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[Abstract] Objective To investigate the incidence and risk factors of open gingival embrasures (OGEs) in the inci-

sor region after treatment with clear aligners in adult non-extraction patients and provide a reference for preventing the
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occurrence of an open gingival wedge gap in the incisal area after orthodontic treatment. Methods This study has
been reviewed and approved by the institutional medical ethics committee, and informed consent was obtained from the
patients. A total of 125 adult patients with malocclusion who completed clear aligner treatment at Hefei Stomatological
Hospital from September 2022 to December 2024 were selected as the study subjects. Based on the presence or ab-
sence of OGEs in the incisor region observed in frontal intraoral photographs taken immediately after treatment comple-
tion, the patients were divided into a normal group and an OGE group. Clinical data, including intraoral photographs,
digital models, and cone-beam computed tomography before and after treatment, were analyzed. Measurements such as
incisor overlap and rotation, crown morphology, number of attachments, and interproximal enamel reduction (IPR) were
recorded and analyzed. Results The incidence of OGEs between the maxillary and mandibular central incisors after
clear aligner treatment in adult patients was 28.8% and 39.2%, respectively. No statistically significant differences were
observed between the normal and OGE groups in terms of sex, Angle's classification, gingival biotype, overbite, overjet,
IPR amount, age, treatment duration, tooth axis angulation, or horizontal movement distance of mandibular central inci-
sors before and after treatment (P > 0.05). However, significant differences were found in the number of attachments, an-
teroposterior distance between mesial incisal angles, distance from the interproximal contact point (ICP) to the alveolar
bone crest (ABC) (ICP-ABC), horizontal distance between mesial cementoenamel junction (CEJ) of two adjacent central
incisors (CEJ-CEJ) and labial alveolar bone thickness (P < 0.05). IPR amount and mandibular incisor intrusion were sig-
nificantly associated with the severity of OGEs (P < 0.05). Regression analysis revealed that the number of attachments,
anteroposterior distance between mesial incisal angles, ICP-ABC distance, and CEJ-CEJ horizontal distance were sig-
nificantly correlated with the occurrence of OGEs. Conclusion The incidence of open gingival embrasures in the man-
dibular central incisor region is relatively high among adult patients treated with clear aligners. The number of attach-
ments (n = 2), the anteroposterior distance between the mesio-incisal angles, the distance from the tooth contact point to
the alveolar bone crest, and the horizontal distance between adjacent cementoenamel junctions have been identified as
risk factors for the development of open gingival embrasures upon completion of orthodontic treatment.

[Key words] orthodontic treatment; clear aligner; adult non-extraction treatment; red and white aesthetics; in-
cisor area; open gingival wedge-shaped gap; glaze the adjacent surface; orthodontic accessories; three-
dimensional measurement; moving distance; periodontal phenotype
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upper  incisors;  b:
lower incisors. The

line tangent to the low-

est point of the free gingiva was defined as reference line (A). Two additional reference lines parallel to (A) were established: reference line (B),

passing through the contact point of the two adjacent teeth, and reference line (C), bisecting the distance between (A) and (B). Based on the posi-

tion of the gingival papilla tip within the four regions formed by these three parallel lines, the severity of each group was classified as normal, mild,

moderate, or severe

Figure 1  Classification of open gingival embrasure severity in non-extraction patients undergoing clear aligner therapy
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Figure 2 Digital model measurement in the mandibular central incisor region

B2 RO X R A o AR A T

KA 22 1) 1 e iy (FE 4a) | 1E(ELAR 28 0K A el
ICP-ABC 2§ {3 th U1 2F i 4B 42 £ (interproxi-
mal contact point, ICP) %= 7 £ %5 Ti 1 ¥ 25 (alveolar
bone crest, ABC) (€] 4b) ; CEJ-CEJ 7K - i 2 18 % 41
LB A U] A Rl F o BT A (mesial cementoe-

namel junction, CEJ) [ 1Y B &5 (& 4¢) , J& M 24 R
JEEJE A R SR T 3d ) 5 O s I CEJ 2%
L IESHLMRTT 2 mm A — 5 AT 51 R4,
FE IG5 2 T AE (- T AT I AT

LEEN

a: horizontal reference plane; b: sagittal reference plane; c: coronal reference plane

Figure 3
3

134 CBCTEZWEW H ¥ Mimics21.0 5k
4, LA Dicom A% 35 A B 5% X5 55 16 T 1R A 45 R R
ZIW) CBCT 5248, #E47 il H & S =4k A, 43
FEARFIA S5 A9 3D ALY 2 BOSUI %5 FL LA K 4 A
) ZRB R R AR AT, AT A A, T 4
AE bR R E A Sk R A B . AR AR DR R RS A
XY - T 8 BT a5 LA K SN R AR 2 s
Fay gt ) -1, Y b SR a5 R SN T A
TGS S R T Z e SR A R
M H T XY P, 48wk Ty, B e As 200 A = 4E
MR R . DA Ul 5 A AR R E L K,

Identification procedure applied to select the measurement plane in the mandibular central incisor region

AR S DR - 1R E A R

NG R T U, A8 AR R AR Ak SRy A IS T A
VI 2F K 3l 5 8 0 F T 8] AR R AR AR, e o A
IMPA 5 DI AR TETUE , 358 T 6 b U0 28 (9 Y %l R 2 %
ZE(E BVAT A5 R 50 U0 2 AR IR T S KO ) A
FLIE B B I BE S, 20 S 7 O L1 T LR Bl A
L1 KR S BR824 8 ia Ja & il U1 2 s ) 2%
Bl AR W R E I A E(ES) .
1.4 St F o

K H4H N AH 5& R %4 (intraclass correlation coeffi-
cient, ICC) A5 56 P74k I & 45 1 — 8tk o a2
B2 TSR £ 1) Hhy — 44 AN RTGE R A G D Y



O &mBIE 20265 18 $34% F1H

+ 58 - Journal of Prevention and Treatment for Stomatological Diseases, Jan. 2026,Vol.34 No.l https://www.kqjbfz.com

CEJ reference line

2 mm apical to the CEJ

Z
!
/
4
G Long axis of the tooth @

a: measurement of the angle between tooth long axes; b: measurement of the ICP-ABC distance, ICP: interproximal contact point, ABC: alveolar

bone crest; ¢: measurement of the distance from left CEJ of right central incisor to right CEJ of left central incisor, CEJ: cementoenamel junction;

d: measurement of the labial alveolar bone thickness

Figure 4 Cone beam CT radiographic measurement in the mandibular central incisor region
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a: superimposed pre- and post-treatment maxillary tracings; b: superimposed mandibular and anterior tooth tracings; c: establishment of a three-

dimensional coordinate system

Figure 5 Maxillary and mandibular anterior teeth fitting degree and establishment of three-dimensional coordinates
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Table 1 ~ Comparison of categorical variables between the normal group and the open gingival embrasure group of the mandibular cen-

tral incisor region in adult non-extraction patients undergoing clear aligner therapy n(%)

Normal group

Open gingival embrasure group

Categorical variable X P
(n=76) (n=49)
Gender 0.38 0.538
Male 11(14.5) 4(8.2)
Female 65(85.5) 45(91.8)
Malocclusion 0.57 0.751
Class [ 32(42.1) 22(44.9)
Class 11 41(54.0) 25(51.0)
Class Il 3(3.9) 2(4.1)
Gingival biotype 0.38 0.828
Al 28(36.8) 19(38.8)
A2 42(55.3) 27(55.1)
B 6(7.9) 3(6.1)
Crowding 9.21 0.010
<4 mm 54(71.1) 23(46.9)
4-8mm 20(26.3) 24(49.0)
>8 mm 2(2.6) 2(4.1)
Overbite 1.75 0.625
Normal 24(31.6) 17(34.7)
1 35(46.1) 21(42.9)
11 14(18.4) 8(16.3)
m 3(3.9) 3(6.1)
Overjet 1.33 0.721
Normal 23(30.3) 16(32.7)
I 39(51.3) 23(46.9)
11 12(15.8) 9(18.4)
I 2(2.6) 1(2.0)
IPR in central incisors 0.69 0.407
0 mm 40(52.6) 30(61.2)
>0 mm 36(47.4) 19 (38.8
Attachments in central incisors 5.38 0.068
0 63(82.9) 35(71.4)
1 9(11.8) 6(12.3)
2 4(5.3) 3(16.3)

IPR : interproximal enamel reduction
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Table 2 Comparison of categorical variables between the mild and moderate open gingival embrasure groups of the mandibular central

incisor region in adult non-extraction patients undergoing clear aligner therapy

n(%)

Categorical variable Mild group Moderate group X P
(n=34) (n=15)
Gender 0.01 >0.999
Male 3(8.8) 1(6.7)
Female 31(91.2) 14(93.3)
Malocclusion 0.19 0.911
Class 1 16(47.1) 6(40.0)
Class IT 17(50.0) 8(53.3)
Class III 1(2.9) 1(6.7)
Gingival biotype 0.36 0.837
Al 14(41.2) 5(33.3)
A2 18(52.9) 9(60.0)
B 2(5.9) 1(6.7)
Crowding 0.51 0.774
<4 mm 17(50.0) 6(40.0)
4-8 mm 16(47.1) 8(53.3)
>8 mm 1(2.9) 1(6.7)
Overbite 2.21 0.531
Normal 13(38.2) 4(26.7)
| 15(44.1) 6(40.0)
11 5(14.7) 3(20.0)
11 1(3.0) 2(13.3)
Overjet 1.63 0.652
Normal 12(35.3) 4(26.7)
| 16(47.1) 7(46.6)
11 5(14.7) 4(26.7)
1| 1(2.9) 0(0)
IPR in central incisors 5.80 0.016
0 mm 17(50.0) 13(86.7)
>0 mm 17(50.0) 2(13.3)
Attachments in central incisors 1.90 0.386
0 26(76.4) 9(60.0)
1 4(11.8) 2(13.3)
2 4(11.8) 4(26.7)

IPR : interproximal enamel reduction
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Table 3 Comparison of continuous variables between the normal group and the open gingival embrasure group of the mandibular cen-

tral incisor region in adult non-extraction patients undergoing clear aligner therapy xS

Normal group

Open gingival embrasure group

Continuous variable (74 P
(n=76) (n=49)
Agelyears 25.32+6.78 27.12+5.92 1.53 0.128
Treatment duration/months 28.58+11.83 29.42+12.28 0.36 0.721
Anteroposterior distance between the mesioincisal angles/mm 0.38+0.54 0.67+0.71 2.14 0.032
Transverse distance between the mesioincisal angles/mm 0.42+0.51 0.78+0.95 2.37 0.018
Angle between the incisal edges/’ 164.70+9.44 165.00+6.99 0.14 0.892
Crown ratio (tooth shape) 0.71+0.08 0.64+0.07 1.40 0.164
Root angulation/’ —2.15+4.39 -2.48+5.02 1.68 0.095
Distance from ICP to ABC/mm 5.18+0.59 5.96+1.15 2.54 0.011
Right CE]J-left CEJ distance/mm 1.48+0.38 1.82+0.47 2.41 0.016
Labial alveolar bone thickness/mm 0.43+0.38 0.41+0.40 1.97 0.049
AIMPA/° 8.72+9.86 4.95+5.81 2.18 0.029
Vertical movement of L1/mm 1.42+1.68 2.51+1.62 2.51 0.012
Horizontal movement of L1/mm 1.68+1.52 1.73+1.61 0.18 0.854

ICP: interproximal contact point; ABC: alveolar bone crest; CEJ: mesial cementoenamel junction; A IMPA: changes in the angle between the mandibular

central incisor long axis and the mandibular plane before and after treatment; L1: mandibular central incisor
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Table 4  Comparison of continuous variables between the mild and moderate open gingival embrasure groups of the mandibular central

incisor region in adult non-extraction patients undergoing clear aligner therapy PED

Mild group

Moderate group

Continuous variable t/Z P
(n=15)
Agelyears 26.82+6.12 27.88+5.28 0.55 0.584
Treatment duration/months 29.12+12.03 30.18+13.12 0.28 0.782
Anteroposterior distance between the mesioincisal angles/mm 0.62+0.67 0.78+0.82 0.81 0.423
Transverse distance between the mesioincisal angles/mm 0.71+0.88 0.92+1.08 0.72 0.476
Angle between the incisal edges/’ 164.95+6.73 165.12+7.38 0.37 0.712
Crown ratio (tooth shape) 0.65+0.08 0.63+0.06 0.87 0.387
Root angulation/® -2.36+4.88 -2.75+5.38 0.25 0.801
Distance from ICP to ABC/mm 5.78+1.06 6.52+1.28 2.10 0.036
Right CEJ-left CEJ distance/mm 1.75+0.44 2.03+0.53 2.04 0.041
Labial alveolar bone thickness/mm 0.40+0.39 0.43+0.41 0.32 0.752
AIMPA/ 5.28+5.95 4.12+5.38 0.61 0.548
Vertical movement of L1/mm 2.35+1.58 3.18+1.79 2.01 0.044
Horizontal movement of L1/mm 1.70+1.58 1.81+1.68 0.21 0.834

ICP: interproximal contact point; ABC: alveolar bone crest; CEJ: mesial cementoenamel junction; A IMPA: changes in the angle between the mandibular

central incisor long axis and the mandibular plane before and after treatment; L1: mandibular central incisor
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Table 5  Univariate and multivariate analysis of risk factors for open gingival embrasure in the mandibular central incisor region in

adult non-extraction patients undergoing clear aligner therapy

Univariate analysis

Multifactor analysis

Variables P P
OR 95%CI OR 95%CI1
Crowding(ref. <4 mm)
4-8mm 2.71 1.35-5.44 0.005 1.72 0.68-4.35 0.256
>8 mm 2.17 0.30-15.73 0.443 1.38 0.16-11.82 0.768
Attachments in central incisors(ref. 0)
1 0.82 0.20-3.31 0.778 0.65 0.14-2.98 0.578
2 11.44 1.38-94.86 0.024 8.94 1.05-76.15 0.045
Anteroposterior distance between the mesioincisal angles/mm 1.58 1.09-2.29 0.016 1.52 1.03-2.24 0.035
Transverse distance between the mesioincisal angles/mm 1.72 1.02-2.91 0.042 1.35 0.73-2.49 0.339
Distance from ICP to ABC/mm 2.86 1.68-4.87 <0.001 2.18 1.15-4.13 0.017
Right CEJ-left CEJ distance/ mm 2.58 1.38-4.82 0.003 2.05 1.02-4.12 0.044
Labial alveolar bone thickness/mm 1.12 1.01-1.24 0.049 1.05 0.96-1.15 0.312
AIMPA/ ° 0.96 0.92-0.99 0.032 0.97 0.93-1.02 0.261
Vertical movement of L1/mm 1.42 1.11-1.81 0.005 1.18 0.88-1.58 0.271

ICP: interproximal contact point; ABC: alveolar bone crest; CEJ: mesial cementoenamel junction; A IMPA: changes in the angle between the mandibular

central incisor long axis and the mandibular plane before and after treatment; L1: mandibular central incisor
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