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A Comparison of Coronal Tooth Discoloration Elicited by
Various Endodontic Reparative Materials MTA Plus, Bio
MTA+, and Biodentine: An Ex Vivo Study
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A b s t r ac t
Aim and objectives: To compare coronal tooth discoloration obtained by different endodontic materials—MTA Plus, Bio MTA+, Biodentine.
Materials and methods: Pulps in 30 caries-free mandibular and maxillary intact human premolars and molars scheduled for extraction for
periodontally compromised reasons were mechanically exposed and allocated to each of the three groups, MTA Plus, Biodentine and Bio MTA+.
After the pulpotomy procedure, the base of resin-modified GIC was given and the teeth were filled with composite resin. After extraction, the
teeth were stored in artificial saliva and spectrophotometer analysis done eventually at 1, 7, 30, and 60 days later. Images of all teeth were
recorded at each interval using a digital camera and the ∆E values for all specimen at interval were recorded and compared.
Results: Majority of the specimens showed discoloration after placement of MTA Plus, Biodentine, and Bio MTA+. The statistical analysis showed
significant differences between the MTA Plus, Bio MTA+, and Biodentine experimental groups during the observation period.
Conclusion: Under the states of this study, compared to Bio MTA+ and MTA Plus, Biodentine created significantly less discoloration.
Clinical significance: Mineral trioxide aggregate materials lead to higher amount of discoloration on the tooth surface than Biodentine. Hence,
Biodentine should be the material of choice for use in esthetic area to avoid chances of tooth discoloration.
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I n t r o d u c t i o n
In dentistry, esthetics play a significant role and any tooth
discoloration can have a major effect on individual life quality. The
discoloration may be due to materials used in endodontics and
hence impair the esthetic outcome of the treated tooth.1
As a result of caries, trauma, or cavity preparation, dental
pulp exposure can occur. As per the European society of
Endodontology, pulpotomy is the procedure of removal of an
exposed vital pulp by means of preserving the vitality and function
of the remaining part. In endodontics treatments, biomaterials like
calcium silicate-based cements produce a durable seal against
the migrating microorganisms stimulating tissue healing without
any inflammation, according to manufacturer-recommended
biomaterials possessing high esthetic properties to salvage the
clinically exposed pulp.2 However, clinical studies showed even
the preferred materials with lightest hue, which discolored after
application when the coherence occurs with blood, sodium
hypochlorite, or residual irrigating solutions. Ca(OH)2 is widely
recognized as a valuable pulpotomy material though having
disadvantages like a poor seal, subject to dissolution over time,
and suspecting to incubate multiple canal defects in the dentinal
bridge.3 MTA, as following invention was preferred introduces as
a grey-colored material showing some discoloration was then
upgraded to off-white color.4 This still have some shortcomings
like long setting time, extensive technique sensitive, and potential
of discoloration. Biodentine contains zirconium oxide as radioopacifier is emerged as a commercially available material possessing
bioactive and biocompatible properties.5 Bio MTA+ smallest size
of grain consisting of hydroxyapatite showed to have three times
higher durability than traditional MTA. Instrumental measurements
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done by dental colorimeters and spectrophotometers usually utilize
the Commission International de I’Eclairage’s (CIE) L*a*b* system.
Among which the spectrophotometer is the most accurate, useful,
and flexible to evaluate the tooth discoloration.6
So, this study was conducted using a spectrophotometer to
check which of the materials among MTA Plus, Biodentine, and
Bio MTA+ would give us minimum discoloration at different time
intervals while use in the vital pulp therapy procedure.

M at e r ia l s

and

M e t h o d s

The study was performed at the Department of Conservative
Dentistry, Endodontics, and Esthetics at Manubhai Patel Dental
College, Hospital, and ORI following approval by the Maharaja
Krishna Kumarsinhji, Bhavnagar University Ethics Committee, for
MDS Course and Dental Research—REF/BUETHICS/MPDC_119/
Cons-20/17. This ex vivo study was performed on 30 maxillary and
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mandibular premolars and molars. Thirty teeth of both male and
female, which were caries-free, intact, endodontically sound, and
periodontally involved maxillary and mandibular posterior teeth,
were selected. Teeth with caries, fracture, restoration, cracks, and
grade III mobile teeth were excluded from the study.
The volunteers fulfilling all above criteria were included in
the study. The procedure and its possible risks were explained to
the patients. An informed consent was taken in English and local
Gujarati language.

Pulpotomy and Restoration
Before the start of the study, all the teeth were subjected to
preoperative clinical and radiographic analysis. Vitality tests were
done using an electric pulp tester (Parkell). After proper case
selection, buccal infiltration was given for maxillary premolars and
molars and inferior alveolar nerve block was given for mandibular
premolars and molars by 2% lignocaine-containing adrenaline
1:80,000 (Lignox 2%A). For each tooth, rubber dam isolation was
done. The teeth were endodontically accessed with sterile round
diamond bur (BR 41; MANI, Japan) and ENDO Z bur (FG—25 mm,
Dentsply) from central fossa to the tooth pulpal exposure was
performed and with straight fissure diamond bur.(SF 41; MANI,
Japan) convenience was achieved.
With the help of a sharp spoon excavator, the coronal pulpal
tissue was removed below the level of cementoenamel junction
(CEJ). The pulp chamber was irrigated with sterile normal saline
solution and bleeding from the pulp chamber was arrested with
sterile adrenaline solution.
The 3-mm buccal enamel-dentine thickness will be standardized.
As per manufacturer’s recommendations, all materials with 3-mm
thickness were allowed to set above the orifice level. Material
groupings were as follows:
Group I: MTA Plus (Prevest Denpro, Jammu, India)
Group II: Bio MTA+ (Cerkamed Company, Poland)
Group III: Biodentine (Septodont, France)
For groups I, II, and III, one scoop of powder and one small drop
of liquid were dispensed on a nonabsorbent pad and desired puttylike consistency was achieved. The material was then delivered to
the pulp chamber immediately by the means of the MTA cement
carrier. It was condensed with help of an endodontic hand plugger
with light pressure and was allowed to set.
Resin-modified glass ionomer (Gold Label Lc Universal
Restorative; GC Corporation) with 3-mm thickness was placed
over every material and allowed to set. The conventional resin
composite restoration (Filtek Z350 XT—3M ESPE) was performed
in the entire cavity and cured by a light-curing unit. After assessing
the procedure, postoperative radiographs were taken (Fig. 1).
Once the pulpotomy procedure was over, teeth were subjected
to extraction by an oral surgeon on same day. Teeth were stored
in artificial saliva after extraction (Fig. 2). Later at 1, 7, 30, and 60
subsequent days, the spectrophotometer analysis was done (Fig. 3).
Every tooth images were recorded at each interval by using a digital
camera. For all specimen at each interval, the ∆E value would be
recorded and compared (Fig. 4).

Statistical Analysis
With the use of the one-way ANOVA test and the post hoc test, the
data were analyzed. Due to abnormalities in both the distribution
and variance of the mean data, the present study got mean
difference ∆E by 1.08 with std. deviation of 0.5 at 5% risk, 80% power.
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Figs 1A to F: (A) Preoperative photograph and rubber dam isolation;
(B) Coronal pulp was amputed; (C) Pulpotomy in 44 (D) GIC used as
a base; (E) Postoperative photograph; (F) Radiographic evaluation of
pulpotomy on tooth 44

R e s u lts
For groups I–III the mean values of the CIE L*, a*, and b* parameters
for all time intervals are shown in Table 1. A significant decrease in
the L* parameter was measured in both MTA Plus and Bio MTA+
experimental groups. Significance difference in the mean L value
between all three groups was found for day 1 where p value
was 0.022 and for 1 week where p value was 0.031. Under visual
perception, the L* values show a darkening effect in tooth crowns
and a* and b* values show a reduction in redness and yellowness
and increasing tendency toward green and blue, respectively.
A significant decrease in the A* parameter was measured in
both MTA Plus and Bio MTA+ experimental groups compared to the
Biodentine group. Significance difference in mean A value between
all three groups was found after 1 day, 7 days, 30 days, and 60 days
where p value was <0.001.
A significant decrease in the B* parameter and alterations
observed in the MTA Plus group and Bio MTA+ group were
significantly greater compared with the Biodentine group.
Significance difference in mean B value between all three groups
was found after 7, 30, and 60 days where p value was <0.005.
A significance difference in mean ∆E value between all three
groups was found after 7, 30, and 60 days, which is shown in
Table 2 and Figure 5. At 30 and 60 days, MTA Plus showed more
discoloration compared to Bio MTA+ with insignificant differences.
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Figs 2A and B: Artificial salvia used as storage media

Both MTA Plus and Bio MTA+ showed significantly higher ∆E values
compared to Biodentine.

D i s c u s s i o n
Color is the most important property of observation during dental
procedures. Tooth discoloration impairs the esthetic outcome of
the tooth. A major etiology of tooth discoloration is the complex
reaction between the filling materials and coronal dentine of the
pulp chamber, which alters the appearance of the crown. If visionary
and color properties of the dentinal structure change, it tends to
alter the outward appearance of the crown; factors may be the
reflection and transmission of light. We used a spectrophotometer
(VITA) to measure color changes because of its enhance data
stability and accuracy.7
Pulpotomy involves the complete amputation of the coronal
pulp below the level of CEJ, whereas direct pulp capping involves
sealing of a small pulpal wound with a biomaterial. In pulpotomy,
the area of contact at the cement-dentin interface is more compared
to direct pulp capping. Posterior teeth possess relatively larger
pulp spaces than anterior teeth; hence, it was decided to perform
pulpotomy on posterior teeth to fully evaluate discoloration of the
selected biomaterials.
In our study, we selected caries free periodontally compromised
posterior teeth to decrease high chance of fracture during
extraction in comparison to the orthodontic teeth or impacted
third molars.
Research indicates in the pulpotomy procedure that the most
pronounced staining from dental materials occurs in the cervical
third of the crown;8 hence for our study also selected the cervical
third portion for measurement of tooth discoloration.
All calcium silicate-based materials used for pulpotomy
procedures show some amount of discoloration. The structure
and composition of a material both are major factors determining
its potential of discoloration. Metal constituents such as bismuth,
iron, aluminium, and magnesium are responsible for the resultant
discoloration.9 The porosities present in calcium silicate-based
materials entrap blood components and cause discoloration
of the material. This has a clinical significance because calcium
silicate-based materials are usually in direct contact with the living
vascular tissue.
Mineral trioxide aggregate, a biomaterial, is investigated for
endodontic application and composed of hydrophilic particles like
silicates and oxides. The bismuth oxide present in is MTA highly
responsible for tooth discoloration as observed in pulp capping
and pulpotomy procedures.10

Figs 3A to C: Spectrophotometer analysis

Recently, researchers have shown other materials having the
same biocompatibility as MTA and with more advantages over it.
This material is Biodentine, a calcium silicate‑based product that
was introduced in 2009.11 Biodentine contains zirconium oxide as
a replacement for bismuth oxide. Zirconium oxide is a bioinert
material with favorable mechanical properties and resistant to
corrosion. This was closely observed by Dettwiler et al. in 201612 in
an experiment. Biodentine showed potential least discoloration
and higher solubility and having the significant quicker setting time
than MTA. Biodentine could start to block the blood components
in 12 minutes, hence becomes more dense and packed after it sets
completely so amount of erythrocytes penetration becomes less,
which leads to less amount of tooth discoloration in the pulpotomy
procedure.
The Biodentine material shows high impact upon numerous
factors like absorption, strength, and density, as it contains more
amount of powder with water-reducing agent and less porosity.13
Camilleri et al. in 2013 concluded Biodentine and IRM exhibited
the lowest level or degree of porosity and less amount of tooth
discoloration.14
Recently, Bio MTA+ is used as a filling material and for
remineralization of root canals due to its smallest-size particles
that contain hydroxyapatite. It becomes plastic after mixing and
gives concrete consistency with advantage of three times higher
durability in comparison of traditional MTA.
In the present study, sodium hypochlorite was not used during
the procedure as NaOCl reacts with bismuth oxide and other heavy
metal oxides and gives black precipitations and pigmentations,
which cause tooth discoloration more after the pulpotomy
procedure.
In the present study, the specimens were stored in artificial saliva
throughout the period of analysis. Storage solutions are mostly used
to prevent dehydration of teeth and cross-contamination between
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Table 1: Mean (SD) values of CIE L*, a*, and b* chromatic parameters
Baseline

1st week

1st month

2nd month

LO
84.04
78.87
75.52

Ll
82.50
77.76
74.87

L2
79.70
75.34
74.14

L3
78.68
74.32
73.95

Baseline

1st week

1st month

2nd month

AO
2.42
1.97
5.76

Al
1.81
1.61
5.47

A2
1.31
1.05
5.38

A3
0.84
0.13
4.98

Baseline

1st week

1st month

2nd month

BO
23.44
23.12
26.49

Bl
22.10
21.78
25.96

B2
21.33
20.23
25.69

B3
20.29
19.45
25.10

L* parameter
Groups
MTA Plus
Bio MTA+
Biodentine

n
10
10
10

a* parameter
Groups
MTA Plus
Bio MTA+
Biodentine

n
10
10
10

b* parameter
Groups
MTA Plus
Bio MTA+
Biodentine

n
10
10
10

Table 2: Mean (SD) ∆Ε values of groups I–III in all experimental periods
Mean ∆E value of groups
Groups
MTA Plus
Bio MTA+
Biodentine

n
10
10
10

1st week

1st month

2nd month

∆E1
2.519
2.127
1.219

∆E2
5.087
4.815
1.887

∆E3
6.544
6.264
2.435

Figs 4A to C: (A1) MTA Plus at baseline; (A2) MTA Plus at 60 days; (B1) Bio MTA at baseline; (B2) Bio MTA+ at 60 days; (C1) Biodentine at baseline;
(C2) Biodentine at 60 days
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Biodentine should be the material of choice for best result in the
esthetic zone to avoid chances of tooth discoloration.
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