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Objectives: This study aimed to assess behavioural and occlusal outcomes of non-orthodontic intervention (NOI) in a
sample of children, 4–12 years of age, in Australia, in order to establish clinical relevance. Materials and methods: Data
from 91 patient records of 4- to 12-year-old children reporting a habit of digit sucking, from two clinics in north-eastern
Australia, were de-identified and used. Each patient had been examined at two visits, separated by an interval of
4 months, using standard clinical procedures. Results: Of the 77 children who received a 4-month NOI, 69 (89.6%) had
ceased their digit sucking habit by the end of the NOI period [v2 = 67.0, degrees of freedom (d.f.) = 1, P < 0.001]. Of
the 72 subjects who had front teeth, the number with anterior open bite decreased from 37 (51.4%) to 12 (16.7%) upon
completion of NOI (v2 = 21.3, d.f. = 1, P < 0.001). Among the 32 patients with a measurable overjet, the mean overjet
was found to decrease from 4.2 ! 2.4 mm to 3.1 ! 1.9 mm after implementation of NOI (t = 5.8, d.f. = 31,
P < 0.001). Children who received NOI were more likely to quit the digit sucking habit in the 4-month period
(P < 0.001, OR = 51.8, 95% CI: 9.8–273.9) and were more likely to appear without anterior open bite at a 4-month
recall (P < 0.001, OR = 30.0, 95% CI: 5.9–151.6). Conclusions: This study demonstrated clinical relevance of NOI on
the cessation of a digit sucking habit, closure of anterior open bite and reduction of overjet. Further investigations are
indicated.
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INTRODUCTION

Digit sucking has been considered an adaptive beha-
viour in infants and toddlers as it delays the onset of
boredom and provides a soothing effect1. Although
most children cease digit sucking at an early age1, pre-
vious studies have reported that 20%2 to 30%3 of
children still maintain a digit sucking habit. Recently,
some researchers suggested that the premature cessa-
tion of breastfeeding4 and implementation of bottle-
feeding5 had an enhancing effect on the digit sucking
habit. This prolonged habit could result in some medi-
cal and behavioural complications, such as intestinal
parasitic infection6, lead poisoning7, digital defor-
mity8, paronychia9 or chronic hair pulling10. Previous
studies have also reported dental and maxillofacial
sequelae of prolonged digit sucking, including ante-
rior open bite11, increased overjet11–13, decreased

overbite11,13, protrusive incisors13 and a larger ANB
angle13 which at times indicated the development of
craniofacial deformity14.
Some appliances have been developed to correct

children’s digit sucking habits15–20, simultaneously
with, or only for, malocclusions resulting from these
habits15–17,21,22. Most of these apparatuses were
designed with a wire framework for either retention
or arch expansion, or both15,17–22, and a roller nest-
ling up against the hard palate to diminish enjoyment
and comfort from digit sucking15,17–20. On the con-
trary, Levrini et al.16 flipped the palatal surface of
aligners to discourage the sucking habit. Of further
note, a tongue crib was also included in the device
used by Kulkarni and Lau15 to prevent the tongue
from thrusting through the gap of the anterior open
bite. Although the appliances described above were
effective in promoting the cessation of digit sucking18,
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correction of anterior open bite21, or both concur-
rently, these management options were costly and
required advanced techniques.
On the other hand, some studies have reported

reductions in orthodontic relapse with the aid of oro-
facial myofunctional therapy23,24. Stabilisation of the
tongue position was one of the reasons for a decrease
in overbite relapse23,24 because the stimulus of the
tongue on the maxillary dental arch had a protective
effect against the development of a crossbite19. There-
fore, maintaining contact between the tongue and the
palate is ‘decisive for orthodontic and myofunctional
therapy in mouth-breathing children’25. When in a
normal rest position, the tongue tip rests over the inci-
sive papilla26 which is a pear-shaped anatomical land-
mark located on the palatal mucosa posterior to the
maxillary central incisors27. This structure is relevant
to rhythmic activity of the tongue muscles28 and guid-
ance of tongue elevation29. As a result, an earlier
paper suggested that tongue-thrusting patients should
regularly place the tongue tip on the palatal rugae
behind the upper central incisors, in order to improve
the condition30.
As digit sucking is associated with mouth-breath-

ing31, and both oral habits contribute to similar
malocclusions32, using the incisive papilla as a guide
for the tongue–palate contact position might amelio-
rate malocclusions in children with a history of digit
sucking. Of further note, the American Dental Associ-
ation has suggested that offering praise for not suck-
ing fingers is more suitable than scolding children to
cease the habit33. A non-orthodontic intervention
(NOI), comprising guidance of the tongue position
and behaviour shaping with positive reinforcement,
was therefore developed. To guide the tongue to the
correct rest position, a small, round piece of gelatin
material was placed onto the palate34. This inexpen-
sive and reduced technique-oriented approach has
been used in clinical practice by some orofacial myol-
ogists. We believe that only a recent study described
this intervention which exclusively used adult samples
with unreported oral conditions34. No data related to
the use of NOI to correct digit sucking in children
have ever been reported. Hence, the aim of this study
was to conduct a retrospective case–control investiga-
tion to assess behavioural and occlusal outcomes of
NOI in a sample group of children in Australia, in
order to establish clinical relevance.

MATERIALS AND METHODS

Before commencement of the study, appropriate ethics
approval was obtained from the James Cook Univer-
sity (JCU) Human Research Ethics Committee
(Ethics Approval Number: H4732). The study was
conducted in full accordance with the World Medical

Association Declaration of Helsinki. This retrospective
study used de-identified data extracted from the
patient records of the JCU Dental Clinic in Cairns
(Clinic C) and the Thumbsucking Clinic in Townsville
(Clinic T), Australia. Informed consent, on behalf of
the children, from the next of kin, carers or guardians
was not required because the data were de-identified
and anonymised and none of the patients was
approached or identified. This was also approved by
the JCU Human Research Ethics Committee. This
case–control study considered those digit sucking
children who presented with the dental type of ante-
rior open bites as Cases, and the digit sucking chil-
dren who did not show any type of anterior open
bites were the Controls. Anterior open bites are classi-
fied into dental and skeletal types, and the latter
requires more advanced diagnostics and manage-
ment35. Hence, the dental type of anterior open bites
resulting from digit sucking was the target of this
study. The factor of exposure in this preliminary
study was NOI.
The size of the sample was calculated using Epi Info

(Version 7; Centers for Disease Control and Preven-
tion, Atlanta, GA, USA). Because the reported preva-
lence of anterior open bites amongst digit sucking
children is 36%11, we estimated that 61 subjects was
the minimum number required. The estimation was
made using two-sided significance of 5%, an explana-
tory power of 80% and a ratio of Controls to Cases
of 1.811, with 40% of Controls and 80% of Cases
with exposure. The exposure rates of Cases and Con-
trols used in the calculation were estimated according
to our observations in the clinic because no data have
ever been reported. To account for incomplete infor-
mation, data from all patients showing clinic atten-
dance in 2011, 2012 or 2013 were screened. To be
eligible for inclusion, a subject needed to report a cur-
rent status of digit sucking within the age range of 4–
12 years. Children ≥ 4 years of age were included
because maintaining a digit sucking habit after 4 years
of age indicated a need for referral to a speech thera-
pist and an orthodontist36. Individuals older than
12 years of age were excluded from this study because
of an indication for orthodontic treatment after erup-
tion of maxillary permanent canines at the age of
12 years36. Patients reporting a past history or current
status of orthodontic treatment or maxillofacial sur-
gery were also excluded from the study. Furthermore,
those children who failed to attend the recall exami-
nation were excluded from data analysis.
The NOI implemented in this study was mainly

composed of guidance of the tongue position and
behaviour shaping with positive reinforcement. To
guide the tongue tip to rest close to the incisive
papilla26, a small hole-punched stomahesive wafer
with a diameter of 5 mm was placed on and attached
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to the wiped incisive papilla (Figure 1a,b)34. Children
were trained to carry out the procedure three times
per day with parents’ supervision and assistance.
Patients were then instructed to touch the spot of sto-
mahesive wafer with the tongue tip. This helped to
elevate the tongue for approximately 2 hours, three
times a day, for each application of wafer spot in the
correct rest position and encourage a lip seal (Fig-
ure 2). The spot of stomahesive wafer eventually
melted and peeled off without being aspirated or caus-
ing harm. Indeed, this material has been safely and
widely used in medical and dental practice37,38, as
well as in the food industry34. Guidance of the tongue
position though use of a stomahesive wafer spot was
accompanied by a behaviour-shaping programme,
which involved recording positive behaviour on
reward charts and regular telephone calls from
patients and parents to a trained orofacial myologist

and dental hygienist. Positive reinforcement has been
recommended as a behaviour-shaping method for digit
sucking children33. In this study, a service fee was
applied to the patients receiving the NOI.
The duration of the NOI in this preliminary study

was 4 months. Those digit sucking children who did
not receive NOI attended the clinic for two consecu-
tive examinations with a recall interval of 4 months.
The data collected from the de-identified patient files
included age (years), gender (female/male), overjet
(measured in mm), presence of anterior open bite
(yes/no) and presence of digit sucking behaviour (yes/
no). These included pre- and postintervention results
for the patients who received NOI, and the results
obtained from the first and second examinations of
the subjects who did not receive NOI.
Data entry and statistical analyses were carried out

using IBM SPSS Statistics (version 20.0; IBM Corpora-
tion, Somers, NY, USA). Data analysis included
descriptive statistics (frequency distribution and cross-
tabulation). First, pre- and postintervention data
collected from the patients who received NOI were
paired and examined for differences. Statistical signifi-
cance for differences in the categorical variables (digit-
sucking behaviour and anterior open bite) and the inter-
val variable (overjet) were assessed using the McNemar
test39 and the paired-samples t-test40, respectively.
Second, 4-month recall data of all subjects, including
children who did/did not receive NOI, were assessed
using multivariate logistic regression40. This method
was applied to identify the individual contribution of
variables studied (age, gender and exposure to NOI) in
relation to cessation of the digit sucking habit and
closure of anterior open bite. The level of two-sided
significance for all statistical procedures was set at 5%.

RESULTS

A total of 578 patient records of children 4–12 years
of age were de-identified and screened; these included
117 and 461 patients from Clinic T and Clinic C,
respectively. A total of 115 patient records were
excluded from data analysis because of incomplete

(a) (b)

Figure 1. Stomahesive wafer spots used for non-orthodontic intervention (NOI). (a) Small hole-punched stomahesive wafer (diameter: 5 mm). (b) A
stomahesive wafer spot attached to the incisive papilla (scale bar = 5 mm).

Figure 2. Schematic lateral view of the normal rest position of the tongue.
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information. Another 162 subjects were excluded
because of a previous history or current status of
undergoing orthodontic treatment. Of the 301
patients with records that were valid, 91 (30.2%)
reported a digit sucking habit in the first examination
visit. Among the final sample of 91 children, 77
(84.6%) received NOI and 14 (15.4%) did not.
Figure 3 shows the frequency distribution of age and
gender in this sample.
Of the 77 individuals who received NOI, 69

(89.6%) had ceased the digit sucking habit by the end
of the 4-month programme [v2 = 67.0, degrees of
freedom (d.f.) = 1, P < 0.001]. Except for five chil-
dren who had multiple missing front teeth according
to their patient records, data on whether or not an
anterior open bite was present remained attainable in
72 individuals. Among those, the number of patients
showing an anterior open bite decreased from 37
(51.4%) to 12 (16.7%) after NOI (v2 = 21.3,
d.f. = 1, P < 0.001) (Table 1). The mean overjet
decreased from 4.2 ! 2.4 mm to 3.1 ! 1.9 mm upon
completion of NOI (t = 5.8, d.f. = 31, P < 0.001),
among the 32 children with a measurable overjet.

Of the 91 subjects in the final sample, children who
received NOI were more likely to cease their digit
sucking habit by the end of the 4-month period
(P < 0.001, OR = 51.8, 95% CI: 9.8–273.9)
(Table 2). Age and gender were not related to contin-
uation of the habit (P ≥ 0.648). Among the 86 chil-
dren with front teeth present, those who received
NOI were more likely to present without an anterior
open bite at the 4-month recall visit (P < 0.001,
OR = 30.0, 95% CI: 5.9–151.6) (Table 3). Age and
gender were not associated with the manifestation of
an anterior open bite (P ≥ 0.358). Figure 4 shows a
clinical case of a patient with a digit sucking habit
and the consequent anterior open bite, before (Fig-
ure 4a,b) and after (Figure 4c,d) receiving NOI.

DISCUSSION

This is the first study to suggest a relationship between
NOI and closure of anterior open bite. Approximately
two-thirds of this study’s Cases, who previously sus-
tained digit sucking-related anterior open bites, no
longer presented with this type of malocclusion at the
end of the 4-month NOI period. This indicated good
efficacy for NOI on the correction of anterior open
bites for patients 4–12 years of age. This was further
confirmed by outcomes from the logistic regression
model. Attachment of the stomahesive wafer spot
onto the incisive papilla provided clear guidance for
the tongue–palate contact position. Because of the
sensation of a foreign body over the incisive papilla,
the tongue tip is unable to resist the temptation
to explore, and at times remove, the stomahesive
wafer spot. Consequently, the tongue is elevated to a
normal rest position. This position is relevant to the
improvement of an anterior open bite26 and tongue

Figure 3. Frequency distribution of digit sucking habits, according to age and gender, in the study sample (n = 91); x axis: age groups; y axis: number
of patients in each age group.

Table 1 Frequency distribution of anterior open bites,
before and after non-orthodontic intervention (NOI),
in the study sample (n = 72)

After NOI

Without
open bite

With open bite Total

Before NOI
Without open bite 34 (47.2%) 1 (1.4%) 35 (48.6%)
With open bite 26 (36.1%) 11 (15.3%) 37 (51.4%)
Total 60 (83.3%) 12 (16.7%) 72 (100.0%)

Values are given as n (%).
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thrusting30. A previous study demonstrated that the
equilibrium of tooth position relied on a balance of
pressure between the tongue and the lip41. As a torque
depends on the length of the lever arm42, elevation of
the rest position of the tongue from the incisal edge of
maxillary incisors to the incisive papilla shortens the
lever arm. This reduces the torque on the upper front
teeth. Previous studies also reported a larger magni-
tude of pressure from the tongue to the upper incisors
during either rest43 or swallowing44 in children with
an anterior open bite. The causal relationship between

tongue pressure and anterior open bite remains con-
troversial43,44. However, a decreased torque on upper
incisors from the tongue might allow the pressure
from the lips to guide the teeth into moving down-
wards and backwards, resulting in closure of the ante-
rior open bite. Reduced overjet found in children who
received NOI also implied a backwards movement, or
rotation of, the upper incisors.
On the other hand, this study suggests for the first

time an association between NOI and cessation of the
digit sucking habit. Approximately 90% of digit suck-

Table 2 Frequency distribution and statistical analysis of digit sucking habits at the recall visit, according to age,
gender and non-orthodontic intervention (NOI), in the study sample (n = 91)

Characteristic Without digit sucking With digit sucking All OR (95% CI) P

Mean age (years) 7.2 ! 1.7 9.3 ! 3.1 7.6 ! 2.3 1.0 (0.7–1.4) 0.956
Gender
Female 48 (78.7%) 13 (21.3%) 61 (67.0%) 1
Male 23 (76.7%) 7 (23.3%) 30 (33.0%) 0.7 (0.2–3.1) 0.648

NOI
With NOI 69 (89.6%) 8 (10.4%) 77 (84.6%) 1
Without NOI 2 (14.3%) 12 (85.7%) 14 (15.4%) 51.8 (9.8–273.9) <0.001*

Values are given as mean ! standard deviation, n (%) or OR (95% CI).
*P < 0.001.

Table 3 Frequency distribution and statistical analysis of anterior open bites at the recall visit, according to age,
gender and non-orthodontic intervention (NOI), in the study sample (n = 86)

Characteristic Without open bite With open bite All OR (95% CI) P

Mean age (years) 7.2 ! 1.9 8.7 ! 2.9 7.6 ! 2.3 0.9 (0.6–1.2) 0.358
Gender
Female 43 (72.9%) 16 (27.1%) 59 (68.6%) 1
Male 19 (70.4%) 8 (29.6%) 27 (31.4%) 0.7 (0.2–2.6) 0.613

NOI
With NOI 60 (83.3%) 12 (16.7%) 72 (83.7%) 1
Without NOI 2 (14.3%) 12 (85.7%) 14 (16.3%) 30.0 (5.9–151.6) <0.001*

Values are given as mean ! standard deviation, n (%) or OR (95% CI).
95% CI, 95% confidence interval; OR, odds ratio.
*P < 0.001.

(a) (c)

(b) (d)

Figure 4. Extra-oral and intra-oral photographs of a child with a digit sucking habit and a consequent anterior open bite. (a) Frontal view of the lower
face, before non-orthodontic intervention (NOI). (b) Intra-oral photograph showing the frontal view of the anterior open bite, before NOI. (c) Frontal view

of the lower face, after NOI. (d) Intra-oral photograph showing the frontal view after NOI; closure of the anterior open bite was identified.
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ing subjects quit the habit upon completion of the 4-
month NOI period, indicating excellent efficacy of the
intervention. Our results from the logistic regression
model also confirmed this. The cessation of digit suck-
ing after completion of NOI could further explain the
reason why a majority of anterior open-bite cases
were eliminated in this study. Indeed, spontaneous
correction of an anterior open bite following cessation
of the pacifier sucking habit has been reported45.
Owing to the sensation of a foreign body, the stomah-
esive wafer spot attached to the incisive papilla could
have induced the tongue tip to touch the spot. This
might have distracted the subjects from insertion of
the thumb or other fingers into the mouth. This func-
tions in a similar way to the roller utilised by a Blue-
grass appliance20. In addition to the distraction effect
of the wafer, behaviour shaping with positive rein-
forcement, included in our NOI, could be another rea-
son for the excellent efficacy attributed to cessation.
Behaviour shaping with positive reinforcement has
been recommended by the American Dental Associa-
tion for managing digit sucking in children33. Of fur-
ther note, regular telephone calls from children and
parents to a trained orofacial myologist and dental
hygienist served as a reminder and form of support.
These may have enhanced the effect of the NOI.
With encouraging outcomes reported, interpreting

the results of this preliminary study, however, should
take some research limitations into account. First, the
nature of the sample used in this study might not be
representative of the broader population of digit suck-
ing children. Those patients and their parents or carers
who came to the clinic with the chief complaint of
digit sucking or consequent anterior open bites tended
to have a motive of seeking ‘a change’. Because
improvement of a disorder or condition is highly
related to the patients’ initial motivation to change46,
the high efficacy of NOI in our study could partially
have resulted from the children’s and their family’s
motives to cease digit sucking and improve malocclu-
sion. Those children who attended our clinics, but did
not opt to receive NOI, may have missed the 4-month
recall and consequently the valid number of unex-
posed subjects was smaller than the number of
exposed subjects in this study. It is difficult to avoid
sampling bias caused by patients’ motivation in a clin-
ical environment47. Second, this study did not include
a long-term recall plan. Consequently, the relapse rate
of digit sucking and anterior open bite was not evalu-
ated. Despite the fact that orthodontic treatment alone
has shown a higher relapse rate of anterior open bites
than a combination with orofacial myofunction ther-
apy24, future investigations in longitudinal changes of
behavioural and occlusal outcomes are required to
explore the long-term efficacy of NOI. Third, the sam-
ple used in this study was within an age range of 4–

12 years. Anterior open bites occurring within this age
range are generally managed using interceptive
orthodontic approaches, whereas patients older than
12 years of age would require orthodontic manage-
ment to correct the malocclusion36,48. Therefore, the
outcomes of this study do not imply the superiority of
NOI over orthodontic management for digit sucking
patients with an anterior open bite. Moreover, this
study does not suggest NOI to be a substitute for
orthodontic treatment. Instead, NOI could be applied
to children 4–12 years of age, presenting with digit
sucking and consequent anterior open bites in areas
where orthodontic services are unattainable, such as
rural and remote areas. This may also apply when a
child’s behavioural issues or health conditions make it
difficult for him or her to cope with regular orthodon-
tic visits. As this study was a preliminary investiga-
tion, further studies are indicated.

CONCLUSIONS

This preliminary study has demonstrated satisfactory
efficacy of NOI on the cessation of the digit sucking
habit, closure of anterior open bite and reduction of
overjet. NOI can be used on children, 4–12 years of
age, presenting with digit sucking and consequent ante-
rior open bite, in areas where orthodontic services are
unattainable, such as in rural and remote areas, as
well as when a child cannot cope with regular orthodon-
tic visits as a result of behavioural issues or health condi-
tions. Future investigations into relapse of habitual
sucking, with or without malocclusion, are indicated.
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