 

8 teeth (control) 

group 3 (3 
months) 24 

teeth (2 dogs) 

8 teeth (Neo 
MTA) 

8 teeth (MTA) 

8 teeth (control) 
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induced by using Ketamine Hcl 
i
 at a dose of 5mg/Kg given 

intravenously using a cannula fixed in the cephalic vein at a dose of 5 

mg /kg-1 body weight, and then maintained by Thiopental Sodium at a 

dose of 25mg/Kg 2.5% solution given intravenously
67

 (Figure 9) 

 

Figure 9 medications used in anesthesia 

 

4. Root canal treatment. 

Standardized periapical radiographs using custom made 

holding devices were taken to confirm complete root formation and 

absence of pathologies (Figure 10). After pumice prophylaxis, 

disinfection of the operative field with 2% chlorhexidine gluconate, 

coronal access cavity was prepared in all experimental and positive 

control teeth. Exposure of the pulp chamber was obtained through the 

occlusal surface using #4 round bur with conventional high speed 

hand piece mounted on portable air motor, and pulpotomy with a 

sterile excavator (Figure 11). The working length was determined 2 mm 

short of the radiographic apex with an electronic apex locator 
ii
 (Figure 

12 Figure 13). Root canal shaping was performed with one shape rotary 

                                           
i
 Keiran; EIMC pharmaceuticals Co., Cairo, Egypt 

ii
 Root ZXII; J Morita Corp, Kyoto, Japan 
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instruments 
i
 where it was activated by an electric motor

ii
 under 

irrigation with 3.6 mL 1% NaOCl. After drying the canals with paper 

points the canals were obturated by lateral condensation of gutta-

percha cones and Adseal sealer 
iii

 (fig. 14-16).  

 

 

Figure 10  preoperative radiograph 

                                           
i
  MicroMega, Besancon, France 

ii
 X-Smart; Dentsply Tulsa Dental Specialties 

iii
 EndoSeal, Maruchi, Seoul, Korea 
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Figure 11 A photograph showing access of the teeth 

 

Figure 12 photograph showing files for tooth length determination 
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Figure 13 Tooth length radiograph 

 

Figure 14 Master cone photograph 
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Figure 15 Master cone radiograph 

 

Figure 16 Post-operative radiograph 
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5. Induction of perforation defect 

Perforation was induced in the central region of the pulpal 

chamber floor with #2 round diamond bur
i
 (Figure 17 Figure 18). In all 

groups, the diameter of the perforation was standardized as being the 

diameter of thebur used. A new bur was used for every 3 perforations. 

Hemostasis was achieved with abundant sterile saline irrigation and 

gentle pressure with sterile cotton pellets. The coronal access was left 

open for three weeks. The development of an osseous defect 

surrounding the perforation site was verified clinically (Figure 19) and 

radiographically. For pain and infection control, the dogs were given 

intra-muscular Cefotaxime sodium at a dose of 10 mg kg-1 and 

diclofenac sodium at a dose of 1.1 mg kg-1 once/day for 5 days after 

surgery
76

 

 

Figure 17 Photograph showing induction of perforation. 

                                           
i
 KG Sorensen, Sao Paulo, SP, Brazil 
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Figure 18 Photograph showing position of perforation, 

 

Figure 19 photograph showing clinical development of lesion 

6. Perforation repair: 

After the infection period (3 weeks), the dogs were re-

anesthetized. Under complete aseptic condition, the cotton placed in 

the pulp chamber was retrieved and the perforation site was curetted 

by a small spoon excavator to remove the debris and inflamed tissues, 

cleaned with normal saline, and dried with paper points. Treatment of 
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furcal perforations was carried out according to the subgroups as 

follows, subgroup A was filled with Neo MTA while subgroup B was 

filled with MTA angelus. In subgroups A and B, the materials were 

mixed according to the manufacturer’s instructions, carried into the 

perforation sites by small amalgam carrier and compacted with a 

suitable sized plugger (Figure 20). A sterile wet cotton pellet was then 

placed in the access cavity. Radiographs were taken to confirm the 

perforation repair with MTA and Neo MTA cement (Figure 22). 

Samples of subgroup C (control) were cleaned by saline irrigation and 

no repair material was utilized and the defect was sealed by Teflon.  

The coronal access cavity of all samples (experimental and control) 

was sealed with chemical cured glass ionomer filling material. The 

dogs were kept under continuous monitoring for any changes in 

habits, body weight and food intake during the post treatment 

evaluation periods. 

 

Figure 20 photograph showing the application of the perforation repair material with an 

amalgam carrier 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=food+intake
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Figure 21 photograph showing the perforation repair material in defect site 

 

 

Figure 22 Radiograph showing immediate post-operative repair 

7. Animal sacrifice: 

Animals were sacrificed according to the designated 

observation period by an overdose of Thiopental sodium. 

8. Histopathologic evaluation 

The maxillas and mandibles were surgically dissected and 

cut into four quadrants to accelerate the decalcification time.  

Samples were fixed by formalin, decalcified by placing in formic acid 
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for 14 days then EDTA for 120 days and during that period the 

decalcifying solution was changed by a fresh mix every 2 days. 

Decalcification was confirmed clinically by confirming that a surgical 

lancet can pass without resistance through cortical bone. Each block 

was trimmed 1 mm away from the edge of perforation in mesiodistal 

direction in each sample. The filling materials were removed from 

each tooth. The specimens were washed in running water for 24 

hours. A code number was given for each specimen. The specimens 

were processed by using an open processing system in which the 

specimens were dehydrated in a series of ethyl alcohol 70%, 95%, 

and absolute alcohol in 18 hours. The specimens were then embedded 

in paraffin wax, sections of each block were cut using a microtome at 

a setting of 5 micron thickness through the area of the furcal 

perforation. Slides were stained with hematoxylin and eosin. They 

were then examined under light microscopy for qualitative and 

quantitative analysis. 

a. Quantitative evaluation (inflammatory cell count) 

All images showing the area of the furcation defect were 

captured using digital camera 
i
 which was mounted on a light 

microscope 
ii
. Images were then transferred to the computer 

system for analysis. This was performed in the Precision 

Measurement Unit, Oral Pathology Department, Faculty of 

Dentistry, Ain Shams University. The histomorphometric analysis 

was performed using Image J
iii

 image analysis software. For 

inflammatory cell count, 4 fields for each section were taken at an 

original magnification of x40. 

                                           
i
 EOS 650D, Canon, Japan 

ii
 BX60, Olympus, Japan 

iii
  1.41a, NIH, USA 
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The steps of image analysis are summarized as the following: 

i. The size of the largest and smallest inflammatory cell was 

measured and a range of size in pixel 2, along with circularity, 

was obtained. 

ii. The image of all variable-sized inflammatory cells was 

converted to 8- bit grayscale type. 

iii. A threshold was adjusted to the image. 

iv. Only cells within the set range of the measured size and 

circularity of the smallest and largest inflammatory cells were 

counted. 

v. The mean from four images was obtained for each section. 

vi. The collected data were tabulated in Microsoft Excel sheet. 

b. Qualitative evaluation 

Stained sections were examined under microscope at 

magnification X40 and X4 for detection of presence of calcific 

bridge, configuration of fibrous tissue formed, examination of 

tissue surrounding the furcation area after the follow up periods, 

histology of intraradicular bone, and the inflammatory nature of 

the tissues 

9. Statistical analysis 

The obtained data were collected; tabulated and statistically 

analyzed using INSTAT statistical analysis software*. Numerical 

data were explored for normality and variance homogeneity using 

Shapiro- Wilk and Leven’s tests respectively. Parametric data were 

analyzed using one-way ANOVA followed by Tukey’s post hoc 

test for intergroup comparisons and repeated measures ANOVA 

followed by Bonferroni post hoc test for intragroup comparisons. 
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While for non-parametric data, Kruskal Wallis test followed by 

Mann-Whitney U test with Bonferroni correction for intergroup 

comparisons and Freidman’s test followed by Dunn’s post hoc test 

for intragroup comparisons. 
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Results 

Part I: Cell culture Study 

I. Evaluation of the effect of the tested material on cytotoxicity 

The cytotoxicity of the perforation repair materials under study on 

PDL MSCs with various follow up periods of the material extracts was 

studied by MTT assay. 

a. Effect of tested materials on cytotoxicity 

After 24 hours. 

Upon exposure of the PDL derived cells to the tested materials and 

the control different levels of viability were recognized. There was a 

significant difference between different groups (p<0.001). The highest 

number of viable cells were seen with MTA samples with a mean value 

of (0.19±0.02), followed by control samples (0.13±0.01), while the lowest 

number of viable cells was seen with samples exposed to Neo MTA 

(0.07±0.01). Post hoc pairwise comparisons showed values of different 

groups to be significantly different from each other (p<0.001). 

Table 4 Results after exposure of the cells to the test materials after 24 hours 

I.D Optical density Mean optical density p-value 

control 0.142 0.129 0.131 0.13±0.01
B 

<0.001* MTA 0.192 0.201 0.17 0.19±0.02
A 

Neo MTA 0.057 0.066 0.082 0.07±0.01
C 

Means with different superscript letters within the same vertical column are statistically significantly 

different *; significant (p ≤ 0.05)  
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Figure 23 Mean Optical density of the tested materials after 24 hours 

After 48 hours 

Upon exposure of the PDL derived cells to the tested materials and 

the control, different levels of viability were recognized. There was a 

significant difference between different groups (p<0.001). The highest 

number of viable cells were seen with the control samples with a mean 

value of (0.22±0.01), followed by Neo MTA samples (0.20±0.01), while 

the lowest number of viable cells was seen with samples exposed to MTA 

(0.12±0.01). Post hoc pairwise comparisons showed value of MTA group 

to be significantly lower than the other two groups (p<0.001).  

Table 5 showing the results after exposure of the cells to the test materials after 48hours 

I.D Optical Density Mean Optical Density p-value 

control 0.214 0.228 0.209 0.22±0.01
A 

<0.001* MTA 0.114 0.106 0.125 0.12±0.01
B 

Neo MTA 0.205 0.193 0.214 0.20±0.01
A 

Means with different superscript letters within the same vertical column are statistically significantly 

different *; significant (p ≤ 0.05)  
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Figure 24 Mean Optical density of the tested materials after 48 hours 

After 72 hours 

Upon exposure of the PDL derived cells to the tested materials and 

the control, different levels of viability were recognized. There was a 

significant difference between different groups (p<0.001). The highest 

number of viable cells were seen with the control samples with a mean 

value of (0.24±0.01), followed by both MTA and Neo MTA samples 

(0.07±0.01). Post hoc pairwise comparisons showed value of the control 

group to be significantly higher than the other two groups (p<0.001). 

Table 6 showing the results after exposure of the cells to the test materials after 72 hours  

0

0.05

0.1

0.15

0.2

0.25

control MTA Neo MTA

Mean O.D 

Mean O.D

I.D Optical Density Mean Optical density p-value 

control 0.253 0.247 0.232 0.24±0.01
A 

<0.001* MTA 0.062 0.079 0.055 0.07±0.01
B 

Neo MTA 0.079 0.082 0.063 0.07±0.01
B 
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Means with different superscript letters within the same vertical column are statistically significantly 

different *; significant (p ≤ 0.05)  

 

Figure 25 Mean Optical density of the tested materials after 72 hours 

b. Effect of time on the toxicity of each of the tested material 

i. The effect of time on the cytotoxic effect of the control group 

 Upon exposure of the PDL derived cells to the control group on 

three consecutive days, different levels of viability were recognized. 

There was a significant difference between values measured at different 

times (p<0.001). The highest number of viable cells were seen with 

samples exposed to the control for 72 hours (0.24±0.01), followed by 

value found after 48 hours (0.22±0.01), while the lowest number of viable 

cells were seen in the 24 hours group with a mean value of (0.19±0.02). 

Post hoc pairwise comparisons showed value measured at 24 hours to be 

significantly lower than values measured at other intervals (p<0.001). 

Table 7 effect of time upon exposure of cells to control group 

Time 24 hours 48 hours 72 hours p-value 

Mean optical density 0.19±0.02
B
 0.22±0.01

A
 0.24±0.01

A
 <0.001* 

0

0.05

0.1

0.15

0.2

0.25

0.3

control MTA Neo MTA

Mean O.D 

Mean O.D
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Means with different superscript letters within the same horizontal row are statistically significantly 

different *; significant (p ≤ 0.05)  

 

 

Figure 26 effect of time upon exposure to control material 

ii. The effect of time on the cytotoxic effect of MTA 

Upon exposure of the PDL derived cells to the MTA group on 

three consecutive days, different levels of viability were recognized. 

There was a significant difference between values measured at different 

times (p<0.001). The highest number of viable cells were seen in the 24 

hours group with a mean value of (0.19±0.02), followed by 48 hours 

(0.12±0.01), while the lowest number of viable cells were seen with 

samples exposed to the control for 72 hours (0.07±0.01). Post hoc 

pairwise comparisons showed value measured at 24 hours to be 

significantly higher than that measured at 72 hours (p<0.001). 

Table 8 effect of time upon exposure of cells to MTA. 

Time 24 hours 48 hours 72 hours p-value 

Mean optical density 0.19±0.02
A
 0.12±0.01

AB
 0.07±0.01

B
 0.001* 

0

0.05

0.1

0.15

0.2

0.25

0.3

24 hours 48 hours 72 hours

Control Mean O.D 

Mean O.D
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Means with different superscript letters within the same horizontal row are statistically significantly 

different *; significant (p ≤ 0.05)  

 

Figure 27 effect of time upon exposure to MTA 

iii. The effect of time on the cytotoxic effect of Neo MTA 

Upon exposure of the PDL derived cells to the Neo MTA group on 

three consecutive days, different levels of viability were recognized. The 

highest number of viable cells were seen in the 48 hours group with a 

mean value of (0.20±0.01), followed by values found at 24 and 72 hours 

(0.07±0.01). Post hoc pairwise comparisons showed value measured at 48 

hours to be significantly higher than values measured at other intervals 

(p<0.001). 

Table 9 effect of time upon exposure of cells to Neo MTA group 

Time 24 hours 48 hours 72 hours p-value 

Mean optical density 0.07±0.01
B
 0.20±0.01

A
 0.07±0.01

B
 <0.001* 
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Means with different superscript letters within the same horizontal row are statistically significantly 

different *; significant (p ≤ 0.05)  

 

Figure 28 effect of time upon exposure to Neo MTA 
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II. Evaluation of the effect of tested material on alkaline phosphatase 

secretion (ELISA technique) 

a. Effect of material on alkaline phosphatase secretion 

The amount of alkaline phosphatase secreted by the PDL derived 

mesenchymal cells was affected by the test material.  

i. Effect of test material on ALP secretion after 24 hours 

After exposure of the cells to the test material for 24 hours, 

samples subjected to Neo MTA showed significantly higher secretion of 

alkaline phosphatase (0.031±0.005) than samples subjected to MTA 

(0.021±0.001) (p<0.001). 

Table 10 Effect of tested material on alkaline phosphatase secretion after 24 hours 

Time Sample Abs ng/ml 
Original 

concentration 

24 hours 
MTA 0.021±0.001 0.38 1.9 

Neo MTA 0.031±0.005 1.046667 5.233333 

p-value <0.001*   

*; significant (p ≤ 0.05) 

 

Figure 29 Alkaline phosphatase secretion after exposure of cells to tested materials for 24 

hours 
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ii. Effect of test material on ALP secretion after 48 hours 

After 48 hours, samples subjected to Neo MTA secreted 

significantly more alkaline phosphatase (0.046±0.002) as compared to 

samples subjected to MTA (0.025±0.004) (p<0.001). 

Table 11 effect of tested material on alkaline phosphatase secretion after 48 hours 

Time Sample Abs ng/ml Original 

concentration 

48 hours MTA 0.025±0.004 0.646667 3.233333 

Neo MTA 0.046±0.002 2.046667 10.23333 

p-value <0.001*   

*; significant (p ≤ 0.05) 

 

Figure 30 Alkaline phosphatase secretion after exposure of cells to tested materials for 48 

hours 

iii. Effect of test material on ALP secretion after 72 hours 

Similar to the values recorded, after 24 and 48 hours, the samples 

of Neo MTA resulted in significantly higher secretion of alkaline 

phosphatase (0.037±0.002) as compared to cells subjected to MTA 

(0.024±0.001) (p<0.001). 
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Table 12 effect of tested material on alkaline phosphatase secretion after 72 hours 

Time Sample Abs ng/ml Original 

concentration 

72 hours MTA 0.024±0.001 0.58 2.9 

Neo MTA 0.037±0.002 1.446667 7.233333 

p-value <0.001*   

*; significant (p ≤ 0.05) 

 

Figure 31 Alkaline phosphatase secretion after exposure of cells to tested materials for 72 

hours 

b. Effect of time on alkaline phosphatase secretion 

i. Secretion of ALP from cells upon exposure to MTA. 

The amount of alkaline phosphatase secreted by PDL derived 

mesenchymal cells subjected to MTA was significantly affected by time 

(p=0.003). The highest absorbance value was found at 48 hours 

(0.025±0.004) followed by 72 hours (0.024±0.001), while the lowest 

value was found at 24 hours (0.021±0.001). Post hoc pairwise 

comparisons showed value measured at 24 hours to be significantly lower 

than values measured at other intervals (p<0.001). 
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Table 13 Effect of time on ALP secretion in response to MTA 

Duration 24 hours 48 hours 72 hours p-value 

MTA 0.021±0.001
B 

0.025±0.004
A 

0.024±0.001
A 

0.003* 

Means with different superscript letters within the same horizontal row are statistically significantly 

different *; significant (p ≤ 0.05)  

 

Figure 32 Effect of time on ALP secretion in response to MTA 

ii. Secretion of ALP from cells upon exposure to Neo MTA. 

Alkaline phosphatase secretion was significantly affected by time 

upon exposure of PDL derived mesenchymal cells to Neo MTA 

(p<0.001).   

The highest absorbance value was found at 48 hours (0.046±0.002) 

followed by 72 hours (0.037±0.002), while the lowest value was found at 

24 hours (0.031±0.005). Post hoc pairwise comparisons showed values 

measured at different intervals to be significantly different from each 

other (p<0.001). 

Table 14 Effect of time on ALP secretion in response to Neo MTA 

Duration 24 hours 48 hours 72 hours p-value 

Neo MTA 0.031±0.005
C 

0.046±0.002
A 

0.037±0.002
B 

<0.001* 
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Means with different superscript letters within the same horizontal row are statistically significantly 

different *; significant (p ≤ 0.05) 

 

Figure 33 Effect of time on ALP secretion in response to MTA 
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III. Real time polymerase chain reaction 

ProRoot MTA exhibited upregulation of bone sialoprotein gene 

expression (2.93±0.76) significantly less than that obtained by NeoMTA 

Plus (5.50±0.84) as compared with control untreated MSCs (p<0.001). 

Table 15 showing BSP gene expression on day 3 upon exposure to the test materials 

 Control MTA Neo MTA p-value 

Fold change 

of BSP 
1.00±0.00

C 
2.93±0.67

B 
5.50±0.84

A 
<0.001* 

Means with different superscript letters within the same horizontal row are statistically significantly 

different *; significant (p ≤ 0.05)  

 

Figure 34 showing gene expression upon exposure to the test materials 
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Part II: Animal study 

I. Quantitative analysis 

a. Effect of material on the inflammatory cell count. 

Digital image processing was used to evaluate the inflammatory 

cell infiltrate after perforation repair with different materials and during 

the three follow up periods. 

i. Inflammatory cell count upon perforation repair with different 

materials in 1-week period. 

The histomorphometric analysis of the sections obtained after 

perforation repair with the test materials and the control showed various 

amounts of inflammatory cell infiltrate in the furcation the difference in 

which was statistically significant (p<0.001). The control showed the 

highest number of inflammatory cell count (9.89±2.47), followed by the 

MTA group (8.60±2.50) and the least inflammatory cell count was shown 

by the Neo MTA group (6.00±1.94). Post hoc pairwise comparisons 

showed Neo MTA to have a significantly lower value than other groups 

(p<0.001) 

Table 16 inflammatory cell count of different materials in 1 week period 

material Control MTA Neo MTA p-value 

Inflammatory 

cell count 
9.89±2.47

A 
8.60±2.50

A 
6.00±1.94

B 
<0.001* 

Means with different superscript letters within the same horizontal row are statistically significantly 

different *; significant (p ≤ 0.05)  
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Figure 35 inflammatory cell count of different materials in 1-week period 

ii. Inflammatory cell count upon perforation repair with different 

material in 1-month period 

The histomorphometric analysis of the sections obtained after 

perforation repair with the test materials and the control showed various 

amounts of inflammatory cell infiltrate in the furcation area the difference 

in which was statistically significant (p<0.001). The control showed the 

highest number of inflammatory cell count (9.83±1.72), followed by the 

MTA group (5.39±2.25) and the least inflammatory cell count was shown 

by the Neo MTA group (4.87±2.39). Post hoc pairwise comparisons 

showed the control group to have a significantly higher value than other 

groups (p<0.001). 

Table 17 inflammatory cell count of different materials in 1-month period 

material Control  MTA Neo MTA p-value 

Inflammatory 

cell count 
9.83±1.72

A
 5.39±2.25

B
 4.87±2.39

B
 <0.001* 

Means with different superscript letters within the same horizontal row are statistically significantly 

different *; significant (p ≤ 0.05)  
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Figure 36 inflammatory cell count of different materials in 1-month period 

iii. Inflammatory cell count after perforation repair with different material 

in 3 months period 

The histomorphometric analysis of the sections obtained after 

perforation repair with the test materials and the control showed various 

amounts of inflammatory cell infiltrate in the furcation area the difference 

in which was statistically significant (p<0.001). The control showed the 

highest number of inflammatory cell count (10.44±2.96), followed by the 

MTA group (6.92±3.09) and the least inflammatory cell count was shown 

by the Neo MTA group (5.08±2.02). Post hoc pairwise comparisons 

showed the control group to have a significantly higher value than other 

groups (p<0.001). 

Table 18 inflammatory cell count of different materials in 3 months period 

Material Control  MTA Neo MTA p-value 

Inflammatory 

cell count 
10.44±2.96

A
 6.92±3.09

B
 5.08±2.02

B
 <0.001* 

Means with different superscript letters within the same horizontal row are statistically significantly 

different *; significant (p ≤ 0.05)  
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Figure 37 inflammatory cell count of different materials in 3-month period 

b. Effect of time on the inflammatory cell count 

i. Inflammatory cell count after perforation repair in control group 

The histomorphometric analysis of the sections obtained after 

perforation repair with the control showed various amounts of 

inflammatory cell infiltrate in the furcation area during the follow up 

periods examined within which no significant difference was detected 

(p=0.861). The highest amount of inflammatory cell infiltrate was found 

at 3 months (10.44±2.96) followed by 1 week (9.89±2.74) while the 

lowest value was found at 1 month (9.83±1.72). 

Table 19 Inflammatory cell count after perforation repair in control group 

duration 1 week 1 month 3 months p-value 

Inflammatory 

cell count 
9.89±2.74

A
 9.83±1.72

A
 10.44±2.96

A
 0.861ns 

Means with different superscript letters within the same horizontal row are statistically significantly 

different ns; non-significant (p > 0.05)  
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Figure 38 Inflammatory cell count after perforation repair in control group 

ii. Inflammatory cell count after perforation repair with MTA 

The histomorphometric analysis of the sections obtained after 

perforation repair with the MTA showed various amounts of 

inflammatory cell infiltrate in the furcation area during the follow up 

periods examined the difference within which was statistically significant 

(p=0.004). The highest amount of inflammatory cell infiltrate was found 

at 1 week (8.60±2.50) followed by 3 months (6.92±3.09) while the lowest 

value was found at 1 month (5.39±2.25). Post hoc pairwise comparisons 

showed value measured at 1 week to be significantly higher than that 

found at 1 month (p<0.001). 

Table 20 Inflammatory cell count after perforation repair in MTA. 

duration 1 week 1 month 3 months p-value 

Inflammatory 

cell count 
8.60±2.50

A
 5.39±2.25

B
 6.92±3.09

AB
 0.004* 

Means with different superscript letters within the same horizontal row are statistically significantly 

different *; significant (p ≤ 0.05)  
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Figure 39 Inflammatory cell count after perforation repair in MTA. 

iii. Inflammatory cell count after perforation repair with Neo MTA 

The histomorphometric analysis of the sections obtained after 

perforation repair with the MTA showed various amounts of 

inflammatory cell infiltrate in the furcation area during the follow up 

periods examined within which no significant difference was detected 

(p=0.289). The highest amount of inflammatory cell infiltrate was found 

at 1 week (6.00±1.94) followed by 3 months (5.08±2.02) while the lowest 

value was found at 1 month (4.87±2.39). 

Table 21 Inflammatory cell count after perforation repair in Neo MTA group 

duration 1 week 1 month 3 months p-value 

Inflammatory 

cell count 
6.00±1.94

A
 4.87±2.39

A
 5.08±2.02

A
 0.289ns 

Means with different superscript letters within the same horizontal row are statistically significantly 

different ns; non-significant (p > 0.05)  
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Figure 40 Inflammatory cell count after perforation repair in Neo MTA. 
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II. Qualitative analysis 

Control group 

At one week a photomicrograph of a control case showed the 

furcation defect filled with a granulation tissue with no evident calcific 

bridge formation (yellow arrow). The irregular silhouette of interradicular 

bone at the granulation tissue interface was seen (blue arrows), besides 

the distorted thin discontinuous trabeculae present (thin black arrows) 

(Figure 41). A higher magnification of the same sample showed the 

absence of prominent calcification at the furcation perforation zone, while 

many inflammatory cells are scattered among collagen fibers (red circle). 

(Figure 42). 

 

 

Figure 41 furcation defect after 1 week of exposure to control (x4) 
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Figure 42 furcation defect after 1 week of exposure to control (x40) 

 

At one month a photomicrograph of a control case showed the 

furcation defect packed with a poorly compacted fibrous tissue without 

any trace of hard tissue formation (red arrow). The interradicular bone is 

clearly disfigured, with reduced thickness, continuity and 

cellularity/vascularity (green arrows) (Figure 43). A higher magnification 

of the same sample showed the haphazard calcifications along the 

randomly oriented collagen fibers (red arrows). Calcification around the 

blood vessel are seen (yellow arrow) with dispersed inflammatory cells 

(black circle) ( Figure 44). 
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Figure 43 furcation defect after 1 month of exposure to control(x4) 

 

Figure 44 furcation defect after 1 month of exposure to control (x40) 
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At three months a photomicrograph of a control case (3 months) 

showed the furcation defect repaired with a heavy scar tissue without any 

evidence of hard tissue formation (red arrow). The interradicular bone 

demonstrated a preliminary attempt to restore its regular outline (black 

thin arrows) (Figure 45). A higher magnification of the same sample 

showed the interradicular bone undergoing resorption, which is mediated 

by the giant osteoclasts, as a part of the remodeling process (thin black 

arrows). No calcifications were seen around the blood vessel (red arrow) 

(Figure 46). 

 

Figure 45  furcation defect after 3 months of exposure to control (x4) 
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Figure 46 furcation defect after 3 months of exposure to control (x40) 

 

MTA group 

At one-week A photomicrograph of MTA case showed plugging of 

the furcation defect by the formation of a rather dense fibrous tissue with 

horizontally oriented collagen bundles (green arrow). No evidence for 

noticeable inflammation was present. The interradicular bone exhibits 

regular morphology (yellow arrows) (Figure 47). A higher magnification 

of the same sample showed the fairly calcified fibrous tissue (red arrows), 

as well as the plump fibroblasts which were responsible of the scar tissue 

formation (yellow circle) (Figure 48). 
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Figure 47  furcation defect after 1 week of exposure to MTA (x4) 

 

Figure 48 furcation defect after 1 week of exposure to MTA (x40) 
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At one-month a photomicrograph of MTA case showed the 

formation of condensed fibrous tissue with variable thickness and 

completeness (green arrows). Some lacelike basophilic calcifications 

were observed (red arrow) The remnants of the material was 

noted(yellow arrow) permeating within the trabeculae of interradicular 

bone, which demonstrated a rather normal configuration (orange arrow) 

(Figure 49). A higher magnification of the same sample showed the 

thread-like calcifications (red arrows), surrounded by material residues 

(yellow arrow). Few inflammatory cells were traced (black circle) (Figure 

50). 

 

Figure 49 showing furcation defect after 1 month of exposure to MTA (x4) 
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Figure 50 showing furcation defect after 1 month of exposure to MTA (x40) 

 

Neo MTA group 

At one week a photomicrograph of a Neo MTA case showed 

bridging of the furcation defect by prominent calcific tissue (thin black 

arrows) overlying areas of heavily deposited collagen bundles in different 

directions (green arrow). The blue arrow marks the onset of condensation 

of fibrous tissue into a hyaline matrix of hard tissue formation. There is 

no evidence for the presence of inflammation. The interradicular bone 

trabeculae are of normal histologic morphology, regarding thickness, 

outline, and cellularity/vascularization (yellow arrow) (Figure 51). A 

higher magnification of the same sample showed the diffuse patchy 

calcification at the furcation defect (red arrow), along the dense collagen 

fibers (yellow arrow) and around blood vessels (blue arrow). The 

inflammatory cells are very scanty (black circle) (Figure 52). 
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Figure 51 showing furcation defect after 1 week of exposure to Neo MTA (x4) 

 

Figure 52 showing furcation defect after 1 week of exposure to Neo MTA (x40) 

 

At one month a photomicrograph of Neo MTA case showed the 

area of the furcation defect stuffed with a coherent fibrous tissue, 
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expressing an attempt of bridging via a focal hard tissue formation (green 

arrow). The interradicular bone manifested a normal structure (yellow 

arrow). The uppermost trabeculae are restoring its normal orientation and 

morphology (blue arrow) (Figure 53). A higher magnification of the same 

sample showed the remarkable deposition of calcific tissue around the 

blood vessel (red arrow) and along some collagen fibers (thin black 

arrow). No inflammatory cells could be observed (Figure 54) 

 

Figure 53 showing furcation defect after 1 month of exposure to Neo MTA(x4) 
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Figure 54 showing furcation defect after 1 month of exposure to Neo MTA(x40) 

 

At three months a photomicrograph of Neo MTA case showed the 

area of the furcation defect packed with a fibrous tissue, exhibiting hard 

tissue formation (thin black arrow). The interradicular bone almost 

regained its normal shape (blue arrow) (Figure 55). A higher 

magnification of the same sample showed the newly formed hard tissue, 

which is thought to be either a poorly cellular osteoid or osteodentin (red 

arrow). The surrounding fibrous tissue is quite vascular and devoid of 

inflammation (black thin arrows) ( Figure 56). 
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Figure 55 showing furcation defect after 3 months of exposure to Neo MTA(x4) 

 

 

Figure 56  furcation defect after 3 months of exposure to Neo MTA(x40) 
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Discussion 

Bioceramic based cements are suggested for use in various clinical 

applications such as pulp capping, pulpotomy, root perforation repair, 

internal and external resorption repair, apexification, and endo surgery. In 

these clinical applications, the biomaterial is in contact with the dental 

pulp, cementum, bone, and periodontal ligament (PDL). A concerted 

effort between various cells, such as macrophages, osteoblasts, 

osteoclasts, fibroblasts, cementoblasts, cementoclasts, and odontoblasts, 

bring about the healing of osseous tissue, PDL, and cementum, 

respectively
77

 

Root perforation prognosis depends on the size of the perforation, 

the severity of initial damage to the periodontal tissues and surrounding 

bone, the location of the perforation in relation to the gingival sulcus, 

time lapse between the perforation and the repair. Moreover, it depends 

on; adequacy of the perforation seal, and biocompatibility of the material 

used for perforation repair 
78

.  

The American Association of Endodontists (AAE) Glossary of 

Endodontic Terms defines perforation as mechanical or pathological 

communication between the root canal system and the external tooth 

surface
1
. Perforations can be produced iatrogenically; throughout the 

endodontic access opening course due to incorrectly directed bur, post 

space preparation, or non-iatrogenically; because of extension of internal 

resorption into periradicular tissues and caries. Endodontic failures are 

commonly caused by furcal perforations
79

. 

Ideally, the material used for sealing of root perforations should be 

non-toxic, non-resorbable, bacteriostatic, radiopaque, and should have 

good sealing ability. In addition, the material should be biocompatible 

and present an osteogenic inductive capacity
80

. The use of biocompatible 
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materials to repair perforations might be advocated to reduce the 

incidence of inflammatory reactions in the surrounding tissues
81

.  

Among several materials that have been used for perforation repair, 

MTA has been applied with favorable treatment outcomes owing to its 

good properties of biocompatibility, low provocation of inflammation and 

good seal even in presence of moisture/blood. Furthermore its high pH 

stimulates growth of cementum and regeneration of periodontal 

ligament
64

.  

More recently, new products similar to MTA have been introduced 

into the market. Neo MTA is a fine powder new tricalcium silicate 

material and has tantalum oxide (Ta2O5) as a radiopacifying agent 

instead of bismuth oxide to overcome the discoloration potential. It is 

mixed with a water-based gel that imparts good handling properties. 

The Neo MTA is recommended for use as a dentine substitute that 

can be used as a perforation repair material. NeoMTA is used for crown 

and root dentin repair treatment, perforation repair, resorption repair, 

apexification and root-end fillings. 

In the current study we compared Neo MTA cement and MTA to 

evaluate the new material in terms of cytotoxicity, alkaline phosphatase 

enzyme secretion activation, ability to upregulate bone promoting gene 

expressions. The second part of the study tested the material after 

induction of perforation in animal and evaluating the healing response of 

the tissue in terms of inflammation and bone formation. 

The research consisted of a cell culture part and an animal part. 

Periodontal ligament derived mesenchymal cells were chosen for 

evaluation of the tested materials. Selection of the PDLCs was done given 

the fact that these cells are a heterogeneous population containing 

progenitor cells at various stages of differentiation. It possesses 

mesenchymal stem cell characteristics similar to bone marrow 
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mesenchymal cells, such as colony-forming efficiency, self-renewal, and 

multilineage differentiation capabilities. Furthermore the PDLCs are able 

to differentiate into odontoblast-like or cememtoblast/osteoblast-like 

cells, chondrocytes, adipocytes, and neural-like cells 
82

 
83

. The culturing 

and incubation was performed according to technique described by El 

Fattah et al.
75

 with some modifications as described by Fathy et al
84

. 

which were the fetal calf serum was used in 15% and replacement of the 

culture media was done in the first time on day 7 then on day 14. 

A material must exhibit low cell toxicity without promoting an 

inflammatory reaction to be considered biocompatible or, at least, toxicity 

should reduce over time to insignificant or mild 
85

. The MTT assay is 

based on succinate dehydrogenase mitochondrial enzyme activity, 

resulting in the conversion of tetrazolium salt into insoluble violet 

formazan crystals, whose absorbance is proportional to the amount of 

living cells
45

. In the present study PDL derived MSCs were exposed to 

the test material extracts to simulate the in vivo conditions. Because the 

metabolic activity of the cells in culture was measured along the time of 

evaluation, the increase in the value of absorbance along the time can be 

interpreted as an indirect measurement of proliferation of cells and 

viability 
49

. Notably high values of absorbance in MTT assay and 

migration were observed. The tests were carried on 3 consecutive days 

this was in agreement with the study carried by Tomas-Catala et al 
48

 and 

a comparison between the two test materials and the control group was 

executed, the effect of time on each material was also evaluated. The 

results of the current study showed significant difference in viability in 

the 24 hours follow up period, MTA showed the highest number of viable 

cells followed by the control group and Neo MTA was the least in terms 

of viability. In the 48 hour follow up period the highest amount of viable 

cells was seen in the control group followed by the Neo MTA group and 
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there was significant difference between those 2 groups and the MTA 

group which showed the least amount of viable cells. As for the 72 hours 

follow up period the control group showed the highest amount of viable 

cells and was significantly different than both test materials. When 

comparing both materials and evaluating the effect of time the MTA 

showed significant difference where the highest number of viable cells 

were observed in the 24-hour period then decreased in the 48 hour follow 

up and the 72 hour evaluation period showed the least amount of viable 

cells. The results in the Neo MTA group showed significant difference as 

time passed where the highest number of viable cells were observed in 

the 48 hours observation period followed by the 24 and 72 hours. This 

was consistent with the results concluded by Pinheiro et al.
49

 where they 

found that Neo MTA, MTA and Bio dentine showed higher viability 

when compared with the control. Repair materials present greater 

viability after setting when compared with before setting which was 

similar to BD. Neo MTA, MTA, and BD were more viable than the 

control after setting. On the contrary Filho et al
45

 observed different 

results for MTT with neutral red cell viability methodologies. They found 

that the undiluted extracts of Biodentine, Neo MTA Plus, and MTA 

Repair HP increased the absorbance signal over control group levels at all 

indicated time. Their results establish that those materials had no 

cytotoxic effect on hDPSCs. This difference in results with our study 

might be attributed to the use of a different stem cells. 

Bone ALP secreted by osteoblasts is an important biochemical 

marker of bone Formation
86

. The evaluation of ALP, an enzyme 

expressed during the early maturation of osteoblasts, allows 

determination of the material bioactivity and its potential to promote 

repair with mineralized tissue formation
87

. In the present study pNPP (p-

nitrophenyl phosphate) assays were used to evaluate the ALP activity 
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which are a class of phosphatase assays using p-nitrophenyl phosphate 

(pNPP) as a phosphatase substrate. Alkaline phosphatase (ALP) catalyzes 

the hydrolysis of phosphate esters in alkaline buffer and produces an 

organic radical and inorganic phosphate. In the current study we 

compared the two test materials with each other and there was significant 

difference as Neo MTA promoted more ALP secretion in the 24-hour 

evaluation period and this was consistent throughout the 48 hour and 72 

hours evaluations. When each material was compared to see the effect of 

time on its behavior , we concluded that the amount of alkaline 

phosphatase secreted by PDL derived mesenchymal cells subjected to 

MTA was significantly affected by time where the highest value was seen 

in the 48 hours follow up followed by the 72 hours then the least amount 

was seen in the 24 hour evaluation period. The results were similar in the 

Neo MTA group, there was significant effect of time and the highest 

value was observed in the 48 hours follow up period followed by the 72 

hours evaluation and finally the least value was found in the 24 hours 

evaluation period. The results of the current study were consistent with 

the results reported by Filho et al 
45

 where they concluded that the lowest 

cell viability was observed on the first day of cell exposure to the cement 

extracts (experimental tricalcium silicate cement with tantalum oxide 

(TSC/Ta2O5), Neo MTA and MTA) even though all extracts presented 

significantly higher viability values than the negative control. Rodrigues 

et al 
42

 evaluated the bioactivity of MTA and MTA by alkaline 

phosphatase (ALP) assay they reported MTA P had significant higher 

ALP activity in relation to MTA and the control, their conclusion was 

similar to the current study with respect to MTA bioactivity which 

increased mineralization processes. One limitation of our study in this 

respect may be the lack of previous reports evaluating the bioactivity of 

NeoMTA Plus comparing it to MTA. 
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Bone formation or bone repair is a complex process based on the 

differentiation of MSCs present in the furcation area, periapical and/or 

periodontal tissues into osteoblast-like cells in association with the 

expression of different staged osteogenic-related factors
88

. Furthermore 

several genes under suitable environmental and/or therapeutic effect of 

repair material can generate calcified deposits, and repair the root defects 

89 90 91
. The differentiation process can be enhanced by Bone sialoprotein 

which is a pro-mineralization gene and a non-collagenous matrix 

protein
90

 that is responsible for bone deposition and maturation process
92

. 

Bone sialoprotein is essential for the organization of collagen matrix of 

new bone and nucleation as well as the growth of hydroxyapatite 

crystals
93

. It has been expressed by fully differentiated osteoblasts during 

the mineralization phase responsible for nucleation and growth of 

hydroxyapatite crystals to form highly specific mineralized tissues in the 

presence of high affinity of calcium ions 
93 91

 enhancing the mineral 

(hydroxyapatite) crystal formation
92

. Each gene has a specific role in 

different stages during bone repair. Alkaline phosphatase, osteopontin 

and bone sialoprotein genes accompany osteoblast differentiation
88 92 93

 . 

The expression of BSP is highly specific for mineralizing tissues 

including bone, cartilage, dentin, and cementum 
10

. In the current study, 

bone -sialoprotein (BSP) was highly expressed by both investigated 

materials compared with control at day 3. The results of the RT-PCR 

showed significant difference between the upregulation of BSP gene 

expression of Neo MTA as compared to MTA, where Neo MTA showed 

higher expression of the promineralization gene. The results were similar 

to the study conducted by Abu zeid et al 
51

 who concluded that  the 

investigated root repair materials exhibited downregulation of bone 

sialoprotein gene expression at first. However, at the third day, they 

showed marked upregulation of gene expression, this expression was 
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maintained by NeoMTA Plus. Rodrigues et al 
42

  tested the osteogenic 

bioactivity of MTA plus and MTA angelus through the gene expression 

of BMP-2, OC and ALP which was quantified with real-time PCR and 

their conclusion was similar to the current study where they reported that 

MTA and MTA Plus increased the mineralization processes in vitro and 

induced the expression of osteogenic markers. 

The animal model used was dogs since they have comparative 

apical repair mechanics with human in shorter duration (average 1/6 of 

human) because of the higher growth rate
94

. Dogs present mineral 

structure and organic responses like those of humans and can withstand 

long periods of experimentation under anesthesia. These factors make the 

dog a commonly used model in previous studies
95

 
96

 
97

. 

Dogs have two rooted lower and upper premolars, two rooted 

lower molars, and three rooted upper molars that often bifurcate as close 

as 1-2 mm from the cementoenamel junction (CEJ)
95

 
98

. As a result, 

epithelialization and connective tissue formation at a furcation perforation 

are more likely similar to humans, where the furcation lies deeper within 

the alveolus. Thus, any technique or material shown to produce favorable 

results in dogs may have a more favorable response in humans, where the 

distance from the CEJ to the furcation area is more
98

 
99

. 

The perforation size in this study was standardized at 1.4 mm 

diameter, which is similar to other studies
81

 
100

 
101

. The bur could 

penetrate 2 mm into the alveolar bone to enhance the inflammatory 

response. The other factor that enhanced the formation of the inter-

radicular lesion was to leave the perforation site open for saliva 

contamination for 2 weeks
102

.  

In the present study the evaluation periods chosen were 1 week, 1 

month, and 3 months. Previous dog studies have evaluated healing at 

intervals shorter than 60 days
103

 
104

, equal to 60 days
105

 
106

 and more than 
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60 days
107

. For evaluation of the furcal perforation healing following 

repair, the bone loss was assessed in this study through 

histomorphometric examination in addition to inflammatory cell count 

using image analysis. While radiographic evaluation was not able to 

detect tissue response to different treatment modalities after one week, 

the histologic evaluation demonstrated variable degrees of osteoplastic 

and osteoclastic activities that reflect a bony reaction to different 

treatment modalities
108

.  

The results of the current study showed significant differences 

between the control group and when the perforation was repaired with the 

test materials. The control group showed the highest amount of 

inflammatory cell infiltrate in the 1 week follow up period and was 

followed by MTA and the least amount of inflammation was observed in 

the Neo MTA group. This was again at the 1 month follow up period. 

There was significant difference between the three test groups with the 

control showing the highest number of inflammatory cell infiltrate 

followed by the MTA group and the least amount of inflammation was 

seen with the Neo MTA group. These results were in line with the 3 

months follow up period in which the Neo MTA showed the least 

inflammation followed by the MTA group, the most inflammatory cell 

infiltrate was as well seen in the control group. These results were in 

accordance with the results in the cell line part of the study. When the 

effect of time on the inflammation was evaluated, the control group 

showed no significant difference between the three follow up periods, but 

it was noted that as time increased the amount of inflammation also 

increased in the MTA group. The highest bone loss and the highest 

inflammatory cell count mean values at the 3month evaluation period. 

This result probably occurred due to combined stimulation of bone 

resorption and inhibition of bone formation by cytokines and 
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prostaglandins
67

. Also, it might be attributed to the chronic inflammation 

and the presence of microorganisms. In the Neo MTA group, the 

inflammation was higher in the first week then decreased by time. The 

predominance of inflammatory infiltrate in the early periods could be 

explained by the release of calcium ions from calcium silicate–based 

materials. The increase in pH values during setting, in addition to the heat 

released by this reaction, illustrates inflammatory cell recruitment and the 

production and release of proinflammatory cytokines
109

 
110

 
111

. On the 

other hand, the release of calcium ions and the alkalinity of the medium 

stimulate hydroxyl apatite formation and the release of alkaline 

phosphatase and bone morphogenetic protein 2, which is important in the 

mineralization process
112

. These results were in accordance with El Deeb 

et al 
78 

who concluded that; untreated root defects and perforations that 

are allowed to remain open to saliva have an extreme poor prognosis and 

are associated with severe inflammatory reactions. This was also in 

accordance with the results repoted by khanbash et al. 
67

 where severe 

inflammatory cell infiltration occurred due to persistent infection and 

chronic inflammation resulting from the direct contact between the 

furcation perforation and oral cavity. Both MTA and BioAggregate 

showed high inflammatory cell count initially because the time was not 

enough to repair the defect. This also agrees with the studies conducted 

by Noetzel et al.
97

 and Al-Daafas and Al-Nazhan
113

 . In addition, the 

closure of the access cavity prevents further infection at the furaction 

perforation. As for the MTA group there was significant difference 

between the three follow up periods where week 1 showed the highest 

amount of inflammatory cell infiltrate followed by the 3 months follow 

up period and the least amount was observed in the 1 month follow up 

period, in the Neo MTA group the results were close to the MTA group 

where the highest number of inflammatory cell count was found in week 
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1 followed by the 3 months follow up period and the lowest inflammation 

was seen in the 1 month follow up period . Both MTA and Neo MTA 

groups showed a significant lower mean inflammatory cell count than the 

negative control group due to sealing ability, biocompatibility and 

alkaline pH on setting which was confirmed by Schwartz et al. 
114

  and 

Park et al. 
115

.This might be attributed to the time factor that when 

increased, the inflammatory reaction decreased upon the application of 

the biocompatible materials, Our findings were in agreement with Broon 

et al 
116

, who demonstrated complete or incomplete mineralized sealing of 

the perforations repaired by MTA Angelus in dog´s teeth, with moderate 

to mild inflammation in the teeth after 3 month evaluation period. The 

results of the current study were also consistent with Yildirim et al 
117

, 

who found significant difference at 1month and 3month periods where 

the cell counts were decreased in MTA and increased in the positive 

control group. 

Summing up our results, the present study showed that the two 

study materials; MTA and Neo MTA material provided favorable 

conditions for periodontal tissue repair after perforation in dogs’ teeth. 

They were capable of causing regeneration of the adjacent periodontium 

in permanent teeth and subsequently can be used in furcal perforation 

repairs. Furthermore, any technique or material shown to produce 

favorable results in dogs may have a more favorable response in humans, 

where the distance from the CEJ to the furcation area is greater 
117

 
98

, then 

it is expected that the test materials; MTA and Neo MTA would produce 

better results in humans. 

A material is considered biocompatible when it promotes cell 

viability, and the tissue inflammatory response becomes insignificant 

over time. Considering the limits of the methods used herein, Neo MTA 
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and MTA can be considered options in clinical situations in which a 

repair material is required. 
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Conclusion and summary 

This investigation was conducted to compare MTA and the newly 

introduced Neo MTA as perforation repair materials in terms of 

cytocompatibility, biocompatibility, bioactivity, inflammatory tissue 

reaction, after repair of furcal perforation defect. This study included a 

cell line part and an animal part to evaluate the various characteristics of 

the test materials. 

In the first part (cell line), both materials were mixed according to 

manufacturer instructions and after setting the materials were sterilized 

by UV radiation, Periodontal ligament derived mesenchymal stem cells 

was the cell line of choice, they were isolated by scrapping the root 

surfaces of freshly extracted teeth, these cells were incubated and after 20 

days a cell culture was obtained, PDLSCs from the third passage were 

seeded on sample discs to conduct the desired tests, for cytocompatibility 

and viability MTT tests was carried to evaluate the amount of viable 

mitochondria that reacted and caused the change in the color of formazan 

and this color change was evaluated by a spectrophotometer, the MTT 

test was carried on three consecutive days. Evaluation of Alkaline 

phosphatase activity The relative ALP activity was measured using 

Alkaline Phosphatase Assay Kit (Colorimetric). The detection was 

calorimetric, and the assay was enzyme activity and it was read by a 

microplate reader, the tests was carried on three consecutive days. The 

ability of materials to upregulate the gene expression of Bone 

Sialoprotein was evaluated with RT-PCR test to check the bioactivity of 

the test materials and ability to promote bone deposition. 
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The second part was animal study, it was performed on 6 healthy 

beagle dogs, with a total of 72 teeth, each 2 dogs represented a group with 

a total of 3 groups according to the follow up periods (1 week, 1 month, 3 

months) and in each group 3 subgroups representing the materials under 

study (MTA, Neo MTA, control), each group consisted of 24 teeth and 

each subgroup of 8 teeth, in the first visit after the dogs were 

anaesthetized root canal treatment was completed, and perforations were 

made in the middle of the furcation area, then the access was left open for 

the development of osseous lesion, the second visit was after 3 weeks, the 

dogs were anaesthetized again, the cotton was removed, the perforation 

site was curetted and cleaned then the perforation was repaired by MTA, 

Neo MTA or with a cotton then the access was sealed. After the follow 

up periods according to the groups the dogs were sacrificed and samples 

were decalcified with EDTA for 120 days, then embedded in paraffin 

blocks and sectioned. Sections were stained with hematoxylin and eosin 

for both quantitative and qualitative evaluation. In Quantitative 

evaluation the histomorphometric analysis was performed using Image J 

image analysis software and for inflammatory cell count, 4 fields for each 

section were taken at an original magnification of x40 and the 

inflammatory cells were counted by the software and tabulated in excel 

sheet, qualitative analysis of the stained sections to describe the condition 

of bone surrounding the furcation and the inflammatory condition. All 

data were collected, tabulated and statistically analyzed. 

The results of the MTT assay showed significant difference between 

the test materials in the 24 hours follow up period where MTA showed 

the highest number of viable cells followed by the control group then the 

Neo MTA group, as for the 48 hours follow up period there was a 

significant difference between the test materials where the control 

showed the highest number of viable cells followed by Neo MTA group 
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and the MTA was the least to show viability, in the 72 hours follow up 

period there was significant difference between the control showing the 

highest number of viable cells followed by the Neo MTA and the MTA 

group. The effect of time on the behavior of the material was evaluated 

for the three groups, for the control group there was a significant effect of 

time on the viability of cells and it was a proportional relationship in the 

MTA group, time had a significant effect on the viability of cells, as time 

passed the material had a more toxic effect on cells, in the Neo MTa time 

as well had a significant effect first it showed a negative response then 

the viability increased and finally it decreased again, as for the ALP 

activity we compared the two test materials with each other and there was 

significant difference as Neo MTA promoted more ALP secretion in the 

24-hour evaluation period and this was consistent throughout the 48 hour 

and 72 hours evaluations. When each material was compared to see the 

effect of time on its behavior , we concluded that the amount of alkaline 

phosphatase secreted by PDL derived MSCs subjected to MTA was 

significantly affected by time where the highest value was seen in the 48 

hours follow up followed by the 72 hours then the least amount was seen 

in the 24 hour evaluation period, the results were similar in the Neo MTA 

group, there was significant effect of time and the highest value was 

observed in the 48 hours follow up period followed by the 72 hours 

evaluation and finally the least value was found in the 24 hours 

evaluation period. The RT-PCR test was carried and bone -sialoprotein 

(BSP) was highly expressed by both investigated materials compared 

with control at day 3. The results of the RT-PCR showed significant 

difference between the upregulation of BSP gene expression of Neo MTA 

as compared to MTA, where Neo MTA showed higher expression of the 

promineralization gene. 
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In the animal study the results showed significant differences 

between the control group and when the perforation was repaired with the 

test materials, the control group showed the highest amount of 

inflammatory cell infiltrate in the 1 week follow up period and was 

followed by MTA and the least amount of inflammation was observed in 

the Neo MTA group, this was consistent in the 1 month follow up period, 

as there was significant difference between the three test groups with the 

control showing the highest number of inflammatory cell infiltrate 

followed by the MTA group and the least amount of inflammation was 

seen with the Neo MTA group, these results were in line with the 3 

months follow up period which showed significant difference between 

the tested groups and the results were similar ,the Neo MTA showed the 

least inflammation followed by the MTA group the most inflammatory 

cell infiltrate was as well seen in the control group. When the materials 

were put into comparison to evaluate the effect of time on the effect of 

inflammation, the control group showed no significant difference 

between the three follow up periods. The highest bone loss and the 

highest inflammatory cell count mean values at the 3month evaluation 

period. In the Neo MTA group, the inflammation was higher in the first 

week then decreased by time. 

Based on the results of the current study, the following could be 

concluded 

1. The two tested materials; MTA, Neo MTA provided favorable 

conditions for periodontal tissue repair following perforation. They 

could cause regeneration of the adjacent periodontium and hence 

could be used in furcal perforation repairs. 

2. Neo MTA showed less toxicity and better ability to induce 

secretion of Alkaline phosphatase and bone sialoprotein 

3. Healing potentiality of the two materials improved by time. 
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Recommendations: 

1. Further investigations on histological and cellular components are 

recommended to assess new tricalcium silicate cements. 

2. Longer follow up period is needed to evaluate the furcal 

perforation healing.
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 الملخص العزتً

 المقذمح:

اىٖذف االعبعٜ فٜ أٛ ػَيٞخ ىجٞخ ٕ٘اىزؾضجش اىَٞنبّٞنٜ اىغٞذ ىقْ٘اد اىغزٗس ٗ ٍِ صٌ اُ 

اىؾش٘ اىغٞذ ىٖزٓ اىقْ٘اد ٗ ىنِ ْٕبك ثؼض اىؼ٘اٍو اىَزصيخ ثبىؼَيٞخ اىيجٞخ، رؤدٛ اىٜ فشو ٕزٓ 

زس اىؼَيجخ. ٍِ ٕزٓ اىؼ٘اٍو اىضقت ثؾغشح اىيت أٗ عزس اىغِ ٗ ٕ٘ ػجباسح ػِ ارصبه ثِٞ قْبح اىغ

ٗ االّغغخ اىَؾٞطخ ثٔ ػجش قبع ؽغشح ىت اىغِ أٗ ػجش ّفغٔ. ٕزا اىضقت ٝؤدٛ اىٜ اىزٖبثبد فٜ 

األّغغخ اىضبٍخ اىَؾٞطخ ثبألعْبُ ٍَب ٝؤدٛ اىٜ ضؼف ٗ رخيخو ٕزٓ األعْبُ . ػْذ ؽذٗس ٕزٓ 

اىضق٘ة أٗه ٍؾبٗىخ رنَِ فٜ اصالػ ٕزٓ اىضق٘ة ٍجبششح ٗ ٝزٌ رىل ثبعزخذاً أؽذ اىَ٘اد 

   غزخذٍخ فٜ اصالػاىَ

ػْذ اعزخذاٍٖب  Neo MTA  ٗMTAٍِ اىز٘افق اىؾٞ٘ٛ اىٖذف ٍِ ٕزٓ اىذساعخ ٕ٘ رقٌٞٞ 

 اىغزس إصالػ صقت. مَبدح

 الغزض من اليحث:

 ٗعزنُ٘ اىذساعخ فٜ شنيِٞ:

 . دساعخ صساػخ اىخالٝب: رٌ ٍِ خاله دساعخ رأصٞش اىَ٘اد اىَخزجشح ػيٚ اىخالٝب:1

 MTT 

 ALP 

 RT-PCR 

ػيٚ اىؾٞ٘اّبد: اىزقٌٞٞ اىَشضٜ ىألّغغخ اىَؾٞطخ ثَ٘قغ االّضقبة ٗاىزٜ رٌ إصالؽٖب دساعخ 

 ثئؽذٙ اىَبدرِٞ اىَخزجشرِٞ

 خطىاخ الثحث:

  1اىغضء 

ٗ  MTT  ٗALPرٌ اعزْجبد اىخالٝب ، صٌ رؼشض٘ا ىَ٘اد االخزجبس ، ٗرٌ إعشاء صالصخ اخزجبساد 

PCR .ٛ٘ٞػيٚ ٍذاس صالصخ أٝبً ٍززبىٞخ ىزقٌٞٞ اىَ٘اد ٍِ ؽٞش اىغَٞخ ٗاىز٘افق اىؾ 

   2اىغضء

رٌ ٗضغ اىنالة فٜ ثٞذ اىؾٞ٘اُ فٜ ميٞخ اىطت اىجٞطشٛ ثغبٍؼخ اىقبٕشح ؽٞش أعشٝذ اىذساعخ 

ٗ قذ رٌ رخذٝش اىنالة ٗ ٍِ صٌ مشف ىت اىضشط ٗ رْظٞف اىقْ٘اد ٗ ؽشٕ٘ب ثَبدح اىغ٘ربثشمب. 



 

 

ػَو صقت فٜ أسضٞخ ؽغشح ىت اىضشط. ثؼذ إرَبً ػَيٞخ إصالػ اىضق٘ة مو ٗفقب" ىفزشح صٌ رٌ 

رٌ ‘ ٍب ثؼذ اىؼالط ٗ ٗفقب" ىيجشٗر٘م٘ه اىخبص ثنو ٍغَ٘ػخ. ثؼذ ٍشٗس مو فزشح ػيٜ ؽذح

رخذٝش اىؾٞ٘اُ ٗ ػَو أشؼخ ٍب ثؼذ اإلصالػ ىَقبسّزٖب ثبألشؼخ اىَأخ٘رح قجو اإلصالػ صٌ ثؼذ 

ٞ٘اُ ٗفقب" ىيجشٗر٘م٘ه اىخبص ثنو ٍغَ٘ػخ. رٌ أخز اىفنِٞ اىؼي٘ٛ ٗ اىغفيٜ ٍِ رىل رٌ قزو اىؾ

مو ميت ٗ قذ رٌ فصو اىضشٗط اىزٜ رَذ ثٖب ػَيٞخ إصالػ اىضق٘ة ػِ اىفنِٞ ٗ قذ قطؼذ ٗ 

رٌ اىزقٌٞٞ ٕٞغز٘ى٘عٞب" ؽٞش رٌ ػَو ششائؼ ٗ رٌ  صجغذ ٗ  فؾصذ رؾذ اىَٞنشٗعن٘ة.

ٌٞٞ ؽذح االىزٖبثبد فٜ ٍنبُ اىضقت. رَذ ػَيٞخ رؾيٞو اىْزبئظ فؾصٖب ث٘اعطخ اىَٞنشٗعن٘ة ىزق

 .اؽصبئٞب"

 النتائج

ظشٗفًب ٍ٘ارٞخ إلصالػ األّغغخ اىيض٘ٝخ  MTA  ٗNeo MTA. اىَبدربُ اىَخزجشربُ ؛ قذٍذ 

ثؼذ االّضقبة. َٝنِ أُ رزغجت فٜ رغذٝذ اىيضخ اىَغبٗسح ٗثبىزبىٜ َٝنِ اعزخذاٍٖب فٜ إصالؽبد 

 اىغزسصقت 

 

i.  أظٖش .Neo MTA  ّزبئظ ٗاػذح ٍَبصيخ ىـMTA. 

ii.  ُمب .Neo MTA  ٍِ أمضش ر٘افقًب ىيخالٝبMTA 

iii.  أػشة .Neo MTA  ِػBSP  ٍِ أمضشMTA 

iv. .ٌٞٞصادد إٍنبّٞخ اىشفبء ٍغ صٝبدح فزشح اىزق . 

 التىصياخ:

عٞيٞنبد . ٝ٘صٚ ثئعشاء ٍضٝذ ٍِ اىزؾقٞقبد ؽ٘ه اىَنّ٘بد اىْغٞغٞخ ٗاىخي٘ٝخ ىزقٌٞٞ أعَْذ 1

 اىزشٝنبميغًٞ٘ اىغذٝذ.

 اىغزس. ْٕبك ؽبعخ إىٚ فزشح ٍزبثؼخ أط٘ه ىزقٌٞٞ اىزئبً اّضقبة 2

 



 

 

افق الحيىي للمىاد القائمح على الثيىسيزاميك و مادج ثالثً التى

 أكسيذ المعذنيح عنذ استخذامها كمادج إصالح ثقة الجذر

 

 ٍقزشػ ثؾضٜ ٍقذً اىٜ ميٞخ طت االعْبُ

 عبٍؼخ ػِٞ شَظ

ىيؾص٘ه ػيٜ دسعخ اىذمز٘سآ فٜ ػالط اىغزٗس خ٘طئر  

 ٍقذٍخ ٍِ

 اىطجٞت/ خبىذ ٍؾَذ ػج٘د

طت ٗ عشاؽخ اىفٌ ٗ االعْبُ ٍبعغزٞش ثنبى٘سٝ٘ط ٗ  

 عبٍؼخ ػِٞ شَظ

 رؾذ اششاف

 أ.د/ ؽغبً ٍؾَذ ػصبً اىذِٝ ر٘فٞق

 أعزبر ػالط اىغزٗس

 ميٞخ طت األعْبُ

 عبٍؼخ ػِٞ شَظ

 أ.د/ اٖٝبة اىغٞذ ؽغِْٞ

ػالط اىغزٗس أعزبر  

 ميٞخ طت األعْبُ

 عبٍؼخ ػِٞ شَظ

اششف اث٘ عؼذح.د/ أ  

اىغشاؽخ ٗ اىزخذٝش  أعزبر  

 ثٞطشٛميٞخ طت 

 عبٍؼخ اىقبٕشح

2021 


