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[Abstract] Objective Alveolar bone height and thickness changes in the maxillary anterior region were assessed
before treatment (T1), after treatment (T2), and during the retention phase (T3) in patients with maxillary protrusion
treated with clear aligners combined with premolar extraction. The aim was to provide clinical insights for safely re-
tracting anterior teeth with clear aligners. Methods This retrospective study included 15 patients (2 males and 13 fe-

males) with maxillary protrusion, who underwent bilateral maxillary first premolar extraction and anterior tooth retrac-

tion with clear aligners. Cone beam computed tomogra-

(A B8] 2025-08-01 phy images were collected at T1, T2, and T3 (>18 mon-
[E—1EE] JURE, EBEEM, i+, E-mail: 306364947@qq.com
[BEMEE] X&), TAEBIN, A%, fidt, E-mail: 1052604322
@qq.com olar bone height (labial, palatal, mesial, and distal as-

ths post-treatment) for the measurement of vertical alve-
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pects) and horizontal alveolar bone thickness (labial, palatal, and total). Statistical analysis was performed using SPSS
26.0, and changes across phases and correlations were assessed. Results ~ After orthodontic treatment, the palatal and
mesial alveolar bone height of the maxillary anterior teeth significantly decreased (P<0.05). Concurrently, the labial
midroot and apical thickness of the maxillary central incisors showed a significant increase, whereas the palatal cervi-
cal alveolar bone of the maxillary lateral incisors and canines exhibited significant thinning (P<0.05). At T3, the labio-
palatal alveolar bone height of the maxillary central incisors significantly increased (palatal height increase: 0.46 mm=+
0.57 mm; P<0.05). Although the palatal alveolar bone thickness of the maxillary lateral incisors and canines continued
to decrease, the differences were not statistically significant (P>0.05). A negative correlation was observed between al-
veolar bone resorption during treatment and bone regeneration during retention (labial height of maxillary central inci-
sors: 7==0.597, P<0.05). Conclusion After the retraction of maxillary anterior teeth with clear aligners, the alveolar
bone height on the mesial and palatal sides of the upper anterior teeth showed considerable reduction. The palatal alve-
olar bone thickness at the cervical and middle root levels of the upper lateral incisors and canines decreased remark-
ably. By contrast, the labial alveolar bone thickness at the middle and apical root levels of the upper central incisors
significantly increased. At T3-T2, the partial recovery of alveolar bone height and thickness was observed, but pretreat-

ment levels were not reached. Notably, the degree of bone resorption during treatment may influence the remodeling

potential at T3.
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Tab 1 Comparison of alveolar bone height in the maxillary anterior region pre-treatment, post-treatment, and du-
ring the retention phase n=15
T H T1 T2 T3 P
T2HITI T3FIT2 T3FITI Overall
LAY LVBL 1.92+0.68 2.48+0.83 2.12+0.82 0.002°* 0.012°%* 0.180° 0.000""
PVBL 1.51£0.56 2.27+0.71 1.8140.58 0.000°* 0.003"* 0.636 0.000"*
MVBL 1.59+0.44 2.23+0.87 1.630.41 0.023%* 0.056° 1.000° 0.032%*
DVBL 1.80+0.50 2.08+0.47 2.00+0.50 0.186° 1.000° 0.522° 0.165°
) LVBL 2.20+0.87 2.05+0.80 2.20+0.83 - 0.964°
PVBL 1.42+0.37 1.85+0.55 1.76£0.50 0.002°* 1.000° 0.005%* 0.002°*
MVBL 1.73+0.61 2.14+0.58 2.01+0.64 0.000°* 0.045°* 0.045"* 0.000°*
DVBL 2.24+0.55 2.26+0.66 2.1540.63 - 0.218°
Bt EAY S LVBL 2.13+0.87 2.14+0.72 2.19+0.82 1.000* 1.000° 1.000°* 0.863"
PVBL 2.10+0.98 2.97+1.38 2.83+1.36 0.029"* 1.000° 0.043"* 0.015"*
MVBL 1.68+0.84 2.06+0.77 2.01£0.57 0.001°* 1.000° 0.001°* 0.000°*
DVBL 1.95+0.59 2.19+0.80 2.07+0.79 0.218" 0.781° 0.827 0.124*

W a R EE T 22080, bR Friedman K36, *P<0.05,
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Tab 2 Comparison of alveolar bone thickness in the maxillary anterior region pre-treatment, post-treatment, and
during the retention phase n=15
75 H Tl T2 T3 Pl

T2FIT1 T3 F1T2 T3FITI Overall
i IF LTBTI 1.00+£0.47 1.27+0.80 1.37+0.75 0.054 1.000° 0.030%* 0.011*
LTBT2 0.92+0.21 1.47+0.45 1.46+0.64 0.000"* 0.304° 0.002°* 0.000°*
LTBT3 1.060.32 1.68+0.76 1.60+0.85 0.011°* 1.000° 0.022°* 0.005"*
PTBTI 1.20+0.44 1.03+0.53 1.29+0.56 - - - 0.134°
PTBT2 2.43+0.51 2.18+0.83 2.43+0.83 - - - 0.086"
PTBT3 4.06+1.03 4.60+1.45 4.52+1.47 0.652° 1.000° 0.870° 0.066°
TBTI1 8.44+0.38 8.900.66 9.00£0.70 0.015% 1.000° 0.008"* 0.001%*
TBT2 8.82+0.66 9.41+0.88 9.37+0.96 0.002% 1.000° 0.002%* 0.000°
TBT3 9.20+1.33 10.50+1.73 10.20+1.64 0.000%* 0.089* 0.000%* 0.000%*
Mt LRI LTBTI 0.90+0.61 1.40£0.75 1.18+0.76 0.007°* 0.066" 0.221° 0.007°
LTBT2 1.09+0.48 1.38+0.64 1.38+0.83 0.052° 1.000° 0.267° 0.048"*
LTBT3 0.92+0.86 1.19+0.77 1.15+1.03 0.037°* 0.055" 1.000° 0.423°
PTBTI 1.46+0.61 1.06+0.63 0.98+0.37 0.005"* 1.000° 0.002°* 0.001°
PTBT2 2.61+£1.23 1.99+1.05 1.92+0.91 0.014%* 1.000° 0.006"* 0.003%*
PTBT3 4.17+2.05 3.97+2.00 3.85+1.98 - - - 0.935°
TBTI 8.17+0.91 8.13+0.90 7.95+0.75 - - - 0.368°
TBT2 8.74+1.60 8.31+1.25 8.24+1.04 - - - 0.576"
TBT3 8.88+2.18 8.91+2.01 8.69+2.04 - - - 0.340°
A LTBTI 1.00+0.55 1.19+0.70 1.16£0.73 0.064* 1.000° 0.246" 0.054*
LTBT2 1.02+0.32 1.01£0.31 1.12£0.40 1.000° 0.112¢ 0.137° 0.048%*
LTBT3 0.75+0.30 0.75+0.30 0.80+0.32 - - - 0.663°
PTBTI 1.11£0.59 0.58+0.54 0.54+0.48 0.003°* 1.000° 0.001°* 0.000"*
PTBT2 2.26+0.72 1.81+0.76 1.66+0.63 0.007"* 1.000° 0.000°* 0.000°*
PTBT3 3.95+1.26 3.29+0.94 3.16+0.95 0.005%* 0.957° 0.004°* 0.004°*
TBTI 9.42+1.01 9.30+0.96 9.17+1.16 0.951° 0.714* 0.136 0.104°
TBT2 9.86+1.23 9.50+1.25 9.43+1.10 0.024%* 1.000° 0.017%* 0.004%*
TBT3 10.12+1.36 9.46+1.35 9.41+1.35 0.001%* 1.000° 0.004%* 0.002%*

e aRoR (T E N 7722381, bR ] Friedman £:45, *P<0.05.
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Tab 3 Correlation of anterior alveolar bone height

g

e

changes between treatment and retention pha-

ses n=15

W H T2-T1 T3-T2 i PH

F#iFIF LVBL  0.56£0.75 -0.36:0.58 -0.597° 0.001*
PVBL  0.76+0.70 —0.46£0.57 -0.407" 0.039%
MVBL  0.64+0.94 -0.60+1.01 -0.863" <0.001*
DVBL  0.28+0.61 -0.08+0.70 -0.578* 0.010%
FEYIF LVBL  -0.25+0.78  0.17£0.62 -0.254*  0.200
PVBL  0.43£0.60 —0.09+0.71 -0.691° <0.001*
MVBL  0.41+0.55 —0.12+0.42 -0.142" 0.472
DVBL 0.03+0.57 -0.11+0.35 -0.154" 0.433
EERF LVBL
PVBL 0.87+1.50 —-0.15+1.13 -0.298 0.110

0.01+£0.60  0.05+0.69 -0.598" <0.001*

MVBL  038+0.49 -0.05:0.64 0.031° 0.873
DVBL 0243070 -0.12+0.55 —0.564" 0.001*

T T2-T1. T3-T12R7R 24 [ Ri P B Y 22 8, BH o iE
R TR S, BUE R RN R, AR R
2 Z B B AR AR R 7 ), e R T 3R 24> 2 (H 2 [ Y
A A J5 18] o a 3 i Pearson A1 G AT, b 2R (i
Spearman A XHESHT, *P<0.05.
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URP IR F Rl S a1 B = g8 T Y R S 41

AR B R R R HLA BB
W€ iR Ja R B R SRR BT T, HRTAR
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FAMGE , BT IR BRI 45 R 184 H DL LY
BHEPATREVTI A B SRR
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HRXEZ
Tab 4 Correlation of anterior alveolar bone thickness
changes between treatment and retention pha-

ses n=15

M H T2-T1 T3-T2 rfH P1H

L& YIF LTBT1 0.27£0.50  0.11+0.54 -0.378°  0.100°
LTBT2 0.55+0.47 -0.01£0.40 0.043*  0.856

LTBT3 0.62+0.90 -0.08+0.53 0.078°  0.751

PTBT1 -0.30+£0.32 0.29+0.44 -0.106" 0.719

PTBT2 -0.25+£0.65 0.25£0.53 -0.558" 0.011*

PTBT3 0.54+£0.91 -0.08+0.48 -0.409° 0.082

TBT1  0.45£0.64 0.10£0.50 -0.215" 0.362

TBT2  0.59+0.65 -0.04+0.52 -0.503* 0.024*

TBT3  1.30£1.09 -0.30£0.56 —0.720* 0.001*

LARMYIF LTBT1  0.50+0.76  -0.22+0.46 -0.254"  0.202

LTBT2 0.29+0.52  0.00+0.41 -0.175" 0.384

LTBT3 0.27+0.84 -0.04+0.60 -0.209* 0.338

PTBTI -0.43+0.75 -0.08+0.68 -0.553" 0.002*

PTBT2 -0.62+1.30 -0.07£0.65 -0.446" 0.015%

PTBT3 -0.20+2.13 -0.12£0.87 -0.452* 0.023*

TBT1 -0.04+1.06 -0.18+0.72 -0.454° 0.015*

TBT2 -0.43+1.50 -0.08+0.74 -0.422* 0.023*

TBT3 -0.24+1.89 -0.22+0.98 -0.368" 0.070

FEIRF  LTBTI  0.19+0.41 -0.03£0.42 -0.464" 0.011*

LTBT2 -0.01£0.26 0.11£0.29 -0.485* 0.007*

LTBT3 0.00£0.40  0.04+0.35 -0.331° 0.074

PTBTI -0.53+0.81 0.04+0.55 -0.460° 0.012*

PTBT2 -0.45+0.81 0.16£0.53 -0.318" 0.087

PTBT3 -0.65+1.04 -0.13£0.73 -0.127" 0.503

TBT1 -0.1240.64 -0.36£0.69 -0.471* 0.009*

TBT2 -0.36+0.70 0.66=0.88 —0.653" <0.001*

TBT3 -0.66+0.88 -0.05+0.66 -0.045* 0.814

T T2-T1. T3-T13RR 24 ) s BB 0 2208, BU(E A IE

FORF R B IREERT I, BUE A AR AR R HE R IER

2 EAZ B A A AR R 7 1), e R TR 24 2 Z Y

AL R M 71 5 a 2571 {8 il Pearson #2434, b KR 14
Spearman A3, *P<0.05,

ABEFEE RN, IRITH B (T2-T1) B
VIER = R =i e - Ol N ST e X
R L DN, K AR AT S R AR —
o AHTENAR G b U)o N ECR, IR
WAy ik R v, B O S A D ) R
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FER)ZR, R B ERE O, XS
Bl SF VI R IR TS AR MO R P S A RS
— 2 RIEFR ARG XU kAR S, POl A
| L LA I ) 2 B vh e A R TR X, 5 HL )

SF JE A AR T A B N, KRR g 2%
BN . AR IR A 4 T A SN AR,
T STt A I S 1) Bt G AT Y IE WG TINE A S B
ST N, BT R Jr Rc, mr
PRGN T AR A a S5 I Ak B DA R i 1 AR
H EF SRR EE VI IRBMER, dt—B5n
T AT IR RIS A B

x5 LFHPYIFYISHKES T2-T1. T3-2HIHIFFESEE. EETHSHEENE

Tab 5 Correlation between retraction amount of maxillary central incisors and changes in alveolar bone height and

thickness of anterior teeth during T2-T1 and T3-T2 periods n=15
M ETH T2-T1 T3-T2 rHE PLA r2d P21H
LVBL 0.56+0.75 —-0.36+0.58 0.221° 0.349 0.422° 0.064
PVBL 0.76+0.70 -0.46+0.57 0.091* 0.702 -0.160" 0.500
MVBL 0.64+0.94 -0.60+1.01 -0.182° 0.457 0.412° 0.080
DVBL 0.28+0.61 -0.08+0.70 0.096" 0.694 0.462° 0.030%*
LTBTI 0.27+0.50 0.11+0.54 -0.228° 0.333 -0.299° 0.201
LTBT2 0.55+0.47 -0.01+0.40 -0.350° 0.130 -0.151° 0.524
LTBT3 0.62+0.90 —-0.08+0.53 -0.205° 0.399 0.179* 0.463
PTBT1 -0.30+0.32 0.29+0.44 -0.128° 0.664 0.280° 0.333
PTBT2 -0.2540.65 0.25+0.53 0.294* 0.208 -0.228° 0.334
PTBT3 0.54+0.91 —-0.08+0.48 0.682a 0.001* 0.005° 0.983
TBT1 0.45+0.64 0.10+0.50 -0.333% 0.152 0.314° 0.178
TBT2 0.59+0.65 —-0.04+0.52 0.060" 0.801 -0.307" 0.188
TBT3 1.30£1.09 -0.30+0.56 0.043* 0.861 -0.109° 0.657

TE: T2-T1, T3-T2K7R 2[R s IS A 22 B0, RN 16 378 S5 1 1 S S/ 2 v v

JERRD, HfE A R A R R

MR RSN r1o P2 200 5 T2-T1, T3-T2 WIS R A it Z M ARG R B, IE(HRR 2 22 1 AR AR R, B fE R
AR 2 ZEAEZ B BAL AT 1] 5 a Rl Pearson AHOCHEZM T, b 375 1 I Spearman AHSCHE 24T, *P<0.05,

x 6 LHHUFMEZERES T2-TI. TIMNPLAFFESSE. EETLENHEXN

Tab 6 Correlation between intrusion amount of maxillary central incisors and changes in alveolar bone height and

thickness of anterior teeth during T2-T1 and T3-T2 periods n=15
5 H T2-T1 T3-T2 rl A Pl{A 248 P21
LVBL 0.56+0.75 -0.36+0.58 0.077° 0.748 0.499° 0.010%
PVBL 0.76+0.70 -0.46+0.57 -0.074* 0.755 -0.114° 0.633
MVBL 0.64+0.94 -0.60+1.01 -0.064° 0.796 -0.076" 0.759
DVBL 0.28+0.61 -0.08+0.70 0.063° 0.792 -0.037° 0.878
LTBTI 0.27+0.50 0.11+0.54 -0.182° 0.442 -0.029° 0.902
LTBT2 0.55+£0.47 -0.01£0.40 -0.341° 0.142 -0.076° 0.750
LTBT3 0.62+0.90 -0.08+0.53 -0.642° 0.003* -0.195° 0.424
PTBTI -0.30£0.32 0.29+0.44 -0.135° 0.644 -0.611° 0.020%
PTBT2 -0.25+0.65 0.25+0.53 0.010° 0.967 0.028° 0.907
PTBT3 0.54+0.91 -0.08+0.48 0.080° 0.745 -0.015° 0.950
TBT1 0.45+0.64 0.10£0.50 -0.197° 0.469 0.222° 0.927
TBT2 0.59£0.65 -0.04+0.52 -0.267° 0.255 0.092° 0.700
TBT3 1.30£1.09 -0.30+0.56 —0.040° 0.870 0.031° 0.901

TE: T2-T1. T3-T2 7R 24> (6] G (A A 220, (E N 1 2o 28 M GRS 2 Rl v S el

BUE R SR A TR B 2

FEE S RN #1250 B R AR 5 T2-T1 . T3-T2 WA Al Ak i Z M A OC R 8, IE(E SRR 2 D22 Z M AR Lo AR Rl 7 1), ik
TR 2 ZEEZ A AR AR 5 )5 a s di H Pearson AHOGTHE M, b /R {# FH Spearman AHI& 43 Hr, *P<0.05.
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BB B (T2-T1), B EMigAF MR b 1/3 B
B A A iR 157 = VR ) = P R
JRERE AR, JF H B U] 2 LTBT2 F1 LTBT3 At
AT LTBT1, LTBT3 B H AN, X5 Guo
G F ROV IR 5 A R o a1 ol W 5T 4
HEAR—F ., AMRPA LFHRREE, LB
AR (CF¥U1-SN=111.0°+5.8°), _AFifT o i
JE A ) K B ML AR R ) 3 B0 N o O A A
IE WA YT KA NUCHT A I, LT o T e 2 0
/N CEIUL1-SN=90.6°+4.2°) ,  JRAM| B 55 5% 2% 7k )i
J1, JEMAAE B RERE, BeAh, AR R T
PERRBUAEAG, B WS R B DO AR 208, &
AR ARE, BBy B EH IR T AT RE S R BURYT
S5 I O 2 R B R BG5S TR IAE R, S
IF B R R A I R o B >, A D) P AR
G N RO w1 1521157 o ol A o 1 O
FR AR L RS ) 2 e ¥ AR, S 0 A
FE N B R SZ Rp 2 ME R 7, R 7 B 3% T ik
R OR AR e i O = G B Y iR T X B S
N1 5 A, BOARBIFSE L SR A ) A S5
AT LT W AR, AR A R,
RIS AR AR 1/3 TN ZF A BRI B, A)
REE R N BRIEF IR B, BB BRIA &8 X A 4
AR, BELH EUIA R BEAERE S, WAL
B HIPE RS s, EaT Y e R Bl
AR W 1] B 5 B 31, DA -5 S50 ) 24 ) e =2 3] 4
5K, HINEOR R 5 0 2 Al e B AR TE R B
) A O o7 R R AR, 5
X e s SRR B ST S5 R — B, BRI s,
JiS% ) 2 s - 40 R A, O L 00 2 A o i
WORIT IS S A Wi JR RG34

PRFFOBE (T3-T2), L&l U1 5 5 s 2
B B R, AERIRRITRIKE, S LIER
T E BRI RE TR SRR AR B REFR B
B T BB A7 JR BB AL | AT R e 2 K B AR
RS, AR, REFHIE, B AME
ARG SF XA R TS AR A R T R
AR, AR AR D 0 hl B i 3 R T
AR XA RE RN E A R s b, F
AR B H I L AR NS U R, D AR TE I B
BB O e BURER 4y B B, DA A5 75 AR AE IR
Ry By B G s /D TN, I H A s 6
P i ke o A e = o N 1 B e GG N
WA EBEL AR, Fi=18%, (REH
BOF R Ak Sl e AR, (B A2 BT A 20 L

ol JRy BB A ALK B AN SE 4, i B) 7R 5T T 40 Ak
B 798055 A5, AT BB A B el e T BT D AR
i, AT RE BB WS FRA 32 . Remmelink
SECON R AR B 1) 58 A 18 B AR T 5 K L )
B, R o R M ) S R 0 R R AR
AT o ARG R, ORI 0I5 00 2 e
RN, SN 0.46 mm+0.57 mm, SR
0.46 mm A2 fh i 7R I PR S B b 2 SCA PR, aX—
IINI AR AL BEAS 25 k0 S 1 I AR B ], AN S X
FURG M FE A (B = . RIAK®E) ™
A= R HIR AT DL A B BT A s ] o AR 45 SR ) L IE Il
IRIEIFAFE TR SR T, Wi TRAak4E
RSy, 45 RERW, FELTNIBGRITE,
JI ) 2 il s TOUAE £ A5 30 Ak T — A F U EE g ek
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U TH A AT M 0 B ek o B IR IR YT
KRR e MR — B (S5 o 7F Bae 501
BE R, BT BRG RAE BE, FERT A IR
Jo B H A S A R, TEIRYT A R 10 4R
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A BRI 5B B A] R 5 LT TRl 06, Rk ] ik
175K R A BE DY

5 DIAE [ 2 B 16 FE U7 30 09 A DG o8 R AR —
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K, DRFRIH N R 5208 ey o AR A 71
29.53+12.59 M H By BE DN, a0 Rk
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B BRI, X HRRTE I R A B
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b Bt U1 R k& 5 T2-T1 ) LTBT3 742
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