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Abstract
In advanced restorative dentistry there is need for surgical intervention to the infected root apex. Once 
access to the root end is achieved, the root apex is resected and filled with a dental restorative material.  
The materials currently in use are not satisfactory due to inadequate biocompatibility and failure to 
achieve desirable properties in an aqueous environment. 
An ideal orthograde or retrograde filling material should seal the pathways of communication between 
the root canal system and its surrounding tissues. It should also be nontoxic, noncarcinogenic, 
nongenotoxic, biocompatible, insoluble in tissue fluids, and dimensionally stable. Mineral trioxide 
aggregate (MTA) was developed and recommended initially because existing root-end filling materials 
did not have these ''ideal'' characteristics. MTA has also been recommended for pulp capping, 
pulpotomy, apical barrier formation in teeth with open apexes, repair of root perforations, and root canal 
filling.
With the introduction of a new material, essentially Portland cement used in the building industry, these 
desirable properties have been achieved. This paper reviews the properties of MTA, calcium hydroxide 
and Portland cement used in restorative dentistry, both as a retrograde and orthograde filling material.
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be radiopaque for recognition on 
4radiographs . Because existing restorative 

materials used in Endodontics did not 
4possess these ''ideal'' characteristics , 

mineral trioxide aggregate (MTA) was 
developed and recommended initially as a 
root-end filling material and subsequently 
has been used for pulp capping, pulpotomy, 
apexogenesis, apical barrier formation in 
teeth with open apexes, repair of root 
perforations, and as a root canal filling 
material. MTA has been recognized as a 

6bioactive material  that is hard tissue 
7conductive , hard tissue inductive, and 

biocompatible. 

An extensive search of the endodontic 
literature was made to identify publications 
related to calcium hydroxide-based root 
canal sealers. The articles were assessed for 
the outcome of laboratory and clinical 
studies on their biological properties and 
physical characteristics. Comparative 
studies with other sealers were also 
considered. Several studies were evaluated 
covering different properties of calcium 
hydroxide-based sealers .  Calcium 
Hydroxide based root canal sealers have a 
variety of physical and biological 

properties. 

Brief Introduction Of Materials

MTA: 
In the 1990s a new material, mineral trioxide 
aggregate (MTA) was developed at Loma 
Linda University as a root- end filling 
material. The first publication on the use of 
the material to seal root perforations was 
published in 1993. It is commercially 
available as ProRoot MTA (Tulsa Dental 
Products, Tulsa, OK, USA).The use of MTA 
as a root-end filling material was identified 
due to the fact that the material is hydraulic 
cement i.e. it sets in the presence of water. 
Mineral trioxide aggregate (MTA) is now 
used extensively in Endodontics. 

Two commercial forms of MTA are 
available (ProRoot MTA); namely the grey 
and the white MTA both with similar 
chemical and physical properties. MTA is 
essentially Portland cement (used in the 
building industry as a binder in concrete) 
with 4:1 proportions of bismuth oxide added 
for radiopacity. The material was originally 
reported to be composed of calcium and 
phosphate and its biocompatibility was 

Introduction
In restorative dentistry materials are mainly 
utilized to replace dental tissue lost through 
dental caries and tooth preparation 
procedures. When a significant amount of 
tooth tissue is lost the dental pulp may be 
adversely affected. This may necessitate 
advanced conservative procedures 
involving extirpation of the dental pulp and 
obliteration of the space with gutta-percha 
and root canal sealers. Access for these 
procedures is through the tooth crown. 
Should this be unsuccessful, surgical 
Endodontics is necessary to allow cleaning 
and sealing of the root end to prevent further 

1infection.

Most endodontic failures occur as a result of 
leakage of irritants into the periapical 

2 3tissues , . An ideal orthograde or retrograde 
filling material should seal the pathways of 
communication between the root canal 
system and its surrounding tissues. It should 
also be nontoxic, noncarcinogenic, 
nongenotoxic, biocompatible with the host 
tissues, insoluble in tissue fluids, and 

4 5dimensionally stable , . Furthermore, the 
presence of moisture should not affect its 
sealing ability; it should be easy to use and 
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attributed to its similarity to dental hard 
tissues. However Camilleri and co-workers 
4 have shown that MTA is composed 
primarily of tricalcium and dicalcium 
silicate, the main constituent elements of 
Portland cement, which on hydration 
produce a silicate hydrate gel and calcium 
hydroxide, not calcium phosphate as 

8claimed by Torabinejad.

PORTLAND CEMENT: 
It is a fine powder produced by grinding 
cement clinker. It is classified as hydraulic 
cement, which normally is composed of 
lime, silica, alumina and ferric oxide. Lime 
is composed of calcium and magnesium 
oxides. PC is produced by grinding clay and 
lime bearing materials in the correct 
proportions and then heating the mixture to 

o1400 . This process called calcinations 
produces physical and chemical changes in 
the raw materials. The resulting clinker is 
ground to a fine powder and a small amount 
of gypsum is added to retard the setting 

9process.

CALCIUM HYDROXIDE:
The first clinical use of calcium hydroxide 
as a root canal-filling material was probably 

10 by Rhoner in 1940. It took another 20 years 
for calcium hydroxide to become popular 
for  apexif icat ion,  the seal ing of  

perforat ions,  and management of  
11resorption.  A ''miracle' material'' Biocalex  

(Laboratoire SPAD, Dijon, France), 
developed by French researchers, was 
believed to make radical changes to 

12 endodontic instrumentation methods. The 
calcium hydroxide containing a pulp-
capping agent, Dycal (Dentsply-Caulk, 
Milford, DE), also became popular as a 

13sealer among some clinicians in late 1970s.

The two most important reasons for using 
calcium hydroxide as a root-filling material 
are stimulation of the periapical tissues in 
order to maintain health or promote healing 
and secondly for its antimicrobial effects. 
The exact mechanisms are unknown, but the 
following mechanisms of actions have been 
proposed:

1. Calcium hydroxide is antibacterial 
depending on the availability of free 

14 15hydroxyl ions , . It has a very high pH 
(hydroxyl group) that encourages repair 
and active calcification. There is an 
initial degenerative response in the 
immediate vicinity followed rapidly by a 
mineralization and ossification 

16response .
2. The alkaline pH of calcium hydroxide 

neutralizes lactic acid from osteoclasts 
and prevents dissolution of mineralized 
components of teeth. This pH also 
activates alkaline phosphatase that plays 
an important role in hard tissue 

17formation .
3. Calcium hydroxide denatures proteins 

found in the root canal and makes them 
less toxic.

4. Calcium hydroxide activates the 
c a l c i u m - d e p e n d e n t  a d e n o s i n e  
triphosphatase reaction associated with 

17 18hard tissue formation , .
5. Calcium hydroxide diffuses through 

dentinal tubules and may communicate 
with the periodontal ligament space to 
arrest external root resorption and 

16  19accelerate healing , .

EVALUATION OF PROPERTIES

1. PARTICLE SIZE:
The physical properties of cement might be 
influenced by crystal size. Smaller particles 
increase surface contact with the mixing 
liquid and lead to greater early strength as 
well as ease of handling. A recent study 
reported that some particles of MTA are as 
small as 1.5 mm, which is smaller than the 

20diameter of some dentinal tubules . The 
authors hypothesized that this might play an 
important role in the sealing ability of MTA 

after hydration and production of a 
hydraulic seal. This hypothesis might not be 
clinically relevant, because the dentinal 
tubules after root canal instrumentation or 
root-end cavity preparation are not open 
unless the operator removes the smear layer 
by acid-etching these surfaces.

The particle size of MTA is reported in many 
21 articles. Lee et al  reported particle sizes 

ranging from 1-10 mm for GMTA powder, 
22 whereas Camilleri  reported that the 

WMTA powder has particles less than 1 to 
approximately 30 mm before hydration.

The handling characteristic of PC is 
dependent on its particle size and shape. 
Many investigations evaluated particle size 
and shape of MTA20.  WMTA has finer 

23particles than 2 types of Pc .

2. CHEMICAL PROPERTIES:
25The MTA patent  shows that it contains 

calcium oxide (CaO) and silicon (SiO). 
Several investigations have reported that the 
main elemental components of MTA are 
calcium and silica, as well as bismuth 

26 27oxide , . MTA is currently marketed in 2 
forms: gray (GMTA) and white (WMTA). 
MTA was introduced in gray, but because of 
the discoloration potential of GMTA, 

24WMTA was developed . Investigations 
showed that lower amounts of iron, 
aluminium, and magnesium are present in 

24WMTA than in GMTA . 

The primary differences between both types 
of MTA and PC are a lack of potassium and 

24the presence of bismuth oxide . An 
investigation evaluated the dry powder of 
GMTA and WMTA, as well as ordinary and 
white Portland cement (PC), finding that all 
tested materials have similar major 
constituents: tricalcium silicate, tricalcium 
a lumina te ,  ca lc ium s i l i ca te ,  and  
tetracalcium aluminoferrite.

An investigation confirmed the similarity of 
PC and MTA, except for the presence of 

24potassium and lack of bismuth oxide .  
Another study showed lower amounts of 
aluminium and sulphur in WMTA compared 

22with WPC .

3. SETTING TIME:
MTA is prepared by mixing its powder with 
sterile water in a 3:1 powder-to-liquid ratio 
39. The mean setting time of MTA is 165_ 5 
minutes, which is longer than amalgam, 
Super EBA, and intermediate restorative 
ma te r i a l  ( IRM) .  GMTA exh ib i t s  
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Clinker

Tricalcium Silicate

(CaO)3.SiO2

Dicalcium Silicate

(CaO)2.SiO2

Tricalcium Aluminate

(CaO)3.Al2O3

Gypsum CaSO4.2 H2O

(CaO)4.Al2O3.Fe2O3

Tetracalcium Aluminoferrite

CCN

C3S

C2S

C3A

C4AF

Mass %

45-75%

7-32%

0-13%

0-18%

2-10%

Typical constituents of Portland clinker plus

Gypsum Cement chemists notation under CCN.

Typical constituents of Portland cement

Cement chemists notation under CCN.

Cement

Calcium oxide, CaO

Silicon oxide, SiO2

Aluminum oxide, Al2O3

Ferric oxide, Fe2O3

Sulfate

CCN

C

S

A

F

S

Mass %

61-67%

19-23%

2.5-6%

0-6%

1.5-4.5%



significantly higher initial and final setting 
29 30times than WMTA , . The longer setting 

time of WMTA in comparison with PC is 
attributed to the lower levels of sulphur and 

23tricalcium aluminate in WMTA . 

In an attempt to use MTA for 1-visit 
perforation repair, a study placed glass 
ionomer cement (GIC) over WMTA. The 
authors reported that placing GIC 45 
minutes after WMTA placement did not 
affect the formation of calcium salts in the 
interface of the 2 materials. In addition, 
placement of GIC over WMTA did not affect 

31setting of this material . A separate study by 
the same authors confirmed that the GIC 
setting was not disrupted by the presence of 

32WMTA .

Dycal has a very short setting time, and in its 
use as a root canal sealer users 
recommended first introducing the catalyst 
paste into the canal with a lentulospiral 
followed by a gutta-percha cone coated with 

13the base paste . The setting reactions of 
calcium hydroxide-containing sealers are 
complex. Even though the sealer surface 
becomes hard, the inner mass may remain 
soft for an extended period. Apexit was 
reported to have a setting time of less than 2 

33hours at 100% relative humidity . CRCS 
sets within 3 days in both dry and humid 
environments. Sealapex sets in 2 to 3 weeks 
in 100% relative humidity and does not set 

34in a dry environment . Many of its 
properties support its use alone as a root 
canal-filling/sealing material, although its 
placement in canals may be challenging.

4. FLOWABILITY
The setting time of Portland cement and 
MTA could be reduced by removing the 
gypsum from the manufacturing process 
without affecting its other prop-erties. 
Superplasticizer was used to obtain a 
homogeneous flowable mix and control 
setting time ranging from 5 to 12 minutes. 
Although this material can be applied for 
dental usage, there are no studies to date 
concerning the effect of superplasticizer 
concentrations and liquid-to-powder ratios 
on properties of the cement. 

The mean flows of AWPC plus 1.8% and 
2.4% polycarboxylate superplasticizer 
groups were significantly increased (p < 
0.001) at all liquid-to-powder ratios when 
compared with control groups. Significant 
differences between AWPC plus 1.2% 
polycarboxylate superplasticizer group and 
the control groups were observed only in a 
0.33 liquid-to-powder ratio (p < 0.001).

An acceptable flow within the working time 
is important for any root canal sealer in order 
to reach and seal the apical foramen and 
lateral dentinal wall irregularities. Flow 
depends on particle size, shear rate, 
temperature, and time from mixing. It can be 
measured with either a rheometer or from 
the diameter of the film of sealer between 

37 36 two glass plates under load . Pitt Ford et al  
reported significant differences in flow 
between Apexit and Tubliseal EWT, the 
former being superior in a rheometer test 
and the latter with the traditional method. In 
another study, the flow of Apexit was 
comparable to AH Plus and Tubliseal 

33EWT . 

5. SETTING EXPANSION: 
There are conflicting results regarding the 

29,setting expansion of various types of MTA  
30. Two investigations showed that WMTA 

29, 30expands slightly more than GMTA .

Excessive expansion that might result in a 
cracked root is an undesirable property 
when a material is used as a root-end filling 

30substance . The setting expansion of PC is a 
matter of controversy in the literature. One 
investigation reported that both types of 
WPC and OPC show greater expansion than 

30GMTA and WMTA . In contrast, another 
experiment showed that the setting 
expansion of PC is less than GMTA and 

38more than WMTA . This might be 
attributed to the differences of chemical 
composition among various types of PC.

Biocalex in the presence of moisture in the 
canal expands by up to 280%. This has the 
potential to create severe postoperative pain 
and vertical root fractures. Apexit also has 
exhibited high water sorption but along with 
its equally high solubility gives rise to minor 

33overall dimensional change . CRCS was 
quite stable with volumetric changes in 
water for 21 days. Sealapex displayed 
significant sorption in a 100% humid 
atmosphere with volumetric expansion.

6. SOLUBILITY: 
The degree of solubility of MTA is a matter 

8, 30of debate among investigators . Most 
investigations reported low or no solubility 

8, 30for MTA . However, increased solubility 
is reported in a long-term study. When 
comparing the physical properties of 
WMTA with those of GMTA, the former 
material demonstrates significantly more 

30solubility . Varying results are reported 
30when comparing PC with WMTA . One 

study reported that both ordinary and white 
PC (WPC) exhibits significantly less 

30solubility than WMTA . These findings are 
in contrast with another study that shows 
WMTA is less soluble than 2 different types 
of PC. The differences are attributed to the 
type of PC used in these investigations. 

In addition, the powder-to- water ratio might 
influence the amount of solubility. In fact, 
higher water-to-powder ratios increased 

42MTA porosity and solubility . The authors 
reported that using more water would 
increase calcium release from MTA. The 
addition of bismuth oxide to MTA, which is 
insoluble in water, is another cause for MTA 
insolubility. In an experiment on the 

22hydration of MTA, Camilleri  confirmed 
the reaction of bismuth oxide with both 
calcium and silicate contents of MTA.

The solubility in water and 37% phosphoric 
acid, and compressive strength of four 
brands of hard-setting calcium hydroxide 
base materials were studied. Results were 
highly variable among brands and no 
correlations appeared to exist between 
properties studied. One product was 
significantly different from the others with 
regard to acid solubility and compressive 

39strength .

7. COMPRESSIVE STRENGTH:
There are conflicting results regarding the 
compressive strength of WMTA and 

3 0GMTA . One study reported that 
compressive strength of WMTA at 3 and 28 
days after mixing is significantly less than 

30that of GMTA . In contrast, 2 other 
investigations comparing the compressive 
strength of GMTA and WMTA reported 

30more compressive strength for WMTA . In 
general, MTA's compressive strength is not 
significantly affected by condensation 

42pressure . Another recent experiment 
revealed that keeping WMTA in dry 
conditions decreases its compressive 

41strength . Even the samples kept moist after 
mixing show variations in compressive 
strength, de-pending on the amount of time 
elapsed between mixing and examination. 
The samples that were kept for 2-7 days in 
moisture exhibited greater compressive 
strength than the 4-hour samples. A recent 
investigation reported significantly lower 
compressive strength for WMTA when the 
material was etched by phosphoric acid 
(37%). The investigators suggested that 
restoration with acid-etch composite after 
MTA placement should be postponed for at 

44least 96 hours .
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The compressive strength of some types of 
OPC and WPC is significantly lower than 
WMTA and GMTA 28 days after 

30hydration . Attaining adequate compressive 
strength is important for some of the clinical 
applications of MTA such as repairing 
perforations and pulp capping. These 
procedures require materials with adequate 
compressive strength to be stable against 
occlusal pressure.
The strength of a brittle material depends 
upon the toughness of the material itself and 
the degree of perfection with which it can be 
placed. This study shows that both the 
compressive and tensile strength of calcium 
hydroxide lining materials is dependent on 
the fracture toughness at unstable crack 
propagation, KIC, and the size, number and 
distribution of pores (which are the defects 
that nucleate fracture). Of the products 
tested here, Dycal possesses the greatest 
actual strength due to a higher than average 
KIC value and relatively few isolated small 

40pores .

8. FLEXURE STRENGTH: 
On the basis of limited literature, it appears 
that placing a moist cotton pellet over MTA 
for the first 24 hours increases its flexural 
strength.

9. PUSH-OUT STRENGTH:
The push-out strength of perforation repair 
materials is an important factor because 
shortly after perforation repair, tooth 
function might dislodge the material. MTA 
has lower push-out strength in comparison 
with IRM or Super EBA after immersion in 
walking bleach materials. On the basis of 
available data, it appears that MTA gains 
optimal physical properties such as flexural 
strength, compressive strength, and push-
out strength when it receives enough 
moisture after being placed in an operation 
site.

10. pH:
The pH value of MTA is 10.2 after mixing. 

8This value rises to 12.5 at 3 hours . 
Comparing pH values of GMTA with 
WMTA, the latter material displays a 
significantly higher pH value 60 minutes 

29, 30after mixing . MTA kept its high pH value 
throughout the course of a long-term study; 
the authors attributed the high pH value to 
the constant release of calcium from MTA 
and the formation of CH. Comparing pH 
values at different periods of time, both 
WMTA and GMTA exhibit significantly 
higher pH values than 2 types of PC 

30immediately after mixing . However, 30 

minutes after mixing, no statistical 
difference can be found among the tested 
materials. At 60 minutes, GMTA has a 
significantly lower pH value than WMTA 

30and both types of PC . Available data show 
that mixing MTA with water results in the 
formation of CH and a high pH 
environment.
The pH of calcium hydroxide paste has been 
shown to be as high as 12.5 when used for 

15intracanal medicament purposes . In an 
experimental study, the pH of distilled water 
in contact with Sealapex reached 11.5 
during 30 days, most of which was gained in 
the first 1 hour, followed by CRCS (10.5), 

45Apexit (10.5), and Sealer 26 (9.5) . In 
another experiment, the maximum pH of 
Sealapex and CRCS in a 1-week study did 

46not exceed 9.1 and 7.8, respectively . 
Further research on Sealapex showed a slow 
and gradual rise in pH (not exceeding 9.57) 
in bidistilled water in the first hour, after 
which the sample disintegrated in solution, 

47whereas CRCS did not cross the 7.65 mark . 

11. RADIOPACITY:
The mean radiopacity for MTA has been 
reported at 7.17 mm of an equivalent 

8thickness of aluminum . This value is higher 
than that reported for Super EBA or IRM in a 
separate investigation. Another study 
compared the same materials and reported 
more radiopacity for Super EBA and IRM 
than MTA. The difference can be due to the 
use of different methods to evaluate the 
radiopacity of test materials. Comparing the 
radiopacity of WMTA with that of GMTA, 2 
separate studies reported more radiopacity 

29, 30for WMTA .  Because a similar amount of 
bismuth oxide is used to produce 
radiopacity in both materials, the presence 
of other substances in WMTA might be the 
reason for this difference between the two.
The mixtures of Portland cement with 
bismuth oxide and lead oxide presented the 
highest radiopacity values and differed 
significantly from the other materials (p < 
0.05), whereas Portland cement/zinc oxide 
presented the lowest radiopacity values of 
all mixtures (p < 0.05). Portland 
cement/bismuth subnitrate and Portland 
cement/iodoform presented statistically 
similar radiopacity values (p > 0.05), and 
both materials were more radiopaque than 
Portland cement associated with zirconium 
oxide, bismuth carbonate, barium sulfate, 
calcium tungstate, and zinc oxide (p < 

480.05) . 
According to ISO 6876/2001 standards, the 
recommended radiopacity of the root canal 
sealer should be at least that of a 3-mm thick 
aluminium wedge. Radiographs of samples 

of Sealapex showed large voids in their 
structure, and they were less radiopaque 
than CRCS for 3 weeks, after which the 
voids disappeared and there was an increase 

49in radiopacity for Sealapex .

12. POROSITY:
Many studies have evaluated MTA porosity. 
The amount of porosity in mixed cement is 
related to the amount of water added to make 
a cement paste, entrapment of air bubbles 
during the mixing procedure, or the 

28environmental acidic pH value .

13. MICROHARDNESS:
The microhardness of MTA can be 
influenced by several factors such as the pH 
value of the environment, the thickness of 
the material, the condensation pressure, the 
amount of entrapped air in the mixture, 
humidity, acid etching of the material, and 

23, 28, 42, 44temperature .  An acidic environment 
has an adverse effect on the microhardness 
of both GMTA and WMTA.
The microhardness of 2-mm and 5-mm 
thicknesses of GMTA and WMTA was 
investigated when the materials were used 
as an apical barrier. Regardless of the 
formulation of MTA or placement technique 
used, a 5-mm thickness is significantly 
harder than a 2-mm thickness. An 
investigation compared the microhardness 
of WMTA with 2 types of PC. WMTA 
showed significantly more microhardness 

49than both types of PC , which can be 
attributed to the different chemical and 

23, physical properties of the tested materials
24. A recent study confirmed a trend of less 
microhardness after using more pressure 

42during MTA condensation . Two separate 
investigations reported that EDTA and acid-
etch procedure significantly reduce MTA 

44microhardness .

14. BIOCOMPATIBILITY:
Both MTA and Portland cement are 
bioactive materials. The biocompatibility of 
the materials had originally been attributed 
to the chemical similarity to tooth hard 
tissues namely calcium phosphate. 
However this has been shown not to be the 
case. MTA produces calcium hydroxide as a 
by product of the hydration reaction.  The 
similarity of action of both MTA and 
Portland cement to calcium hydroxide had 
been postulated. 
Calcium hydroxide is used extensively in 
dentistry. When using SEM to study the 
biocompatibility of dental materials it is 
imperative to ensure there is no reaction 
between the material and the reagents used 
in the experimental procedure. Scanning 
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electron microscopy thus is contraindicated 
to evaluate cell growth and expression over 
materials based on Portland cement. Other 
methods of assessing biocompatibility are 

1thus preferred . 

15. ANTIBACTERIAL PROPERTIES:
In an antimicrobial study on MTA and PC 
a g a i n s t  S t a p h y l o c o c c u s  a u r e u s ,  
Enterococcus faecalis, Pseudomonas 
aeruginosa, Bacillus subtilis, Candida 
albicans, a wild fungus, and a mixture of 
these bacterial and fungal species, both 
materials exhibited diffusion in agar without 

50inhibition of microbial growth . Some 
51, 52, 53investigations showed that GMTA  and 

52WMTA  have an antifungal effect. In 
contrast, others showed that GMTA has 

50limited or no antifungal effect . One 
experiment showed that freshly mixed and 
24-hour set GMTA have an antifungal effect 

51on C. Albicans . The antifungal effect of 
MTA might be due to its high pH or to 
substances that are released from MTA into 
the media. In contrast, a study comparing the 
effect of MTA and PC on C. albicans, S. 
aureus, and Escherichia coli showed no 
antimicrobial effect for either of the tested 

54materials . Another investigation reported 
antimicrobial activity of GMTA, WPC, and 
OPC on Micrococcus luteus, S. aureus, E. 
coli, P. aeruginosa, C. albicans, and 

53Enterococcus faecalis .
The literature shows that MTA has an 
antibacterial and antifungal effect. 
Lowering the powder-to-liquid ratio might 
adversely affect the antibacterial and 
antifungal properties of MTA.
The incorporation of antibacterial 
components in root canal sealers may be an 
important factor in preventing the regrowth 
of residual bacteria and controlling bacterial 
re-entry into the root canal system. The 
antibacterial effect of calcium hydroxide is 
based on its ability to release hydroxyl ions 
and to raise pH. 

Conclusion
Both MTA and Portland cement are a 
bioactive material that influences its 
surrounding environment. There are many 
published reports regarding the chemical, 
physical, and anti-bacterial properties of 
MTA. This article showed that MTA is 
composed of calcium, silica, and bismuth. It 
has a long setting time, high ph, and low 
compressive strength. It possesses some 
antibacterial and antifungal properties, 
depending on its powder-to-liquid ratio. 
Inspite of its advantages it has a 
disadvantage of high cost and poor 
handling.

PC is manufactured widely all around the 
world, and it is impossible to control the 
quality, composition, and biocompatibility 
of these materials. The higher solubility of 
some types of PC is also a matter of concern. 
The compressive strength of some types of 
OPC and WPC is significantly lower than 
WMTA and GMTA 28 days after hydration. 
Excessive expansion that might result in a 
cracked root is an undesirable property 
when a material is used as a root-end filling 
material. Despite some similarities between 
PC and MTA, it is not safe to use PC, which 
has not been formulated for human use, in 
place of a bioactive medical material such as 
MTA.
Calcium hydroxide-based root canal sealers 
have a variety of physical and biological 
properties. Comparative studies reveal their 
mild cytotoxicity, but their antibacterial 
effects are variable. Further research is 
required to establish the tissue healing 
properties of calcium hydroxide in root 
canal sealers. Calcium hydroxide is used 
extensively in dentistry. When using SEM to 
study the biocompatibility of dental 
materials it is imperative to ensure there is 
no reaction between the material and the 
reagents used in the experimental 
procedure. 
Further studies are required to assess 
properties of these materials for their use as 
root end filling materials. 
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