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Structured Abstract

Objectives – To evaluate changes in occlusal characteristics in the

primary dentition that occur after introducing a thin-neck pacifier (TNP) to

children with previously diagnosed pacifier-associated anterior open bite

(AOB) and increased overjet.

Setting and Sample Population – Department of Preventive and

Pediatric Dentistry, Jena University Hospital, Germany. Subjects were 86

children (mean age 20.3 months) with a pacifier-associated open bite or

overjet ≥2 mm.

Material & Methods – Randomized controlled trial. Subjects were ran-

domly assigned: group I (n = 28), intervention group using a TNP; group

II (n = 30), control group, using a conventional or physiological pacifier;

and group III (n = 28), intervention group, Gold standard, weaned off

pacifier. Participants were re-examined after 3, 6, 9 and 12 months by an

operator, blinded for the treatment.

Results – After 12 months data for 63 children (mean age 33.1 months)

were analyzed (I: n = 24; II: n = 22; III: n = 17). There was a significant

difference between the groups regarding mean overjet (group I:

2.7 � 0.5 mm, group II: 3.2 � 0.7 mm, group III: 2.4 � 0.5 mm,

Kruskal–Wallis, p = 0.002) and AOB (group I: �1.2 � 0.3 mm, group II:

�2.2 � 0.3 mm, group III: �0.8 � 0.8 mm, Kruskal–Wallis, p < 0.001).

The differences between group I and II regarding increased overjet

(3.1 � 0.2 mm vs. 3.6 � 0.3 mm, Mann–Whitney, p < 0.001) and extent

of AOB (�1.2 � 0.3 mm vs. �2.2 � 0.3 mm, Mann–Whitney, p < 0.001)

were statistically significant.

Conclusion – Use of TNP resulted in better clinical measurements for in

overjet and overbite compared with the continuing use of conventional or

physiological pacifiers.
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Introduction

Nonnutritive sucking (NNS) is common and the

prevalence of NNS in children varies from 60 to

more than 80% (1, 2). A pacifier is used for com-

forting; as a sleeping aid; and to ameliorate

uncomfortable, stressful or painful episodes (3–

5). Use of a pacifier is considered socially normal

in most cultures, and weaning may be difficult

(1, 5). Ideally, NNS habits should be discontinued

by 24–36 months of age to reduce the risk of

developing malocclusion (4, 6). Nevertheless,

more than twenty per cent of children that are

3 years and older continue this behavior (1).

Numerous studies have examined the effects of

NNS habits on occlusal characteristics and found

that NNS beyond age 3 may have detrimental

consequences for dento- and maxillofacial devel-

opment (1–15). Anterior open bite (AOB),

increased overjet, posterior crossbite, narrow

intercuspid width of the maxillary arch and a high

narrow palate are the most notable changes in the

developing dentition (5–15). Studies have also

shown when NNS habits are stopped sponta-

neous resolution may occur (1, 12, 14–18). AOB

tends to resolve, while posterior crossbite and

increased overjet tend to persist after the cessa-

tion of the pacifier habit (1, 12, 14–18). The major-

ity of children who use a pacifier beyond age 3

have a malocclusion (18, 19). Seventy-seven per

cent of children with pacifier habits during

48 months or more had a malocclusion (19).

Two types of pacifiers are commercially avail-

able: physiological (also known as orthodontic)

pacifiers and conventional ones. With the excep-

tion of one study (20), comparisons between

these pacifiers have shown no significant advan-

tages of physiological over conventional pacifiers

with respect to development of AOB, increased

overjet or reduced maxillary arch width (19–27).

Longitudinal studies examining impact on dental

development of these pacifiers are lacking. To

date, only one longitudinal study has reported

on the development of AOB with use of a newly

designed physiological pacifier; the study popu-

lation was a group of 121 children aged

16 months (20). The physiological pacifier

exhibited advantages over the conventional

model; the use of the pacifier resulted in a lower

incidence of open bites (20).

In 2009, a pacifier was developed with a

unique design: an extra thin and soft neck

(MAM Perfect, Bamed AG, Wollerau, Switzer-

land) (Fig. 1). To date, there has been no longi-

tudinal in vivo study investigating the effects of

a TNP on dental development. Therefore, the

aim of this study was to compare changes in

occlusal characteristics in the primary dentition

that occur after introducing a TNP to children

with previously diagnosed AOB and increased

overjet and those using a conventional or physi-

ological pacifier or those weaned off a pacifier.

The working hypothesis was that changing to a

TNP would reduce pacifier-associated malocclu-

sions in the primary dentition.

Materials and methods
Trial design

This was a prospective, parallel-assigned, ran-

domized controlled trial with an equal allocation

ratio (German Clinical Trials Register DRKS

00003533). The Ethics Committee of Jena Univer-

sity Hospital approved this study (3441-05/12).

The study was conducted with informed consent

of all parents and in full accordance with the ethi-

cal requirements of the World Medical Association

Declaration of Helsinki (2008). The study also fol-

lowed the principles of the CONSORT statement.

Participants

All new patients (n = 106) attending the Depart-

ment of Preventive and Paediatric Dentistry at

Fig. 1. Front view and side view of the thin-neck pacifier

(MAM Perfect).
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Jena University Hospital in Germany for routine

dental examinations between May 2012 and

January 2014 were assessed for eligibility. The

inclusion criteria were provision of written con-

sent by the parents, age 16–24 months with pre-

viously diagnosed pacifier-associated AOB or

increased overjet (AOB ≤0 mm and/or overjet

≥2 mm), current use of a pacifier, availability of

data related to dental examinations and com-

pleted pacifier-usage questionnaire. According to

the criteria of Foster et Hamilton (28) a mea-

surement of ≥2 mm was considered as increased

overjet (28). Exclusion criteria were lack of writ-

ten consent; age above or below the acceptable

range; congenital, genetic or trauma-related

maldevelopment; preterm birth; dental caries or

fillings; mouth breathing; thumb or finger suck-

ing; use of a baby bottle for longer than

15 months and incomplete data. Eighty-six chil-

dren with a mean age of 20.3 months met the

inclusion criteria. They were randomly assigned

to three groups: group I (intervention) switched

to a TNP (n = 28), group II (control) (n = 30)

continued to use their initial pacifier (conven-

tional or physiological) and group III (interven-

tion, Gold standard) were to be weaned off the

pacifier during the study period (n = 28). No

incentives were offered.

Group allocation was performed by a research

assistant not involved in the study using pre-

pared, sequentially numbered, opaque sealed

envelopes containing group numbers. The SAS

9.2 computer program (SAS Software Institute,

Cary, NC, USA) was used to generate a random

allocation sequence (parallel assignment, equal

allocation ratio, block randomization: block

length 6, random seed 5834935). Randomization

and statistical analysis of the study were carried

out in collaboration with the Institute of Medical

Statistics, Informatics and Documentation, Jena

University Hospital.

Children were excluded from the final analysis

if they did not follow the study regimen (e.g., if

they switched to another pacifier or started

sucking their thumb). In group III, only children

who were successfully weaned off their pacifier

during the study period were included in the

final analysis. Cessation of pacifier use for at

least 3 months was considered successful

weaning.

Interventions

All parents received study instructions. To

ensure that lost pacifiers in group I could be

replaced immediately, parents received sufficient

replacements of the experimental pacifier. Par-

ents were instructed on completion of a diary of

pacifier usage time to record the approximate

hours of pacifier use by the child. Parents in

group III were given guidance on how to wean

their child off the pacifier. For example, a slow,

gentle weaning process vs. stopping immedi-

ately; restricting the pacifier to certain times or

certain places; take or give it away or lose it; or

leave it for the binky fairy. It has to be

mentioned that all parents received the same

guidance to assist their child in ceasing the habit

independently of their group allocation.

After 3, 6, 9 and 12 months, the children were

re-examined by two calibrated dentists, one of

them was blinded for the treatment. Partici-

pants, parents and one calibrated dentist were

aware of the treatment intervention. Data analy-

sis was conducted by the blinded dentist. The

dentists had been trained and calibrated follow-

ing WHO guidelines (29). Each examiner first

practised the examination on a group of ten sub-

jects. Afterwards, every examiner independently

examined the same group of 20 pre-selected

subjects to assess the consistency. All measure-

ments were rechecked for accuracy. The intra-

class correlation coefficients for intraobserver

agreement regarding the measurements of over-

bite and overjet were 0.87–0.89. The intraclass

correlation coefficients for interobserver reliabil-

ity with regard to the measurements of overbite

and overjet were 0.86–0.88. The average measur-

ing difference between the dentists was 0.1 mm.

Examinations were conducted using a dental

light, mirror and sterile gauze for removing deb-

ris and drying the teeth, and with the child sit-

ting on their parent’s lap in an upright position

in a dental chair so that the Frankfort horizontal

plane was parallel to the floor. No radiographs

were taken. Sagittal and vertical measurements
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were made with a vernier caliper (M€unchner

Modell 042-751-00, Germany) with an accuracy

of 0.1 mm. Registration of the occlusal charac-

teristics was carried out according to the princi-

ples developed by the Federation Dentaire

Internationale (30). All measurements were

rechecked for accuracy. The following occlusal

parameters were recorded:

1. Overjet in millimeters between two antagonis-

tic anterior teeth (lateral or central incisor)

measured from the buccal surface of the most

lingual mandibular tooth to the middle of the

incisal edge of a more buccally positioned

maxillary tooth.

2. Overbite, measured in millimeters and

recorded as overlap of mandibular anterior

teeth by maxillary anterior teeth. A pencil

mark on the tooth (central mandibular inci-

sor) indicating the extent of the overlap facili-

tated the measurement. Overbite was

recorded as degree of overbite, recorded as

per cent overlap of the mandibular incisors

crown:

• ≤⅓ one-third covering of lower incisors

• ⅓ to ⅔ between one-third and two-thirds

covering

• >⅔ more than two-thirds covering

3. Open bite, when present, measured in

millimeters between the incisal edges of max-

illary and mandibular anterior teeth.

Sample size

The sample size calculation was based on a pre-

liminary study with 17 patients using the same

methods as in the main study. Primary outcome

measure AOB/increased overjet was

�1.0 � 0.2 mm/2.8 � 0.4 mm in group I and

�2.3 � 0.2 mm/3.1 � 0.4 mm in group II. To

detect the observed difference between groups

with a two-tailed significance test, a 5% critical

level and a power of 90%, a sample of three chil-

dren per group were required for the primary

outcome AOB and 21 children per group was

required for the primary outcome increased

overjet (calculated with the nQuery Advisor 7.0

computer program, Statistical Solutions Ltd,

Cork, Ireland). The calculated sample size was

adapted to at least 28 children per group to

allow for dropout.

Statistical analysis

Data were recorded in Excel files and transferred

to the Statistical Package for Social Sciences

(SPSS version 20, IBM Corporation, Armonk, NY,

USA). The data were analyzed using the Mann–

Whitney U-test (for comparison of two groups),

Kruskal–Wallis (for comparison of three groups)

and Bonferroni intervals (for the difference

between mean values of quantitative variables).

A p-value ≤0.05 was used to indicate statistically

significant differences.

Results

A total of 106 children met the inclusion criteria

and 86 (81.1%) of them participated in the study

(Fig. 2). Figure 2 is presenting the participant

flow diagram for the entire study population.

Eighty-six patients (mean age 20.3 � 2.4 months,

48 males) were randomly assigned to three

groups: 28 children in group I (TNP, intervention

group), 30 in group II (initial pacifier, control

group) and 28 in group III (weaning off, inter-

vention group, Gold standard). Twelve children

were lost to follow up due to relocation, non-

appearance or start of thumbsucking. Seventy-

four children were invited for the final examina-

tion. Eleven children were excluded from the

final analysis due to dental trauma, mouth-

breathing, and no weaning off. Ultimately, 63

subjects (mean age 33.1 � 5.0 months, 40 males)

met the inclusion criteria (group I: n = 24; group

II: n = 22; group III: n = 17). None of the chil-

dren in groups I and II had ceased the habit for

longer than 3 months.

Baseline patient characteristics

Descriptions of all children according to group

at baseline are presented in Table 1. All patients

were drawn from the same population. There

were no baseline differences between groups

4 | Orthod Craniofac Res 2016

Wagner and Heinrich-Weltzien Effect of a thin-neck pacifier



regarding age, number of teeth, diet, pacifier

type, duration and frequency of pacifier use, or

occlusal characteristics (Kruskal–Wallis test,

p > 0.05). Most of the children (82.0%) started

the use of the pacifier in their first month of life.

All children had an intense pacifier use through-

out the day and night and engaged in the habit

for more than 8 h a day.

Dental measurements at follow-up

Descriptions of all children according to group at

the final examination are presented in Table 2.

There were no differences between groups

regarding age, gender, and number of teeth

(Kruskal–Wallis test, p > 0.05). The total duration

of pacifier use was lower in group III, who had

ceased the habit (Kruskal–Wallis, p = 0.010). The

differences between group I and II regarding

duration of pacifier use and average pacifier use

time were not statistically significant (Mann–

Whitney U-test, pDuration = 0.712, pTime = 0.613).

There was a statistically significant difference

between the three groups regarding mean overjet

(Kruskal–Wallis, p = 0.002) and mean overbite

(Kruskal–Wallis, p = 0.031). Bonferroni reliance

intervals demonstrated a statistically significant

difference (overjet and overbite) between those

who used a conventional or physiological pacifier

(group II) and those who had been weaned off

their pacifier or used TNP. The difference

between the three groups regarding the preva-

lence of AOB, the prevalence of overjet ≥2 mm, or

the prevalence of overjet ≥3 mm was not statisti-

cally significant (Kruskal–Wallis test, p > 0.05).

Change in dental measurements

Table 3 presents a comparison of the baseline

and final outcome data of all groups regarding

AOB, overjet ≥2 mm and overjet ≥3 mm. In

group I, the only significant change in measure-

ment between baseline and follow-up was the

mean overjet ≥2 mm (Mann–Whitney U-test,

p = 0.001). In group II, there was strong evi-

dence to indicate a change in all measurements

from baseline to final follow-up, with exception

of AOB prevalence. In group III, there was strong

evidence for a change from baseline to final fol-

low-up in mean overjet ≥3 mm (Mann–Whitney

U-test, p = 0.002), but little evidence of a change

for other measurements.

Fig. 2. Participant flow diagram

for the entire study population.
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Comparison in final dental measurements between groups

Table 4 shows a comparison of groups regarding

malocclusion at final examination. The differ-

ence between the groups regarding the preva-

lence of AOB, the prevalence of overjet ≥2 mm,

or the prevalence of overjet ≥3 mm was not

statistically significant (Mann–Whitney U-test,

p > 0.05). Differences between groups I and II

regarding the extent of malocclusion were statis-

tically significant for the children with an AOB

(Mann–Whitney U-test, p < 0.001), overjet ≥2

mm (Mann–Whitney U-test, p = 0.015), and

overjet ≥3 mm (Mann–Whitney U-test, p <

0.001). The difference between group I and III

was only statistically significant for the children

with an overjet ≥2 mm (Mann–Whitney U-test,

p = 0.012) but not for the children with an over-

jet ≥3 mm (Mann–Whitney U-test, p = 0.277) or

AOB (Mann–Whitney U-test, p = 0.185). Differ-

ences between groups II and III regarding the

extent of malocclusion were statistically

significant for the children with an AOB (Mann–

Whitney U-test, p < 0.001), overjet ≥2 mm

(Mann–Whitney U-test, p < 0.001), and overjet

≥3 mm (Mann–Whitney U-test, p < 0.001).

Table 1. Description of all participating children according to group at baseline

Group I (TNP)

(thin-neck pacifier,

intervention group)

Group II

(initial pacifier,

control group)

Group III

(weaning off,

intervention group,

Gold standard)

Kruskal–Wallis

p-value

N 28 30 28

Male N (%) 14 (50.0) 17 (56.7) 17 (60.7) 0.720

Mean age � SD (months) 20.8 � 2.7 20.1 � 2.1 20.1 � 2.4 0.586

Mean number of teeth � SD 15.2 � 1.8 14.9 � 1.8 15.0 � 2.0 0.509

Diet N (%)

Breastfeeding N (%) 19 (67.9) 26 (86.7) 20 (71.4) 0.209

Up to age (years) 0.8 � 0.2 0.8 � 0.2 0.8 � 0.2 0.966

Bottle feeding N (%) 7 (25.0) 4 (13.3) 7 (25.0) 0.452

Up to age (years) 0.9 � 0.2 1.0 � 0.0 1.0 � 0.2 0.368

Drink learn cup N (%) 18 (64.3) 14 (46.7) 12 (42.9) 0.233

From age (years) 0.7 � 0.2 0.6 � 0.2 0.8 � 0.2 0.175

Cup N (%) 28 (100.0) 30 (100.0) 28 (100.0)

From age (years) 1.0 � 0.2 1.0 � 0.2 0.9 � 0.2 0.486

Pacifier type N (%)

Physiological 22 (78.6) 20 (66.7) 20 (71.4) 0.601

Conventional 6 (21.4) 10 (33.3) 8 (28.6) 0.601

Duration pacifier use (months) 19.5 � 2.4 19.0 � 2.0 19.1 � 2.2 0.368

Mean overjet � SD (mm) 2.2 � 0.4 2.1 � 0.4 2.1 � 0.5 0.896

Mean overbite � SD (mm) 0.3 � 1.3 0.4 � 1.2 0.4 � 1.3 0.889

≤⅓ overlap N (%) 13 (46.4) 12 (40.0) 13 (46.4) 0.851

⅓ to ⅔ overlap N (%) 2 (7.2) 4 (13.3) 3 (10.7) 0.745

Anterior open bite N (%) 13 (46.4) 14 (46.7) 12 (42.9) 0.950

Mean overbite � SD (mm) �1.0 � 0.6 �1.0 � 0.6 �1.0 � 0.6 0.913

Overjet ≥2 mm N (%) 22 (78.6) 22 (73.3) 21 (75.0) 0.896

Mean overjet � SD (mm) 2.3 � 0.5 2.4 � 0.5 2.4 � 0.4 0.303

Overjet ≥3 mm N (%) 5 (17.9) 6 (20.0) 4 (14.3) 0.848

Mean overjet � SD (mm) 3.1 � 0.2 3.2 � 0.1 3.2 � 0.1 0.151

6 | Orthod Craniofac Res 2016

Wagner and Heinrich-Weltzien Effect of a thin-neck pacifier



Discussion

This study evaluated the impact of a newly

designed TNP on pacifier-associated malocclu-

sion. The outcome was that use of the TNP

resulted in better clinical measurements regard-

ing overjet and overbite compared to continuing

use of conventional or physiological pacifiers

but not in comparison to cessation of habit.

These observations were supported by a clinical

case report showing that changing from a con-

ventional pacifier to a TNP closed a 6-mm AOB

within 6 months in a 3-year-old child (31). There

are very few contemporary studies comparing

occlusions in children who used physiological

vs. conventional pacifiers. With the exception of

one study (20), no clinically significant differ-

ences were found regarding mean overjet, mean

overbite, occurrence of AOB or posterior cross-

bite between physiological and conventional

pacifiers (20–23). This study is the first to show

advantages of the use of a TNP over a previously

used physiological or conventional pacifier with

respect to overjet and overbite. It has to be

emphasized that even though the observed dif-

ferences are small they are statistically signifi-

cant. In addition the differences were noted after

only a relatively short time of intervention. How-

ever the clinical relevance for the permanent

dentition is yet unproven and requires further

research. Discrepancies in occlusal characteris-

tics of the primary dentition could lead to

similar occlusal problems in permanent denti-

tion (4–6, 32–34).

This study was unique in that children who

already had a pacifier-associated malocclusion

were recruited. It is important to note that even

though the observation period was short, chil-

dren, who were weaned off their pacifier, had

significantly fewer and less severe occlusal alter-

ations than those in the other two groups. These

results confirm recent findings that if NNS is

stopped by age two to three, spontaneous remis-

sion may occur (1, 12, 14–18, 35–38). Therefore,

Table 2. Description of all children according to group at final examination

Group I (TNP)

(thin-neck pacifier,

intervention group)

Group II

(initial pacifier,

control group)

Group III

(weaning off,

intervention group,

Gold standard)

Kruskal–Wallis

p-value

N 24 22 17

Male (%) 14 (58.3) 13 (59.1) 13 (76.5) 0.429

Mean age � SD (months) 32.9 � 4.3 32.4 � 5.0 34.6 � 5.3 0.260

Mean number of teeth � SD 19.6 � 1.3 19.6 � 1.2 19.8 � 0.7 0.752

Duration pacifier use (months)

Frequency pacifier use N (%)

31.8 � 4.1* 31.3 � 5.0* 28.0 � 3.7 0.010

For sleeping only 1 6 –

Intermittently during day 13 6 –

Throughout day and night 0 (0.0) 0 (0.0) –

Pacifier use time (hours per day) 2.2 � 1.1* 2.2 � 0.8* –

Mean overjet � SD (mm) 2.7 � 0.5 3.2 � 0.7 2.4 � 0.5 0.002

Mean overbite � SD (mm) 0.2 � 1.2 �0.8 � 1.8 0.5 � 1.3 0.031

≤⅓ overlap N (%) 13 (54.2) 8 (36.4) 7 (41.2) 0.461

⅓ to ⅔ overlap N (%) 1 (4.2) 1 (4.5) 3 (17.6) 0.228

Anterior open bite N (%) 10 (41.7) 13 (59.1) 7 (41.2) 0.461

Overjet ≥2 mm N (%) 21 (87.5) 21 (95.5) 15 (88.2) 0.618

Overjet ≥3 mm N (%) 10 (41.6) 14 (63.6) 6 (35.3) 0.167

Bold values indicate statistically significant, p<0.05.
*Comparison group I vs. II, Mann–Whitney U-test, pDuration = 0.712, pTime = 0.613.
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pediatricians and pediatric dentists recommend

stopping pacifier use by age two to three (1, 4–

6). The present study showed that weaning off a

pacifier is the best treatment option. However, it

was also the most difficult option, consistent

with findings of other studies (1, 4–7, 16, 23, 24,

38–40). Parents worry that the child will start

using their thumb or finger instead. In our study,

six children in group III could not be success-

fully weaned off their pacifier within the exami-

nation period, and three children started thumb

sucking. Switching from the previously used

pacifier to a TNP could be a compromise.

There are some limitations of this study. The

first limitation was the procedure for recording

pacifier-use time. Earlier studies had shown that,

in retrospect, it is difficult for parents to give a

precise estimation of hours per day or night (20–

23). In our study parents were asked to keep a

diary of usage times to approximate the chil-

dren’s pacifier use times. Another limitation of

the study pertains to intra-oral measurements in

toddlers <3 years of age due to their stage of

development and the possible limited coopera-

tion. To ensure comparable measurements and

stabilize the toddler, a parent sat in the dental

chair with the child in his or her lap. If there

were cooperation problems the dental appoint-

ment was used to practice and a new date for

the examination was set. To reduce sources of

bias, all measurements were rechecked for accu-

racy, and follow-up examinations were verified

by an operator, blinded for the group the patient

belonged to. Nonetheless, the measurements

might have been more accurate if we had

impressions and photographs.

This study evaluated changes in occlusal charac-

teristics in the primary dentition that may occur

after introducing a TNP to children with previously

diagnosed AOB and increased overjet. It was

demonstrated that changing to a TNP can reduce

pacifier-associated malocclusion in the primary

Table 3. Comparison of baseline and final data for all groups

Baseline examination Final examination 95% CI

Mann–Whitney

p-value

Group I (TNP) (thin-neck pacifier, intervention group)

Anterior open bite N (%) 13 (46.4) 10 (41.7) �0.24 to 0.33 0.737

Mean overbite � SD (mm) �1.0 � 0.6 �1.2 � 0.3 �0.07 to 0.47 0.145

Overjet ≥2 mm N (%) 22 (78.6) 21 (87.5) �0.30 to 0.12 0.406

Mean overjet � SD (mm) 2.3 � 0.5 2.8 � 0.4 �0.76 to �0.25 0.001

Overjet ≥3 mm N (%) 5 (17.9) 10 (41.6) �0.49 to 0.01 0.061

Mean overjet � SD (mm) 3.1 � 0.2 3.1 � 0.2 �0.11 to 0.11 1.0

Group II (initial pacifier, control group)

Anterior open bite N (%) 14 (46.7) 13 (59.1) �0.41 to 0.16 0.386

Mean overbite � SD (mm) �1.0 � 0.6 �2.2 � 0.3 0.92 to 1.48 0.001

Overjet ≥2 mm N (%) 22 (73.3) 21 (95.5) �0.43 to �0.01 0.038

Mean overjet � SD (mm) 2.4 � 0.5 3.2 � 0.6 �1.11 to �0.49 0.001

Overjet ≥3 mm N (%) 6 (20.0) 14 (63.6) �0.69 to �0.19 0.001

Mean overjet � SD (mm) 3.2 � 0.1 3.6 � 0.3 �0.52 to �0.28 0.001

Group III (weaning off, intervention group, Gold standard)

Anterior open bite N (%) 12 (42.9) 7 (41.2) �0.30 to 0.33 0.914

Mean overbite � SD (mm) �1.0 � 0.6 �0.8 � 0.8 �0.62 to 0.22 0.345

Overjet ≥2 mm N (%) 21 (75.0) 15 (88.2) �0.39 to 0.12 0.293

Mean overjet � SD (mm) 2.4 � 0.4 2.4 � 0.5 �0.27 to 0.27 1.0

Overjet ≥3 mm N (%) 4 (14.3) 6 (35.3) �0.47 to 0.05 0.105

Mean overjet � SD (mm) 3.2 � 0.1 3.1 � 0.1 0.04 to 0.16 0.002

Bold values indicate statistically significant, p<0.05.
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dentition compared to conventional or physiologi-

cal pacifiers. Given this remarkable finding and

the limited number of other studies and data,

further studies are warranted to investigate the

clinical relevance for the permanent dentition.
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