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dibular incisors of untreated adults and post-orthodontic treatment adults, with the aim of providing strategies for pre-

venting and managing alveolar bone defects during orthodontic treatment. Methods This study was reviewed and ap-

proved by the Medical Ethics Committee. Clinical records, panoramic radiographs, cephalometric radiographs, and cone

beam computed tomography (CBCT) images and informed consent were obtained for 150 untreated adults and 150 post-

orthodontic adults. The untreated adults and post-orthodontic adults were respectively divided into three subgroups:

skeletal Class I , Class I and Class IIl, with 50 cases per subgroup. Meanwhile, 60 cases with completeness of pre-

and post-orthodontic data were enrolled from 150 post-orthodontic adults, including 20 cases each of skeletal Class I ,

Class II, and Class Ill. Cephalometric radiographs were imported into Dolphin software to measure skeletal parameters.

CBCT images were imported into Mimics software to assess alveolar bone defects and to measure alveolar bone thick-

ness of mandibular incisors among three groups: 150 untreated adult groups, 150 post-orthodontic groups and the pre-

and post-treatment status of 60 patients selected from the latter group. Results Untreated adult patients: the preva-

lence of labial dehiscence and fenestration in the mandibular incisors was higher than that on the lingual side among

skeletal Class [ , II, and Il malocclusion patients, and there was a statistically significant difference in the alveolar

bone thickness of the mandibular incisors among the three classes. Post-orthodontic treatment adults: for skeletal Class

I and II patients, the prevalence of lingual bone dehiscence in the mandibular incisors was significantly higher in the

extraction groups than in the non-extraction groups; correspondingly, the lingual alveolar bone was also thinner in the

extraction groups; Class I non-extraction patients showed a higher prevalence of labial bone fenestration but a lower

prevalence of lingual bone fenestration in mandibular incisors compared to Class II extraction patients; the orthodontic-

orthognathic combined treatment group showed significantly higher prevalence of labial/lingual bone dehiscence and

thinner alveolar bone at multiple sites in the mandibular incisors compared to the camouflage group in skeletal Class Il

patients. Comparison of mandibular incisor bone defects and thickness before and after orthodontic treatment in adult

patients: in skeletal Class [ and Il patients treated with premolar extraction and Class Il patients treated with

orthodontic-orthognathic combined treatment, the lingual alveolar bone of mandibular incisors exhibited significant re-

sorption and thinned after treatment, and this was accompanied by an increased prevalence of dehiscence; in non-

extraction patients, Class [ non-extraction patients showed thinning of the crestal-labial bone and apical-lingual bone,

Class Il patients showed thinning of the crestal-labial bone and middle-labial bone of the mandibular incisors, along

with an increased prevalence of dehiscence. Conclusion In malocclusion adults, alveolar bone defects were already

present in the mandibular incisors before orthodontic treatment. The alveolar bone defects and thickness in mandibular

incisors among post-orthodontic adults were influenced by the treatment plan and Class of skeletal malocclusion.

[Key words] dehiscence; fenestration; bone defect;

alveolar bone thickness; skeletal malocclusion; orth-

odontic treatment; camouflage orthodontic treatment; orthodontic-orthognathic combined treatment
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a: the CBCT images identify the sagittal section with the most severe dehiscence, along the axis of the tooth; the distance from the alveolar crest to

the cementoenamel junction (CEJ) was measured and recorded as d1; b: on the coronal plane, the distance from the interproximal alveolar crest to

the CEJ was measured, with the smaller value defined as d2, which represents the height of the interproximal alveolar bone; c: bone fenestration

on the labial root surface in the sagittal plane; d-f: labial fenestration: the coordinate axis was moved upward and downward in the cross-sectional

window; the absence of alveolar bone coverage on the labial root surface was observed across at least three consecutive layers

Figure 1  Diagnostic for alveolar bone defects in adult mandibular incisors
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a: the maximal buccolingual section of CBCT images mark the lingual cementoenamel junction (CEJ) point (Point 1) and the labial CEJ point

(Point 2); reference planes L1, L2, and L3 parallel to the CEJ line were constructed, spaced 3 mm apart from the CEJ toward the apex (L1 = cervi-

cal root, L2 = middle root, and L3 = apical root). The intersection points of planes L1, L2, and L3 with the lingual and labial alveolar bone are la-
beled 3, 4, 7, 8, 11, and 12, respectively. b-d: the shortest distance 3-5/4-6 (figure b), 7-9/8-10 (figure c), 11-13/12-14 (figure d) represent lingual/

labial alveolar bone thickness at level L1, L2, and L3 of the incisor at the horizontal section, respectively

Figure 2 Diagram of the method for measuring alveolar bone thickness of mandibular incisors in adults in CBCT images
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Table 1  Prevalence of dehiscence and fenestration in man-
dibular incisors among the untreated adult orthodontic patients

group n (%)

Alveolar bone dehiscence
Class I ClassIl Classll x> P Post hoc
27 (13.5) 25 (12.5) 34 (17.0) 1.819 0.403 -
12 (6.0) 11.5860.003 1>1I
>

Mandibular incisors

Labial (n = 200)
Lingual (n = 200) 8 (4.0) 0

Alveolar bone fenestration
Class I ClassIT ClassIl ~ x? P Post hoc
65 (32.5) 39 (19.5) 59 (29.5) 9.367 0.009 [>1I
r>1
Lingual (n =200)  3(1.5) 1(0.5) 3(1.5) 1.2390.709 -

Mandibular incisors

Labial (n = 200)

Each skeletal Class comprised 50 cases in the untreated adult orthodon-
tic patients group. In post hoc tests, the symbol “~"indicates that no fur-
ther analysis was conducted as P>0.05. Pairwise comparisons of the
prevalence of labial and lingual bone dehiscence and fenestration of
mandibular incisors in adults with skeletal Class 1, II, and IIl, respec-

tively, showed P<0.05
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Table 2 Alveolar hone thickness at different levels of mandibular incisor roots among the untreated adult patients group IQR (P,s, P,s)

Bnoe thickness

o Crestal-total ~ Crestal-labial = Crestal-lingual Mid-total Mid-labial ~Mid-lingual Apical-total ~Apical-labial ~Apical-lingual
Class [ 6.3 0.6 0.6 6.2 0.3 1.1 6.5 2.9 3.9
(n=200) (54, 6.9) (0.2, 0.9) (0.3, 0.8) (5.7, 6.9) (0,05) (09,1.6) (56,74) (24,36) (3.3, 48)
Class Il 6.5 0.7 0.5 6.3 0.4 1.0 6.1 2.9 3.8
(n =200) (6.0, 7.0) (0.3, 09) (0.3, 0.7) (59,68) (0.1,07) (08,14) (56,69) (22,34) (3.2, 4.7)
Class Il 6.6 0.5 0.6 6.6 0.3 1.3 6.9 2.6 4.9
(n =200) (59,172) (0.1, 0.8) (0.4, 09) (5.8,7.3) (0,05) (0.8,18) (60,79) (20,33) (4.0, 5.8)
H 12.230 9.232 8.049 6.372 15.671 11.374 33.062 16.833 70.738
P 0.002 0.010 0.018 0.041 <0.001 0.003 < 0.001 <0.001 < 0.001
Post hoc I>1 > m>1 m>T I>1 m>1 m>1 [>T m>T
m>1 > > > m>1

Each skeletal Class comprised 50 cases in the untreated adult patients group. The Kruskal-Wallis H test was used for intergroup comparisons
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Table 3 Prevalence of alveolar bone dehiscence and fenestration of mandibular incisors among the post-orthodontic treatment adult

patients group n (%)

Mandibular incisors Alveolar bone dehiscence Alveolar bone fenestration

Labial Lingual Labial Lingual

Class | Extraction group (n=128) 26(20.3) 45(35.2) 24(18.8) 5(3.9)

Non-extraction group (n=72) 17(23.6) 1(1.4) 8(11.1) 5(6.9)

X 0.297 29.668 2.001 0.895

P 0.586 <0.001 0.157 0.500

Class Il Extraction group (n=108) 24(22.2) 32(29.6) 11(10.2) 6(5.6)
Non-extraction group (n=92) 26(28.3) 6(6.5) 32(34.8) 0

X 0.966 17.237 17.81 5.269

P 0.326 <0.001 <0.001 0.032

ClassIll Camouflage group (n=96) 21(21.9) 31(32.3) 12(12.5) 3(3.1)
Orthodontic-orthognathic group (n=104) 54(51.9) 58(55.8) 12(11.5) 0

X 19.231 11.141 0.044 3.299

P <0.001 0.001 0.834 0.109

Each skeletal Class comprised 50 cases in the post-orthodontic treatment adult patients group. The skeletal Class I group comprised 32 patients in the
extraction group and 18 adults in the non-extraction group. The skeletal Class Il group comprised 27 patients in the extraction group and 23 patients in

the non-extraction group. The skeletal Class Il group comprised 24 patients in the camouflage group and 26 patients in the orthodontic-orthognathic group

IR 53R 7 2 AR D) S e 2 A R J7 4 R B SR R L R AR sk i B
JERE /N TR T AR B K AR %(3£4),

4 ERSIATEGR RO AR KCP T 9 o
Table 4  Alveolar bone thickness at different levels of mandibular incisor roots among post-orthodontic treatment adult patients group

IQR (PZS’ P75)

Buoe thickness/mm Crestal- Crestal- Crestal- Midetotal  Mid-labial Mid- Apical- Apical- Apical-
total labial lingual lingual total labial lingual
Extraction group 6.2 0.4 0.2 6.3 0.5 0.5 6.9 44 3.1
(n=128) (54,69) (006) (007) (5472) (03,1.0) (0,1.0) (5980) (3459) (2439)
Clase T Non-extraction group 6.3 0.3 0.6 6.9 0.5 1.1 7.5 4.0 3.7
(n=72) (58,7.0)  (0,06) (03,09) (6.0,7.7) (0.1,1.0) (0.8,1.7) (6.29.5) (29,69) (3.04.3)
U 4177.0 4 470.5 30125 3483.0 4378.0 2 563.5 3737.0 44155 3478.0
P 0.273 0.721 <0.001 0.004 0.557 <0.001 0.027 0.624 0.004
Extraction group 6.3 0.5 0.3 6.3 0.5 0.5 6.7 4.0 3.0
(n=108) (5.6,7.1) (0,0.8) (0,07) (5.6,7.2) (0.2,09) (0,1.1) (5.88.1) (3.0,52) (1.94.1)
Clase I Non-extraction group 7.1 0.4 0.9 7.1 0.2 1.5 7.4 33 44
(n=92) (6.1,7.7)  (0,08) (0513) (6477) (006) (1.02.1) (6.883) (2545) (3.653)
U 34145 4562.0 23125 34475 3563.0 2061.5 3 842.0 3 859.0 2 480.5
P <0.001 0.287 <0.001 <0.001 <0.001 <0.001 0.005 0.006 <0.001
Camouflage group 6.1 0.4 0.3 6.2 0.3 0.7 6.5 3.1 39
(n=96) (5.6,6.9) (0,0.7) (0,06) (556.8) (0.1,05) (0.1,1.2) (5.7,7.6) (2.44.1) (294.9)
ClassI Orthodontic-orthognathic 5.5 0 0 5.3 0.1 0.3 5.8 33 2.8
group (n=104) (4.7,6.5) (0,0.3) (0,02) (4.7,63) (0,0.6) (0,06) (506.7) (244.0) (2.14.0)
U 31935 2992.0 3562.0 3185.0 4311.0 3281.0 3236.5 4953.0 3083.5
P <0.001 <0.001 <0.001 <0.001 0.089 <0.001 <0.001 0.924 <0.001

Each skeletal Class comprised 50 cases in the post-orthodontic treatment adult patients group. The skeletal Class | group comprised 32 patients in the
extraction group and 18 adults in the non-extraction group. The skeletal Class Il group comprised 27 patients in the extraction group and 23 patients in

the non-extraction group. The skeletal Class [l group comprised 24 patients in the camouflage group and 26 patients in the orthodontic-orthognathic group
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Table 5 Prevalence of alveolar bone dehiscence and fenestration of mandibular incisors before and after orthodontic treatment

in 60 cases adult patients n (%)
Class | Extraction group (n=40) Class | Non-extraction group (n=40)
Mandibular incisors
TO T1 X’ P TO T1 X’ P
Alveolar bone dehiscence Labial 4(10.0)  10(25.0) 3.117 0.077 6(15.0) 12(30.0) 2.581 0.108
Lingual 3(7.5) 22(55.0) 21.004 <0.001 1(2.5) 1(2.5) 0 1.000
Alveolar bone fenestration Labial 11(27.5) 7(17.5) 1.147 0.284 6(15.0) 7(17.5) 0.092 1.000
Lingual 0 1(2.5) 1.013 1.000 0 0 - -
Class Il Extraction group (n=40) Class Il Non-extraction group (n=40)
Mandibular incisors
TO Tl X’ P TO Tl X’ P
Alveolar bone dehiscence Labial 1(2.5) 1(2.5) 0 1.000 3(7.5) 12(30.0) 6.646 0.010
Lingual 0 15(37.5) 18.462 <0.001 0 2(5.0) 2.051 0.494
Alveolar bone fenestration Labial 13(32.5) 11(27.5) 0.238 0.626 14(35.0) 15(37.5) 0.054 0.816
Lingual 0 0 = = 0 0 - -
Class 1 Camouflage group (n=40) Class I Orthodontic-orthognathic group (n=40)
Mandibular incisors
TO T1 X’ P TO T1 X’ P
Alveolar bone dehiscence Labial 7(17.5)  10(25.0) 0.672 0412 8(20.0) 15(37.5) 2.990 0.084
Lingual 0 4(10.0) 4.211 0.116 3(7.5) 24(60.0) 24.654 <0.001
Alveolar bone fenestration Labial 9(22.5) 7(17.5) 0.313 0.576 18(45.0) 7(17.5) 7.400 0.007
Lingual 0 0 = = 1(2.5) 0 1.013 1.000

Class I, Class II, Class Ill, 20 cases adults patients separately. Chi-square test was used to analyze the incidence of dehiscence and fenestration in the

mandibular incisor region among patients with different skeletal malocclusions
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Table 6 Alveolar bone thickness of mandibular incisors before and after orthodontic treatment in 60 cases adult patients

IQR (P,,, P,,)

Bone thickness/mmn Class 1 Extraction group (n=40) Class 1 Non-extraction group (n=40)
TO Tl U P TO Tl U P
Crestal-total 6.6(62,74)  5.7(5.1,6.5) 435.0 <0.001 6.5(6.1,7.1)  6.4(5.1,7.2) 687.0 0.277
Crestal-labial 0.7(0.3,1.0)  0.3(0,0.8) 546.5 0.014 0.4(0.2,0.9)  0.1(0,0.8) 590.5 0.039
Crestal-lingual 0.7(0.2,0.8) 0(0,0.4) 392.0 <0.001 0.7(0.3,1.0) 0.5(0,0.9) 633.0 0.107
Mid-total 6.0(5.7,6.5) 6.0(5.0,6.5) 719.5 0.439 6.5(6.0,8.1) 6.5(6.0,8.2) 761.0 0.707
Mid-labial 0.3(0,0.7) 0.7(0,0.9) 584.0 0.035 0.4(0.3,0.9) 0.5(0,1.1) 787.0 0.900
Mid-lingual 1.0(0.7,1.2) 0.1(0,0.7) 278.5 <0.001 1.5(0.8,2.4) 1.3(0.9,1.9) 720.0 0.441
Apical-total 6.2(5.6,6.9) 6.8(5.4,7.4) 661.0 0.181 7.3(6.6,9.2) 7.0(6.5,9.8) 749.0 0.624
Apical-labial 0.7(0.7,1.4) 1.7(1.0,3.0) 454.5 0.001 1.2(0.9,2.2) 1.6(0.9,3.2) 723.5 0.462
Apical-lingual 1.7(1.2,2.2) 1.0(0,1.8) 447.5 0.001 2.7(1.6,4.2) 2.2(1.3,2.7) 558.5 0.020
Bone thickness/mm Class Il Extraction group (n=40) Class Il Non-extraction group (n=40)
TO Tl U P TO Tl U P
Crestal-total 7.1(6.4,7.8) 6.4(5.6,7.2) 534.0 0.010 7.1(64,7.6)  7.1(6.7,8.0) 749.0 0.624
Crestal-labial 0.9(0.6,1.1)  0.6(0.3,0.8) 469.5 0.001 0.7(0.4,1.0)  0.3(0,0.7) 470.0 0.001
Crestal-lingual 0.6(0.4,1.0)  0.3(0,0.6) 438.0 <0.001 0.7(0.4,0.9)  0.9(0.5,1.5) 620.0 0.083
Mid-total 6.9(6.0,7.3)  6.3(58,7.7) 696.0 0.317 6.7(6.2,7.5)  7.0(6.7,7.6) 637.5 0.118
Mid-labial 0.4(0,0.7) 0.4(0.2,0.8) 731.5 0.508 1.5(1.2,1.9) 0(0,0.4) 586.5 0.031
Mid-lingual 1.5(1.2,1.9)  0.8(0.2,1.6) 401.5 <0.001 1.4(09,1.8)  1.6(1.0,2.2) 679.5 0.246
Apical-total 6.7(5.8,8.0)  7.3(5.9,8.1) 733.5 0.522 7.1(6.7,7.8)  7.4(6.9,7.9) 701.5 0.343
Apical-labial 1.0(0.6,1.6)  1.5(0.9,2.3) 506.0 0.005 1.0(0.6,1.6)  0.8(0.4,1.2) 667.0 0.200
Apical-lingual 2.7(2.1,34)  2.0(1.3,32) 544.5 0.014 22(1.9,3.1)  2.3(14,35) 792.0 0.939
Bone thickness/mm Class 1l Camouflage group (n=40) Class Il Orthodontic-orthognathic group (n=40)
TO Tl U P TO Tl U P
Crestal-total 6.8(6.2,74)  6.6(59,7.1) 662.0 0.184 6.2(5.7,6.8)  5.6(4.8,6.5) 492.5 0.003
Crestal-labial 0.5(0.1,0.8)  0.3(0,0.7) 674.5 0.222 0.4(0,0.6) 0(0,0.3) 511.5 0.004
Crestal-lingual 0.8(0.7,1.1)  0.5(0.3,0.7) 404.0 <0.001 0.4(0.1,0.6) 0(0,0.4) 452.0 <0.001
Mid-total 6.9(6.3,7.5)  6.7(6.0,7.6) 744.0 0.590 55(5.2,6.1)  5.3(4.7,6.1) 688.5 0.283
Mid-labial 0.3(0,0.6) 0.4(0.2,0.6) 759.5 0.695 0(0,0.3) 0.3(0,0.5) 533.5 0.007
Mid-lingual 1.8(1.4,2.2) 1.3(0.9,1.8) 462.5 0.001 0.6(0.3,1.0)  0.2(0,0.5) 367.0 <0.001
Apical-total 75(6.7,8.5)  7.2(6.5,8.4) 740.0 0.564 55(5.0,64)  54(45,58) 635.0 0.112
Apical-labial 1.0(0.8,1.3)  1.0(0.7,1.4) 788.5 0.912 0.5(0.3,0.8)  0.8(0.4,1.2) 534.0 0.010
Apical-lingual 3.1(2.3,3.6)  26(1.9,32) 588.0 0.041 1.3(09,2.2)  0.4(0.1,0.9) 242.0 <0.001

Class I, Class II, Class Ill, 20 cases adults patients separately
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