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Evaluation of Apical Sealing Ability of Three Different Mineral
Trioxide Aggregates Placed in Orthograde Manner and Followed by
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Introduction: To enhance the success rate of periapical sur-
geries, it is of utmost importance to have fluid tight seal in api-
cal third of root canal. This study compared the apical sealing
ability of three different mineral trioxide aggregates placed in
orthograde manner using UV-VIS spectrophotometer.
Materials and Methods: 80 human extracted single rooted
teeth were selected and decoronated to create standardized
root length of 16mm. All teeth were prepared up to Protaper
F4 (Dentsply, Maillefer, Switzerland) at working length 15.5
mm. These teeth were equally and randomly divided into 4
groups (n=20). In Group I (control group); teeth were obtu-
rated with gutta percha (Dentsply, Maillefer, Switzerland) and
AH Plus sealer (Dentsply-Detrey, Konstanz, Germany). In
Group II, III, IV; approximately 7 mm apical plug of MTA
Angelus (Londrina, PR, Brazil), ProRoot MTA (Maillfer,
Dentsply, Switzerland), MTA Plus (Bradenton FL, Prevest
Denpro, USA) respectively; was placed in orthograde manner
and remaining canal was obturated with gutta percha and AH
Plus sealer. In all samples; apical 3mm was cut and they were
placed in 2% methylene blue dye for 72 hours. Microleakage
was tested using dye extraction method and UV- VIS Spectro-
photometer. Data were analysed using One way ANOVA &
Tukey’s Post-hoc t test.

Results: Control group leaked most. MTA-Plus (Braden-
ton FL, Prevest Denpro, USA ) showed least microleakage
whereas there was no significant difference in sealing ability
of MTA-Angelus (Londrina, PR, Brazil) and ProRoot MTA
(Dentsply, Maillfer, Switzerland).

Conclusion: MTA Plus reduces apical microleakage as com-
pared Angelus MTA and Pro-Root MTA.
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INTRODUCTION

Conventional root canal treatment (RCT) of the teeth has
shown high success rate (70-95 %).! However, the endodon-
tic treatment of teeth with large periapical lesion has ques-
tionable prognosis.” The best treatment option in such cases
is surgical enucleation of cyst, resection of apical 1/3™ of
root and placement of appropriate root end filling material
with appropriate technique.®

The ideal characteristics of an apical root-end filling material
includes: easy of manipulation, good radio-opacity and di-
mensional stability, should be non-absorbable; non-penetra-
ble by bacteria and unaffected by moisture, should provide
intimate adaptation and adherence to the canal walls, non-
toxic; nonirritating to periradicular tissue, promote bioactive
healing of periradicular tissues, should be noncorrosive or
electrochemically inactive, should not stain periradicular tis-

sue.* Many materials such as amalgam, gold foil, gutta-per-
cha, zinc oxide eugenol cements (super EBA, IRM, Rickert),
calcium hydroxide cements (Sealapex, Sealer 26), glass ion-
omer, titanium screws, composite resin have been used for
root end filling purpose.’

Mineral trioxide aggregate developed by Torabinejad in
1993 (at Loma Linda University, CA, USA.) is considered
as a gold standard for root end filling material because it
fulfils most of the ideal requirements mainly extreme bio-
compatibility and thus promotes regeneration of original tis-
sues when placed in contact with dental pulp or periradicular
tissues.*’ Literature suggests; teeth with large periradicular
lesion can be treated by orthograde placement of MTA plug.>
Further Many studies have compared the apical sealing abil-
ity of various root end filling material placed in retrograde
manner®’® but there is lack of literature comparing the apical
sealing ability of three different mineral trioxide aggregates
placed in orthograde manner. This study aims to analyse the
apical sealing ability of three MTA pastes when placed in
orthograde manner; followed by apical resection.

MATERIAL AND METHODS

Eighty freshly extracted, human permanent, single rooted
teeth with complete apex were used in this study. Each tooth
was radiographed to evaluate anatomy and apical morphol-
ogy. Teeth with aberrant anatomy, improperly formed roots,
cracks and fracture lines and more than one canal were ex-
cluded. Teeth were decoronated with diamond disk under
water stream to create standardized root length of 16mm.
Canal patency was evaluated with #10 K File (Mani, inc,
Tochigi, Japan) and canal orifice enlargement was done with
# 3 and 2 Gates Glidden drill (Mani, inc, Tochigi, Japan).

All teeth were prepared to working length 15.5 mm using
rotary Protaper (Dentsply, Maillefer, Switzerland); in crown
down manner up to size F4 using RC-Help (Prime Dental
Products PVT. LTD., Thane, India) as a lubricant. All teeth
were irrigated with 20 ml of 5.25% Sodium hypochlorite
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solution after every change of instrument using 30 gauge
side vented needle. Root canals were dried with absorbent
paper points (Protaper F4, Dentsply, Maillefer, China).
Depending on the type of MTA (as a 7 mm apical barrier)
placed; all prepared teeth were randomly and equally divided
into 4 groups containing 20 each (n=20) as follows:
Group I: Control group (No MTA placed)
Group II: MTA Angelus (Londrina, PR, Brazil)
Group III: ProRoot MTA (Maillefer, Dentsply, Switzerland)
Group I'V: MTA Plus (Bradenton FL, Prevest Denpro, USA)
Teeth in the control group were obturated to its full work-
ing length with # 40, 6% Gutta Percha (Dentsply, Maillefer,
Switzerland) and AH Plus sealer (Dentsply-Detrey, Kon-
stanz, Germany). In rest of test groups, respective MTA were
manipulated according to manufacturer’s instructions and
with the 20 gauge spinal anaesthesia needle; it was carried
into the prepared canal incrementally. MTA was condensed
with moist paper points and # 40 finger plugger (Medicept,
Middlesex, United Kingdom). Approximately 7 mm of api-
cal plug of MTA was placed in each root. A cotton plug
moistened with saline was placed inside the canal and MTA
was allowed to set for 24 hours in an incubator at 37° C and
100 % humidity. The remaining canal was backfilled with
the # 40, 6% gutta percha (Dentsply, Maillefer, Switzerland)
which was cut 7 mm from its tip and AH plus sealer (Dentsp-
ly-Detrey, Konstanz, Germany). The canal orifice of all teeth
was sealed with MD-Temp (Meta Biomed, Korea).
The apical 3 mm of the root apex of each tooth was resected
at approximately 90° to its long axis using a diamond disk.
The coronal and lateral aspects of these teeth were then
coated with two coats of nail varnish except for its apical
4 mm from resected end and allowed to dry. This uncoat-
ed part (apical 4 mm) of each tooth was immersed into the
2% methylene blue dye solution (Fisher's Scientific, India).
Specimens were then stored in an incubator at 37° C and 100
% humidity for 3 days. Nail varnish was removed with BP
blade and teeth were washed in running tap water for 30 sec-
onds. Leaked dye was extracted by keeping the specimen
into 5 ml of 35% nitric acid (Fisher's Scientific, India) for 3
days in an incubator at 37° C and 100 % humidity. The re-
sultant solutions were filtered and centrifuged (Remi R-8C,
Vasai, India) at 14,000 rpm for 5 minutes. The supernatant
solution were subjected to UV-VIS spectrophotometer (Per-
kin Elmer, USA) using an filter of 670nm where percentage
light transmission was measured using 35% nitric acid as a
blank.
According to the Beer-Lambert’s Law'®
A=log (I/=e.cL
Where,

A is the measured absorbance,

10 is the intensity of the incident light at a given wave-

length,

I is the intensity of the transmitted light,

L the path length through the sample, and

¢ the concentration of the absorbing species.
For each species and wavelength, € is a constant known as the
molar absorptivity or extinction coefficient. This law states
that, the magnitude of absorbance is directly proportional to
the concentration of dye in the solution and inversely pro-

portional to % transmission. Thus, values of % transmittance
indicate the absorption of light waves in the solution. If the
value of % transmittance is less then it indicates that the con-
centration of methylene blue in the solution is more and thus
more microleakage.

STATISTICAL ANALYSIS

Statistical analysis was performed by using one-way analy-
sis of variance (ANOVA). A Tukey’s post hoc test was used
for pair-wise comparison between the means when analysis
of variance test was significant. The significance level was
set at p < 0.05. Statistical analysis was performed with SPSS
16.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

MTA Plus showed significantly high mean percentage trans-
mission (90.1 = 4.81) indicating least microleakage. ProRoot
MTA (77.4 £ 5.29) and MTA Angelus (77.1 = 6.98) had no
significant difference in between (p= 0.998), and thus having
similar microleakage. Control group showed significantly
least mean percentage transmission (57.85 +4.17) among all
the groups representing maximum dye leakage (p<0.0001)
(Figure 1).

DISCUSSION

The goal of both surgical and endodontic therapy is to eradi-
cate the microorganisms and hermetically seal the root canal
system at the periapex that prevents the movement of bac-
teria and bacterial by products from the root canal system
into the periapical tissues.* Therefore, the proper apical seal
is the most important factor in achieving success in surgical
endodontics.!" In this study, we considered only MTA be-
cause it is well known for its extreme biocompatibility®’, re-
generative property®’, sealing ability'? and adaptation to the
canal wall."* Single rooted teeth were selected for this study
to reduce the variation in the anatomy of all roots. To cor-

Groups Percentage
transmission

N Mean £+ SD

Group I (Control) 20 57.85+4.17°
Group II (Angelus MTA) 20 77.1 £ 6.98°
Group III (Pro Root MTA) 20 77.4 +5.29°
Group IV (MTA Plus) 20 90.1 +4.81¢

Table-1: Percentage transmission of light across various
groups (different superscripted letters indicate statistically
significant difference in mean percentage transmission across

groups).
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Figure-1: A bar diagram showing the mean percentage
transmission and standard deviation values across the groups
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relate the clinical situation and maintain the uniform apical
diameter; teeth specimens in all groups were enlarged to #
F4; at working length 15.5mm.

All the MTA used in this study were white MTA as many
authors did not notice any significant difference in microle-
akage between grey and white MTA.>!*15 Tt also has the ad-
vantage that it does not stain periapical tissue and radicular
dentin. MTA was condensed by hand instruments (# 40 fin-
ger plugger) because hand condensation method has proven
to provide a better seal than ultrasonic condensation.!® AH
Plus sealer was used because it is a resin based sealer and
have deeper and more consistent penetration into dentinal
tubules than other sealers both in vitro and in vivo."” 3mm
root end resection was done perpendicular to long axis of
the tooth so as to remove all ramification and expose lower
number of dentinal tubules to the dye.'®!* Approximately 4
mm apical plug of MTA was kept behind because Coneglian
et al® have found it to be most efficient root canal sealing
ability and resistance to displacement.

Andelin et al and Lamb et al found no significant difference
in microleakage between teeth in which MTA was placed
in orthograde manner and resected to those in which MTA
was placed in retrograde manner.”?® Further resected MTA
was not found to prevent the regeneration of cementum and
periradicular tissue.’

There is no published data explaining clinical significance
of microleakage in apical surgery but it seems logical that
less leakage will allow less bacteria and bacterial toxins to
reach periapical tissue.”! 2% Methylene blue dye was used
to check the microleakage because it is inexpensive, easy
to manipulate, has high degree of staining and molecular
weight lower than that of bacterial toxins.* Torabinejad et
al. stated that a material that has potential to prevent the
penetration of small molecules (dye) should be able to pre-
vent larger substances like bacteria and their by-products.?
We did not measure the linear dye leakage which has a lit-
tle clinical significance and several drawbacks.?** We used
the dye-extraction method which takes into account, the dye
actually leaked through root canal dentin-mineral trioxide
interface.? Camps and Pashley stated that the dye-extraction
method produced same results as the fluid-filtration method
and also saved much laboratory time.**

These findings are in conformity with Hashem et al®® and
Lolayekar et al?’; who compared them for sealing ability in
case of perforations repair and open apex barrier formation
respectively. All the MTA used in this study have similar
ingredients or composition.”” Observed differences within
MTA groups may be due to particle size, consistency of final
mix, setting reaction and setting expansion.?’

Finer the particle size; excellent will be the speed of hydra-
tion?, adaptation and adhesion with dentinal wall.® Percent-
age of fine particles (6 to 10 um) has been reported to be
73% for White ProRoot MTA and 53% for White MTA An-
gelus.?”” MTA plus has a specific surface area 1.5 times times
to that of ProRoot MTA confirming MTA plus is finer than
that of ProRoot MTA.*

In this study, MTA Angelus and ProRoot MTA powder was
mixed with provided distilled water which results into wet
sandy mix. MTA plus powder was mixed with the provided

salt free polymer gel which is claimed to improve the wash-
out resistance.”’?* Washout resistance refers to the tendency
of freshly prepared cement paste to disintegrate upon early
contact with blood or other fluids.”® Mixture of MTA Plus
powder and gel results into mix with putty or Dycal like
consistency?® which allows easy handling and condensation
against canal walls whereas there might be incorporation of
porosity while condensing sandy mix of MTA Angelus and
ProRoot MTA.

Hydrated mineral trioxide aggregate (MTA) has the prop-
erty to leach calcium hydroxide in solution?” This calcium
hydroxides reacts with phosphates available in tissue fluids
to form amorphous calcium phosphate phase which later
transforms into B-type carbonated apatite crystallites.”” This
hydroxyapatite crystal may have a role in prevention of mi-
croleakage.” Camillery et al”’, stated that hydrated MTA Plus
exhibits a strong peak of calcium hydroxide than Pro-Root;
signifying a greater rate of reaction with enhanced formation
of reaction by-products and thus resulting in lesser microle-
akage.

MTA plug slightly expand after setting; which fills the poros-
ity and improves adaptation of MTA to canal walls.*® With
dycal like consistency due to polymer gel MTA plus may
show greater expansion and thus improved sealing ability
than Pro Root MTA and MTA Angelus but as MTA plus is
relatively new material this may require further studies.
However this is an in vitro study not totally simulating an
in vivo periapical conditions. Observed microleakage may
be slightly exaggerated as methylene dye has lower molecu-
lar weight than bacterial toxins passing easily through small
microgaps or dentinal tubules through which even bacterial
toxins may not. However, the microleakage in clinical situa-
tion can be considered in proportion to the observed micro-
leakage in the present study.

CONCLUSION

Within the limitations of the present study, we can conclude
that improved properties of MTA Plus; has significantly re-
duced the apical microleakage as compared Angelus MTA
and Pro-Root MTA when they were placed in orthograde
manner.

REFERENCES

1. Weiger R, Axmann-Krcmar D, Lost C. Prognosis of
conventional root canal treatment reconsidered. Endod
Dent Traumatol. 1998;14:1-9.

2. Paul ML, Mazumdar D, Vyavhare NK, Baranwal AK.
Healing of the periapical lesion in posterior teeth with
mineral trioxide aggregate using orthograde technique-
Two case reports. Contemp Clin Dent. 2012;3:5264-8.

3. Torabinejad M, Higa RK, McKendry DJ, Pitt Ford TR.
Dye leakage of four root end filling materials: Effects of
blood contamination. J Endod. 1994;20:159-63.

4. Gartner AH, Dorn SO. Advances in endodontic surgery.
Dent Clin North Am. 1992;36:357-78.

5.  Shahi S, Yavari HR, Rahimi S, Eskandarinezhad M,
Shakouei S, Unchi M. Comparison of the sealing ability
of mineral trioxide aggregate and Portland cement used
as root-end filling materials. J Oral Sci. 2011;53:517-22.

6. Torabinejad M and Chivian N. Clinical applications of
mineral trioxide aggregate. J Endod. 1999;25:197-205.

I International Journal of Contemporary Medical Research
ISSN (Online): 2393-915X; (Print): 2454-7379 | ICV: 50.43 | Volume 3 | Issue 3 | March 2016




Shenoi et al.

Apical Sealing Ability of Three Different MTAs

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Andelin WE, Browning DF, Hsu GHR, Roland DD,
Torabinejad M. Microleakage of resected MTA. J En-
dod. 2002;28:573-4.

Ademo HL, Buruiana R, Schertzer L, Boylan RJ. A
comparison of MTA, Super-EBA, composite and amal-
gam as root-end filling materials using a bacterial mi-
croleakage model. Int Endod J. 1999;32:197-203.

El Sayed MA, Saeed MH. In vitro comparative study of
sealing ability of Diadent BioAggregate and other root-
end filling materials. J Conserv Dent. 2012;15;249-52.
Beer-Lambert’s Law and spectrophotometry. Avail-
able at: http://research.ce.udel.edu/~imhoff/cieg337/
file_downloads/Spectrophotometry handouts.pdf (Ac-
cessed on 2™ May 2013).

Harty FJ, Parkins BJ, Wengrap AM. The success rate of
apicoectomy. A retrospective study of 1,016 cases. Br
Dent J. 1970;129:407-13.

Bates CF, Carnes DL, Rio CE. Longitudinal sealing
ability of mineral trioxide aggregate as a root-end filling
material. J Endod. 1996;22:575-8.

Torabinejad M, Wilder SP, and Pitt Ford TR. Compar-
ative investigation of marginal adaptation of mineral
trioxide aggregate and other commonly used root end
filling materials. J Endod. 1995;6:295-9.

Shahi S, Rahimi S, Hasan M, Hasan V, Abdolrahimi M.
Sealing ability of mineral trioxide aggregate and Port-
land cement for furcal perforation repair: a protein leak-
age study Journal of Oral science. 2009;51:601-6.
Coneglian PZA, Orosco FA, Bramante CM, Moraes IG,
Garcia RB, Bernardineli N. In vitro sealing ability of
white and gray Mineral trioxide aggregate (MTA) and
white Portland cement used as apical plugs. J Appl Oral
Sci. 2007;15:181-5.

Aminoshariae A, Hartwell GR, Moon PC. Placement of
Mineral Trioxide Aggregate Using Two Different Tech-
niques. J Endod. 2003;29:679-82.

Mamootil K, Messer HH. Penetration of dentinal tu-
bules by endodontic sealer cements in extracted teeth
and in vivo. Int Endod J. 2007;40:873-881.

Gilheany PA, Figdor D, Tyas MJ. Apical dentin perme-
ability and microleakage associated with root end re-
section and retrograde filling. J Endod. 1994; 20:22-6.
Cohen S, Burns RC. Pathways of the pulp. Chapter
19, Apical resection. 8th ed. St. Louis: Mosby; 2002.
706-13.

Lamb EL, Loushine RJ, Weller RN, Kimbrough WF,
Pashley DH. Effect of root resection on the apical seal-
ing ability of mineral trioxide aggregate. Oral surgery
Oral Medicine Oral pathology Oral radiology Endodon-
tics. 2003;95:732-35.

Johnson BR. Considerations in the selection of a root-
end filling material. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 1999;87:398-404.

Kontakiotis EG, Geogropoulou MK, Morfis AS. Dye
penetration in dry and water-filled gaps along root fill-
ings. Int Endod J. 2001;34:133-6.

Torabinejad M, Watson TF, Pitt Ford TR. Sealing ability
of a mineral trioxide aggregate when used as root end
filling material. J Endod. 1993;19:591-5.

Camps J, Pashley DH. Reliability of the dye penetration
studies. J Endod. 2003;29:592—4.

Hashem AAR, Hassanien EE. ProRoot MTA, MTA-An-
gelus and IRM used to repair large furcation perfora-
tions: Sealability study. J Endod. 2008;34:59-61.

26.

27.

28.

29.

30.

Lolayekar N, Bhat SS, Hegde S. Sealing ability of Pro-
Root MTA and MTA-Angelus simulating a one-step
apical barrier technique--an in vitro study. J Clin Pediatr
Dent 2009;33:305-10.

Camilleri J, Formosa L, Damidot D. The setting charac-
teristics of MTA Plus in different environmental condi-
tions. Int Endod J. 2013;46:831-40.

Aggarwal V, Singla M, Miglani S, Kohli S. Compar-
ative evaluation of push-out bond strength of ProRoot
MTA, Biodentine, and MTA Plus in furcation perfora-
tion repair. J Conserv Dent. 2013;16:462-5.

Wang X, Chen L, Xiang H, Ye J. Influence of Anti-
Washout Agents on the Rheological Properties and In-
jectibility of a Calcium Phosphate Cement. J Biomed
Mater Res B Appl Biomater. 2007;81:410-8.

Storm B, Eichmiller FC, Tordik PA, Goodell GG. Set-
ting expansion of gray and white mineral trioxide ag-
gregate and Portland cement. J Endod. 2008;34:80-82.

Source of Support: Nil; Conflict of Interest: None
Submitted: 28-01-2016; Published online: 19-02-2016

International Journal of Contemporary Medical Research I

Volume 3 | Issue 3 | March 2016 | ICV:50.43 |

ISSN (Online): 2393-915X; (Print): 2454-7379




