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Background: The aim of this study was to investigate the association between objective wear time and 

treatment efficacy of a twin block (TB) appliance. 

Methods: A TB appliance incorporating a compliance indicator was delivered to 44 children in the age 

group of 11—14 years (25 boys and 19 girls). Participants were instructed to wear the appliance full time 

and were recalled at 3—4- week intervals. Cephalograms and study models were taken at baseline and 

after 6 months of appliance therapy. 

Results: Data from 41 of the 44 participants were analyzed. A wide variation in daily wear time among 

participants was observed. Based on wear time, they were divided into full time (FT > 17 h/d) and part 

time (PT < 12 h/d) wear groups. Mean wear durations were 20.86 hours in the FT-wear group and 9.55 

hours in the PT-wear group. In skeletal changes, the ANB (A point, nasion, B point) angle was reduced 

by 2.69 ° in the FT-wear group, and 1.33 ° in the PT-wear group, and statistically significant increases were 

seen for the mandibular base measurement (Pg/OLp) in the FT-wear group (2.22mm), compared with 

those in the PT-wear group (0.44mm). . In dental changes, overjet were reduced by 3.91 mm and 2.0 mm 

in the FT-wear and PT-wear group, respectively. This difference was statistically significant. 

Conclusions: Skeletal effects were pronounced in the FT-wear group, and dentoalveolar changes were com- 

parable in the 2 wear groups. The maximum skeletal treatment effect of a TB appliance was found to 

occur with FT wear over a 6-month treatment period. 

© 2021 World Federation of Orthodontists. Published by Elsevier Inc. All rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For treatment of Class II malocclusion with mandibular retrog-

nathism, to correct the skeletal discrepancy, various removable and

fixed myofunctional appliances have been used in order to redi-

rect the growth . The most popular appliance used for correction

of Class II malocclusion is the versatile, removable twin block (TB)

appliance [1] . The TB appliance was designed for full-time wear, to

take full advantage of all the functional forces applied to the den-

tition [2] . However, Proffit suggested that “extrinsic forces are ef-

fective when duration approaches 50%,” and a threshold of up to 6

hours has been proposed to permit orthodontic tooth movement as
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a result of either active appliances or habits [3] . Parekh et al. con-

cluded that there is no difference in either the dental or skeletal

changes achieved with full-time (FT) versus part-time (PT) wear of

a TB appliance over a 12-month period. Less-onerous PT wear regi-

mens may therefore be a viable alternative to FT wear of removable

functional appliances [4] . 

The cooperation of children and adolescents plays an important

role in achieving the desired treatment outcome with use of a TB

appliance [5] . Various devices have been introduced to measure the

objective wear time of removable appliances. Devices developed

more recently have a thermal microsensor embedded in the appli-

ance [6] . These microsensors can be embedded into the main con-

struction material of the appliance and can identify temperature

changes (e.g., a change from room temperature to “mouth temper-

ature”), which are then transformed into wear-time information. 

But in tropical countries, where most of the time the environ-

mental temperature is higher than mouth temperature, these ther-

mal sensors will give an incorrect result. The increased cost of

these thermal microsensors, together with their reduced reliability

and inadequate accuracy of measurement, has inhibited their use

for research or clinical purposes in tropical countries. Hence arose
lsevier Inc. All rights reserved. 
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Fig. 1. Intra-oral twin block appliance with embedded electronic timing device. 

Fig. 2. Wear time after 1 week (1019 ×5 minutes = 5095 minutes, i.e., 84.91 hours 

total, or 12.1 h/d on average). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a need for a low-cost electronic timing device suitable for tropical

countries in the application of wear-time recording of removable

acrylic orthodontic appliances. We developed a sensor (electronic

timing device) suitable for tropical countries that can sense the

wear time by using the principle of infrared proximity detection.

This sensor does not rely on temperature change and can be used

in many places. 

The null hypothesis of the study was that wear time does not

affect the treatment efficacy of a TB appliance. Thus, the purpose

of our study was to design and use a sensor suitable for tropi-

cal countries, to investigate the association between objective wear

time and the treatment efficacy of a TB appliance. 

1. Materials and methods 

1.1. Sample size calculation 

The study was approved by the institutional ethics committee.

Epi Info software, and the formula n = 2 (Z α + Z β ) 2 P 2 / d 

2 , was

used to calculate the sample size. Z α was 1.96, at an α-error of 5%,

and Z β was 0.84 at a β-error of 20%, with the power of the study

set at 90%. P 1 was 50.5% (the mean percentage of the compliance

rate in the functional appliance); P 2 was 99% (the ideal percentage

of the compliance rate); the significance level was P < 0.05; the

total sample required was 40 patients. An additional 4 participants

were recruited, based on an anticipated 10% attrition rate. Thus, a

total of 44 participants were recruited. 

1.2. Eligibility criteria 

Clinical inclusion criteria were as follows: (i) a full-cusp class II

or end-on molar relationship with a convex facial profile; (ii) an

overjet > 5 mm; (iii) improvement in clinical visual treatment ob-

jective. Radiographic inclusion criteria were as follows: (iv) an ANB

(A point, nasion, B point) angle > 4 degrees; (v) patients in the

accelerated phase of the pubertal growth spurt (MP3-FG or MP3-G

stage, as defined by Hägg and Taranger [7] ). Those with a severe

tooth-size arch-length discrepancy, a history of orthodontic treat-

ment, or craniofacial syndromes were excluded. 

1.3. Intervention 

The wax construction bite was recorded with a sagittal advance-

ment of up to 70% of the maximum protrusive movement, and a

vertical opening of 2–3 mm beyond the postural rest position of

the mandible. TB appliances were constructed according to the de-

sign described by W J Clark [1] . Each appliance was fitted with an

electronic timing device (sensor) in the palatal aspect of the max-

illary component, to allow objective assessment of wear durations

( Fig. 1 ). 

1.4. Mechanism of the sensor and measurement method 

The sensor mechanism and measurement method were deter-

mined as follows: 

1 The sensor was based on the infrared proximity-detection prin-

ciple. 

2 The sensor was placed, along with the battery, on the palatal

surface of a maxillary cast in an appropriate location, so that

an infrared light–emitting diode (IR LED) would come as close

as possible to the palatal surface. 

3 After the acrylic had set completely, the appliance was re-

trieved and the finished appliance was delivered to the patient.
Please cite this article as: N.R. Baheti et al, Correlation of twin-block ap
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4 While the patient was wearing the appliance, the IR LED trans-

mitted the infrared radiation pulse, which was reflected from

the surface of mucosa and detected by the infrared photodiode

(counted as the wear time of the appliance). 

5 For appointments after the delivery of the appliance, wear time

was recorded wirelessly by keeping the appliance with the IR

LED of the sensor in close proximity to the receiver ( Fig. 2 ). 

A minor modification to the working model was made by paint-

ing the palatal surface with a nonreflective black paint. The pa-

tient was instructed to keep the appliance on the modified working

model when it was not in use. The black color absorbed the in-

frared radiation from the sensor when it was placed over it, and

thus prevented its reflection. Thus, an accurate assessment was

made of wear time. 

All patients were instructed to wear the appliance full time, in-

cluding during eating, except while brushing teeth and during any

sports activity. The patients were recalled after a week to check for

sore spots and appliance fitting, and any other patient complaints.

Following that visit, the planned visit frequency was every month

for a study period of 6 months. At each visit, changes in occlusion

and wear-time recording by the sensor were checked and recorded.

1.5. Cephalometric measurements 

Lateral cephalometric radiographs were taken before appliance

placement (T0), and after 6 months of treatment (T1), using the

same machine (Planmeca ProMax S3 pan-ceph, Finland, Helsinki).

Cephalometric tracings were performed by the same orthodon-

tic trainee (NB) manually. The following landmarks were used:

pogonion (pg); sella (s); A point; B point; condylion (co); inci-
pliance efficacy and wear duration, as assessed with a compliance 
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Fig. 3. ( A ) Cephalometric analysis (anteroposterior skeletal and dental parameters)..( B ) Cephalometric analysis (vertical skeletal and dental parameters). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Distribution of patients based on wear-time p (part time vs. full time). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sion inferius (ii); incision superius (is); molar inferius (mi); mo-

lar superius (ms); anterior nasal spine (ANS); posterior nasal spine

(PNS); menton (me); gnathion (Gn); and gonion (Go). 

1.6. Pancherz’s cephalometric analysis and superimposition procedure 

A refined sagittal–occlusal Pancherz analysis was used [8] . The

reference plane was composed of the occlusal line (OL) and a

perpendicular-to-occlusal line (OLp) through the sella point. Pre-

treatment, and after 6 months of treatment, cephalograms were

superimposed on the fixed bony structures of the anterior cranial

base [9] . After superimposition, the reference grid was shifted to

a post-6-month cephalometric radiograph. The cephalometric mea-

surements are shown in Figure 3 A and 3 B ( Table 1 ). Also, study

models and clinical photographs were taken at baseline and after 6

months of appliance therapy. 

The present study design was a nonrandomized interventional

study (quasi-experimental design). Patients were allocated into FT-

and PT-wear groups based on the duration of wear of the appli-

ance. Patients wearing an appliance on average < 12 hours per day

were allocated to the PT wear group, and patients wearing the TB

on average > 17 hours per day were assigned to the FT-wear group.

1.7. Statistical analysis 

Statistical analysis of data was performed using SPSS Chicago, IL

(v. 26.0, IBM). The statistical significance level was set at P < 0.05.

The Shapiro–Wilk test was used to evaluate normality of the data

distribution. Intragroup comparison was made using a paired sam-

ple t test (up to 2 observations). Intergroup comparison (2 groups)

was made using an unpaired sample t test. Differences in gender

within groups were assessed using an independent sample t test.

The differences were not statistically significant, and hence data

were combined. Ten randomly selected cephalograms were traced

again after 3 weeks from the first measurements, to assess the re-

peatability of the cephalometric measurements. Correlation of the

2 measurements was assessed using the paired t test, and the dif-
Please cite this article as: N.R. Baheti et al, Correlation of twin-block ap
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ferences were found to be insignificant. Intra-operator reliability

(method error) in cephalometric analysis was assessed using the

intraclass correlation coefficient, which indicated a high level of

agreement (0.96). 

2. Results 

A sample of 44 participants consisted of 19 girls and 25 boys,

with a mean age of 12.63 (standard deviation, 0.839) years. Data

from 41 of the 44 participants were analyzed after 6 months of

therapy. The average number of patient visits was 7 to 8 in 6

months of treatment. Monthly wear-time was assessed, with mean

wear time of the TB appliance ranging from 15.17 to 17.96 hours

per day, less than that prescribed ( Table 2 ). Wear time of the TB

appliance varied widely among patients, as recorded by an elec-

tronic timing device. 

The frequency distribution for wear time for each group is de-

picted in Figure 4 . There was a statistically highly significant dif-

ference in wear time between the 2 groups. In the FT group, the
pliance efficacy and wear duration, as assessed with a compliance 
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Table 1 

Comparison of baseline cephalometric measurements of full time– (FT) and part time– (PT) wear groups 

FT-wear group PT-wear group 

Parameters Mean, degrees/mm SD Mean, degrees/mm SD 

Skeletal anteroposterior 

Angle SNA 81.16 1.67 81.27 1.41 

Angle SNB 74.44 1.57 74.5 1.96 

Angle ANB 6.72 1.43 6.77 1.46 

Mandibular base (Pg/ OLp) 75.51 3.32 72.27 3.14 

Maxillary base (A Point/ OLp) 74.38 4.31 71.44 3.98 

Condylar head (Co/ OLp) 13.11 3.21 11.27 3.58 

Corpus length (Go-Gn) 72.25 3.82 70.87 3.88 

Skeletal vertical 

Total anterior face height (Na-Me) 109.66 6.05 105.88 3.39 

Lower anterior face height (ANS-Me) 59.27 4.97 57.22 3.79 

Lower posterior face height (S-Go) 74.02 4.18 72.11 4.60 

Effective mandibular length (Co-Gn) 103.08 3.77 102.55 4.20 

Effective maxillary length (Co-ANS) 85.94 3.59 84.11 3.17 

Ramus height (Co-Go) 51.55 2.50 52.61 4.01 

Mandibular plane angle (angle SN-GoGn) 29.28 4.39 27.08 4.15 

Dental anteroposterior 

Overjet (is/OLp minus ii/OLp) 9.83 1.36 10.27 1.50 

Molar relation (ms/OLp minus mi/OLp) 2.55 0.92 1.94 1.01 

Maxillary incisor (is/OLp minus A point/OLp) 10.19 1.40 10.22 1.14 

Mandibular incisor (ii/OLp minus pg/OLp) 3.66 2.09 3.79 2.12 

Dental vertical 

U1-PP 27.44 3.23 26.77 2.16 

U6-PP 23.13 2.15 21.50 1.22 

L1-MP 38.58 3.41 39.72 2.01 

L6-MP 29.05 2.24 30.41 2.17 

Soft tissue 

Upper lip with S line 4.44 2.07 3.88 1.29 

Lower lip with S line 4.08 2.19 3.43 1.21 

SD, standard deviation. 

Table 2 

Daily wear time of twin block appliance during treatment period of 6 months 

Wear time, h 

Month Minimum Maximum Mean SD 

1 4.76 23.45 15.17 6.31 

2 6.78 23.75 16.56 5.77 

3 6.78 23.75 17.43 5.87 

4 8.11 23.73 17.96 5.57 

5 8.11 23.68 17.60 6.05 

6 5.43 23.75 17.83 6.20 

SD, standard deviation. 

Table 3 

Mean objective wear duration in full time– and part time–wear groups 

Group 

Mean wear 

time, h SD 

Proportion of 

recommended wear time, % 

Full-time wear 20.86 2.79 86.91 

Part-time wear 9.55 1.67 39.81 

SD, standard deviation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

average wear duration was 20.86 hours a day, 86.91% of that pre-

scribed; for the PT group, the mean wear time was 9.55 hours a

day, 39.81% of that prescribed ( Table 3 ). 

2.1. Intergroup comparison 

Comparison of the FT- and PT-wear groups after a treatment

duration of 6 months is given in Table 4 . TB treatment in the FT-

wear group, compared with the PT-wear group, resulted in greater
Please cite this article as: N.R. Baheti et al, Correlation of twin-block ap

indicator, Journal of the World Federation of Orthodontists, https://doi.
improvement in skeletal anteroposterior measurements, i.e., the

SNB angle (between the sella/nasion plane and the nasion/B plane;

P = 0.010), the ANB angle ( P = 0.003), Pg/OLp, Co/OLp, and the

corpus length ( P = 0.0 0 0). However, no difference was found be-

tween the groups in the anteroposterior skeletal parameters such

as the SNA angle (between sella, nasion, and subspinale point A;

P = 0.234) and Point A/OLp ( P = 0.490). 

A greater increase in the total and lower anterior face height

was observed in the FT group ( P = 0.001), compared with the

PT group. Slightly greater increases in posterior face height, ra-

mus height, and mandibular plane angle were found in the FT-wear

group than in the PT-wear group. However, these differences were

not statistically significant. The FT-wear group had a greater in-

crease in effective mandibular length, compared the change seen

in the PT group ( P = 0.0 0 0). 

A significant decrease in the overjet, of 3.917 mm in the FT-wear

group, compared with 2.0 mm in the PT-wear group, was observed.

Overall, molar corrections of 4.694 mm in the FT group and 2.667

mm in the PT-wear group were noted. The difference between the

groups was statistically significant ( P = 0.001). The difference be-

tween the groups in the change in maxillary incisor inclination was

less ( P = 0.397), although a slightly greater mandibular incisor pro-

clination was found in the PT-wear group (2.111 ° vs. 2.056 °), but

this difference also was not statistically significant ( P = 0.851). 

A statistically significant difference was found between the

FT- and PT-wear groups in the lower molar to mandibular plane

( P = 0.010). Changes in the other dental vertical measurements

were not statistically significant. A minimal, nonsignificant differ-

ence in soft tissue changes was found between the groups. 
pliance efficacy and wear duration, as assessed with a compliance 
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Table 4 

Skeletal and dental changes with full time (FT) versus part time (PT) wear of a twin block appliance 

Parameters FT-wear group PT-wear group 

Mean, degrees/mm SD Mean, degrees/mm SD P 

Skeletal anteroposterior 

Angle SNA 0.36 0.56 0.11 0.33 0.234 

Angle SNB 2.33 0.92 1.33 0.79 0.010 

Angle ANB 2.69 1.10 1.33 0.86 0.003 

Mandibular base (Pg/ OLp) 2.22 0.75 0.44 0.52 0.000 

Maxillary base (A Point/ OLp) 0.02 0.11 0.00 0.00 0.490 

Condylar head (Co/ OLp) 2.22 0.75 0.44 0.52 0.000 

Corpus length (Go-Gn) 1.50 0.51 0.44 0.63 0.000 

Skeletal vertical 

Total anterior face height (Na-Me) 4.55 1.24 2.61 1.08 0.001 

Lower anterior face height (ANS-Me) 3.55 1.24 1.83 0.66 0.001 

Lower posterior face height (S-Go) 0.11 0.47 .00 0.00 0.490 

Effective mandibular length (Co-Gn) 1.52 0.58 0.27 0.44 0.000 

Effective maxillary length (Co-ANS) 0.27 0.54 0.00 0.00 0.145 

Ramus height (Co-Go) 0.11 0.32 0.00 0.00 0.317 

Mandibular plane angle (angle SN-GoGn) 1.58 1.06 1.50 0.79 0.837 

Dental anteroposterior 

Overjet (is/OLp minus ii/OLp) 3.91 0.82 2.00 0.70 0.000 

Molar relation (ms/OLp minus mi/OLp) 4.69 1.38 2.66 1.27 0.001 

Maxillary incisor (is/OLp minus A point/OLp) .139 0.47 0.00 0.00 0.397 

Mandibular incisor (ii/OLp minus pg/OLp) 2.05 0.74 2.11 0.65 0.851 

Dental vertical 

U1-PP 0.11 0.36 0.00 0.00 0.376 

U6-PP 0.86 0.33 0.83 0.43 0.855 

L1-MP 0.25 0.73 0.11 0.22 0.586 

L6-MP 2.27 1.04 1.22 0.61 0.010 

Soft tissue 

Upper lip with S line .33 .66 .05 .16 .232 

Lower lip with S line 1.47 .91 1.66 .43 .554 

SD, standard deviation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Discussion 

Patient compliance plays an important role in achieving desired

treatment results with a TB appliance. Many studies have shown

that patients do not wear the removable orthodontic appliance for

the recommended wear time [ 10 , 11 ]. A few studies have used mi-

croelectronic sensors, such as Smart Retainer, Scientific Compliance,

Atlanta, Ga and TheraMon, MC Technology GmbH, Schmiedberg 10,

4483 Hargelsberg, Austria for measuring wear time. However, these

thermal sensors work on the principle of temperature change from

the mouth to the environment. 

In tropical countries such as India where, most of the time,

the environmental temperature is higher than mouth temperature,

these thermal sensors will give an incorrect result. Therefore, we

designed and patented a low-cost electronic timing device (sensor)

suitable for use in tropical countries for recording wear time of re-

movable acrylic orthodontic appliances. 

This sensor does not rely on temperature change, as it operates

on the principle of infrared proximity detection. A new electronic

timing device was approved by The Centre of VLSI, Nanotechnol-

ogy, and the institutional ethics committee. The battery life of the

sensor was 14 months. The overall thickness of the appliance was

3–3.5 mm. The purpose of the current study was to use this new

electronic timing device to investigate the association between ob-

jective wear time and treatment efficacy of TB appliances. 

3.1. Wear time 

A TB appliance incorporating the new electronic timing device

to measure wear time was delivered to all the participants. All pa-
Please cite this article as: N.R. Baheti et al, Correlation of twin-block ap
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tients were prescribed a wear time of 24 hours per day, except

while brushing teeth. Wear-time of the TB appliance was assessed

monthly during the 6-month treatment period, using a data re-

ceiver. 

Children were instructed to keep the appliance, when it was

not in use, on a modified working model, to produce precise wear-

time measurement and prevent distortion of the acrylic plate. The

incorporated electronic timing device (sensor) would count wear

time of the appliance exclusively when it was in contact with a

reflecting medium such as water or intra-oral saliva. If the pa-

tient failed to keep the appliance on the working model, the read-

ing of wear time was likely not affected, provided that the appli-

ance was not near water. Also, parents of the children were in-

structed to oversee accurate appliance placement when it was not

in use. 

Our data showed a mean wear time of 15.17 to 17.96 hours per

day. Similar findings were reported by Arponen et al. [12] . They

found an average actual appliance wear time of half of that pre-

scribed for patients with a TB appliance. In the present study, a

large variation was observed in daily wear time among patients,

ranging from 19.83% to 98.73% of that prescribed. Therefore, based

on patients’ amount of wear time of the appliance, they were

broadly divided into an FT-wear group and a PT-wear group. De-

spite the fact that all the patients in both groups received a thor-

ough education regarding the importance of wear time to motivate

them, PT wearers remained in the PT-wear group and FT wearers

remained in the FT-wear group. 
pliance efficacy and wear duration, as assessed with a compliance 
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3.2. Skeletal and dental effects 

To evaluate and compare the skeletal and dentoalveolar effects,

Pancherz’s cephalometric measurements were used in this study

[8] . 

3.3. Skeletal anteroposterior changes 

In terms of the maxillary restraining effect, the SNA angle was

reduced by 0.36 ° in the FT-wear group, and 0.11 ° in the PT group.

Functional appliances produce a distally directed force to max-

illa (headgear effect), as the mandible is repositioned forward. Al-

though the FT-wear group demonstrated slightly more maxillary

restraint, the difference was not significant statistically. Similarly,

the difference for the maxillary base measurement (point A/OLp)

in both groups was not significant. The literature suggests that the

effect of TB therapy on maxilla is controversial. A few studies have

demonstrated restriction [ 13 , 14 ], whereas others have not [ 15 , 16 ]. 

However, the SNB angle increase was 2.33 ° and 1.33 ° in the FT-

and PT-wear groups, respectively. Findings for the FT-wear group

mirror those from previous research by Baysal and Uysal, who

found a 2.1 ° increase in SNB angle during treatment with a TB ap-

pliance [2] . A significant difference was found among groups for

the corpus length measurement (Go-Gn); statistically significant

greater increases were seen for the mandibular base measurement

(Pg/OLp) in the FT-wear group, compared with those in the PT-

wear group. Studies have shown that a more retrognathic mandible

tends to respond better to functional appliance treatment [ 17 , 18 ].

However, the pretreatment SNB angle was comparable in the 2

groups. Our findings suggest a significant effect of the TB appliance

on the mandible with FT wear. 

A reduction in the ANB angle, of 2.69 °, was observed in the

present study in the FT-wear group, whereas a less-significant de-

crease in the ANB angle, of 1.33 °, was seen in the PT group. A

comparable finding by Thiruvenkatachari et al. involving a meta-

analysis of 2 studies, indicated that functional appliances led to a

reduction in the ANB angle of 2.37 ° compared with that in un-

treated control subjects [19] . Analysis of inter-jaw relationsships

showed that treatment effects were mainly produced by mandibu-

lar changes, because maxillary base measurements were not af-

fected by TB therapy in either group. 

3.4. Skeletal vertical changes 

Increases in total anterior facial height (Na-Me) and lower ante-

rior face height (ANS-Me) after TB therapy are consistent findings.

A more-significant increase in the FT-wear group relative to the PT

group was noted in both total face height (4.55 mm vs. 2.61 mm)

and lower anterior face height (3.55 mm vs. 1.83 mm). Lund and

Sandler found a 2.6-mm increase in total anterior face height after

TB therapy, compared with that in a control group [20] . Mills and

McCulloch noted a significant increase of 3.8 mm relative to that in

a control group [21] . A smaller increase in facial height may relate

to differences in growth patterns among participants. 

A slight increase in posterior face height (S-Go) of 0.11 mm

was found in the FT-wear group, whereas no increase was noted

in the PT wear group in our study. Mills and McCulloch noted an

increase of 2.9 mm relative to controls for posterior face heights

[21] . A significant increase in the lower anterior face height and a

slight increase in the posterior face height lead to a change in the

mandibular plane angle [22] . Over a treatment period of 6 months,

there was a significant opening of the mandibular plane angle (SN-

GoGn), but when the FT-wear (1.58 °) and PT-wear (1.5 °) groups

were compared, the difference was nonsignificant. 
Please cite this article as: N.R. Baheti et al, Correlation of twin-block ap
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A significant difference in the effective mandibular length (Co-

Gn) was found between the FT-wear (1.5 mm) and PT-wear groups

(0.27 mm). Studies by Pancherz [23] and Valant and Sinclair

[24] also found an increase of 1.3—3.4 mm in mandibular length.

No significant change was observed in effective maxillary length

(Co-ANS) in either the FT-wear or PT-wear groups in our study. 

3.5. Dental anteroposterior changes 

The reduction in overjet (is/OLp minus ii/Olp) was statistically

significant between the FT-wear (3.91 mm) and PT-wear (2 mm)

groups in the present study, over a duration of 6 months. These

differences are significant and validate the efficacy of the appliance

with FT treatment regimens. Studies by Baysal and Uysal [2] and

Baccetti et al. [25] also reported a reduction in overjet of 4.48 mm

and 3.73 mm, respectively. Findings suggested that both the skele-

tal and dentoalveolar components of overjet correction were due

mainly to mandibular skeletal and dentoalveolar changes. 

Correction of the molar relationship (ms/OLp minus mi/OLp) of

4.69 mm in the FT-wear group, and 2.66 mm in the PT-wear group,

was observed. Findings for the FT-wear group mirror the findings

of Baysal and Uysal, who reported a correction in the molar rela-

tionship of 5.05 mm with a TB appliance [2] . 

Our findings suggest that the nonsignificant change in the incli-

nation of the upper incisor (is/OLp minus A point/OLp) in both the

FT-wear and PT-wear groups (0.13 mm, and 0 mm, respectively)

could be a result of the absence of labial bow. According to Jena

et al., the labial bow contact with the upper incisors during sleep,

and its headgear effect, could be a contributing factor to maxillary

incisor retroclination [26] . 

In the present study, a low level of incisor proclination (ii/OLp

minus Pg/OLp) was found in the FT-wear (2.0 mm) and PT-wear

(2.1 mm) groups. Smaller values of proclination may be related to

the acrylic capping of lower incisors with the TB appliance. Studies

by Illing et al. [16] , Lund and Sandler [20] , and Tümer and Gültan

[14] reported 2 °–7.9 ° increases in lower incisor proclination after

TB appliance therapy. 

3.6. Dental vertical changes 

Vertical eruption of upper molars (U6-PP) was not signifi-

cantly affected by TB appliances in either the FT-wear or PT-wear

group, as contact of acrylic was maintained. Lower molars (L6-

MP) erupted 2.2 mm in the FT-wear group and 1.2 mm in the PT-

wear group. This difference was statistically significant. The erup-

tion of the lower molar was due to trimming of the appliance dur-

ing treatment. Mills and McCulloch reported no change in upper

molars, but lower molars erupted on average 4 times as much in

the TB group as in the control group [21] . Lund and Sandler found

mean differences of 0.9 mm in lower molar eruption in a TB group

compared with a control group [20] . 

3.7. Soft tissue changes 

Significant lower lip protrusion was observed in both groups

(1.47 mm and 1.66 mm in the FT-wear and PT-wear groups, re-

spectively). Protraction of the lower lip could be a result of lower

incisor proclination. Upper lip retrusion was greater in the FT-wear

group (0.33 mm) compared to the PT-wear group (0.05 mm). How-

ever, this difference was not significant. 

The null hypothesis of the study was rejected, as wear time

does affect the treatment efficacy of the TB appliance. Loss to

follow-up rates of 10% to 33% have been seen in allied research

by O’Brien et al. [27] and Lee et al. [28] involving the TB appliance.
pliance efficacy and wear duration, as assessed with a compliance 
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In our study, the original calculated sample size was 40; in con-

sideration of potential attrition, it was increased to 44. There were

2 dropouts, and 1 patient continued treatment only for 3 months.

However, for a sample size of 40, the attrition rate in our study

was 0%. 

3.8. Limitations of the study 

Limitations of the current study are as follows: 

1. The new electronic timing device has a precision of 5 minutes.

2. Actual wear time measured can be affected if the appliance

was kept in the vicinity of water when not in use. 

4. Conclusions 

Conclusions from the current study are as follows: 

1. None of the patients involved in this study achieved the pre-

scribed daily wear time of 23–24 hours. Based on accumulated

wear time, 67% of participants were allotted to the FT-wear

group, and 33% were allotted to the PT- wear group. 

2. Patients were found to retain their initial wear behavior over

the course of treatment. FT wearers remained FT wearers, and

PT wearers remained PT wearers. 

3. Skeletal effects were pronounced in the FT-wear group, and

dentoalveolar changes were comparable in the 2 wear groups. 

4. The maximum skeletal treatment effect of the TB appliance

was found to occur with FT wear over a 6-month treatment

period. 
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