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Morphological analysis of roots and alveolar bone changes after upper anterior
retraction with maximum anchorage based on cone-beam computed tomography
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(Department of Orthodontics, Peking University School and Hospital of Stomatology & National Engineering Laboratory for
Digital and Material Technology of Stomatology & Beijing Key Laboratory of Digital Stomatology, Beijing 100081, China)

ABSTRACT Objective:To investigate the remodeling of alveolar bone and the changes of roots after an-
terior retraction with maximum anchorage by analyzing CBCT data from adult cases. Methods: The sam-
ple comprised 48 incisors and 24 canines from 12 patients (18 to 40 years of age) with problems of ma-
xillary protrusion or upper arch protrusion. CBCT scans were exposed before and after treatment, and la-
teral cephalometric images as well as multiple planar reconstruction images were reconstructed. Tracing
superimpositions of sagittal sections and three-dimensional reconstructions were done for qualitative analy-
sis. For all maxillary anterior teeth, changes of root length, alveolar bone height and labial-palatal thick-
nesses at different levels were evaluated. The average of measurements taken by the same tester in three
times was processed by SPSS 17.0 statistical package. Results: In 6 of the 12 cases, alveolar thickness
became thinner on labial side [ apical area: ( —0.64 £1.18) mm] while thicker on palatal side [ apical
area; (0.93 +2.0) mm] and the root length decreased[ ( =0.95 £0.79) mm]. In the other 6 cases,
the incisors’ alveolar bone became thicker on labial side [ apical area; (2.12 +1.46) mm] while thin-
ner on palatal side [ apical area: ( —2.88 £0.58) mm ]and the loss of root length was obvious[ ( =2.12 +
1.43) mm]. In all the 12 cases, the canines’ alveolar bone became thinner on labial side especially on
the apical level [ ( —0.27 £1.86) mm] while greatly thicker on palatal side [ apical area; (6.40 =+
6.00) mm ]and the root resorption was slight [ ( —=1.12 +1.19) mm]. For all the anterior teeth, the

EE£WME: EFREHAPIIE AR (863 11%],2013AA040803 ) #% [ Supported by the National High Technology Research and
Program of China(863 Program, 2013AA040803 )

A Corresponding author’ s e-mail, lyortho@ 163. com

%% H RRAT 18] :2016-5-12 13:16:35 M £& H AR :hitp : //www. enki. net/kems/detail/11. 4691. R. 20160512. 1316. 008. html

Development



A, 55 TR CT s St IS wi S ) o8 AR S R e S 2 o i - 703 -

height of alveolar bone reduced around them after retraction. Conclusion: When the root apical moved
more palatally, more root resorption would occur and the alveolar bone would get thicker on labial side
but thinner on palatal side and thinner as a whole after anterior retraction with maximum anchorage. In the
vertical direction, the height of the alveolar bone generally decreased on all sides and decreased the most

on the palatal side.

KEY WORDS Cone-beam computed tomography; Orthodontics, corrective; Tooth root; Alveolar bone;

Morphology
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A, the horizontal plane of the teeth; B, the sagittal plane of the teeth; C, the coronal plane of the teeth.
B 1 Py ny = 4Em &l

Figure 1 Multiple planar reconstruction of each teeth
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Blue, pre-treatment; Red, post-treatment.
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Figure 2 Superimposition of the sagittal outline of the teeth

3 UH =4l R R R E B B (- 102 HU, 1 830 HU)

Figure 3 Three-dimensional reconstruction of thejaws with

fixed threshold ( —102 HU, 1 830 HU)

1.2.3 gl

ARAC I < SRR, s Nl (I D0 28 Ul vh
BRI A I ji BRI AR O AR U 2R
05 T #UBORN 2 i B AR AR B E  i2 o Lo RIS
A A8 R R T 00 0 A, S BB et A o
Ft5 mm 10 mm KARIIK-(apical, a, iGS7 G AFTE
FRRRMCE I LR IR T7 RTAR I &) 73 51 I
2\ 5 3 fZ ) (1abial side, La) | JJ2{ll] ( palatal side, P)
B RN B KBRS, 73 lic g La-5, La-10, La-
a,P-5,P-10 F1 P-a; iy THLKC 22 53, I 5 4 2F i DU 3
IR BPRIA B A 6 .12 mm 2 ARIIKF- () 43530
YRS (La) F500 (P) B Bz B A2k 1 K 1 B
5, rAidh La6,La-12,La-a,P-6,P-12 1 P-a, *f
PR v R IR PR AR T, 0 R (L) A0
(P) Bl 2F B 5 5 9 9\l 5 1) 22 2 A 06 T ) B

(height, H), i€ H-la Al H-po OREAR A, 1] 5
P (medial, m) g (distal, d) AilF5 B AT
il (I V0 28 D) 2 v a5 B F IF AR i B I S B L
LRI A EER) 75 10) 2 AU TR s (H) L3k
H-m fl H-d, & MEHHFELE 4.5,

L, root longth; La-5 or 10 or a, labial alveolar thickness on level of 5 mm
over cemento- enamel junction( CEJ) or 10 mm over CEJ or root apical ;
P-5 or 10 or a, palatal alveolarthickness on level of 5 mm over CEJ or 10
mm over CEJ or root apical; H-p, palatal alveolar height; H-la, labial
alveolar height.
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Figure 4 Measurement variables on sagittal plane
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H-d,distal alveolar height; H-m,mesial alveolar height.
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Figure 5 Measurement variables on coronal plane
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A, in 6 of the 12 cases, alveolar thickness became thinner on labial side
after orthodontic treatment while thicker on palatal side and the root
length decreased; B, in the other 6 cases, the incisors’ alveolar bone be-
came thicker on labial sideafter orthodontic treatment while thinner on
palatal side and the loss of root length was obvious.
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Figure 6 Superimposition outcome of the incisors

In all the 12 cases, the canines’ alveolar bone became thinner on labial
side especially on the apical levelafter orthodontic treatment while greatly
thicker on palatal side and the root resorption was slight.
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Figure 7 Superimposition outcome of the canines
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A ( pre-treatment) and B( post-treatment) , in 6 of the 12 cases, alveolar thickness became thinner on labial side after orthodontic treatment and the
shape of the roots were so obvious; C( pre-treatment) and D( post-treatment) , in the other 6 cases, the incisors’ alveolar bone became thicker on la-
bial side after orthodontic treatment and the shape of the roots were less obvious.

B8 AYrHiE CBCT =4 G AR

Figure 8 Three-dimensional reconstruction of different cases’ CBCT
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Table 1 Changes of variables for incisors (x % s)

/mm
Pre-treatment Post-treatment Changes t P
Variables
Group A Group B Group A Group B Group A Group B Group A Group B Group A Group B
L 11.90 £1.91 12.39 +1.36 10.96 £1.94 10.26 +2.01 -0.95+0.79 -2.12+1.43 5.76 4.53 0.00 " 0.00"
La-5 3.41 £0.66 3.63+0.48 3.27+0.54 4.36+1.54 -0.14+0.58 0.73+1.34 1.19 0.49 0.25 0.63

La-10 2.13+0.80 2.09+0.53 1.66+0.73 4.07+2.71 -0.47+0.67 1.98+2.40 3.38 -0.86 0.00 " 0.40

La-a 0.66+1.11 1.57+0.22 0.02+1.77 3.69+1.35 -0.64+1.18 2.12+1.46 1.34 0.33 0.00" 0.70
P-5 4.26 +0.66 4.42+0.54 3.76+0.88 3.08+0.52 -0.50+0.76 -1.34+0.83 3.17 1.92 0.00" 0.07
P-10 5.26+1.01 6.27+1.62 6.18+1.42 4.31x1.74 0.92+1.07 -1.96+2.68 -4.11 -1.03 0.00" 0.31
P-a 5.86+1.02 7.9+0.50 6.79+1.81 5.01+x0.97 0.93+2.00 -2.88+0.58 -1.14 -2.38 0.00" 0.08
H-la 2.15+0.51 2.11+0.48 2.39x0.65 2.25=x0.97 0.24+0.67 0.14+1.03 -1.75 -2.52 0.10 0.02"
H-p 2.02+0.98 2.22+1.04 3.83+1.61 7.87+x4.15 1.80+2.00 5.65+3.47 -4.32 -4.78 0.00 " 0.00 "
H-m 1.99£0.39 1.99+0.45 2.22+0.52 2.66+1.83 0.22+0.55 0.67+1.71 -1.97 -2.81 0.06 0.01"
H-d 2.10+0.59 2.05+0.56 2.06+0.40 2.42+0.55 -0.04+0.45 0.37+0.48 0.45 -1.00 0.66 0.33

% P <0.05. Group A, the 6 cases with decreasing labial alveolar thickness; Group B, the other 6 cases with increasing labial alveolar thickness. L,
root longth; La-5 or 10 or a, labial alveolar thickness on level of 5 mm over cemento-enamel junction ( CEJ) or 10 mm over CE]J or root apical; P-5 or 10
or a, palatal alveolar thickness on level of 5 mm over CEJ or 10 mm over CEJ or root apical; H-p, palatal alveolar height; H-la, labial alveolar height;
H-d, distal alveolar height; H-m, mesial alveolar height.
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Table 2 Changes of variables for canines (x +s)

/mm

Variables Pre-treatment Post-treatment Changes t P
L 15.39 +1.92 14.27 +2.08 -1.12+1.19 4.53 0.00 "
La-5 4.21 £0.75 4.17 £0.77 -0.04 +£0.39 0.49 0.63
La-10 2.36 +0.70 2.45 +0.84 0.09 +0.48 -0.86 0.40
La-a 1.40 £0.52 1.13 +2.04 -0.27 +1.86 0.33 0.70
P-5 5.60 +1.30 5.20 £0.95 -0.40 =1.01 1.92 0.07
P-10 7.89 £2.63 8.40 £2.06 0.51 +2.36 -1.03 0.31
P-a 8.92 +1.87 15.32 £7.52 6.40 +6.00 -2.38 0.08
H-la 2.24 +0.59 2.58 £0.69 0.34 +0.66 -2.52 0.02"
H-p 2.30+£1.25 3.86 +1.05 1.56 +1.57 -4.78 0.00 "
H-m 1.95 +0.59 2.22 +0.41 0.27 +0.46 -2.81 0.01"
H-d 2.29 +0.66 2.39 +0.48 0.11 £0.51 -1.00 0.33

% P <0.05. Abbreviations as in Table 1.
R3ACRUREESEM R HTE (v £5)
Table 3 Results of cephalometric analysis of Peking University (x + )
Pre-treatment Post-treatment Changes P
Variables
Group A Group B Group A Group B Group A Group B Group A Group B

SNA/° 83.07+£1.64 87.30+2.66 82.45+3.61 84.40+2.95 -0.62+2.37 -2.90x0.95 0.40 0.00"
SNB/° 77.43 +3.34  79.52+£2.86 76.87 x2.65 77.77+3.20 -0.57+1.75 -1.75=x1.51 0.91 0.04"
ANB/° 5.67 £2.33 7.82+1.29 5.57 +£3.03 6.67+1.31 -0.10+3.25 -1.15+1.46 0.33 0.11
FH-Npo/° 87.83+2.97 89.15+3.26 88.08 +2.57  88.57 +3.25 0.25+1.97 -0.58£1.45 0.98 0.37
NA-Apo/° 14.00 +6.91  16.27 £2.73  12.45+10.05 12.98+3.64 -15.25+7.73 -3.28+2.74 0.21 0.03"
UI-NA/mm 5.38 £3.32 3.83+2.98 0.45+3.72 -1.25+2.63 -4.93+4.00 -5.08+3.69 0.02" 0.02"
UL-NA/° 27.7 +£9.46 21.57 £8.25 12.45+10.05 12.12+11.37 -15.25+7.73 -9.45+13.13 0.00 " 0.14
L1-NB/mm 9.75£2.19 8.95+1.72 5.52+1.53 5.62+1.04 -4.23+1.72 -3.33x1.71 0.00 " 0.01"
LI1-NB/° 37.22£5.04  36.38+4.26 27.60+4.90 31.18+7.06 -9.62+3.57 -5.20+8.09 0.01" 0.18
Ul-L1/° 109.42 +5.70 114.25 £9.44 134.37 +7.55 130.02 £16.71 24.95+7.64 15.77 £19.27 0.00 " 0.10
UL-SN/° 110.77 £9.71 108.87 £9.19  94.92+9.49  96.53 +12.46 -15.85+8.18 -12.33£12.26  0.00* 0.07
MP-SN/° 35.32+7.76  35.10+6.86  37.37 £10.57 36.30 +8.16 2.05+3.05 1.20+1.83 0.44 0.16
MP-FH/° 24.15+6.56  25.80+6.87 25.93+8.24  26.25+7.17 1.78 +2.57 0.45+1.85 0.21 0.58
L1-MP/° 104.47 +7.47 101.78 £7.18 93.37+9.51 97.18 +11.47 -11.10+5.06 -4.60 £8.43 0.01" 0.24
Y-axis/° 62.38£3.03 62.10+3.62 63.02+2.45 62.62+3.63 0.63 +1.29 0.52+1.75 0.23 0.50
Pog-NB/mm -1.43+2.14 0.68 £1.41 -0.43+2.42 1.57 +0.71 1.00 £1.29 0.88 £1.46 0.41 0.20

# P <0.05. Group A, the 6 cases with decreasing labial alveolar thickness; Group B, the other 6 cases with increasing labial alveolar thickness.
SNA(°), angle of Sella-Nasion-Subspinale( A) ; SNB(°), angle of Sella-Nasion-Supramental(B) ; ANB(°), SNA(°) —SNB(°) ; FH-Npo(°) :angle
between FH plane and Nasion-Pogonion; NA-Apo(°), angle between Nasion-A and A-Pogonion; Ul-NA(mm) , distance of upper incisor’ s edge to Na-
sion-A; UI-NA(°), angle between axis of upper incisor and Nasion-A; L1-NB(mm) , distance of lower incisor’ s edge to Nasion-B; LI-NB(°) , angle
between axis of lower incisor and Nasion-B; Ul-L1(°) , angle between axises of upper incisor and lower incisor; UI-SN(°) , angle between axis of upper
incisor and Sella-Nasion; MP-SN(°) , angle between mandibular plane and Sella-Nasion; MP-FH( °) , angle between mandibular plane and FH plane;
LI-MP(°), angle between axis of lower incisor and mandibular plane; Y-axis( °) , angle of Nasion-Sella-Gonion; Pog-NB(mm) , distance of Pogonion to
Nasion-B.
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