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[Abstract] Objective To compare the efficiency of four methods that remove calcium hydroxide in root canals and

to guide clinical practice. Methods Sixty-five isolated mandibular single root canal premolars were collected. After
crown cutting and root canal preparation, a tooth was randomly selected as the blank control group, and the remaining
64 teeth were equally divided into Groups A and B (n = 32). Group A was injected with water-soluble calcium hydrox-
ide, and Group B was injected with oil-soluble calcium hydroxide. After 2 weeks of drug sealing, Groups A and B were
randomly divided into 4 groups (n = 8), including the lateral opening syringe group, sonic vibration group, ultrasonic
group, and Er: YAG laser group. Before and after calcium hydroxide removal, the samples were scanned by cone-beam
CT, and the data were imported into Mimics for 3D reconstruction. The root canal was divided into the following seg-
ments: superior root segment, middle and apical, and the calcium hydroxide volume of each segment of the root canal
was calculated. The volumes of calcium hydroxide before and after removal were V, and V., respectively, with a clear-

ance rate = (V,-V2)/V,X100%. Three-factor ANOVA was used for statistical analysis. After Groups A and B were recon-
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structed, the apical region with residual calcium hydroxide was selected, and the blank control was observed by scan-
ning electron microscopy (SEM). Results Two types of calcium hydroxide could not be completely removed by the four
flushing methods. The clearance rate of water-soluble calcium hydroxide was higher than that of oil-soluble calcium hy-
droxide (P < 0.001). Among the three segments of the root canal, the clearance rate of the apical segment was lower (P <
0.05). The Er: YAG laser treatment group showed the highest removal efficiency of two kinds of calcium hydroxide,
which was higher than that of the other groups, especially in apical of the root. Compared with the sonic wave washing
group and the syringe washing group, the ultrasonic wave washing group exhibited significant advantages (P < 0.05).
The clearance rate of the sonic wave washing group was higher in the oily calcium hydroxide root middle group than in
the syringe washing group (P < 0.05). SEM showed that the two kinds of calcium hydroxide could not be completely re-
moved, but the residual rate of oil-soluble calcium hydroxide was large. Conclusion Both types of calcium hydroxide
could not be completely removed, and compared to water-soluble calcium hydroxide, oil-soluble calcium hydroxide was

more difficult to remove. Among the four cleaning methods, Er:YAG laser swing washing showed the higher cleaning ef-

ficiency.

[Key words] calciumhydroxide; root canal irrigation; Er: YAG laser cleaning; ultrasonic cleaning; ~sonic vibra-

tion; Mimics software
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SYIG: syringe irrigation group; SOIG: sonic irrigation group; ULIG: ultrasonic irrigation group; LAIG: laser-activated irrigation group. The

residual amount of oil-soluble calcium hydroxide was more than that of water-soluble calcium hydroxide. PIIG group has the best cleaning

effect. Calcium hydroxide were more likely to remain at 1/3 of the root apical

Figure 1  Three-dimensional reconstruction of water-soluble calcium hydroxide or oil-soluble calcium hydroxide removal

from root canals by different flushing methods
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Table 1 Volume comparison of water-soluble calcium hydroxide or oil-soluble calcium hydroxide removal from root

canals by different flushing methods mm’, x £ §

Water-soluble calcium hydroxide Oil-soluble calcium hydroxide

SYIG SOIG ULIG LAIG SYIG SOIG ULIG LAIG

P

Upper root canal V, 6.06 + 1.05 6.72£1.51 570+0.97 585+0.25 545+0.73 5.00+1.00 5.67 =137 599 +095 1.898 0.087
Middle of root canal V, 4.39 +0.56 4.29 + 1.48 390+ 0.75 4.39+0.78 3.44+£0.42 399+ 148 343 +0.82 339+0.86 1.667 0.136
Root apical V, 217+0.64 148 £0.49 1.81 +£0.53 2.02+095 197+0.83 1.67+0.55 1.69+0.69 1.41+0.52 1273 0.280

Upper root canal V, 545+0.73 0.72+£023 0.11 £0.14 0.16+0.17 1.62+046 121 +0.23 1.18 +0.31 0.96 +0.16 24.796 <0.001
Middle of root canal Vo 0.87 £0.22 0.64 +0.43 039 £0.16 045031 1.52+031 147 +0.68 1.15+0.21 0.81 £0.24 15270 <0.001
Upper root canal V, 0.72+0.23 046 +0.16 049 +0.29 031 +021 152+0.70 1.09 £0.56 1.05+0.77 0.64 +0.22 5997 <0.001

SYIG: syringe irrigation group; SOIG: sonic irrigation group; ULIG: ultrasonic irrigation group; LAIG: laser-activated irrigation group

« "
SEM HV: 20.0 kV WD: 14.84 mm SEM HV: 20.0 KV WD: 14, SEM HV: 20.0 kV WD: 15.74 mm
Det: BSE SEM MAG: 5.00 kx |10 um Det: BSE SEM MAG: 5.00 kx | 10 um Det: BSE SEM MAG: 5.00 kx 10 um
|

a: blank control group, the morphology of dentin tubules in the apical segment were completely open; b: water-soluble calcium hydrox-
ide group, the morphology of dentin tubules in the apical segment were open mostly; c: oil-soluble calcium hydroxide group, the mor-
phology of dentin tubules in the apical segment were not open basically
Figure 2 Morphology of different types of calcium hydroxide residues in root canals observed under scanning electron
microscope (X5 000)
2 HRHRET WS WA RIS R S A5 5 B I 25 (%5.000)

®2 by SR Y SR B IR 20 b
Table 2 Three way analysis of variance for irrigation methods

and disinfection drugs and root canal segments

a RMS F P
Source 3 2361.994 28396 <0.001
DM 1 27722283 333284  <0.001
RCS 2 15362442 184.691  <0.001
RM * DM 3 198.627 2388 0.071
IM * SRC 6 201.339 2.421 0.029
DM * RCS 2 1193.29 14346 <0.001
IM * DM * RSC 6 67.395 0.81 0.563

DM: disinfectant medicine; RCS: root canal segmentation; RM: rinse

method; IM: irrigation method; SRC: segmented root canal
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== Upper of root canal
150 E= Middle of root canal
= Apical of root canal
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Clearance rate (%)
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Water-soluble calcium hydroxide

=3 Upper of root canal
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Oil-soluble calcium hydroxide

SYIG: syringe irrigation group; SOIG: sonic irrigation group; ULIG: ultrasonic irrigation group; LAIG: laser-activated irrigation group. Differ-

ent letters indicate significant difference of clearance rate of calcium hydroxide with different washing methods (P < 0.05). *: the significant

difference of calcium hydroxide clearance in root canal segments (P < 0.05)

Figure 3 The removal rate of water-soluble calcium hydroxide or oil-soluble calcium hydroxide removal from root canals by

different flushing methods
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