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[Abstract] Objective To compare the color stability of Biodentine and mineral trioxide aggregate (MTA) within the
blood environment in vitro and to further investigate the underlying reasons for such color instability. Methods We
first generated Biodentine and MTA discs with a diameter of 5 mm and a height of 3 mm. 24 discs of each material were
randomly divided into two groups: the deionized water group and the defibrinated sheep blood group. Discs of each
group were immersed for 1 day or 7 days before assessments. First, all discs were photographed to directly compare the
discoloration of Biodentine and MTA. The color degree of the two materials was tested by a spectrophotometer. Then,
the high-resolution morphological characteristics were observed by scanning electron microscopy. Finally, the chemical
contents of each element in the material were measured by energy-dispersive spectroscopy. Results Compared to im-
mediately after stripping, a change in the brightness of discs after immersion in defibrinated sheep blood for 1 day was
observed only in MTA. On the 7th day after being immersed in blood, the colors of both the Biodentine and MTA discs
darkened and turned deep red, but the darkness of the MTA discs increased significantly. The color change of MTA im-
mersed in blood was measured on a spectrophotometer with a greater 7-day AE (21.257 + 0.955) than the Biodentine 7-
day AE (5.833 + 0.501) (t = 24.781, P < 0.001). MTA exhibits more discoloration as the immersion time goes on. A sig-
nificant difference was noted between the 1-day AE(6.233 + 0.888) and the 7-day AE( = 19.956, P < 0.001) of MTA
immersed in blood. However, there was no statistically significant difference between the 1-day AE (6.790 + 0.831) and
the 7-day AE( = 1.707, P = 0.163) of Biodentine immersed in blood. It was observed by scanning electron microscopy
that after 7 days of immersion in the defibrinated sheep blood, the surface porosity of MTA was larger than that of Bio-
dentine, and the crystal edge of MTA became rounded and blunt. The analysis by energy-dispersive X-ray spectroscopy
showed that the oxygen content decreased and the bismuth content increased in MTA after immersion in defibrinated
sheep blood for 7 days. Zirconium was not detected in Biodentine due to its low radiodensity, but the contents of other
elements were stable in Biodentine after immersion in defibrinated sheep blood for 7 days. Conclusion The color sta-
bility of Biodentine within the blood environment is better than that of MTA in vitro, which is mainly related to the low
surface porosity and stable composition of the anti-radiation agent of Biodentine.

[Key words] Biodentine; MTA; color stability; pulp revascularization; tooth discoloration; hone cement;
dental pulp regeneration; material characterization
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Table 1  Basic color and composition of the two materials

Material Basic color Composition

Tricalcium silicate, dicalcium silicate,

MTA Gray tricalcium aluminate, tetracalcium alu-
minoferrite, bismuth oxide
Powder: tricalcium silicate, dicalcium
silicate, calcium carbonate, calcium ox-
Biodentine Primrose yellow ide, zirconium oxide, ferric oxide

Liquid: calcium chloride, water-soluble

polymer

MTA: mineral trioxide aggregrate
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Photographs of Biodentine and MTA discs after different treatments were arrayed as shown. The color of the MTA disc immersed in
deionized water for 7 days darkened and turned yellow. After immersion in defibrinated sheep blood for 1 day, only the MTA disc
displayed a decline in brightness. On the 7th day after being immersed in blood, the colors of both the Biodentine and MTA discs
darkened and turned deep red, but the darkness of the MTA discs increased significantly. MTA : mineral trioxide aggregate

Figure 1 Photographs of Biodentine and MTA discs immersed in deionized water or defibrinated sheep blood at

different time points
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Table 2 AE of Biodentine and MTA discs immersed in deionized water or defibrinated sheep blood for 1 day or 7 days xS
Deionized Deionized . P Defibrinated sheep Defibrinated , P
water 1 d water 7 d blood 1 d sheep blood 7 d
Biodentine 2.937+0.099 4.063 +0.450 4.239 0.013 6.790+0.831 5.833+0.501 1.707 0.163
MTA 6.163+0.241 13.427+0.926 13.145 < 0.001 6.233+0.888 21.257+0.955 19.956 <0.001
t 21.437 15.752 0.793 24.781
P <0.001 <0.001 0.472 < 0.001

The horizontal direction shows the statistical results of the 7th day AE and the 1st day AE of the material itself in the same immersion liquid. The verti-
cal direction shows the statistical results of the two materials AE under the same conditions. There was no statistically significant difference between the
7th day AE and the Ist day AE of Biodentine immersed in defibrinated sheep blood. There was a statistically significant difference between the 7th day
AE and the 1st day AE MTA immersed in defibrinated sheep blood. MTA: mineral trioxide aggregate
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a: AL, Aa and Ab of Biodentine and MTA immersed in deionized water for 7 days; b: AL, Aa and Ab of Biodentine and MTA im-

mersed in defibrinated sheep blood for 7 days. MTA : mineral trioxide aggregate; ***: P < 0.001 vs. MTA

Figure 2 Comparison of AL, Aa and Ab of Biodentine and MTA immersed in deionized water or defibrinated sheep blood

for 7 days
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Untreated Deionized water 1 d Deionized water 7 d Defibrinated sheep blood 1 d  Defibrinated sheep blood 7 d

Biodentine

MTA

The surface porosity of MTA was significantly larger than that of Biodentine at each time point in both liquid environments. MTA : mineral tri-
oxide aggregate. Scale plate: 10 pm
Figure 3 Morphological characteristics of Biodentine and MTA discs immersed in deionized water or defibrinated sheep

blood at different time points detected by scanning electron microscopy
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a: EDS results of Biodentine and MTA discs immersed in defibrinated sheep blood for 7 days with untreated discs as controls; b: atomic
ratio of oxygen and bismuth in untreated MTA discs and MTA discs immersed in defibrinated sheep blood for 7 days, there was a statisti-
cally significant difference between untreated MTA discs and MTA discs immersed in defibrinated sheep blood for 7 days. EDS: energy
dispersive spectroscopy ; MTA : mineral trioxide aggregation. *: P < 0.05

Figure 4 Results of elemental content determination of Biodentine and MTA discs immersed in defibrinated sheep blood

for 7 days compared with untreated discs
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