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Abstract
Background: This study compared the effects of clear alignerMandibular Advancement
(MA) and Twin Block (TB) appliances on Class II malocclusion in adolescents.
Methods: A retrospective analysis was conducted on 47 patients divided into three
groups: 19 (11 females, 8 males; 11.19 ± 1.31 years) underwent MA treatment, 15
(6 females, 9 males; 11.86 ± 1.92 years) received TB therapy and 13 (7 females,
6 males; 11.62 ± 1.85 years) served as controls. Cephalometric analyses assessed
skeletal, dental and soft tissue changes before and after treatment. Statistical methods
included normality tests, intra- and inter-group comparisons (t-tests, Wilcoxon signed-
rank tests, Analysis of Variance (ANOVA), Kruskal-Wallis H tests), with significance
set at p < 0.05. Results: Results revealed intra-group variations in mandibular and
intermaxillary relationships across all groups. The Wits appraisal showed significant
differences between the TB and control groups, while the TB group exhibited increased
lower anterior facial height. Intra- and inter-group differences were observed in upper
incisor inclination, lower incisor proclination, overjet, and overbite. Soft tissue changes
included upper lip retraction in the TB group and forward pogonion shift in the MA
group. Conclusions: MA improved soft tissue chin thickness and better controlled
lower facial height, making it preferable for enhancing chin profiles. Conversely, TB
enhanced upper lip position and facial convexity, making it more suitable for improving
upper lip aesthetics. Clinicians should consider these distinct advantages when selecting
an appliance for growing Class II malocclusion patients. Clinical Trial Registration:
Registered at ClinicalTrials.gov: NCT06609733.
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1. Introduction

Class II malocclusion is commonly associated with mandibu-
lar retrusion, maxillary protrusion or both, affecting approx-
imately 20–30% of children and adolescents globally [1–4].
Early intervention during the pubertal growth spurt is crucial
for attaining the optimal treatment outcomes [5].
Functional appliances such as the Twin Block (TB) [6] are

generally employed to correct the Class II malocclusion by
advancing the mandible. TB possesses two separate acrylic
plates (Fig. 1A) with angled surfaces to guide the mandible
forward [7]. It can usually be removed and is fitted on maxilla
and mandible [8]. However, it is criticized by the patients for
being inconvenient, unattractive and uncomfortable [9, 10].
Clear aligners with mandibular advancement (MA) features
have become important because of their aesthetic appeal and
improved patient convenience [11]. These aligners (Align
Technology Inc, San Jose, CA, USA) are a less visible alterna-
tive for correcting mandibular retrusion in adolescents through

precision wings (Fig. 1B) [12].

Recent studies have shown that both MA and TB improve
overjet and overbite [13, 14], achieving similar mandibular
advancement and vertical facial height control, though TB
yields greater chin advancement in soft tissues [15]. Most prior
studies focused on dentoalveolar and skeletal effects, with
limited attention to soft tissue changes and lacking untreated
control groups [13, 15, 16].

This study was aimed to compare the maxillofacial mor-
phological changes in hard and soft tissues resulting from MA
and TB treatments. The outcomes were evaluated in relation
to the growth-related changes in untreated control group with
normal occlusion. The null hypothesis stated that MA would
achieve comparable therapeutic effects to TB in treating Class
II malocclusion.

2. Materials and methods

https://www.jocpd.com
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FIGURE 1. Intraoral views of twin-block (TB) appliance (A) and clear aligners with mandibular advancement (MA)
(B) lateral and frontal perspectives.

2.1 Inclusion and exclusion criteria
Patients in the MA and TB groups had following inclusion
criteria: cervical vertebral maturation stage (CS) between CS3
and CS4, bilateral Class II canine and molar relationship, and
A point–nasion–B point (ANB) angle >4◦. The control group
was between CS3 and CS4 with ANB◦ of 2◦ to 4◦. Exclusion
criteria for all the groups were: prior orthodontic treatment,
dental anomalies, poor oral hygiene, systemic diseases or
congenital deformities, and trauma history.

2.2 Sample size calculation
Power analysis indicated 13 subjects per group for 0.90 power
(α = 0.05) [17]. The study thus included 19 MA (11 Females,
8 Males; 11.19 ± 1.31 years), 15 TB (6 Females, 9 Males;
11.86± 1.92 years) and 13 controls (7 Females, 6Males; 11.62
± 1.85 years). The chronological ages of participants had
variations. Each sample group was matched for comparable
growth phases by assessing the cervical vertebral maturation
(CVM) stages.

2.3 Patient recruitment
Patients were recruited from the West China Hospital of Stom-
atology, Chengdu, China. The sample enrolment and the study
duration were from January 2016 to December 2021. The
treatment durations on average were 13 months for the MA
group, and 10 months for TB group. The control group was
observed for 12 months.

2.4 Treatment protocols
MA Group:
It was treated with clear aligners having precision wings

between the premolars and first molars to hold the mandible
forward. Sagittal activation was carried out with 2 mm ad-
vancements every 8 weeks which depended on the patients’
progress. Aligners were worn for 22 hours/day and replaced
weekly.
TB Group:
Occlusion records were taken for the incisors in edge-to-

edge position if the overjet was 7–8 mm. A two-step activation
was used if the overjet exceeded 8 mm where the second
activation was made after 3–4 months. The vertical activation
was set for 5–7 mm of vertical opening in the posterior bite
blocks. Adjustment was made by the selective acrylic removal
to guide the posterior teeth eruption. Selective grinding began
around third month to reduce 1 mm from the occlusal surfaces
or as needed.
Both MA and TB patients wore respective appliances for

22 hours/day (except during meals/sports). The follow-up
progress was monitored for 6 weeks.
Control Group:
It had Class I malocclusion patients to meet the ethical

guidelines and serve as a baseline for assessing normal growth
and development patterns.

2.5 Cephalometric analysis
The pre-treatment (T0) and post-treatment (T1) lateral cephalo-
grams were obtained by the Veraviewepocs 2D system (X550,
Morita, Kyoto, Japan). The images were traced and analyzed
by Dolphin Imaging software version 11.90 (Dolphin Imaging
and Management Solutions, Chatsworth, CA, USA) where 13
angular and 27 linear measurements (Fig. 2, Table 1) were
analyzed. The soft tissue area was quantified by ImageJ 2.0.0.



89

FIGURE 2. Landmarks, reference planes and cephalometric measurements applied in this study.

TABLE 1. Landmarks, reference planes and cephalometric measurements applied in this study.
Measurement (s) Definition
SNA (°) The angle formed by the SN and NA lines
Maxillary Base Position (mm) Distance between the landmarks of occlusal line perpendicular (OLp) and A point
SNB (°) The angle formed by the SN and NB lines
Length of Mand Base (Go-Pog) (mm) Distance between the landmarks of Go and Pog
Go-Gn (mm) Distance between the landmarks of Go and Gn
Chin Angle (Id-Pog-MP) (°) Angle formed by connecting infradentale, pogonion and mandibular plane
Condylar Head Position (mm) (OLp-Co) Distance between the landmarks of OLp and Co
Ramus Height (Ar-Go) (mm) Distance from the articulare and gonion
Y-Axis Length (mm) Line joining the sella turcica centre (S) and gnathion which subtends measurable

angle with FH
ANB (°) The angle formed by the AN and NB lines
Wits Appraisal (mm) Difference in the distance between vertical lines from A-point and B-point to the

functional occlusal plane
Convexity (A-NPog) (mm) Angle formed by nasion, A point and pogonion
Facial Plane to SN (SN-Npog) (°) Angle between the anterior cranial base and the most anterior point of bony chin
MP-SN (°) Angle between the anterior cranial base and mandibular plane
Lower Face Height (ANS-Gn) (mm) Distance from ANS to Gn on lateral cephalogram
Anterior Face Height (NaMe) (mm) Distance from anterior nasal spine to menton
Lower Anterior Facial Height ratio (ANS-
Me/N-Me) (%)

Ratio of lower and total anterior face heights

Posterior Face Height (SGo) (mm) Distance between the landmarks S and Go
P-A Face Height (S-Go/N-Me) (%) Ratio of lower and total posterior face heights
U-Incisor Protrusion (U1-A-Pog) (mm) Distance from the incisal edge of upper central incisor to A-Pog line
U-Incisor Inclination (U1-A-Pog) (°) Angle formed between the long axis of upper central incisor and A-Pog line
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TABLE 1. Continued.
Measurement (s) Definition

L1 Protrusion (L1-A-Pog) (mm) Distance from the incisal edge of lower central incisor to A-Pog line

L1 to A-Pog (°) Angle formed between the long axis of lower central incisor and A-Pog line

Interincisal Angle (U1-L1) (°) Angle formed by the upper and lower incisors

Overjet (mm) The horizontal distance between incisal edges of maxillary and mandibular central
incisor

Overbite (mm) The vertical distance between incisal edges of maxillary and mandibular central
incisors

Maxillary Molar Position (mm) Distance between the landmarks of OLp and ms

Mandibular Molar Position (mm) Distance between the landmarks of OLp and mi

Molar Relation: ms/OLp–mi/OLp (mm) Difference between the distance from point ms to OLp and point mi to OLp

Lower Lip to E-Plane (mm) Distance from the lower lip to esthetic line

Upper Lip to E-Plane (mm) Distance from the upper lip to esthetic line

B-B’ (mm) Distance between the landmarks of B and B’

Pog-Pog’ (mm) Distance between the landmarks of Pog and Pog’

Gn-Gn’ (mm) Distance between the landmarks of Gn and Gn’

Me-Me’ (mm) Distance between the landmarks of Me and Me’

Soft Tissue Chin (mm2) Total area of the soft tissue chin

Facial Convexity (G’-Sn-Pog’) (°) Angle formed by connecting the soft tissue glabella, subnasale and soft tissue
pogonion

G’-Pog’ Perpendicular (mm) The distance from the Pog’ to the G’ line, representing the degree of mandibular
prominence or retrusion

Lower Face-Throat Ang (Sn-Gn’-C) (°) Angle formed by connecting the soft tissue subnasale, soft tissue gnathion, and
cervical point

H Angle (°) Angle between the Pog’ and lip superioris with NPog

Z Angle Angle formed by the intersection of Frankfort horizontal (FH) plane and a line
connecting the soft-tissue chin (Pog’) and the most protrusive lip point

Abbreviations: SNA, Sella-Nasion-A point angle; SNB, Sella-Nasion-B point angle; OLp, Occlusal Line Perpendicular; Go-
Pog, Gonion-Pogonion Distance; MP, Mandibular Plane; Id, Infradentale; Pog, Pogonion; Co, Condylion; Ar, Articulare; Go,
Gonion; Gn, Gnathion; FH, Frankfort Horizontal Plane; Wits, Wits Appraisal; A, A point; B, B point; NPog, Line from nasion
to pogonion for measure of facial height and other measure (facial plane); ms, maxillary molar position; mi, mandibular molar
podition; G’, soft tissue glabella; Pog’, Soft Tissue Pogonion; Me, Menton; Me’, Soft Tissue Menton; B’, Soft Tissue B Point; ms,
Maxillary First Molar; mi, Mandibular First Molar; ANS, Anterior Nasal Spine; Na, Nasion; Me, Menton; SGo, Sella-Gonion
Distance; L1, Lower Central Incisor; U1, Upper Central Incisor; SN, Sella-Nasion Plane; A-Pog, A point to pogonion plane;
E-Plane, Esthetic Plane; C, cervical point.

2.6 Intra- and inter-rater reliability

Ten T0 cephalograms were traced and measured on two oc-
casions by the same examiner following a sufficient period to
prevent the recall bias. The intraclass correlation coefficient
(ICC) ascertained the reliability of repeated measurements.
The ICC values from 0.93 to 0.99 for linear and angular
metrics indicated high to excellent reliability for the examiner’s
sequential measurements.

2.7 Statistical analysis

Analyses were made by SPSS 20.0 (IBM, Armonk, NY,
USA). Means and standard deviations (SDs) were calculated.
Shapiro-Wilk tests assessed the normality at T0 and T0–T1.
The t-tests or Wilcoxon signed-rank tests based on the
normality were used for intra-group comparisons. Inter-group
comparisons were made by using ANOVA, Kruskal-Wallis H
or Mann-Whitney U depending on the normality and sample
number. The significance level was considered as p < 0.05.
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3. Results

3.1 Baseline
The baseline examination showed no significant difference in
Sella-Nasion-A point angle (SNA◦) and Sella-Nasion-B point
angle (SNB◦) among the MA, TB and control groups (p >

0.05) (Table 2). There were differences between the exper-
imental (MA and TB) and control groups regarding ANB◦,
lower anterior facial height ratio (anterior nasal spine (ANS)-
Me/N-Me, %), overjet (mm) and overbite (mm) (p < 0.05).
The skeletal, dental and soft tissues were affected in all three

groups as shown in Supplementary Table 1. The inter-group
comparison of changes in the skeletal, dental and soft tissues
are shown in Table 3.

3.2 Skeletal effects
Maxilla: no significant sagittal change was there in the maxilla
measurements of three groups (Table 3).
Mandible: an increase in SNB◦ (p > 0.05) was recorded

without any significant inter-group difference (Table 3). The
mandibular body (Go-Pog) was increased from 58.54 ± 0.87
mm to 61.45 ± 0.8 mm in MA group.
Maxillomandibular Relationship: ANB◦ and Wits

appraisal were decreased in MA and TB groups (p <

0.05) (Supplementary Table 1).
Condyle: sagittal and vertical growths were detected in

the MA group, while TB group had the vertical growth only

(Supplementary Table 1). The control group’s condylar di-
mension had change in the normal growth from 6.4± 0.84 mm
to 6.92 ± 0.92 mm to demonstrate the absence of orthodontic
intervention in natural growth tendencies.

3.3 Dental effects
Anterior Teeth: lingual maxillary incisor tipping (Upper in-
cisor to A-Pogonion angle, U1-A-Pog◦ from 37.32◦ ± 1.18 to
32.73◦ ± 0.85 in MA, from 41.45◦ ± 2.4 to 31.28◦ ± 1.98
in TB, p < 0.05) and labial mandibular incisor tipping (Lower
incisor to A-Pogonion angle, L1-A-Pog◦ increased to 26.10◦
± 0.66 in MA, p < 0.05, and to 22.72◦ ± 1.15, p < 0.01, in
TB) reduced the overbite and overjet in TB and MA groups
(Supplementary Table 1). Overjet was decreased from 6.18
± 0.21 mm to 3.92 ± 0.18 mm (p < 0.01) in MA, and from
10.05 ± 1.06 mm to 4.28 ± 0.44 mm in TB group (p < 0.01).
The overbite reduction was detected from 2.83 ± 0.25 mm to
1.64 ± 0.24 mm (p < 0.01) in MA, and from 4.17 ± 0.43 mm
to 2.23± 0.42 mm (p< 0.01) in TB group. The control group
had normal increase in the overbite and overjet growth.
Molar Relation: Mandibular molar was anteriorly migrated

in TB (mandibular molar position, mi-OLp from 49.36± 4.01
mm to 50.96 ± 1.39 mm, p < 0.05) and MA (mi-OLp from
50.76 ± 0.77 mm to 53.16 ± 0.73 mm, p < 0.05) groups, and
the molar relationship was improved (Supplementary Table
1). The improvement in molar relationship was more effective
in TB group (p < 0.01) (Table 3).

TABLE 2. Pre-treatment baseline skeletal and soft tissue measurements (mean ± standard deviation).

Measurement(s) MA group
n = 19

TB group
n = 15

Control group
n = 13 p-value

SNA 81.06 ± 0.54 80.59 ± 1.11 79.45 ± 1.06 0.372
SNB 75.28 ± 0.51 74.74 ± 0.91 75.86 ± 1.18 0.696
ANB 5.79 ± 0.35 5.83 ± 0.55 3.62 ± 0.86 0.015*
MP-SN 37.89 ± 0.87 34.67 ± 2.00 37.11 ± 2.21 0.367
NaMe (mm) 108.14 ± 0.92 114.82 ± 9.76 107.02 ± 1.43 0.360
S-Go (mm) 68.72 ± 0.75 75.91 ± 5.46 67.93 ± 1.90 0.278
S-Go/N-Me (%) 63.59 ± 0.60 66.82 ± 1.60 63.53 ± 1.64 0.115
Ar-Go (mm) 39.13 ± 0.65 42.54 ± 2.61 38.27 ± 1.40 0.335
Go-Gn (mm) 70.13 ± 0.97 73.41 ± 5.37 71.48 ± 1.33 0.685
N-ANS (mm) 49.83 ± 0.57 63.95 ± 5.86 48.45 ± 0.78 0.467
ANS-Me (mm) 60.74 ± 0.71 52.82 ± 0.62 60.12 ± 1.24 0.493
ANS-Me/N-Me (%) 56.15 ± 2.13 72.78 ± 0.99 56.15 ± 2.45 0.005**
Overjet (mm) 6.10 ± 0.21 10.05 ± 1.06 5.30 ± 0.72 <0.001***
Overbite (mm) 2.81 ± 0.25 4.17 ± 0.43 1.87 ± 0.58 <0.001***
U1-L1 (°) 118.33 ± 1.57 120.15 ± 3.31 119.54 ± 2.93 0.891
Wits Appraisal (mm) 2.00 ± 0.45 4.10 ± 0.72 0.18 ± 0.59 <0.001***
Abbreviations: MA, Mandibular advancement group; TB, Twin Block group; SNA, Sella-Nasion-A point angle; SNB, Sella-
Nasion-B point angle; ANB, A point-Nasion-B point angle; MP-SN, Mandibular Plane to Sella-Nasion Angle; NaMe, Nasion-
Menton Distance (Anterior Facial Height); S-Go, Sella-Gonion Distance (Posterior Facial Height); S-Go/N-Me, Ratio of
Posterior to Anterior Facial Height; Ar-Go, Articulare-Gonion Distance; Go-Gn, Gonion-Gnathion Distance (Mandibular
Length); N-ANS, Nasion to Anterior Nasal Spine Distance; ANS-Me, Anterior Nasal Spine to Menton Distance (Lower Anterior
Facial Height); ANS-Me/N-Me, Ratio of Lower to Total Anterior Facial Height; U1-L1, Interincisal Angle (Angle between Upper
and Lower Incisors).
*p < 0.05: **p < 0.01: ***p < 0.0001.



92TABLE 3. Mean of the changes in skeletal and soft tissues measurements of TB, MA and control groupsabc.
Measurement(s) Groups p-value Intergroup comparison

MA TB Control MA-C
p-value

TB-C
p-value

MA-TB
p-value

Skeletal
SNA (°) 0.31 ± 0.30 −0.21 ± 0.34 0.63 ± 0.62 0.1340 / / /
OLp-A (mm) 1.42 ± 0.54 −2.39 ± 4.68 −0.04 ± 1.52 0.2990 / / /
SNB (°) 1.14 ± 0.32 0.97 ± 0.35 0.88 ± 0.36 0.8810 / / /
Go-Pog (mm) 2.91 ± 0.74 −1.51 ± 4.05 0.78 ± 1.13 0.5640 / / /
Go-Gn (mm) 3.71 ± 0.75 −1.93 ±4.88 0.97 ± 1.11 0.1260 / / /
Id-Pog-MP (°) 1.34 ± 0.55 0.51 ± 0.75 −1.78 ± 0.86 0.0170* 0.0160* 0.1350 0.65
OLp-Co (mm) 1.36 ± 0.59 −0.21 ± 1.04 0.52 ± 0.82 0.3400 / / /
Ar-Go (mm) 2.92 ± 0.56 0.57 ± 2.75 0.89 ± 0.96 0.3470 / / /
Y-Axis Length (mm) 6.74 ± 1.01 −2.43 ± 8.72 1.27 ± 1.83 0.0670 / / /
ANB (°) −0.83 ± 0.24 −1.20 ± 0.38 −0.28 ± 0.49 0.2890 / / /
Wits Appraisal (mm) −1.21 ± 0.53 −2.85 ± 0.62 0.51 ± 0.75 0.0150* 0.1670 0.0060** 0.12
A-Npog (mm) −0.63 ± 0.26 −1.25 ± 0.49 −0.38 ± 0.46 0.3420 / / /
SN-Npog (°) 1.12 ± 0.32 0.96 ± 0.36 1.03 ± 0.38 0.9550 / / /
MP-SN (°) −0.48 ± 0.47 0.43 ± 0.67 −1.73 ± 0.52 0.1130 / / /
N-ANS (mm) 3.92 ± 0.62 −1.71 ± 5.24 −0.52 ± 1.05 0.0070** 0.0200* 0.9150 0.56
ANS-Me (mm) 5.77 ± 0.87 −3.25 ± 8.47 0.23 ± 1.61 0.0350* 0.0070** 0.9600 0.53
ANS-Me/N-Me (%) 0.41 ± 1.34 0.71 ± 0.26 −0.45 ± 1.04 <0.0001**** <0.0001**** 0.0200* 0.81
N-Me (mm) 5.77 ± 0.87 −3.25 ± 8.47 0.23 ± 1.61 0.0350* 0.0200* 0.9150 0.56
S-Go (mm) 4.32 ± 0.52 −1.67 ± 5.16 0.99 ± 0.64 0.0950 / / /
S-Go/N-Me (%) 0.65 ± 0.35 −0.11 ± 0.63 1.35 ± 0.40 0.2690 / / /

Dental
U1-A-Pog (mm) −1.11 ± 0.25 −4.09 ± 1.20 0.35 ± 0.37 <0.0001**** 0.0100** 0.0070** 0.07
U1-A-Pog (°) −4.6 ± 1.01 −10.17 ± 2.57 0.38 ± 1.11 <0.0001**** 0.0100** <0.0001**** 0.14
L1-A-Pog (mm) 1.19 ± 0.22 1.93 ± 0.53 −0.86 ± 0.29 <0.0001**** <0.0001**** <0.0001**** 0.41
L1 to A-Pog (°) 1.81 ± 0.77 −10.17 ± 2.57 −1.55 ± 0.71 0.0060** 0.0080** <0.0001*** 0.29
U1-L1 (°) 2.78 ± 1.30 5.83 ± 2.70 1.17 ± 1.50 0.3420 / / /
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TABLE 3. Continued.
Measurement(s) Groups p-value Intergroup comparison

MA TB Control MA-C
p-value

TB-C
p-value

MA-TB
p-value

Overjet (mm) −2.26 ± 0.24 −5.77 ± 1.13 1.19 ± 0.41 <0.0001**** <0.0001**** <0.0001**** 0.02*
Overbite (mm) −1.19 ± 0.31 −1.94 ± 0.46 0.81 ± 0.71 <0.0001**** 0.0380* 0.0090** 0.44
ms-OLp (mm) 1.22 ± 0.75 −0.73 ± 3.27 −0.13 ± 1.15 0.5330 / / /
mi-OLp (mm) 2.39 ± 0.90 1.60 ± 3.31 −0.10 ± 1.13 0.0750 / / /
Molar Relation (mm) −1.17 ± 0.34 −2.29 ± 0.51 −0.05 ± 0.31 0.0120** 0.0520 <0.0001**** 0.18

Soft tissue
Lower Lip to E-Plane (mm) −0.33 ± 1.51 −0.64 ± 0.52 0.19 ± 1.68 0.4620 / / /
Upper Lip to E-Plane (mm) −1.40 ± 1.17 −2.41 ± 0.39 −0.59 ± 1.14 <0.0001**** 0.1100 <0.0001**** 0.08
B-B’ (mm) 1.81 ± 2.98 0.25 ± 0.54 0.21 ± 3.08 0.1590 / / /
Pog-Pog’ (mm) 1.22 ± 1.44 0.21 ± 0.51 −0.38 ± 1.85 0.0100** 0.0370* 0.7030 0.20
Gn-Gn’ (mm) 0.50 ± 1.63 −0.32 ± 0.44 −0.01 ± 1.23 0.2170 / / /
Me-Me’ (mm) 0.61 ± 1.84 −0.08 ± 0.39 0.35 ± 1.28 0.4160 / / /
Soft Tissue Chin (mm2) 46.12 ± 39.92 12.57 ± 9.75 2.37 ± 41.34 <0.0001**** 0.0130** 0.7870 0.02*
G’-Sn-Pog’ (°) −1.40 ± 2.95 −2.92 ± 0.95 0.66 ± 2.78 0.0160* 0.0980 0.0220* 0.35
G’-Pog’ Perpendicular (mm) 2.48 ± 4.46 1.35 ± 1.04 −0.53 ± 2.00 0.6830 / / /
Sn-Gn’-C (°) 0.76 ± 9.20 −8.37 ± 3.85 −0.07 ± 0.17 0.0170* 0.9970 0.1040 0.10
H-Angle (°) −1.56 ± 1.87 −4.67 ± 0.98 0.02 ± 0.07 <0.0001**** 0.2810 <0.0001**** 0.02*
Z Angle (°) 3.45 ± 4.12 6.43 ± 1.44 0.33 ± 2.86 <0.0001**** 0.0190* <0.0001**** 0.18

Abbreviations: OLp-A (mm), Occlusal Line Perpendicular to A Point; Id-Pog-MP (◦), Infradentale-Pogonion-Mandibular Plane Angle; OLp-Co (mm), Occlusal Line Perpendicular to
Condylion; ms-OLp (mm), Maxillary Molar Position to Occlusal Line Perpendicular; mi-OLp (mm), Mandibular Molar Position to Occlusal Line Perpendicular; Molar Relation (mm),
Difference between the Mesial Contact Points of Maxillary and Mandibular First Molars to the Occlusal Line Perpendicular; Lower Lip to E-Plane (mm), Distance from Lower Lip to
Esthetic Plane; Upper Lip to E-Plane (mm), Distance from Upper Lip to Esthetic Plane; B-B’ (mm), Distance between B Point and Soft Tissue B Point; Pog-Pog’ (mm), Distance between
Pogonion and Soft Tissue Pogonion; Gn-Gn’ (mm), Distance between Gnathion and Soft Tissue Gnathion; Me-Me’ (mm), Distance between Menton and Soft Tissue Menton; Soft Tissue
Chin (mm2), Area of Soft Tissue Chin; Nasolabial Angle (◦), Angle between Columella, Subnasale and Upper Lip; G’-Sn-Pog’ (◦), Glabella-Subnasale-Soft tissue Pogonion Angle;
G’-Pog’ Perpendicular (mm), Perpendicular Distance from Soft Tissue Pogonion to Vertical Line through Soft Tissue Glabella; Sn-Gn’-C (◦), Subnasale-Soft tissue Gnathion-Cervical
Point Angle; H-Angle (◦), Angle between Soft Tissue Pogonion and lip superioris with NPog; Z Angle (◦), Angle formed by the intersection of Frankfort horizontal (FH) plane and a line
connecting the soft-tissue chin (Pog’) and the most protrusive lip point.
a: *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.
b: C, Control group; TB, Twin Block group; MA, Mandibular advancement group.
c: No statistically significant differences among the groups. Post hoc pairwise comparisons not made because of no overall significance.
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3.4 Soft tissue effects
Lips: Both TB andMA groups led to the retraction of upper lip
(p < 0.05) to improve the facial convexity and reduce H angle
(p < 0.05) (Supplementary Table 1). These changes were
more significant in the TB group (Table 3). There was no sig-
nificant change in lower lip of all the groups (Supplementary
Table 1).
Soft Tissue Chin: an anterior shift of the Pog along with

increase in the thickness of soft tissues were detected in the
MA group (p < 0.05) (Supplementary Table 1 and Table 3).

4. Discussion

Most patients of skeletal Class II malocclusion experienced
mandibular anteroposterior deficiency [18, 19]. Functional
appliances like the Twin Block (TB) had been generally em-
ployed to treat Class II growing patients [4, 5]. The study
herein compared effects of TB and clear aligner mandibular
advancement (MA) appliances on the skeletal, dental, and soft
tissues. The findings suggested that MA and TB improved
incisor positions and soft tissue profile. MA had an increase
in the soft tissue chin thickness and advancement of pogonion.
TB improved upper lip position and facial convexity. MA had
better control on the lower facial height due to specific pre-MA
characteristics.
The increase in SNB angle across all groups suggests for-

ward mandibular movement, critical for addressing skeletal
Class II malocclusion where the mandible is initially retruded.
This forward shift, seen in both treatment groups, underscores
the potential of TB and MA to improve the maxillomandibular
relationship, an essential clinical outcome in Class II correc-
tion. The retrospective study by Sun et al. [20] highlights
the importance of timing and appliance type, with TB and
MA demonstrating improvements in skeletal, dental and soft
tissue profiles, particularly facial aesthetics. The reduction
in ANB angle observed in both TB and MA groups, but not
in the control, highlights their effectiveness in decreasing the
Class II discrepancy, reflecting an improvement in skeletal
alignment between maxilla and mandible. While the Wits
appraisal was reduced in both groups, only the TB group
showed a statistically significant difference compared to the
control. However, neither MA nor TB demonstrated sig-
nificant mandibular growth beyond natural development, as
reflected in the control group. TB induced some mandibular
growth (1.9mm), however this changewas small andmight not
be clinically significant [21]. Regression analysis showed that
treatment effects accounted for 54% of the final ANB angle,
indicating that dentoalveolar adjustments, rather than skeletal
growth, are the primary contributors to changes observed with
these appliances. Clinically, this finding is vital as it em-
phasizes the importance of managing expectations regarding
skeletal outcomes and recognizing the primary dentoalveolar
effects of these appliances [21, 22]. This aligns with systematic
reviews reporting limitedmandibular length enhancement with
functional appliances, where variability in outcomes is often
linked to selection bias and secular growth trends [23].
The retraction of upper incisors, proclination of lower in-

cisors, and reduction of overjet and overbite were observed

after the TB and MA treatments as compared to the control.
These findings being consistent with the literature [11, 13]
demonstrated that both MA and TB could retract the upper
incisors. This outcome was expected because of the Class II
“traction effect” [24] of functional appliances and the pressure
exerted by upper lip musculature during treatments [25]. Both
upper and lower incisors served as the key anchorage points in
MA and TB treatments. The orthopaedic force transmitted by
appliances led to the upper incisor retraction and lower incisor
proclination. The control group exhibited stable overbite and
increased overjet as compared to the decrease in overbite and
overjet among TB and MA groups. Overjet was corrected
by improving the bimaxillary relationship; overbite by the
lower incisor protrusion and increase in the lower anterior
facial height (ANS-Me/N-Me*%) of both treatment groups.
In addition to improving incisor positioning and overjet, early
intervention in Class II correction has secondary benefits,
including enhanced facial aesthetics and increased social ac-
ceptance. Research indicates that children with Class II mal-
occlusion are at higher risk for bullying, low self-esteem and
poor social perception [26]. Effective reduction of overjet not
only contributes to functional improvement but also addresses
these important psychosocial aspects, underlining the broader
clinical relevance of early intervention.
Lower anterior facial height ratio (LAFR) was increased

after the TB and MA treatments as compared to the control,
however to a lesser extent after MA than TB. MA had better
control to lower the face height than TB [13]. The increase
in LAFR with TB and MA treatments might be attributed to
the factors such as anterior tooth early contact and mandibular
clockwise rotation during occlusion reconstruction [27]. The
bite opening effect of TB appliances could lead to guided
extrusion of upper molars which further contributed to the
increase in lower facial height [28]. Contrarily, MA with
clear aligners (CA) might have better control over the lower
facial height compared to TB [13], as the MA could intrude
anterior teeth via programmed tooth movements (Pre-MA and
MA stages) and reduce the early contacts [11, 12]. The use
of MA such as Precision Wings incorporated in CA had better
efficacy in correcting Class II malocclusion. The present study
depicted notable improvements by the clear aligners (CAs)
combined with mandibular advancement regarding the overjet
reduction, molar relationships, and mandibular positioning.
Hosseini et al. [29] found that the CAs with mandibular
advancement achieved comparable results through fixed func-
tional appliances like the Herbst appliance which corroborated
the positive effects of CAs in Class II correction, particu-
larly in controlling vertical dimension and improving skeletal
relationships. Although Lo Giudice et al. [30] evaluated
condylar cortical bone thickness differences among patients
with various vertical facial dimensions, it did not specifically
examine Class II malocclusion. However, the findings suggest
that hyperdivergent patients generally have thicker condylar
cortical bone than hypodivergent patients. Extrapolating this
to Class II malocclusion, it could be hypothesized that hyperdi-
vergent and hypodivergent Class II patients may have distinct
condylar characteristics, potentially impacting their response
to functional appliances. Future research could explore these
anatomical variations within Class II populations to refine and
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personalize treatment protocols further.
In present study, MA showed greater increment around

soft tissue chin compared to that of TB. The Pog-Pog’ was
increased after the MA treatment compared to control. Soft
tissue chin area was increased compared to both the control
and TB groups. This enhancement in chin thickness and
prominencemay have important clinical implications for facial
aesthetics in Class II correction. The retraction of upper
incisors by MA, and reduction of overbite and overjet by TB
could result in lower lip retraction and decrease the lower
lip and chin tension. Facial profile is shaped by three main
factors: soft tissue thickness, dental characteristics and skeletal
features. Soft tissue, in particular, can vary independently of
underlying bone and is key to defining the final profile [31, 32].
MA might thus result in better relaxation of chin soft tissue
for leading to a more prominent chin. Contrarily, the greater
clockwise mandibular rotation by TB stretched the chin’s soft
tissue. This was different from a previous study [15] where
TB resulted in greater soft tissue chin advancement compared
to MA. The discrepancy likely arose from the difference in
measurement methods, i.e., this study assessed the soft tissue
chin thickness by Pog-Pog’ while that study measured the
position of soft tissue pogonion relative to the true vertical line
(TVL).
Retraction of the upper lip was observed in TB and MA

groups with significant reduction in the Upper Lip to E-Plane
after the treatment. A significant difference was observed in
TB group compared to that of control to indicate the higher
efficiency of TB in upper lip retraction. The retraction of upper
incisors contributed to the observed upper lip retraction. The
lack of differences between MA and control groups remained
unclear. There was no significant change in the lower lip
among all groups of the present study. This was contrary to
a previous study [24] which showed stable upper lip compared
to a more protrusive lower lip after the treatment. Two expla-
nations for this discrepancy might include: (1) retraction of
the upper incisors and reduction of overjet and overbite in TB
and MA could lead to lower lip retraction, and the mandibular
advancement could result in lower lip protrusion, and (2) Class
II patients might have insufficient lip muscle tension and thus
requiringmore time to recover normal tension, and could offset
the lower lip protrusion due to mandibular forward movement.
An increase in the Z angle and soft tissue facial convexity

(G’-Sn-Pog’) was observed in both MA and TB groups. The
improvement in Z angle was significant for both treatment
groups compared to the control, however the increase in soft
tissue facial convexity was observed only in TB group. The
changes in these parameters were positively correlated to the
changes in ANB angle and Wit appraisal. The Z angle could
thus be employed as characteristic index to assess the lateral
profile of soft tissue [33]. The Z angle increase was related
to the upper lip retraction and/or forward movement of soft
tissue pogonion. This finding was supported by the increase
in soft tissue pogonion thickness and decrease in H angle. The
reduction in convexity angle contributed to the Z angle increase
and build-up of soft tissue pogonion [34]. This study focused
on the short-term outcomes, however the potential long-term
effects of MA and TB appliances should also be considered.
Previous study by Schneider-Moser et al. [35] highlighted

how early orthodontic intervention influenced the soft tissue
stability and facial aesthetics. The long-term data on MA had
been limited, however it could be expected that both appliances
induced sustained changes in skeletal and soft tissue profiles
when treatment was initiated in the growth period. Future
studies should further explore the reliability of these effects
as the early intervention in pubertal growth spurt might result
in more stable long-term outcomes. These variations would
need further investigations to confirm the findings beyond
immediate post-treatment periods.
The promising outcomes needed careful interpretation of the

data, particularly because of the limitation of control group
composition. Ethical considerations prevented the inclusion of
Class II malocclusion subjects in control group, which neces-
sitated the use of Class I subjects for establishing a reference
for normative growth trajectories. The study outcomes herein
were aligned with the previous studies to suggest that Class II
patients had smaller mandibles by age 15 compared to Class
I subjects. The overall mandibular growth rate between 10
and 15 years was similar in both groups. This reinforced
the validity of using Class I subjects as reference group for
evaluating the mandibular advancement appliances [36].

5. Conclusions

•Clear aligner mandibular advancement (MA) increased the
soft tissue chin thickness and advanced pogonion.

• TB improved the upper lip position and facial convexity.
• Evidence did not support that the MA or TB appliances

enhanced the sagittal mandibular growth.
MA had better control over the lower facial height due to its

pre-MA characteristics.

AVAILABILITY OF DATA AND MATERIALS

The data presented in this study are available on reasonable
request from the corresponding author.

AUTHOR CONTRIBUTIONS

LJT and PKW—designed the research study; PKW—
performed the research; LJT and LM—provided help and
advice on treatment design; PKW—analyzed the data; PKW,
LJT and LM—wrote the manuscript. All authors contributed
to editorial changes in the manuscript. All authors read and
approved the final manuscript.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

The patients’ parents or guardians have signed a written in-
formed consent to use their data, including photos and im-
ages. This retrospective clinical study was approved by the
Ethics Committee of the West China Hospital of Stomatology,
Sichuan University after due examination and authorization
(Approval No. WCHSIRB-D-2023-195) and is registered at
ClinicalTrials.gov (NCT06609733).

https://clinicaltrials.gov/


96

ACKNOWLEDGMENT

Not applicable.

FUNDING

This research received no external funding.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

SUPPLEMENTARY MATERIAL

Supplementary material associated with this article can be
found, in the online version, at https://oss.jocpd.com/
files/article/1963128678303842304/attachment/
Supplementary%20material.docx.

REFERENCES
[1] Alsaggaf DH, Afify AR, Zawawi KH, Alsulaimani FF. Factors influenc-

ing the orthodontic treatment plan in Class II malocclusion. American
Journal of Orthodontics and Dentofacial Orthopedics. 2022; 161: 829–
837.e1.

[2] Stefanovic NL, Uhac M, Brumini M, Zigante M, Perkovic V, Spalj S.
Predictors of patient compliance during Class II division 1 malocclusion
functional orthodontic treatment. The Angle Orthodontist. 2021; 91:
502–508.

[3] Lyu L, Zhao Z, Tang Q, Zhao J, Huang H. Skeletal class II malocclusion
caused by mouth breathing in a pediatric patient undergoing treatment
by interceptive guidance of occlusion. Journal of International Medical
Research. 2021; 49: 3000605211021037.

[4] Khan MI, Neela PK, Unnisa N, Jaiswal AK, Ahmed N, Purkayastha A.
Dentoskeletal effects of Twin Block appliance in patients with Class II
malocclusion. Medicine and Pharmacy Reports. 2022; 95: 191–196.

[5] Kaje R, Rashme R, Manimegalan P, Vundela RR, Saidalavi SK, Jadhav
AV. Assessing the efficacy of early versus late orthodontic intervention
in the management of Class II malocclusion: a comparative analysis.
Journal of Pharmacy and Bioallied Sciences. 2024; 16: S2691–S2693.

[6] Baccaglione G, Rota E, Ferrari M,MaddaloneM. Second class functional
treatment: andreasen activator vs twin block. International Journal of
Clinical Pediatric Dentistry. 2020; 13: 144–149.

[7] Park JH, Lee Y, Mizutani K, Lee MY, Chae JM. Class II division 1
adolescent treatment with twin block and fixed orthodontic appliances: 3-
dimensional changes of the temporomandibular joint. Journal of Clinical
Pediatric Dentistry. 2022; 46: 321–329.

[8] Gandhi V, Mehta F, Patel D, Joshi H, Tadinada A, Yadav S, et al.
Evaluation of skeletal and dentoalveolar changes in patients with Class
II Div 1 malocclusion treated with twin block appliance. Cureus. 2023;
15: e49364.

[9] Radwan ES, Maher A, Montasser MA. Effect of functional appliances on
sleep-disordered breathing in Class II division 1 malocclusion children:
Randomized controlled trial. Orthodontics & Craniofacial Research.
2024; 27: 126–138.

[10] Frilund E, Sonesson M, Magnusson A. Patient compliance with Twin
Block appliance during treatment of Class II malocclusion: a randomized
controlled trial on two check-up prescriptions. European Journal of
Orthodontics. 2023; 45: 142–149.

[11] Ravera S, Castroflorio T, Galati F, Cugliari G, Garino F, Deregibus
A, et al. Short term dentoskeletal effects of mandibular advancement
clear aligners in Class II growing patients. A prospective controlled
study according to STROBE Guidelines. European Journal of Paediatric
Dentistry. 2021; 22: 119–124.

[12] Caruso S, Nota A, Caruso S, Severino M, Gatto R, Meuli S, et al.
Mandibular advancement with clear aligners in the treatment of skeletal

Class II. A retrospective controlled study. European Journal of Paediatric
Dentistry. 2021; 22: 26–30.

[13] Wu Y, Yu Q, Xia Y, Wang B, Chen S, Gu K, et al. Does mandibular
advancement with clear aligners have the same skeletal and dentoalveolar
effects as traditional functional appliances? BMC Oral Health. 2023; 23:
65.

[14] Meade MJ, Weir T. Clinical efficacy of the Invisalign mandibular
advancement appliance: a retrospective investigation. American Journal
of Orthodontics and Dentofacial Orthopedics. 2024; 165: 503–512.

[15] Lombardo EC, Lione R, Franchi L, Gaffuri F, Maspero C, Cozza P, et al.
Dentoskeletal effects of clear aligner vs twin block-a short-term study of
functional appliances. Journal of Orofacial Orthopedics. 2024; 85: 317–
326.

[16] Zhang Y, Zheng J, Wu Q, Jiang T, Xiao H, Du Y, et al. Three-dimensional
spatial analysis of temporomandibular joint in adolescent Class II division
1 malocclusion patients: comparison of Twin-Block and clear functional
aligner. Head & Face Medicine. 2024; 20: 4.

[17] Wang H. Comparison of treatment effects produced by the invisible
mandibular advancement and the Twin-block appliance [master’s thesis].
Sichuan University. 2019.

[18] Camcı H, Salmanpour F. Comparison of skeletal and dentoalveolar
effects of two different mandibular advancement methods: conventional
technique vs aesthetic approach. European Oral Research. 2022; 56: 96–
101.

[19] Feng Q, Jiang F, Wang H, Shen G, Zhao Z, Jiang L, et al. Evaluation of
modified clear Twin Block aligner in treating adolescents with skeletal
class II malocclusion: a two-centre cephalometric study. Orthodontics &
Craniofacial Research. 2024; 27: 665–673.

[20] Sun Z, Pan Y, Lin T, Lu H, Ai H, Mai Z. Comparison of cephalometric
measurements of the Twin Block and A6 appliances in the treatment of
Class II malocclusion: a retrospective comparative cohort study. Annals
of Translational Medicine. 2022; 10: 876.

[21] O’Brien K, Wright J, Conboy F, Sanjie Y, Mandall N, Chadwick S,
et al. Effectiveness of early orthodontic treatment with the Twin-block
appliance: a multicenter, randomized, controlled trial. Part 1: dental
and skeletal effects. American Journal of Orthodontics and Dentofacial
Orthopedics. 2003; 124: 234–243; quiz 339.

[22] Sabouni W, Hansa I, Al Ali SM, Adel SM, Vaid N. Invisalign treatment
with mandibular advancement: a retrospective cohort cephalometric
appraisal. Journal of Clinical Imaging Science. 2022; 12: 42.

[23] Cozza P, Baccetti T, Franchi L, De Toffol L, McNamara JA Jr.
Mandibular changes produced by functional appliances in Class II
malocclusion: a systematic review. American Journal of Orthodontics
and Dentofacial Orthopedics. 2006; 129: 599.e1–e12; discussion e1–e6.

[24] Illing HM,Morris DO, Lee RT. A prospective evaluation of bass, bionator
and twin block appliances. Part I—the hard tissues. European Journal of
Orthodontics. 1998; 20: 501–516.

[25] Toth LR, McNamara JA Jr. Treatment effects produced by the twin-block
appliance and the FR-2 appliance of Fränkel compared with an untreated
Class II sample. American Journal of Orthodontics and Dentofacial
Orthopedics. 1999; 116: 597–609.

[26] Ribas J, Paço M, Pinho T. Perception of facial esthetics by different
observer groups of Class II malocclusion with mandibular retrusion.
International Journal of Esthetic Dentistry. 2018; 13: 208–219.

[27] Türkkahraman H, Sayin MO. Effects of activator and activator headgear
treatment: comparison with untreated Class II subjects. European Journal
of Orthodontics. 2006; 28: 27–34.

[28] Idris G, Hajeer MY, Al-Jundi A. Soft- and hard-tissue changes following
treatment of Class II division 1 malocclusion with Activator versus
Trainer: a randomized controlled trial. European Journal of Orthodontics.
2019; 41: 21–28.

[29] Hosseini HR, Ngan P, Tai SK, Andrews LJ 2nd, Xiang J. A comparison
of skeletal and dental changes in patients with a Class II relationship
treated with clear aligner mandibular advancement and Herbst appliance
followed by comprehensive orthodontic treatment. American Journal of
Orthodontics and Dentofacial Orthopedics. 2024; 165: 205–219.

[30] Lo Giudice A, Rustico L, Caprioglio A, Migliorati M, Nucera R.
Evaluation of condylar cortical bone thickness in patient groups
with different vertical facial dimensions using cone-beam computed
tomography. Odontology. 2020; 108: 669–675.

https://oss.jocpd.com/files/article/1963128678303842304/attachment/Supplementary%20material.docx
https://oss.jocpd.com/files/article/1963128678303842304/attachment/Supplementary%20material.docx
https://oss.jocpd.com/files/article/1963128678303842304/attachment/Supplementary%20material.docx


97

[31] AlBarakati SF. Soft tissue facial profile of adult Saudis. Lateral
cephalometric analysis. Saudi Medical Journal. 2011; 32: 836–842.

[32] Hamid S, Abuaffan AH. Facial soft tissue thickness in a sample of
Sudanese adults with different occlusions. Forensic Science International.
2016; 266: 209–214.

[33] Wang Jiajia, Li Tao, Jiang Ce, Zhang Jiangtao, Guan Xiaoyan.
Soft tissue profile changes of angle class II division 1 adolescent
patients malocclusion after two-phase therapy with twin-block appliance.
Heilongjiang Medical Science. 2016; 39: 124–125 + 127. (In Chinese)

[34] Shahamfar M, Atashi MHA, Azima N. Soft tissue esthetic changes
following a modified twin block appliance therapy: a prospective study.
International Journal of Clinical Pediatric Dentistry. 2020; 13: 255–260.

[35] Schneider-Moser UEM, Moser L. Very early orthodontic treatment:

when, why and how? Dental Press Journal of Orthodontics. 2022; 27:
e22spe2.

[36] Jacob HB, Buschang PH. Mandibular growth comparisons of Class I and
Class II division 1 skeletofacial patterns. The Angle Orthodontist. 2014;
84: 755–761.

How to cite this article: Po-Kam Wo, Li Mei, Lijun Tan.
Comparative effects of clear aligner mandibular advancement
and twin block appliances in Class II malocclusion. Journal
of Clinical Pediatric Dentistry. 2025; 49(5): 87-97. doi:
10.22514/jocpd.2025.103.


	Introduction
	Materials and methods
	Inclusion and exclusion criteria
	Sample size calculation
	Patient recruitment
	Treatment protocols
	Cephalometric analysis
	Intra- and inter-rater reliability
	Statistical analysis

	Results
	Baseline
	Skeletal effects
	Dental effects
	Soft tissue effects

	Discussion
	Conclusions

