
Predictors of favorable soft tissue profile outcomes 
following Class II Twin-block treatment

Objective: The aim of this study was to determine cephalometric factors that 
help predict favorable soft-tissue profile outcomes following treatment with 
the Class II Twin-block appliance. Methods: Pre- and post-treatment lateral 
cephalograms of 45 patients treated with the Class II Twin-block appliance were 
retrospectively analyzed. Profile silhouettes were drawn from the cephalograms 
and evaluated by three orthodontists in order to determine the extent of 
improvement. Samples were divided into a favorable group (upper 30% of visual 
analogue scale [VAS] scores, n = 14) and an unfavorable group (lower 30% of 
VAS scores, n = 14). Skeletal and soft-tissue measurements were performed on 
the cephalograms and an intergroup comparison was conducted. Results: An 
independent t-test revealed that the following pre-treatment values were lower 
in the favorable group compared to the unfavorable group: lower incisor to 
mandibular plane angle, lower incisor to pogonion distance, point A-nasion-
point B angle, sella-nasion line (SN) to maxillary plane angle, SN to mandibular 
plane angle, gonial angle, and symphysis inclination. The favorable group had 
a larger incisor inclination to occlusal plane. Moreover, the favorable group 
showed larger post-treatment changes in gonial angle, B point projection, and 
pogonion projection than did the unfavorable group. Conclusions: Class II 
malocclusion patients with a low divergent skeletal pattern and reduced lower 
incisor protrusions are likely to show more improvement in soft-tissue profile 
outcomes following Class II Twin-block treatment.
[Korean J Orthod 2018;48(1):11-22]
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INTRODUCTION

Skeletal Class II malocclusion can result from either 
maxillary protrusion, mandibular retrusion, or a 
combination of the two.1,2 In cases of growing patients 
with skeletal Class II malocclusion with mandible 
retrusion, the Class II Twin-block appliance can be 
used to stimulate and enhance mandibular growth. 
This appliance, originally developed by Dr. William J. 
Clark, consists of upper and lower removable plates. In 
comparison with removable functional monoblocks, the 
appliance’s separate plates and a less bulky appearance 
improve patient compliance and increase the time for 
which the subjects wear the appliance.3

In Class II Twin-block treatment, lower facial soft-
tissue adaptation can occur in response to mandibular 
advancement. Previous studies that used lateral cepha
lometric radiographs that investigated the skeletal, 
dental, and soft-tissue effects of the Class II Twin-block 
appliance have reported reduced maxillomandibular 
discrepancy, decreased overjet, and advancement of 
the lower lip and chin point in response to mandibular 
growth stimulation.4-7 

Orthodontic treatment is predominately used to 
improve facial esthetics. Since the demand for facial 
attractiveness is increasing, facial profile improvement, 
with a focus on soft-tissue changes, has become more 
important. Previous studies investigating the effect of 
the Class II Twin-block appliance have shown esthetic 
improvement of the facial profile.6,8 However, individual 
variation in the response to Class II functional appliance 
treatment has also been reported, with some patients 
exhibiting poor facial profile improvement after treat
ment.9,10

Several studies investigating successful Class II func
tional treatment outcomes have proposed several cepha
lometric predictors including pretreatment overjet and 
overbite, sella-nasion-point B angle (SNB), maxillary-
mandibular plane angle, point A-nasion-point B angle 

(ANB), and condylar angle.10-12 However, these studies 
defined treatment success based on hard-tissue changes, 
such as the reduction of anterior overjet. To date, no 
studies have investigated the predictors of successful 
Class II Twin-block appliance treatment based on soft-
tissue profile outcomes. Therefore, the aim of this 
retrospective study was to determine factors related to 
the successful outcomes of Class II Twin-block appliance 
treatment based on the evaluation of soft-tissue profile 
changes in growing patients with skeletal Class II 
malocclusion.

MATERIALS AND METHODS

The pre- and post-treatment lateral cephalometric 
records of 45 patients (35 boys and 10 girls) treated with 
the Class II Twin-block appliance were collected. The 
mean (± standard deviation [SD]) age of the patients 
at the start of treatment was 10.4 ± 1.2 years. For all 
the patients, lateral cephalometric radiographs were 
taken with the teeth in occlusion and the lips in the 
resting position. The study protocol was approved by 
the Institutional Review Board of Kyung Hee University 
Hospital at Gangdong (IRB approval No. 2014-10-022). 
Patient inclusion criteria were as follows:

• A diagnosis of Skeletal Class II relationship with 
mandibular deficiency, 

• Class I molar relationship and normal overjet/
overbite obtained after treatment, 

• Only received treatment with the Class II Twin-block 
appliance, 

• No craniofacial syndrome or congenital maxillofacial 
deformity,

• No congenital missing tooth or teeth which affected 
the facial profile.

A modified form of Dr. Clark’s Twin-block appliance 
comprising two separate, upper and lower, removable 
appliances was used in this study (Figure 1). The bite 
registration was taken with the incisors in an edge-to-

Figure 1. The Class II Twin-
block appliance used in this 
study.
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edge position with at least a 5-mm vertical posterior 
opening. All patients were instructed to wear the 
appliance 24 hours per day (except when eating). The 
mean (± SD) total treatment time of these patients was 
10 ± 3.9 months. 

Profile silhouettes were produced from the soft-tissue 
profile tracings of the pre- and post-treatment lateral 
cephalograms by the same operator (Figure 2).13 The 
tracings were arranged with the Frankfort line parallel to 
the horizontal aspect of the computer monitor and were 
saved as JPEG images. Using a photo editor program, 
the profile tracings were filled in black, against a white 
background, and were standardized for size and range, 
from the soft-tissue glabella to slightly below the throat 
point.

For each patient, the silhouette pairs (pre- and post-
treatment) were randomly assigned a number (1–45) and 
were inserted on the same sheet: pre-treatment image 
on the left side and post-treatment image on the right 
(Figure 2). The extent of silhouette improvement was 
evaluated by a panel comprised of three orthodontists, 
each with an orthodontic experience of more than 10 
years. The panel was provided with an explanation 
of the study and allowed 10 seconds to view each 
silhouette pair. The panel then recorded the extent of 
the silhouette improvement following treatment by 
using an unmarked 100-mm visual analogue scale (VAS) 
from 0 (no improvement of facial profile) to 100 (facial 
profile improved close to Class I).

Patients were then divided into two groups based 
on their VAS scores: a favorable group comprising the 
upper 30% of VAS scores, and an unfavorable group 
comprising the lower 30%. Pre- and post-treatment 
lateral cephalograms of each group were traced and 
analyzed by one operator. Landmarks used in the study 

are presented in Table 1 and Figure 3A, while the linear 
and angular measurements are shown in Table 2 and 
Figure 3B–3D.14

Statistical analysis
Cephalometric tracings and analysis were performed 

by one operator using the software program V cephTM 
6.0 (Osstem Inc., Seoul, Korea). Twenty randomly 
selected lateral cephalograms were traced 2 weeks 
after the first measurements were taken. The error 
of the first and second measurements was compared 
using Dahlberg’s formula. All statistical analyses were 
performed using PASW Statistics for Windows, version 
18.0 (IBM Co., Armonk, NY, USA). A normal distribution 
of the variables was confirmed using the Kolmogorov-
Smirnov test. Statistical comparison of the pre-treatment 
measurements between the favorable and unfavorable 
groups was performed using an independent t-test. A 
logistic regression test was performed to determine the 
most highly correlated factor among the pretreatment 
variables and an intra-class correlation coefficient 
was used to determine intra-panel reliability; a high 
correlation coefficient (0.895) was recorded between the 
orthodontists within the panel.

RESULTS

Analysis using Dahlberg’s formula revealed that the 
linear measurement error varied between 0.20 mm (lower 
anterior facial height) and 1.23 mm (condylion to gonion 
length), and the angular measurement error varied 
between 0.54o (sella-nasion line [SN] to pogonion angle) 
and 1.21o (upper incisor to maxillary plane angle [MxP]). 
The favorable group was comprised with 14 subjects 
(mean age, 10.5 ± 1.4 years; 12 boys and 2 girls) and 
the unfavorable group was comprised with 14 subjects 
(mean age, 10.4 ± 1.3 years; 12 boys and 2 girls). Table 
3 presents the comparative data for pre-treatment 
cephalometric measurements in both groups. An 
independent t-test indicated that there were statistically 
significant pre-treatment cephalometric differences in 
symphysis inclination, lower incisor to mandibular plane 
angle (IMPA), lower incisor to occlusal plane angle 
(L1 to Occ), lower incisor to pogonion distance (L1 to 
pogonion), ANB, SN to MxP, SN to mandibular plane 
angle (MnP), and gonial angle between the two groups. 
With the exception of L1 to Occ, the favorable group 
had the lowest cephalometric measurements. There were 
no statistically significant differences in pre-treatment 
soft-tissue measurements between the two groups. 
Table 4 presents the cephalometric treatment changes; 
statistically significant differences were observed in the 
gonial angle, vertical reference plane (VRP) to B point, 
and VRP to pogonion between the two groups. Increase 

Figure 2. An example of a pair of pre-treatment (left) 
and post-treatment (right) silhouettes used for evaluation 
by the panels.

Pre-treatment Post-treatment
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in gonial angle, VRP to B point, and VRP to pogonion 
following treatment were significantly larger in the 
favorable group compared to the unfavorable group. 

Logistic regression analysis was used to determine the 
predictors of favorable soft-tissue profile outcomes. With 
one independent variable, L1 to pogonion was the most 
effective predictor with a coefficient of determination 

of 0.473, and with two independent variables, the 
IMPA and gonial angle were the most strongly related 
variables, with a coefficient of determination of 0.719. 
In combination with L1 to pogonion, the coefficient of 
determination was 0.751, and this increased to 0.818 
when combined with the vertical factor SN to MxP.

Table 1. Description of cephalometric landmarks and planes used in the study

Landmark Definition

Nasion (N) The middle point of the frontonasal suture

Sella point (S) The middle point of sella turcica

Condylion (Cd) The most lateral point on the head of the mandible

Articulare (Ar) The point of intersection of the dorsal contours of the articular process of the 
mandible and the temporal bone

Basion (Ba) The middle point on the anterior margin of the great foramen opposite the 
opisthion

Gonion (Go) The most inferior, posterior, and lateral point on the external angle of the mandible

Anterior nasal spine (ANS) A pointed projection at the front extremity of the intermaxillary suture

Posterior nasal spine (PNS) The sharp posterior extremity of the nasal crest of the hard palate

Point A (A) The most retruded part of the curved bony outline from the anterior nasal spine to 
the crest of the maxillary alveolar process

Point B (B) The most posterior midline point in the concavity between the infradentale and 
pogonion

Pogonion (Pog) The most anterior point of the chin on the mandible in the midline

Gnathion (Gn) The most outward an everted point on the profile curvature of the chin

Menton (Me) The most inferior point on the chin 

Upper incisor edge (UIE) Crown tip of the upper central incisor

Upper incisor apex (UIA) Root apex point of the upper central incisor

Lower incisor edge (LIE) Crown tip of the lower central incisor

Lower incisor apex (LIA) Root apex point of the lower central incisor

Infradentale (Id) The highest anterior point on the gingival between the mandibular incisors

Upper molar mesial cusp tip (UM) Mesial cusp tip of the upper first molar

Lower molar mesial cusp tip (LM) Mesial cusp tip of the lower first molar

Glabella (Gb) The most forward projection point of the forehead in the middle of the supraorbital 
riges

Soft-tissue nasion (sN) The outer point of intersection between the nasion-sella line and the soft tissue 
profile

Subnasale (Sn) The point at which the nasal septum merges with the upper lip 

Labrale superius (Ls) The point on the upper lip lying in the median sagittal plane on a line drawn across 
boundary of vermilion border and skin

Labrale inferius (Li) The point on the lower lip lying in the median sagittal plane on a line drawn across 
boundary of vermilion border and skin

Soft-tissue pogonion (sPog) The most anterior point on the midsagittal plane on the soft tissue chin

Vertical reference plane (VRP) Vertical reference plane perpendicular to horizontal plane at 7o to SN plane

Maxillary plane (MxP) The line connecting anterior nasal spine and posterior nasal spine

Mandibular plane (MnP) The line connecting menton and gonion
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DISCUSSION

After Class II Twin-block treatment, the extent of soft-
tissue profile improvement among patients was variable, 
despite the fact that treatment resulted in Class I molar 
relationship and normal overjet and overbite in all the 
patients. Some patients exhibited an excellent profile 

improvement, obtaining almost a Class I orthognathic 
profile, while some exhibited extremely small profile 
changes, retaining a retrognathic appearance. Other 
patients also showed profile improvement however, it 
was not enough to classify as a straight profile. The 
objective of this study was to determine factors related 
to favorable soft-tissue profile outcomes following Class 

Figure 3. Cephalometric analysis. A, Cephalometric landmarks (and the vertical reference plane) recorded: Nasion (N), 
sella point (S), condylion (Cd), articulare (Ar), basion (Ba), gonion (Go), anterior nasal spine (ANS), posterior nasal spine 
(PNS), point A (A), point B (B), pogonion (Pog), gnathion (Gn), menton (Me), upper incisor edge (UIE), upper incisor apex 
(UIA), lower incisor edge (LIE), lower incisor apex (LIA), infradentale (Id), upper molar mesial cusp tip (UM), lower molar 
mesial cusp tip (LM), glabella (Gb), soft-tissue nasion (sN), subnasale (Sn), labrale superius (Ls), labrale inferius (Li), soft-
tissue pogonion (sPog), and the vertical reference plane perpendicular to the horizontal plane at 7o to the SN plane (VRP). 
B, Cranial base, facial height, and vertical measurements: (1) S-Ar, (2) S-N, (3) Ba-N, (4) N-S-Ar, (5) UAFH, (6) LAFH, (7) 
UPFH, (8) LPFH, (9), S-Ar-Go, and (10) maxillary plane angle (MxP)-mandibular plane angle (MnP). C, Anteroposterior 
mandibular dimension measurements: (1) SNA, (2) SNB, (3) VRP-Cd, (4) VRP-ANS, (5) VRP-A, (6) VRP-B, (7) VRP-Pog, (8) 
B-Pog, (9) S-N-Pog, (10), Cd-Go, (11) Cd-Gn, (12) Go-Gn, (13) Ar-Gn, (14) Ar-Go-Me, and (15) symphysis inclination. D, 
Dento-alveolar and soft-tissue measurements: (1) U1-MxP, (2) L1-MnP, (3) interincisal angle, (4) UM-MxP, (5) LM-MnP, (6) 
VRP-UM, (7) VRP-LM, (8) VRP-Gb, (9) VRP-sN, (10) VRP-Sn, (11) VRP-Ls, (12) VRP-Li, and (13) VRP-sPog. 
Terms and definitions are listed in Tables 1 and 2.
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Table 2. Description of cephalometric measurements performed in the study

Measurement Definition

Cranial base variables

   S-Ar (mm) Distance from sella to articulare

   S-N (mm) Distance from sella to nasion

   Ba-N (mm) Distance from basion to nasion

   N-S-Ar (o) Angle between nasion to sella line and sella to articulare line

Face height variables

   UAFH (mm) Distance from nasion to anterior nasal spine

   LAFH (mm) Distance from anterior nasal spine to menton

   UPFH (mm) Distance from sella to posterior nasal spine

   LPFH (mm) Distance from posterior nasal spine to gonion

   %LAFH Ratio of lower anterior face height and total anterior face height

   %LPFH Ratio of lower posterior face height and total posterior face height

   S-Ar-Go (o) Angle between sella to articulare line and articulare to gonion line

Antero-posterior variables

   SNA (o) Sella-nasion-A point angle

   SNB (o) Sella-nasion-B point angle

   ANB (o) Difference between SNA and SNB

   VRP-Cd (mm) Distance from vertical reference plane to condylion

   VRP-ANS (mm) Distance from vertical reference plane to anterior nasal spine

   VRP-A (mm) Distance from vertical reference plane to A point

   VRP-B (mm) Distance from vertical reference plane to B point

   VRP-Pog (mm) Distance from vertical reference plane to pogonion

   B-Pog (mm) Distance from B point to pogonion

   S-N-Pog (o) Sella-nasion-pogonion angle

Vertical variables

   SN-MxP (o) Angle between sella to nasion plane and maxillary plane

   SN-MnP (o) Angle between sella to nasion plane and mandibular plane

   MxP-MnP (o) Angle between maxillary plane and mandibular plane 

   FH-Occ (o) Angle between Frankfort plane and occlusal plane

Mandibular dimensions

   Cd-Go (mm) Distance from condylion to gonion

   Cd-Gn (mm) Distance from condylion to gnathion

   Go-Gn (mm) Distance from gonion to gnathion

   Ar-Gn (mm) Distance from articulare to gnathion

   Ar-Go-Me (o) Articulare-gonion-menton angle

   Symphysis inclination (o) Angle between mandibular plane and infradentale-pogonion plane

Dento-alveolar variables

   OB (mm) Overbite

   OJ (mm) Overjet

   U1-MxP (o) Upper incisor inclination to maxillary plane

   L1-MnP (o) Lower incisor inclination to mandibular plane

   U1-Occ (o) Upper incisor inclination to occlusal plane
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II Twin-block treatment. 
The findings revealed that in the favorable group, 

there was a relationship between a favorable soft-tissue 
profile response and several pre-treatment cephalometric 
features, including a smaller symphysis inclination, 
IMPA, L1 to pogonion, ANB, SN to MxP, SN to MnP, 
and gonial angle, as well as a larger L1 to Occ. A logistic 
regression analysis showed that the effective predictors 
of favorable treatment outcomes were L1 to pogonion, 
IMPA, gonial angle, and SN to MxP. The size of the 
coefficient of determination with IMPA and gonial angle 
(0.719) suggests that these two features alone may act 
as useful predictors of favorable profile improvement. 
This suggests that clinicians can expect more soft-tissue 
profile improvements when using the Class II Twin-block 
appliance in patients with a small IMPA and gonial 
angle.

Cephalometric characteristics of patients with im
proved soft-tissue profiles after Class II Twin-block 
treatment can be summarized as reduced lower incisor 
protrusion and low divergent skeletal patterns. Dental 
compensation for the Class II skeletal relationship can 
cause lower incisor protrusion which reduces the dental 
occlusal discrepancy in comparison to the skeletal 
discrepancy. Since clinicians aim to obtain a Class I 
dental relationship by using functional appliances, 
this dental compensation reduces the activation of the 
appliance to a level that is required to relieve skeletal 
discrepancy. For example, when a patient has 10 mm of 
maxillomandibular skeletal base discrepancy, but because 
of a lower incisor protrusion, has only 6 mm of anterior 
overjet, the clinician can only advance the mandible 
by 4 mm and achieve a normal 2-mm anterior overjet. 

Considering the functional appliance effect is a mixture 
of dental and skeletal changes, such patients could only 
benefit from less than 4 mm of skeletal changes. 

To address the problem mentioned above, a treatment 
plan to remove lower incisor protrusion before or after 
Class II Twin-block treatment is required in addition to 
allowing the sufficient advancement of the mandible in 
order to fully address the skeletal discrepancy. In many 
cases, lingual uprighting of the lower incisor may require 
extraction treatment, which is not clinically possible 
prior to Class II Twin-block treatment. In such cases, 
lower incisor uprighting after Twin-block treatment 
should be performed, and during treatment, sufficient 
skeletal advancement of the mandible is also required, 
regardless of the dental relationship. This form of Class 
II functional treatment may result in anterior cross 
bite, which can be corrected through subsequent fixed 
appliance treatment. However, this treatment protocol 
is aggressive and should not be performed without 
adequate supporting scientific evidence. 

The symphysis inclination appeared to be lower in the 
favorable group than in the unfavorable group, indicating 
that severe frontal inclination of the mandibular sym
physis is associated with the least favorable profile 
outcomes after Class II Twin-block treatment. The asso
ciation of the inclination of symphysis with mandibular 
growth direction has also been reported in a previous 
study.15 In that study, metallic implants were used 
to discriminate the forward mandibular rotator from 
the backward rotator; cephalometric characteristics 
were also investigated. In the forward rotating type, 
the symphysis swung forward in the face and the 
chin was prominent, while in the backward rotating 

Table 2. Continued

Measurement Definition

   L1-Occ (o) Lower incisor inclination to occlusal plane

   L1-Pog (mm) Distance from crown tip of lower incisor to pogonion

   II (o) Interincisal angle

   UM-MxP (mm) Distance from mesial cusp tip of the upper first molar to maxillary plane

   LM-MnP (mm) Distance from mesial cusp tip of the lower first molar to mandibular plane

   VRP-UM (mm) Distance from vertical reference plane to mesial cusp tip of the upper first molar

   VRP-LM (mm) Distance from vertical reference plane to mesial cusp tip of the lower first molar

Soft-tissue variables

   VRP-Gb (mm) Distance from vertical reference plane to glabella

   VRP-sN (mm) Distance from vertical reference plane to soft tissue nasion

   VRP-Sn (mm) Distance from vertical reference plane to soft tissue subnasale

   VRP-Ls (mm) Distance from vertical reference plane to labrale superius 

   VRP-Li (mm) Distance from vertical reference plane to labrale inferius

   VRP-sPog (mm) Distance from vertical reference plane to soft tissue pogonion
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Table 3. Comparison of pre-treatment cephalometric measurements between the unfavorable and favorable groups 

Variable Unfavorable group (n = 14) Favorable group (n = 14) p-value

Cranial base variables

   S-Ar (mm) 33.53 ± 2.14 35.08 ± 3.09 0.134

   S-N (mm) 65.72 ± 3.63 63.83 ± 2.67 0.127

   Ba-N (mm) 101.09 ± 4.52 99.68 ± 4.16 0.396

   N-S-Ar (o) 125.39 ± 4.54 125.33 ± 4.97 0.974

Face height variables

   UAFH (mm) 52.30 ± 3.18 50.65 ± 3.05 0.175

   LAFH (mm) 63.58 ± 3.99 62.96 ± 3.71 0.673

   UPFH (mm) 45.29 ± 3.45 45.79 ± 3.21 0.691

   LPFH (mm) 42.97 ± 3.00 44.86 ± 3.69 0.149

   %LAFH 54.86 ± 1.70 55.42 ± 1.35 0.350

   %LPFH 48.70 ± 1.81 49.47 ± 1.76 0.266

   S-Ar-Go (o) 148.78 ± 5.03 149.41 ± 7.07 0.786

Antero-posterior variables

   SNA (o) 80.45 ± 3.08 81.00 ± 3.45 0.658

   SNB (o) 74.19 ± 2.75 75.64 ± 3.45 0.230

   ANB (o) 6.33 ± 0.96 5.37 ± 1.29 0.034*

   VRP-Cd (mm) 10.55 ± 2.39 11.80 ± 2.57 0.196

   VRP-ANS (mm) 65.55 ± 8.78 66.58 ± 3.37 0.685

   VRP-A (mm) 64.94 ± 5.30 62.55 ± 3.64 0.176

   VRP-B (mm) 55.29 ± 5.77 53.96 ± 3.68 0.474

   VRP-Pog (mm) 52.79 ± 7.38 53.36 ± 3.95 0.802

   B-Pog (mm) 4.80 ± 1.07 5.63 ± 1.37 0.087

   S-N-Pog (o) 73.87 ± 3.39 76.23 ± 3.70 0.090

Vertical plane variables

   SN-MxP (o) 10.43 ± 2.48 7.62 ± 3.58 0.023*

   SN-MnP (o) 38.02 ± 6.38 33.22 ± 5.27 0.039*

   MxP-MnP (o) 27.59 ± 5.42 25.59 ± 3.22 0.246

   FH-Occ (o) 10.95 ± 4.18 8.98 ± 3.46 0.187

Mandibular dimensions

   Cd-Go (mm) 53.11 ± 4.94 55.26 ± 4.86 0.258

   Cd-Gn (mm) 101.47 ± 4.93 102.15 ± 5.44 0.729

   Go-Gn (mm) 66.68 ± 3.01 68.15 ± 3.34 0.234

   Ar-Gn (mm) 94.28 ± 4.32 94.66 ± 4.16 0.814

   Ar-Go-Me (o) 123.86 ± 6.06 118.47 ± 5.01 0.017*

   Symphysis inclination 82.55 ± 3.63 78.53 ± 4.70 0.018*

Dento-alveolar variables

   OB (mm) 4.44 ± 2.06 4.71 ± 1.47 0.697

   OJ (mm) 6.25 ± 1.50 7.22 ± 2.33 0.201

   U1-MxP (o) 67.71 ± 6.34 66.00 ± 7.59 0.522

   L1-MnP (o) 99.09 ± 5.55 93.32 ± 4.89 0.007*

   U1-Occ (o) 57.41 ± 4.71 56.78 ± 8.54 0.811
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Table 3. Continued

Variable Unfavorable group (n = 14) Favorable group (n = 14) p-value

   L1-Occ (o) 64.02 ± 3.16 70.33 ± 5.62 0.001*

   L1-Pog (mm) 10.37 ± 3.33 6.73 ± 2.05 0.002*

   II (o) 124.52 ± 6.66 124.84 ± 10.95 0.925

   UM-MxP (mm) 18.72 ± 1.64 66.00 ± 7.59 0.662

   LM-MnP (mm) 28.10 ± 2.07 93.32 ± 4.89 0.981

   VRP-UM (mm) 34.47 ± 5.73 32.67 ± 3.71 0.333

   VRP-LM (mm) 33.66 ± 5.67 31.11 ± 3.72 0.170

Soft-tissue variables

   VRP-Gb (mm) 72.41 ± 3.55 70.70 ± 3.06 0.183

   VRP-sN (mm) 69.46 ± 3.07 68.08 ± 2.77 0.223

   VRP-Sn (mm) 76.91 ± 5.43 74.80 ± 3.51 0.232

   VRP-Ls (mm) 82.00 ± 6.31 80.57 ± 4.12 0.484

   VRP-Li (mm) 76.10 ± 5.60 74.43 ± 4.43 0.390

   VRP-sPog (mm) 65.87 ± 6.46 65.59 ± 4.27 0.894

Values are presented as mean  ±  standard deviation. 
Analyzed using an independent t-test; *p < 0.05. 
Terms and definitions are listed in Tables 1 and 2.

Table 4. Comparison of post-treatment changes in cephalometric measurements between the unfavorable and favorable 
groups 

Variable Unfavorable group (n = 14) Favorable group (n = 14) p-value

Antero-posterior variables

   SNB (o) 1.03 ± 1.36 1.21 ± 1.05 0.691

   ANB (o) −1.27 ± 0.72 −1.80 ± 1.02 0.120

   VRP-Cd (mm) 1.14 ± 1.46 0.22 ± 1.55 0.118

   VRP-ANS (mm) 1.06 ± 1.36 1.31 ± 1.36 0.441

   VRP-A (mm) 0.47 ± 1.49 1.32 ± 1.46 0.138

   VRP-B (mm) 1.56 ± 2.05 4.05 ± 2.43 0.007*

   VRP-Pog (mm) 1.01 ± 2.32 3.46 ± 2.60 0.014*

   S-N-Pog (o) −0.08 ± 3.32 0.58 ± 0.91 0.488

Mandibular dimensions

   Cd-Go (mm) 3.87 ± 1.87 3.37 ± 2.62 0.567

   Cd-Gn (mm) 6.28 ± 3.14 6.31 ± 2.94 0.981

   Go-Gn (mm) 3.09 ± 1.70 2.54 ± 2.93 0.549

   Ar-Gn (mm) 4.67 ± 2.28 5.38 ± 2.05 0.319

   Ar-Go-Me (o) 0.55 ± 1.68 2.17 ± 2.18 0.037*

Soft-tissue variables

   VRP-Ls (mm) 1.13 ± 2.19 0.61 ± 2.23 0.543

   VRP-Li (mm) 2.37 ± 1.90 3.72 ± 2.48 0.118

   VRP-sPog (mm) 2.17 ± 2.74 4.37 ± 2.98 0.052

Values are presented as mean  ±  standard deviation.
Analyzed using an independent t-test; *p < 0.05. 
Terms and definitions are listed in Tables 1 and 2.
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type, the symphysis swung back and the chin receded. 
While the precise definition of symphysis inclination 
measurement in that study differed from that used in 
the present study (angle between the tangent to the 
anterior surface of the mandible and the anterior cranial 
base versus the angle between the mandibular plane 
and infradentale-pogonion plane), the broad meaning 
of the two definitions was similar. This indicates that 
patients with more forward symphysis inclination tend 
to have a clockwise rotation growth pattern, hindering 
the projection of the chin point. Mandibular growth 
acceleration acquired during Twin-block treatment 
can be expressed in a more vertical direction rather 
than a sagittal direction, with a smaller advancement 
of the chin point resulting in a less favorable profile 
improvement. In addition, the visual effect of a relatively 
protruded incisal portion, with a relatively retruded chin 
point, may worsen the retrognathic appearance. 

In the present study, smaller measurements of SN 
to MxP, SN to MnP, and gonial angle were observed 
in the favorable group. These angle values indicate 
low divergent skeletal patterns in more favorable soft-
tissue profiles after Class II Twin-block treatment. High 
divergence may indicate backward growth rotation, 
similar to the protruded symphysis inclination, and 
mandibular growth can progress in a more downward 
and backward manner. In previous studies evaluating 
vertical skeletal pattern and activator appliance effects, 
increased maxillary-mandibular plane angles with an 
open bite resulted in further deterioration of the sagittal 
relationship with an exaggerated open bite.16,17 However, 
without an open bite, the maxillary-mandibular plane 
angle did not reduce the overjet in activator treatment. 
In the present study, while none of the patients had 
an open bite before treatment, they did not show an 
aggravation of the Class II relationship and did not fail 
to achieve a normal Class I anterior overjet and overbite. 
However, it seems reasonable to assume that increased 
vertical divergence may not favor treatment outcomes 
and, consequently, the soft-tissue profile results. Franchi 
and Baccetti12 reported similar results in a Class II 
patient with a pretreatment value of Co-Go-Me degrees 
greater than 125.5o is expected to respond poorly to 
treatment including functional jaw orthopedics. 

Another feature associated with favorable treatment 
outcomes in this study was the ANB angle. The group 
with favorable soft-tissue profile results had a smaller 
ANB angle before treatment than did the group with 
unfavorable soft-tissue profile results. A previous 
study investigating the results of activator treatment 
found that a larger pre-treatment ANB angle was the 
only morphologic difference between successfully and 
unsuccessfully treated patient groups.18 In addition, 
another study demonstrated that larger pretreatment 

ANB angles enable a larger increase in SNB during 
treatment.19 While the definition of successful treatment 
and favorable profile results are different and the study 
results cannot be directly compared, the results of 
the present study contradict these previous findings. 
However, the ANB angle alone may not be an important 
factor in soft-tissue profile outcomes. It can be affected 
by vertical skeletal patterns; when the mandibular length 
remains the same, clockwise rotation increases the ANB 
angle and vice versa. Therefore, it would be reasonable 
to assume that the difference in the ANB angle was 
a secondary effect of the vertical pattern difference 
between the groups. Furthermore, logistic regression 
revealed that the ANB angle is not a highly correlated 
factor.

In this study, none of the pre-treatment soft-tissue 
measurements or treatment changes was statistically 
significantly different between the two groups. This 
suggests that clinicians cannot accurately judge 
whether a patient’s soft-tissue profile will improve after 
Class II Twin-block treatment based on facial profile 
examinations alone. In studies analyzing soft-tissue 
profile changes after Class II Twin-block treatment, 
some of the features reported included the retraction 
of the upper lip, anterior movement of the soft-
tissue pogonion, reduction in soft-tissue convexity, 
and reduction in the H and mentolabial angles.6,8 In 
this study, both the favorable and unfavorable groups 
showed advancement of the lower lip and soft-tissue 
pogonion after treatment; however, the difference 
was not statistically significant which may be due to 
the small sample size. Esthetic judgment may be more 
dependent on total facial balance rather than regional 
changes, and the favorable group in this study may 
have had the best total facial balance. More statistically 
significant treatment changes in the hard-tissue B 
point and pogonion were observed in the favorable 
group compared to the unfavorable group; however, the 
corresponding soft-tissue changes were not statistically 
different. This may indicate that the soft-tissue response 
is not fully synchronized with the underlying hard tissue. 
A study evaluating the soft-tissue changes after Twin-
block and mini-block appliance treatment reported a 
wide range of responses and concluded that a simple 
hard-tissue to soft-tissue change ratio may not be 
ideal.20 In addition, the measurement method itself may 
be inappropriate because, while growth may occur in 
both the vertical and sagittal directions, only the sagittal 
direction was measured.

An increase in the gonial angle after Class II Twin-
block treatment in the favorable group (mean = 2.17o) 
was observed, while only a relatively small increase (0.55o) 
was observed in the unfavorable group. Furthermore, 
considering that the angular measurement error was 
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between 0.54o and 1.21o, the angular change in the 
unfavorable group was negligible. Several studies have 
reported an increase in the gonial angle after treatment 
with Twin-block or other functional appliances.21-23 
Nelson et al.22 observed an increase in the gonial angle 
after treatment with a Harvold appliance and concluded 
that this was due to articular shifting posteriorly rather 
than menton or gonion changes. Sharma et al.23 also 
reported an increase in the gonial angle following 
Class II Twin-block treatment and discussed that this 
phenomenon may be the result of changing muscle 
functions or due to sagittally directing condylar growth, 
leading to greater increments in total mandibular length. 
According to these authors, the increase in the gonial 
angle after Class II Twin-block treatment is a positive 
indication of mandibular morphogenetic change, 
resulting in an improved jaw relation. This could be one 
of the reasons for the improvement in soft-tissue profile 
outcomes in the favorable group reported in the present 
study; however, further research is required to elucidate 
the precise mechanism.

In a randomized clinical trial (RCT) comparing 
patients with Class II division 1 malocclusion receiving 
early treatment with Twin-block and fixed appliances, 
treatment with the fixed appliance only showed no 
difference in the cephalometric skeletal pattern over 
10 years of post-treatment follow-up.24 The authors 
concluded that early treatment for Class II malocclusion 
is unjustified. It is uncertain whether a lack of difference 
in skeletal pattern corresponds to a lack of difference 
in soft-tissue profile; it is also unclear if the profile 
improvements recorded in the patients of the present 
study were maintained until the completion of facial 
growth. As previously discussed, the profile results in 
this study varied among patients receiving Class II Twin-
block treatment, and it appears that some skeletal 
patterns may be more responsive to treatment. The 
Angle classification of the sagittal relationship is not 
complex enough to characterize the skeletal patterns, 
and it is generally accepted that not all patients with 
Class II malocclusion are the same. A previous RCT20 
specified a 7-mm overjet as a patient inclusion criteria; 
this appears to be too simple. The patient sample 
used in that study could have comprised a mixture of 
unfavorable and favorable Class II patients which may 
have resulted in a zero-sum average which was not 
statistically significantly different from non-functional 
appliance-treated Class II patients. Classification and 
analysis of Class II skeletal patterns needs to be more 
detailed and sophisticated to differentiate patients 
with Class II malocclusion in the view of the potential 
benefits of a functional appliance.

It would have been unnecessary for patients in the 
favorable group to receive second phase orthodontic 

treatment using a fixed appliance unless they had dental 
alignment problems. These patients could benefit from 
Class II Twin-block treatment, avoiding the need for 
fixed appliances. While early treatment using a Class II 
Twin-block appliance can be justified in these patients, 
for patients in the unfavorable group, second-phase 
orthodontic treatment and extraction treatment are more 
likely to be required. According to the RCT mentioned 
above, early treatment with a Twin-block appliance 
and subsequent treatment with a fixed appliance did 
not result in any improvements, compared with the 
treatment using a fixed appliance alone.23 Therefore, if 
fixed-appliance treatment seems inevitable, initial Twin-
block application may not be justified. Consequently, 
when patients are expected to have an unfavorable 
profile after Twin-block treatment, the application of 
a Twin-block appliance is not recommended; however, 
further studies with long-term follow-up profiles are 
required to confirm this finding. 

CONCLUSION

Several pre-treatment cephalometric parameters 
were identified as significant predictors of favorable 
soft-tissue profile outcomes following Class II Twin-
block treatment. In patients with a small symphysis 
inclination, IMPA, L1 to pogonion, ANB, SN to MxP, SN 
to MnP, and gonial angle, and a large L1 to Occ at the 
start of treatment, desirable soft-tissue profile changes 
can be expected. The chances of producing favorable 
profile treatment outcomes are reduced in patients with 
proclined lower anterior teeth and a highly divergent 
skeletal pattern, especially those with a large IMPA and 
gonial angle. 
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