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[Abstract] Objective To investigate changes in the three-dimensional position of the maxillary canine during the
distal movement of the maxillary first molar by a mini-implant combined with a CD appliance. Methods Ten typodont
models of class II malocclusion were selected, and one side was randomly chosen as the experimental group. The CD ap-
pliance was bonded to the maxillary canine and first molar of the experimental group, and 1.2 mm stainless steel wire
was bent as the anchorage, which was fixed on the model to simulate mini-implants implanted in the zygomatic alveolar
ridge. Then, 180 g orthodontic force was applied to the canine of the experimental group; the other side was recognized
as the control group and was not used for strengthening. Six mini-implants were implanted in different parts of the mod-
el and used as a reference before and after the experiment. The models were placed in an incubator and heated at 56 C
in a water bath for 2 min. The models were scanned before and after thermostatic water bath treatment with a 3-shape
scanner. Then, the digital models were overlapped through the reference points, and the positions of the canines and

first molars were measured before and after the experiment. Results The sagittal movement distance of the first molar
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in the experimental group was ( 0.25 + 0.33) mm, and the vertical movement distance was (0.25 + 0.28 )mm, which was
significantly different from the control group (P < 0.05), while the transverse change was not significantly different (P >
0.05). There was no significant difference in the root position of the first molar in the experimental group (P > 0.05).
The lateral and vertical displacement distances of the maxillary canine crown in the experimental group were (4.03 +
2.11) mm and (1.86 + 1.01) mm, respectively, which were significantly different from those in the control group (P <
0.001), while the sagittal changes showed no significant differences (P > 0.05). In the experimental group, there was no
significant difference in the position of the apex of the maxillary cusp (P > 0.05). Conclusion Our in vitro study

showed that the maxillary canines inclined buccally accompanied by a small amount of intrusion during molar distaliza-

tion by a mini-implant combined with a CD appliance.

[Key words] mini-implant; CD appliance; class I malocclusion; anchorage; tooth movement; distal move-

ment; maxillary molars; maxillary canines; three-dimensional position
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a&b: the digital model and reference points before and after the experiment; c-e: the digital models before and after the experiment were
overlapped according to the marker points; f-h: after the registration of the tooth model and the digital model, the digital dentition with
crown and root was formed

Figure 2 Overlap and registration of digital models before and after the experiment
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a: the X-plane passes through the origin (the midpoint between the maxillary central incisors) and is parallel to the line connecting the mesi-
al palatal cusp tips of the maxillary molars. The Y-plane is perpendicular to the X-plane and passes through the origin; b: the Z-plane is per-
pendicular to the X-plane and Y-plane, passing through the origin; c¢: mark on the cusp tip and root apex of the maxillary canine teeth; d:
mark on the central fossa and furcation of the maxillary first molar teeth

Figure 3 Establishment of the coordinate system and measurements
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Table 1  Changes in the three-dimensional position of the maxillary first molar before and after the experiment X+s, mm
Groups Xe Xr Ye Yr Zc Zr
Experimental group 0.54 £ 1.07 0.17 £ 0.84 0.25 +£0.28 0.09 +0.25 0.25 £0.33 0.13+0.33
Control group -0.09 + 0.24 -0.04 + 0.40 -0.01 = 0.07 -0.03 = 0.09 -0.01 £ 0.21 0.12 £ 0.18
t 1.186 0.711 2.879 1.434 2.108 0.084
P 0.086 0.486 0.01 0.169 0.049 0.934

Xe: the change of X plane value of maxillary first molar crown; Xr: the change of X plane value of the root; Ye: the change of Y plane value of the crown;

Yr: the change of Y plane value of the root; Ze: the change of Z plane value of the crown; Zr: the change of Z plane value of the root
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Table 2 Changes in the three-dimensional position of the maxillary canine before and after the experiment X+s, mm
Groups Xe Xr Ye Yr Zc Zr
Experimental group 4.03 +2.11 0.34 + 2.64 1.86 + 1.01 -0.31 + 0.94 0.80 = 1.15 0.56 + 0.98
Control group -0.05 +0.29 0.15+1.16 -0.07 £ 0.15 0.03 +0.26 0.05 +£0.32 0.32 +0.84
t 6.293 0.201 5.978 -1.044 2212 0.469
P <0.001 0.845 < 0.001 0.324 0.054 0.650

Xe: the change of X plane value of maxillary first molar crown; Xr: the change of X plane value of the root; Ye: the change of Y plane value of the crown;

Yr: the change of Y plane value of the root; Zc: the change of Z plane value of the crown; Zr: the change of Z plane value of the root
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