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Comparison of Dentoskeletal Changes, Esthetic, and 
Functional Efficacy of Conventional and Novel Esthetic 
Twin Block Appliances among Class II Growing 
Patients: A Pilot Study

ABSTRACT

Objective: A twin block appliance used for correction of skeletal Class II malocclusion suffers from undesirable dental effects and 
bulkiness. To overcome these limitations and the need for more esthetic appearance of this appliance, an esthetic twin block was 
designed and used in patients. This study aimed to compare dentoskeletal changes and esthetic and functional efficacy in patients 
treated with conventional and newly designed esthetic twin block (CTB and ETB) appliances using cephalometric measurements and 
a questionnaire.

Methods: A pilot study with a 2-arm parallel-randomized double-blind clinical trial was conducted on 24 patients (20 males, 4 fe-
males) in the age group of 11-13 years. Subjects were treated with CTB (group 1 [G1]: n=12; mean age=11.67±0.49 years) and ETB 
(group 2 [G2]: n=12; mean age=11.75±0.62 years) appliances. A modified Pancherz analysis was performed to evaluate skeletal and 
dental changes. The esthetic and functional efficacy was evaluated by a questionnaire using Likert scale. Wilcoxon and Mann-Whitney 
U tests were employed for intra and intergroup comparisons respectively (p<0.05).

Results: In G1, a significant increase in lower incisor inclination was observed (p<0.05) whereas it was insignificant in G2. The changes 
were predominantly skeletal in G2 whereas they were both skeletal and dental in G1. ETB was found to be esthetically and functionally 
acceptable in all the patients while CTB patients were esthetically conscious, lacked confidence and had discomfort and difficulty in 
eating, chewing and speaking.

Conclusion: ETB had greater skeletal effects with a reduced tendency of lower incisor proclination, was esthetically acceptable, and 
functionally more comfortable than the CTB.

Keywords: Class II malocclusion, modified Pancherz analysis, twin block

INTRODUCTION
Patients with skeletal Class II malocclusion involving retruded mandible demand orthodontic care mostly due to 
their desire for facial esthetic improvement. Twin block (TB) is one of the most popular functional appliances to 
treat this condition in the growing phase over the last two decades and yields satisfactory results (1). Since the 
use of this appliance allows regular functional activities like mastication, it can be worn continuously resulting 
in faster treatment results compared to those with other functional appliances (2). Despite excellent treatment 
results with TB, its acceptance and compliance may be hampered by its bulky nature (3). Furthermore, it has an 
inherent limitation of causing the proclination of lower incisors, which reduces the potential to attain complete 
skeletal change (4). The position and inclination of the lower incisors in alveolar bone determines the stability 
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Main points:
· Esthetic twin Block (ETB) has been found to be better in terms of esthetic and functional efficacy compared to the conventional twin block (CTB).
· ETB has a better control over lower incisor inclination compared to CTB.
· ETB should be preferred over CTB for mandibular advancement in growing Class II patients.



of anterior occlusal contacts and avert gingival recession (5).Var-
ious modifications were proposed to circumvent lower incisors 
proclination, such as southened clasp, acrylic labial bow, ball 
clasps, and acrylic capping but had no significant effect (6-10). A 
recent modification suggested the use of a mini-implant to con-
trol lower incisor proclination (11). However, its use is limited by 
the invasive nature of the miniscrew placement.

The success of any appliance depends upon the comfort and 
esthetic acceptability, which ensures good patient compliance. 
Moreover, the hallmarks of treatment acceptance have changed 
contemporarily as the patients emphasize more on esthetics and 
comfort rather than only on mechanical or biological superiority 
(12, 13). Hence, in order to enhance esthetic appearance, allevi-
ate bulkiness, and overcome the disadvantages of a convention-
al TB (CTB), a novel esthetic TB (ETB) was fabricated from a bio-
cryl sheet (Duran® SCHEU Dental Technology, Germany) using a 
pressure molding device and cold cure acrylic bite blocks. This 
study was envisaged to compare the dentoskeletal changes and 
esthetic and functional efficacy of ETB with CTB using cephalo-
metric measurements and a questionnaire.

METHODS

Study Design
The present study was conducted as a pilot initiative designed in 
a single clinical establishment as a 2-arm parallel, non-pharma-
cological, randomized double-blind clinical trial.

Study Subjects and Inclusion Criteria
This study was conducted among individuals in the age group 
11-13 years who reported to the Department of Orthodontics and 
Dentofacial Orthopaedics, Maulana Azad Institute of Dental Sci-
ences, New Delhi, India, from July to December 2017 (six months). 
The subjects, who were recruited, had Angle’s Class II division 1 

malocclusion with a retrognathic mandible, a positive visual treat-
ment objective (VTO), average to horizontal growth pattern along 
with cervical vertebrae maturation index (CVMI) in transition 
stage. A written informed consent was obtained from the parents 
of the subjects. The study was approved by the Institutional Re-
search Ethical Committee (reference no. MAIDS 2015).

Sample Size Calculation
The sample size was calculated using software G* Power (Univer-
sität Düsseldorf, Germany). In order to have a power of study of 
0.95 with an alpha error of 0.05, a minimum of 22 subjects was 
required (11 in each group) to detect a significant difference of 
1.5mm in the lower incisor protrusion (14). Considering a dropout 
rate of 10% during the study period, 24 subjects were recruited.

Randomization and Allocation
Patients were equally divided into CTB (group 1, G1; 10 males, 2 
females with a mean age of 11.67 ± 0.49 years) and ETB (group 
2, G2; 10 males, 2 females with a mean age of 11.75±0.62 years) 
groups. A simple randomization method was performed using 
identical, sequentially numbered opaque sealed envelopes to 
ensure an allocation ratio of 1:1. 

Interventions

CTB Appliance
CTB comprised of maxillary and mandibular removable appli-
ances having the labial bow, delta clasps, and ball end clasps 
with incisal capping and expansion screw. 

ETB Appliance
The expansion screw (Leone® Italy) was positioned in the midline 
of maxillary cast with the help of cold cure acrylic (Figure 1a). There-
after, 1-mm biocryl sheet was adapted separately on maxillary and 
mandibular casts with help of pressure molding Biostar machine 
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Figure 1. a-e. Steps in fabrication of ETB

a
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(SCHEU Dental Technology, Germany). This ensured that the ex-
pansion screw got incorporated in the maxillary biocryl sheet 
(Figure 1b). The bite was registered with maxillary and mandibular 
adapted biocryl sheets in the mouth in a single-step mandibular 
advancement (Figure 1c). Working models having registered bite 
along with upper and lower adapted sheets were mounted on the 
articulator (Figure 1d). Acrylic bite blocks with the inclined plane 
were fabricated on biocryl sheets similar to CTB (Figure 1e) and 
the maxillary appliance was split midpalatally (Figure 2).

All the subjects in G1 & G2 were instructed to wear the appliance 
24 hours per day including while eating. Regular wear of the ap-
pliance by the patient was subjectively assessed by the achieve-

ment of the pterygoid response wherein it became painful for the 
patient to retract the mandible due to the formation of a tension 
zone. The trimming was initiated in both groups after achieving 
a pterygoid response. However, in ETB, the biocryl sheet was re-
lieved from the lower appliance in the first molar region bilaterally 
before proceeding with bite block trimming. The duration of myo-
functional therapy in both groups was 9-12 months.

Assessment of Treatment Changes 

1. Cephalometric evaluation
Lateral cephalograms of all patients were taken in a natural head 
position on the same cephalostat with teeth in centric occlusion 
at two stages - pretreatment (T0) and post myofunctional ther-
apy (T1) (15). The cephalograms were traced and evaluated us-
ing modified Pancherz analysis to assess the skeletal and dental 
changes with myofunctional therapy by superimposing the trac-
ings (at T0 and T1) on T-FMN line, with T point as the registration 
point (Figure 3a, b) (16). Ten randomly selected cephalograms 
were retraced and evaluated by the same examiner (NS) after a 
week to check for intra-examiner reliability. 

2. Esthetic and functional evaluation

a. Preparation of questionnaire
The questionnaire was prepared based on two aspects: measur-
ing esthetic and functional dimensions. Initially, twenty ques-
tions from each dimension were generated by a panel of experi-
enced orthodontists (TT & PR) based on a previous similar study 
(17). Questions which were double negatives, unclear in mean-
ing, and doubtful were removed. Finally, only five questions in 
each dimension were included (Table 1). Aesthetic acceptance 
of the subject was evaluated by assessing their routine functions 
such as smiling and talking to peers. The functional dimension 
was assessed by chewing efficiency and appliance discomfort.
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Figure 2. Intraoral photographs with ETB

Figure 3. a, b. (a) Modified Pancherz analysis (Linear Dimensions). 
(b) Modified Pancherz analysis (Angular Dimensions). A, point A; 
ans, anterior nasal spine; ar, articulare; ba, basion; cl, condylar line; 
co, condylion; FMN, frontomaxillary nasal suture; go, goi, gonion; ii, 
incision inferius; is, incision superius; me, menton; mi, molar inferius; 
ml, mandibular line; ms, molar superius; nl, nasal line; OL, occlusal 
line; OLp, occlusal line perpendicular; pg, pogonion; pns, posterior 
nasal spine; T, tuberculum sella

a b



The esthetic acceptability of CTB and ETB was ascertained by 
responses to questions 1 to 5 where 1-3 represented conscious-
ness, 4 denoted confidence, and 5 depicted look of the appli-
ance. The response to questions 6 to 10 ascertained the func-
tional efficacy of two appliances. 

A five-point Likert scale was used for each question ranging from 
strong disagreement to strong agreement. 

b. Translating the questionnaire
The questionnaire was translated initially from English language 
to Hindi which was then back translated to English to ensure the 
accuracy of the translation.

c. Determination of readability 
Readability of the questionnaire was assessed using Micro-
soft Word 2010. Questionnaire had a Flesch Reading Score 
of 76.9, which is equivalent to a reading age of 12 years. The 
Flesch-Kincaid Grade Level score (4.5) showed a good level of 
readability.

d. Test-retest reliability
Each patient was asked to fill the questionnaire in the fourth 
week of their regular visit regarding their experience with the 
appliance. The patient filled the same questionnaire in the sixth 
week in order to assess the test-retest reliability of the ques-
tionnaire. Pearson product-moment correlation coefficient was 
found to be 0.989-1.000, which indicates good test-retest reli-
ability of the questionnaire.

e. Ease of Administration
The questionnaires were checked for completeness and the time 
taken by each patient to fill the questionnaire was found to be 
5-7 min using a stopwatch.
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Table 2. Comparative cephalometric changes between Conventional (Group 1) and Esthetic (Group 2) twin block groups.

                                                                                                                                          Treatment changes 

                                              Group 1 (T1-T0) (n=12)                                           Group 2 (T1-T0) (n=12)  Group 1 vs Group 2

Parameters Mean±SD p Mean±SD p p

Overjet (mm) -6.54±1.67 0.002* -6.54±1.23 0.002* 0.903

Molar relation (mm) -6.00±0.85 0.002* -5.79±0.58 0.002* 0.580

Maxillary base (mm) -0.42±0.51 0.025* -0.63±0.48 0.007* 0.311

Mandibular base (mm) 2.92 ±0.79 0.002* 4.67 ±0.78 0.002* 0.000*

Condylar head (mm) 0.42±0.67 0.059 -0.17±0.72 0.414 0.059

Composite mandibular length (mm)  3.33±1.07 0.002* 4.5±0.52 0.002* 0.006*

Maxillary incisor (mm) -0.92±0.67 0.005* -1.08±0.56 0.013* 0.517

Mandibular incisor (mm) 2.25±0.50 0.001* 0.17±0.32 0.102 0.000*

Maxillary molar (mm) -0.42±0.51 0.025* -0.33±0.49 0.039* 0.745

Mandibular molar (mm) 2.25±0.58 0.002* 0.17±0.32 0.102 0.000*

FMN-T ptba (0) -0.96±0.86 0.010* -0.25±0.62 0.180 0.048*

FMN-T ptar (0) -0.83±1.11 0.046* -0.50±0.80 0.206 0.206

co-pg (mm) 4.92±1.73 0.002* 5.5±2.19 0.002* 0.578

co-go (mm) 2.79±1.5 0.002* 3.17±1.13 0.002* 0.334

go-pg (mm) 2.79±1.07 0.002* 3.75±1.60 0.002* 0.127

cl-ml (0) 1.17±1.11 0.011* 1.17±0.83 0.006* 0.856

ar-goi-me (0) 1.08±0.79 0.003* 1.00±0.60 0.003* 0.945

nl-(FMN-T line) (0) 0.33±2.35 0.565 0.25±0.75 0.257 0.852

ml-(FMN-T line) (0) 1.17±0.54 0.002* 0.88±0.80 0.010* 0.282

nl-ml (0) 0.83±2.24 0.210 0.63±0.93 0.037* 0.677

Superscript (*) indicates significant changes (p<0.05).
SD, Standard Deviation; FMN-T ptba, Frontomaxillary nasal suture-tuberculum sella-basion; FMN-T ptar, Frontomaxillary nasal suture-tuberculum sella-articulare; co-
pg, condylion-pogonion; co-go, condylion-gonion; go-pg, gonion-pogonion; cl-ml, condylar line-mandibular line; ar-goi-me, articulare-gonion-menton; nl-(FMN-T 
line), nasal line-(Frontomaxillary nasal suture-tuberculum sella line); ml-(FMN-T line), mandibular line-(Frontomaxillary nasal suture-tuberculum sella line); nl-ml, 
nasal line-mandibular line.

Table 1. Questionnaire for esthetic and functional evaluation

After wearing the appliance,

Q1 I can show my teeth while smiling.

Q2 I feel people are staring at me.

Q3 I am afraid of bullying by my peers.

Q4 I avoid looking at myself in the mirror.

Q5 I feel satisfied with the look of the appliance.

Q 6 It can easily be worn and removed.

Q7 It caused discomfort.

Q8 It caused difficulty in eating and chewing.

Q9 I felt difficulty in speaking.

Q10 It fitted in my mouth snugly.

Likert scale was used for responses as follows: 1=strongly disagree, 2=dis-
agree, 3=neutral, 4=agree, and 5=strongly agree.



The content validity of the questionnaire was evaluated by a 
panel of experienced orthodontists (TT & PR), and it was further 
checked by test-retest reliability and back translation.

Statistical Analysis
Data were analyzed using The Statistical Package for Social 
Sciences version 23.0 software (IBM Corp.; Armonk, NY, USA). 
Intra-examiner reliability was determined by the intra-class cor-
relation coefficient. Non-parametric tests were employed based 
on the assessment of normality by the parameters of skewness 
and kurtosis and the Shapiro-Wilk test. Pre- and post-treat-
ment changes in each group were evaluated using the Wilcox-
on matched-pair sign test. Intergroup comparison of pre- and 
post-cephalometric differences and questionnaire items was 
evaluated by the Mann-Whitney U test. Statistical significance 
was set at p<0.05.

RESULTS
No patients dropped out during the study. There was no sig-
nificant difference in baseline data of G1 and G2 patients. The 
intra-examiner reliability was found to be 0.997-1.000, which 
showed very good agreement.

Cephalometric Evaluation
The cephalometric superimposition on the T-FMN line for CTB 
and ETB is shown in Figure 4.

The post-treatment outcome in both groups revealed significant 
change in overjet reduction, molar relation, movement of the 
maxillary base, mandibular base advancement, maxillary inci-
sors retroclination, maxillary molars distalization, and increase in 
composite mandibular length (p<0.05) (Table 2).

G1 showed the significant mesial movement of mandibular in-
cisors (2.25 mm; p<0.05) and molars (p<0.05) whereas insignifi-
cant change was observed in G2 (0.17 mm). 

Intergroup comparison demonstrated statistically significant 
mandibular base advancement and composite mandibular 
length increase in G2 (p<0.05) while the change in positions of 
mandibular incisors (p<0.05) and molars (p<0.05) were statisti-
cally significantly more in G1.

Esthetic and Functional Evaluation 
Based on the responses to the questionnaire, the esthetic and 
functional efficacy of both appliances was evaluated. Significant 
differences were observed between the groups for all the ques-
tions (Table 3).

Approximately 17% of G1 patients and all the patients of G2 
agreed that they can show their teeth while smiling after wear-
ing the appliance. As depicted by the response to questions 2-4, 
patients of G2 were not conscious and more confident as com-
pared to G1. All the patients in G2 were satisfied with the look 
of the appliance whereas 75% were dissatisfied in G1 (Table 4).

In G2, all patients experienced the ease of wearing and remov-
al of an appliance whereas 83.33% of G1 patients disagreed. All 
G2 patients found the appliance to be snuggly fitting and did 
not experience any discomfort or difficulty in eating, chewing, 
or speaking. All G1 patients either agreed or were neutral about 
discomfort and difficulty in speaking and eating while 33.33% 
felt a snug fit of the appliance (Table 4).
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Figure  4. Cephalometric tracings superimposition on T-FMN line, (a) 
CTB, (b) ETB

Table 3. Likert scale rating of questionnaire

  Group 1 Group 2 Group 1 
  (n=12) (n=12) vs 
Questions Mean±SD Mean±SD Group 2

After wearing the appliance,

1 I can show my teeth while smiling  2.42±0.79 4.75±0.45 0.000*

2 I feel people are staring at me  3.83±0.57 1.42±0.67 0.000*

3 I am afraid of bullying by my peers  3.67±0.49 1.42±0.51 0.000*

4 I avoid looking at myself in the mirror  3.67±0.49 1.42±0.51 0.000*

5 I feel satisfied with the look of the appliance. 2.25±0.45 4.17±0.39 0.000*

6 It can easily be worn and removed. 2.08±0.51 4.67±0.49 0.000*

7 It caused discomfort. 3.58±0.51 1.92±0.67 0.000*

8 It caused difficulty in eating and chewing. 3.83± 0.57 1.58±0.51 0.000*

9 I felt difficulty in speaking. 4.00±0.60 1.33±0.49 0.000*

10 It fitted in my mouth snugly. 3.25±0.87 4.75±0.45 0.000*

Superscript (*) indicates significant changes (p<0.05).



DISCUSSION
The present study intends to introduce an esthetically viable, 
functionally competent twin-block appliance in subjects with 
Class II malocclusion. With the growing demand for esthetic treat-
ment alternatives, orthodontists are developing appliances which 
are indiscernible (18, 19). The functional appliances in growing 
patients are conspicuous and bulky, which often makes the pa-
tient reluctant and less compliant towards the treatment (3, 19). 
Hence, a novel ETB was developed with an intention to overcome 
these drawbacks of CTB. The concept of ETB formed from the bi-
ocryl sheet was based on the study by Bechir et al. (20) who ob-
served better esthetics from biocryl sheet as compared to acrylic 
resin. Thus, this study was conducted to compare dentoskeletal 
changes and esthetic and functional efficacy of CTB and ETB. The 
patients enrolled in the study were in the CVMI transition stage 
as peak mandibular growth is observed in this stage (21). Further, 
all patients showed positive VTO where the patients’ profile im-
proved by a forward repositioning of the mandible and predict-
ed the likely benefit from functional appliance therapy. Modified 
Pancherz analysis was used for structural superimposition in both 
groups for quantitative evaluation of dental and skeletal changes. 
According to You and Hagg (22), the modified Pancherz method 
has been observed to be the most suitable amongst all other su-
perimposition methods, viz. Ricketts and Bjork.

Patients treated with CTB showed significant reduction in over-
jet and change in molar relation but the observed change in 
both the parameters was equally contributed by skeletal and 
dental effects (Figure 5) which were commensurable with earlier 
studies (1, 6, 23). The observed skeletal changes were mainly due 
to statistically significant increment in mandibular base length 
(2.92 mm), and the amount of increment in mandibular length 

(1.46-3.52 mm) also corresponded to previous studies (6-8, 23, 
24). Dental changes involving lower incisor proclination and ret-
roclination of maxillary incisors undermine the potential of CTB 
in achieving the desired skeletal change. 

With the use of ETB, a statistically significant reduction in overjet 
and molar relation were seen which was mainly due to skeletal 
changes (81%) attributed to significant increment in mandibular 
base length, whereas no significant change in position of man-
dibular incisors was seen (Figure 6). The insignificant proclination 
of lower incisors extended the scope of skeletal correction. The 
control of the lower incisors proclination could be attributed to 
the wide coverage of biocryl sheet on all teeth cervically, which 
further reinforced anchorage, imparting greater stability in the 
sagittal dimension (25). Skeletal and dentoalveolar contribution 
to molar relation were almost similar as observed with overjet 
correction. The increment in mandibular base length (4.67 mm) 
observed in the present study was greater than that seen in the 
previous studies involving CTB (6, 7, 23, 24). However, significant 
retroclination of upper incisors in the ETB group was observed 
which may possibly be due to a reduction in rigidity caused by 
splitting of the appliance by expansion screw. Moreover, the ret-
roclination of the upper incisor is desirable and is an advantage 
in Class II division 1 patients who present with proclined upper 
anterior teeth (26).

The patient’s acceptance and compliance with orthodontic ap-
pliances determine their satisfaction while undergoing myo-
functional therapy. Hence, the questionnaire was designed to 
evaluate and compare the patients’ experience with CTB and 
ETB. The questions were composed for easy comprehension and 
appropriate response by the patients.
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Table 4. Percentage of affirmative responses to the questionnaire

Question Group Strongly Disagree Disagree Neutral or Unclear Agree Strongly Agree

1 1 0 75 8.33 16.67 0

 2 0 0 0 25 75

2 1 0 0 25  66.67 8.33

 2 66.67 25 8.33 0 0

3 1 0 0 33.33 66.67 0

 2 58.33 41.67 0 0 0

4 1 0 0 33.33 66.67 0

 2 58.33 41.67 0 0 0

5 1 0 75 25 0 0

 2 0 0 0 83.33 16.67

6 1 8.33 75 16.67 0 0

 2 0 0 0 33.33 66.67

7 1 0 0 41.67 58.33 0

 2 25 58.33 16.67 0 0

8 1 0 0 25 66.67 8.33

 2 41.67 58.33 0 0 0

9 1 0 0 16.66 66.67 16.67

 2 66.67 33.33 0 0 0

10 1 0 16.67 50 25 8.33

 2 0 0 0 25 75



The esthetic assessment revealed the acceptance of the appliance 
by the patient in terms of consciousness, confidence, and facade 
of the appliance. ETB was more acceptable to the patients as com-
pared to CTB due to the absence of wire components and transpar-
ent biocryl sheet, which rendered it inconspicuous in appearance, 
leading to reduced apprehension during social interactions. Similar 
findings were observed by Kumar et al. (27) with Essix retainers.

In our study, the insertion and removal were easier with ETB as 
compared to the CTB. The functional efficacy is governed primar-
ily by the fit and thickness of the appliance. The complete encap-
sulation of dentition in ETB and better mechanical properties of 
thermoformed biocryl sheet over cold cure acrylic resin made it 
more comfortable during eating and chewing. A similar observa-
tion was projected by Sheridan et al.(28) Further, the speech was 
also not affected which was found to be in accordance with the re-
sults of Atik et al. (29), who observed less speech difficulty with Es-
six retainer as compared to that with Hawley retainers. Moreover, 
the reduced thickness of the biocryl sheet compared to acrylic in 
the anterior palatal area causes less change in phonetics (30).

ETB was observed to render better treatment results and was su-
perior with respect to the appearance and functional efficacy of 

the appliance. Apparently, there was no significant difference in 
cost-effectiveness between the two appliances. This was a pre-
liminary study of a novel modification, which requires further 
investigation evaluating gender variation with a larger sample 
size to corroborate the present results.

CONCLUSION
A novel appliance for correction of Class II correction in growing 
patients with better esthetics was studied for its clinical efficacy. 
It was found to bring about 81% skeletal and 19% dental chang-
es as compared to 51% skeletal and 49% dental changes with 
CTB. The ETB showed better lower incisor control as compared 
to CTB. Moreover, ETB was perceived to be superior in terms of 
esthetics and function in contrast to CTB, which caused greater 
discomfort and speech interference besides inferior esthetics. 
Hence, ETB appliance should be preferred over CTB for mandib-
ular advancement in Class II growing patients.

Ethics Committee Approval: The study was approved by Institutional 
research ethical committee of Maulana Azad Institute of Dental Scienc-
es, New Delhi (Reference no. MAIDS 2015).
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Figure  5. Schematic diagram of maxillary and mandibular skeletal 
and dental changes after CTB

Figure  6. Schematic diagram of maxillary and mandibular skeletal 
and dental changes after ETB
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