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[Abstract] Objective To investigate the effects of a Twin-Block appliance combined with slow maxillary expan-
sion (SME) on transverse dental and skeletal parameters in adolescent patients with Angle Class I division 1 malocclu-
sion, and to provide a reference for clinical orthodontic practice. Methods This retrospective study was approved by
the Institutional Ethics Committee. A total of 21 adolescents with Class II division 1 malocclusion who underwent two-
phase treatment with a Twin-Block appliance combined with SME at the Department of Orthodontics, College & Hospi-
tal of Stomatology, Guangxi Medical University, in 2021 to 2023 were consecutively enrolled. In the first phase, a func-
tional appliance was used to coordinate the skeletal relationship between the maxilla and mandible by leveraging growth
potential. In the second phase, a fixed appliance was employed for fine adjustments of the dental arches based on the
specific condition. Cone-beam computed tomography (CBCT) scans were obtained before treatment (TO) and after the
first phase of functional correction (T1). Transverse measurements at the first molar region, including molar buccolin-
gual inclination, dental arch width, and basal bone width, were performed using Dolphin 3D Imaging software. Changes
between TO and T1 were statistically analyzed. Results  After the first phase of treatment, the left and right maxillary
first molars showed a significant increase in buccal inclination by 5.47° + 1.38° and 5.35° + 1.61°, respectively (P <
0.001). The arch width in the maxillary first molar region also increased by (2.68 + 1.14) mm, and the basal bone width
increased by (1.14 + 1.24) mm (all P < 0.001). The proportion of skeletal expansion accounted for an average of
42.86%, while dental expansion accounted for 57.14%. No statistically significant changes were observed in any man-
dibular transverse measurements (all P > 0.05). Conclusion In adolescent patients with Angle Class Il division 1
malocclusion accompanied by maxillary transverse deficiency, Twin-Block appliance combined with SME can effec-
tively expand maxillary dental arch and basal bone width while improving sagittal relationship, thereby correcting trans-
verse discrepancy. The maxillary width changes were predominantly dental.

[Key words] Twin-Block appliance; slow maxillary expansion; Angle Class II division 1 malocclusion; two-
phase treatment; dental arch width; basal bone width; buccolingual inclination; transverse width; cone-beam
computed tomography
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Patients diagnosed with Angle Class Il division 1 malocclusion, aged < 14 years, visited
in 2021 to 2023.
Underwent two-phase orthodontic treatment with a Twin-Block appliance incorporating

an expansion device, and the first phase of treatment had been completed.

(n=50)

4

With complete CBCT data (n=26)

Exclusions (n=24)

- Missing pre-treatment CT: 4

- Missing post-treatment CT: 13

- Inconsistent CT scanner used for pre-
and post-treatment scans: 3

- No CT taken: 4

_| Exclusions (n=5)

4

Final enrolled (n=21)

|- VM stage > €S 4: 5

CVM: cervical vertebral maturation; CS 4: cervical stage 4 (deceleration phase)
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Flowchart of the inclusion and exclusion process for the study participants
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a: right view, head orientation is adjusted so that the axial plane passes through the bilateral infraorbital points (Or-L, Or-R) and the right porion

(P-R); the plane defined by these three points is the frankfort horizontal (FH) plane, serving as the horizontal reference. The coronal plane is de-

fined as passing through the center of resistance of a first molar and perpendicular to both the FH plane and the midsagittal plane. b: front view,

the FH plane is used as the horizontal reference; the midsagittal plane is defined as passing through the nasion (N) and perpendicular to the FH

plane. ¢: bottom (facing up) view, demonstrating the perpendicular relationship between the midsagittal plane and the FH plane

Figure 2 Head orientation and reference plane establishment

B2 SR IE 5 R T Sr

F'H plane
sy st > A-NP(mm)
> ------------ >Pog-NP(mm)

MP plane
Np

N: nasion; Po: porion; Or: orbital; A: subspinal point A; B: supramental point B; Pog: pogonion; Me: menton. FH plane: the plane defined by the Or

and the Po, serving as the horizontal reference for cephalometric analysis. MP plane: a tangent line drawn through Me along the lower border of the

mandible. Np line: a line drawn through point N perpendicular to the FH plane. SNA angle: the angle formed by the points S, N, and A. SNB

angle: the angle formed by the points S, N, and B. ANB angle: the angle formed by the points A, N and B. FMA: the angle formed by the intersec-

tion of the MP and FH planes. A-Np distance: the perpendicular distance from point A to the Np line. The value is positive when point A lies ante-

rior to the Np line, and negative when it lies posterior. Pog-Np distance: the perpendicular distance from the point Pog to the line Np. The value is

positive when Pog lies anterior to the Np line, and negative when it lies posterior

Figure 3 Landmarks and measurements used in cephalometric analysis
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Points a and b represent the most prominent points on the buccal and lingual surfaces of the first molar crown, respectively, with e being the mid-

point of the line connecting a and b. Points ¢ and d represent the buccal and lingual cervical points, respectively, with f being the midpoint of the

line connecting ¢ and d. The line connecting e and f is defined as the long axis of the tooth. The angle between the long axis and the line perpen-

dicular to the Frankfort horizontal plane is defined as the buccolingual inclination (BI), with buccal inclination assigned as positive and lingual in-

clination as negative

Figure 4 Measurement of first molar buccolingual inclination
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Measurements were performed on coronal slices. Points g and h represent the central fossae of the maxillary left and right first molars, respectively;

points k and 1 represent the central fossae of the mandibular left and right first molars, respectively. The distances g-h and k-l are defined as the

dental arch width (DAW) at the first molars. Points i and j are the intersections of the lines connecting the apices of the maxillary left and right

first molars with the buccal cortical plate, respectively; points m and n are the intersections of the lines connecting the apices of the mandibular

left and right first molars with the buccal cortical plate, respectively. The distances i-j and m-n are defined as the basal bone width (BBW) at the

first molars. Mx: maxillary; Md: mandibular

Figure 5 Measurement of dental arch width and basal bone width
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Table 1  Baseline characteristics n=21
Parameter Value
Sex, n (%)

Male 10 (47.6)
Female 11 (52.4)
Age / years, zts 1171 + 1.41

CVM stage, n (%)
CS2 9(42.9)
CS3 5(24.8)
CS 4 7(33.3)
Dentition status, n (%)
Mixed dentition 6 (28.6)
Early permanent dentition 5(23.8)
Permanent dentition 10 (47.6)
Duration/ years, Xts 1.0 +0.12

CVM: cervical vertebral maturation (assessed by the Baccetti method);
CS 2: cervical stage 2 (pre-peak phase of mandibular growth); CS 3: cer-
vical stage 3 (peak acceleration phase); CS 4: cervical stage 4 (decelera-
tion phase). Early permanent dentition: no deciduous teeth, second mo-
lars not fully erupted; Duration: duration of the first phase of functional

treatment
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Table 2 The results of CBCT measurement of sagittal and vertical variables before and after primary functional correction in adolescent

patients with Angle Class Il division 1 malocclusion treated with Twin-Block appliance combined with slow maxillary expansion

x +s, n=21
Parameter TO T1 T1-TO t/7Z P
SNA /° 81.48 + 1.42 81.65 + 1.43 0.17 + 0.60 1.283 0.214
SNB /°, M(P,s, P,5) 76.89(74.94, 77.42) 77.95(76.49, 79.14) 1.38(0.41, 1.92) -3.389" 0.001
ANB/° 5.70 £ 1.68 4.57 +2.48 -1.13 + 1.36 -3.825 0.001
FMA /° 2491 £5.76 25.64 +5.58 0.73 £ 2.07 1.617 0.122
A-NP / mm, M(P,s, P,) 1.44(0.19, 2.29) 1.30(=0.44, 2.13) -0.09(-0.97, 0.59) -0.800" 0.424
pog-NP / mm -8.08 +5.59 -6.01 + 6.64 2.08 +£2.34 4.064 0.001
0J / mm 6.90 +2.19 2.23 £ 1.76 -4.66 +2.42 -8.817 < 0.001

SNA: angle between the sella, nasion, and subspinal point A; SNB: angle between the sella, nasion, and supramental point B; ANB: angle between subspi-
nal point A and supramental point B; FMA: Frankfort-mandibular plane angle (angle between the Frankfort horizontal plane and mandibular plane); A-
NP: distance from point A to nasion perpendicular; pog-NP: distance from the pogonion to nasion perpendicular; OJ: overjet (horizontal distance between
the incisal edges of maxillary and mandibular central incisors); TO: before treatment; T1: after the first phase of functional correction. * The Z value is

from the Wilcoxon signed-rank test (non-normal distribution)

F 3 Twin-Block B & B 5 iH7 H 42 [T 26 1 70 26 50 3% — W D) BE B 1 1 AR 1) 9 &2 CBCTT il ek 245
Table 3 The results of CBCT measurement of transverse variables before and after primary functional correction in adolescent patients

with Angle Class Il division 1 malocclusion treated with Twin-Block appliance combined with slow maxillary expansion — n=21

Parameter TO T1 T1 -TO Lt/ Z P
Mx-1.6 BI /° -2.95 +1.28 2.52 +2.20 547 +1.38 18.233 <0.001
Mx-R6 BI /° -3.34 +1.52 2.01 +2.09 535+ 1.61 15.028 < 0.001
Md-L6 BI /° -13.48 £ 1.37 -13.22 £ 1.37 0.26 + 0.58 2.028 0.056
Md-R6 B/ °, M(P,s. P,s) -14.50(-16.00, —12.95) -14.30(-15.5, -12.45) 0.40(-0.30, 0.70) -1.707°¢ 0.088
Mx-DAW / mm 47.89 + 1.28 50.56 = 1.24 2.68 = 1.14 10.724 <0.001
Md-DAW / mm 45.42 + 1.55 45.62 + 1.67 0.21 £ 0.65 1.451 0.162
Mx-BBW / mm 65.83 + 1.46 66.97 + 1.13 1.14 £ 1.24 4.197 <0.001
Md-BBW / mm 61.79 = 1.11 61.92 +1.23 0.13 £ 0.62 0.989 0.334
Interdental width difference / mm* 2.46 £ 0.85 4.93 + 1.57 2.57 £ 1.09 10.395 <0.001
Interbasal width difference / mm" 4.04 + 1.00 5.05 +0.97 1.00 = 1.18 3.899 0.001

Mx: maxillary; Md: mandibular; L6: left first molar; R6: right first molar; BI: buccolingual inclination (angle between the tooth long axis and a line perpen-
dicular to the Frankfort horizontal plane); DAW: dental arch width (distance between the central fossae of contralateral first molars); BBW: basal bone
width (distance between the most lateral points on the external cortical bone surfaces at the level connecting the apices of the contralateral first molars );
TO: before treatment; T1: after the first phase of functional correction. * Interdental width difference = Mx-DAW — Md-DAW. " Interbasal width differ-

ence = Mx-BBW — Md-BBW. © The Z value is from the Wilcoxon signed-rank test (non-normal distribution)

F4  Twin-Block BE A 1AV Y 5697 & AR 2 [ I 28 1 40 28 88 — DN e IR RIS 1 1 8L 5 200 431

Table 4 Decomposition analysis of maxillary expansion efficacy in adolescent patients with Angle Class Il division 1 malocclusion

treated with Twin-Block combined with slow maxillary expansion n=21
Parameter T1-TO / mm Proportion of total expansion (%) P
TE (d Mx-DAW) 2.68 +1.14 100 <0.001"
SE (d Mx-BBW) 1.14 + 1.24 42.86 (22.04, 73.77) <0.001"
Dental compensation (TE-SE) 1.54 + 1.63 57.14 (26.23, 77.96) -

d: change (T1 — TO); TE: total expansion (represented by change in dental arch width); SE: skeletal expansion (represented by change in basal bone
width); Mx: maxillary; DAW: dental arch width; BBW: basal bone width. * Proportions were calculated on a per-subject basis and are presented as M(P,s,
P.). PP values refer to the significance of changes from TO to T1 (detailed in Table 3). © Dental compensation = change in maxillary dental arch width -

change in maxillary basal bone width
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Table 5  Correlation analysis of changes in maxillary and man-
dibular dental arch width and basal bone width in adolescent
patients with Angle Class Il division 1 malocclusion treated

with Twin-Block combined with slow maxillary expansion n= 21

Mx-DAW Mx-BBW
Parameter
r P r P
d Md-DAW 0.364 0.104 0.268 0.239
d Md-BBW 0.112 0.630 0.346 0.124

d: change (T1 - TO); Mx: maxillary; Md: mandibular; DAW: dental arch
width; BBW: basal bone width. Pearson correlation analysis was per-
formed with two-tailed test. The correlation coefficient r indicates the
strength and direction of the linear relationship: positive values indicate
positive correlation; negative values indicate negative correlation. The
absolute value of r reflects the strength of correlation (Irl = 0.6 = strong,
0.4 < Irl < 0.6 = moderate, Irl < 0.4 = weak). P < 0.05 was considered

statistically significant
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Pre-treatment

During phase |

Post-phase |

Post-phase [l

33-month
follow-up

Intraoral photos, lateral facial photo and lateral cephalogram radiograph of Twin-Block combined with slow maxillary expansion therapy in adoles-

cents with Angle Class II division 1 malocclusion through out the treatment. Patient’s lateral cephalogram radiograph was unavailable during phase

I treatment and 33-month follow-up period. a: pre-treatment, distal relationship of left molars and canines, tapered maxillary arch with transverse

deficiency, proclined maxillary incisors, Il ° deep overjet and overbite, cervical vertebral maturation stage CS 2, convex profile with mandibular re-

trusion and normodivergent vertical skeletal pattern; b: wearing Twin-Block appliance with rhomboid expansion spring during the first phase of

orthodontic treatment; c: after the first phase of functional orthodontic treatment, bilateral Class I molar and canine relationships, improved maxil-

lary arch morphology with widening and rounding, coordinated upper and lower arch forms, normal overjet and overbite, enhanced mandibular ad-

vancement and reduced profile convexity; d: after the second phase of fixed orthodontic treatment, satisfactory dental alignment which is more or-

derly than that after post-phase I, widened and rounded upper and lower dental arches with coordinated forms, normal overjet and overbite, bilat-

eral Class I molar and canine relationships; e: 33-month follow-up, showing long-term stability of treatment outcomes, with maintained upper and

lower dental arch width and coordinated forms

Figure 6 Twin-Block combined with slow maxillary expansion therapy in adolescents with Angle Class Il division 1 malocclu-

sion: a representative case
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