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[Abstract] Objective To study the effect of orthodontic traction on the roots and periodontal soft and hard tissues
of buried obstructed upper incisors. Methods This study was reviewed and approved by the ethics committee, and in-
formed consent was obtained from the patients. From January 2018 to December 2022, 40 patients who underwent orth-
odontic traction on impacted upper incisors were selected; those whose contralateral homonymous apical foramen was
not developed were placed in group A (23 cases), and those whose contralateral homonymous apical foramen was devel-
oped were placed in group B (17 cases). Software was used to measure the root length of the impacted upper incisors in
groups A and B on cone beam CT (CBCT) images before and after traction and compare the changes in alveolar bone (al-
veolar bone width, labral bone plate thickness, and horizontal height of alveolar bone) and keratinized gingival width be-
tween each impacted upper incisor and the corresponding contralateral tooth immediately and one year after traction.
Results The root length of the impacted upper incisors increased after traction compared to before traction (P < 0.05).
The width of the alveolar bone at the completion of traction in group A was similar to that of the contralateral homony-
mous tooth (P > 0.05), whereas the width of the alveolar bone at the completion of traction in group B did not reach that
of the contralateral homonymous tooth, with a significant difference in width (P < 0.05). Neither the labial bone plate
height or width in group A or B reached that of the contralateral homonymous tooth after traction (P < 0.05). The keratin-

ized gingival width on the affected side was also significantly smaller than that on the contralateral side (P < 0.05), but
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it was increased significantly in group A at the one-year follow-up visit (P < 0.05). Conclusion Tooth traction is con-

ducive to impacted upper incisor root growth, alveolar bone reconstruction and keratinized gingival growth but cannot

produce complete symmetry with respect to the contralateral side.

[Key words] impacted teeth; keratinized gingiva width; alveolar bone width; root length; cone beam CT; orthodon-

tic traction; anterior tooth aesthetics; gingival biotype
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Line segment (1): the long axis of the tooth; line segment (2): the connection between the root tip and
the lip and palate side; line segment (3): the connection of the alveolar crest on the lip and palatal
side; A: the intersection between the tooth and the long axis; B: root point; C: the intersection be-
tween the apical point and the vertical line in the labial alveolar bone; D: the intersection of the api-
cal point and the vertical line of the alveolar bone on the palatal side; E: labial cemento-enamel junc-
tion; F: the apx of the labral alveolar crest; G: the lateral cemento-enamel junction of the palate; H:
the apex of the alveolar ridge on the palatal side

Figure 1  Screenshot of cone beam CT sagittal measurement of root length and periodon-

tal hard tissue width of maxillary mesial incisors
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Table 1 ~ Comparison of root length before and after

traction in groups x*s

Root length/mm

Group A Group B
Before traction 8.39 + 1.53 9.94 + 1.48
After traction 10.13 +0.99 11.55 + 0.98
t -7.398 -3.991
P <0.001 0.001

Group A: the apical foramen of the contralateral tooth has not been de-
veloped; Group B: the apical foramen of the contralateral tooth has been

developed
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Table 2 Comparison of alveolar bone and KGW measurements of the impacted teeth and the contralateral

tooth after traction in group A xEs
The width of the alveolar Lip side bone plate Labial alveolar bone  Horizontal height of the
KGW/mm
bone/mm thickness/mm horizontal height/mm alveolar bone/mm

Impacted teeth 10.71 £ 0.98 2.75 + 1.08 1.84 + 0.49 0.86 +0.71 3.82 +0.59
The contralateral tooth of the same name 10.94 + 0.99 4.73 + 0.98 1.24 + 0.47 0.78 + 0.49 5.96 + 0.31

t -0.800 -6.796 4.465 0.579 -15.887

P 0.78 <0.001 0.001 0.560 <0.001

Group A: the apical foramen of the contralateral tooth has not been developed; KGW: keratinized gingival width
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Table 3 Comparison of alveolar bone and KGW measurements of theimpacted teeth and the contralateral

tooth after traction in group B xEs
The width of the alveolar Lip side bone plate Labial alveolar bone Horizontal height of the
bone/mm thicknesshnm  horizontal heightfmm  alveolar bonefmm
Impacted teeth 10.49 + 1.00 3.06 + 0.58 1.53 £ 0.27 1.31 £0.20 3.73 £ 0.38
The contralateral tooth of the same name 11.57 = 0.58 4.04 + 0.68 1.14 £ 0.23 0.95 + 0.29 5.71 £ 0.39
t —-3.834 -4.523 4.557 4.188 -14.978
P <0.001 <0.001 <0.001 <0.001 <0.001
Group B: the apical foramen of the contralateral tooth has been developed; KGW: keratinized gingival width
R4 AHET] VRS BIF ORI RS SO AR v e
Table 4  Changes in root length, alveolar bone, and keratinized gingival width of impacted teeth
in Group A after one year of traction XEs
Root length The width of the Lip side bone plate Labial alveolar bone Horizontal height of the KW /mm
alveolar bone thickness horizontal height alveolar bone
After traction 9.95 + 1.03 10.97 = 1.16 283+ 1.1 1.83 £ 0.35 0.94 + 1.04 3.87 £ 0.57
One year after traction  11.45 + 0.68 11.10 = 1.19 3.09 = 1.28 1.49 + 0.34 0.92 +0.89 4.76 + 0.66
t -4.022 -1.998 -1.924 5.346 0.349 -4.346
P 0.003 0.077 0.087 0.001 0.74 0.002
Group A: the apical foramen of the contralateral tooth has not been developed; KGW: keratinized gingival width
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Table 5 Changes in root length, alveolar bone, and keratinized gingival width of impacted teeth
in Group B after one year of traction xEs
The width of the Lip side bone plate Labial alveolar bone Horizontal height of the
Group B oot length 1 eolar bone thickness horizontal height alveolar bone RGW/mm
After traction 11.15 £ 0.61 10.47 + 1.03 2,95 +0.50 1.54 £ 0.37 1.34 +0.23 3.70 £ 0.37
One year later traction  11.32 + 0.72 10.74 + 0.77 3.01 £ 0.47 1.42 £ 0.31 1.26 +0.22 3.81 £0.31
t -1.297 -2.244 -2.401 2.301 2.121 -2.066
P 0.242 0.066 0.053 0.061 0.078 0.084
Group B: the apical foramen of the contralateral tooth has been developed; KGW: keratinized gingival width
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a: pretreatment CBCT showed 11 vertical bone ambush impacted, unclosed apical foramen, 12 small teeth, 21 the apical aperture was not

closed, 74 the residual roots, 85 early loss; b: poor oral hygiene, 51, 52 stranded, 21, 22 sprout in place; c: surgical window exposure 11, splice

buckle-ligation wire combination, orthodontic closed pull 11 to move; d: end of treatment CBCT showed 11 traction in place, root parallelism of

the maxillary incisor is acceptable, 85 existing gaps are maintained; e: the intraoral photo at the end of treatment showed 11, 21 inconsistent la-

bial gingival height, 11, 21, 22 the labial side remained filament maintained

Figure 2 The apical foramen of the contralateral tooth has not been developed, 11 CBCT screenshots and oral photos before

and after impacted orthodontic treatment
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a: pretreatment CBCT showed 11 vertical bone ambush impacted, unclosed apical foramen, 21 the apical aperture was closed; b: poor oral hy-

giene, no oral presence in 11, 12 the torsion is uneven, 21, 22 sprout in place; c: surgical window exposure 11, splice buckle-ligation wire com-

bination, orthodontic closed pull 11 to move; d: end of treatment CBCT showed 11 traction in place, root parallelism of the maxillary incisor is

acceptable; e: the patient showed poor oral hygiene, red gingival swelling in the maxillary anterior tooth area, 11, 21 labial gingival height incon-

sistency, 11, 12, 21, 22 the labial side remained filament maintained

Figure 3 The apical foramen of the contralateral tooth has been developed, 11 CBCT screenshots and oral photos before and

after impacted orthodontic treatment
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