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Abstract 

Swallowing dysfunction is a frequent disorder among children and refers to an altered tongue 
posture and abnormal tongue movement during swallowing. Removable functional appliance is 
one of the treatments applied by dentistry to correct this disorder. The aim of this study was to 
evaluate any differences on orofacial muscles activity in children with swallowing dysfunction 
with and without removable functional appliances. 68 children were eligible for the study and 
divided into the orthodontic group (OG) and the no-orthodontic group (NO-OG). Both groups 
performed a dental occlusion-class evaluation, a swallowing function test and a myoscan analysis 
in order to measure perioral forces (i.e. tongue extension force, lip pressure, masseter contraction 
force). Our results showed a significant difference (P=0.02) between OG and NO-OG for the 
tongue extension force, whereas no significant differences (P>0.05) were found for the other 
parameters. Our findings suggest that children with swallowing dysfunction and removable 
functional appliance show orofacial muscles activity within the range of reference values (except 
for the lip pressure). However, we hypothesize that orthodontic treatment can achieve more 
effective results with integration of myofunctional therapy. 
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 The stomatognathic system is the oral apparatus in 
which all the structures that compose it (i.e. maxilla and 
mandible bones, temporomandibular joints and the 
ligaments associated with them, masticatory muscles and 
dento-periodontal structures) work synergically allowing 
the oral functions of chewing, swallowing and 
phonation.1,2 It is widely known that the interaction 
between this functional complex and the neck and trunk 
muscles affects the cranio-cervical-mandibular system 
and, furthermore, several authors have been investigated 
the influence of this apparatus on features as strength, 
flexibility and body posture reporting contrasting 
findings.3-7 In this context, research suggests that 
biomechanical or functional disturbances of the 
stomatognathic system (e.g. malocclusions, 
temporomandibular disorders, chewing or swallowing 

dysfunctions) have a direct impact on masticatory 
muscles inducing musculature asymmetries and 
modifying head posture and, through the muscle chains, 
adaptation mechanisms on body posture.8,9  Swallowing 
dysfunction is characterized by the abnormal movement 
of the tongue that pushes anteriorly or laterally against 
the dental arches during swallowing.10 In particular, the 
percentage of swallowing disorders in children with 
normal development is between 25% and 35%.11 As 
malocclusions produce modifications on masticatory 
muscles, likewise, in subjects with swallowing 
dysfunction the tongue contraction strength is altered and 
generates changes in electrical activity of other perioral 
muscles.12,13 Moreover, it would seem that function of 
orofacial muscles, as masseter, temporal and orbicularis 
oris, influences craniofacial growth and the shape of the 
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face for this reason may also affect malocclusions.14-16 
Similarly, swallowing dysfunctions are related with 
facial morphology having a direct influence on 
malocclusions.17,18 In order to correct any malocclusion 
or oral dysfunction as swallowing dysfunction, various 
types of functional orthodontic appliances are used in 
dentistry.19 Scientific literature reported that, per se, 
functional appliances produce intraoral forces 
modulating postural and functional activity of 
masticatory muscles.20,21 During the treatment it is 
essential to monitor the activity of the masticatory 
muscles both for the success of the orthodontic correction 
and for the evaluation of postural changes.20,22 Amongst 
the non-invasive methods in order to evaluate facial 
muscles activity, surface electromyography represents 
the most applied technique also in dentistry.14 Moreover, 
some of the non-invasive methods employed to assess 
perioral muscles strength are myoscan analysis and 
dynamometry.10 The aim of this study was to evaluate 
any differences on perioral muscles forces (i.e. tongue, 
lip muscles and masseter muscles) in children with 
swallowing dysfunction with and without removable 
functional appliances. The novelty of our study was to 
investigate the influence of removable functional 
appliances in these children¶s muscles. 

Materials and Methods 
Participants  
A non-randomized controlled trial was adopted in a 
number of 68 children with swallowing dysfunction. 36 
males and 32 females was eligible for the study and 
divided into: 1) the orthodontic group (OG) formed by 
children with removable functional appliance at the 
moment of the recruitment and children who had 
received functional orthodontic treatment prior to the 
recruitment (n=44; male=23; female=21; mean age: 
8.75±1.12 years); 2) the no-orthodontic group (NO-OG) 
composed by children without functional appliance at the 
moment of the recruitment and who have never had a 
functional orthodontic appliance (n=24; male=13; 
female=11; mean age: 8.08±1.41 years). To be included 
in the study, participants had to respect the following 
inclusion criteria: 1) aged 6-10 years; 2) presence of 
swallowing dysfunction; 3) removable functional 
appliance at the moment of the enrollment or previously 
treated with functional appliance (for the OG group). 
Participants were not considered eligible for the study in 
the presence of: 1) temporomandibular dysfunctions; 2) 
muscular disorders; 3) previous facial surgeries; 4) 
growth diseases (n=1). 
Both groups performed the protocol assessment 
including: 1) dental occlusion-class evaluation; 2) 
swallowing function test using Payne¶s technique; 3) 
myoscan analysis in order to measure perioral forces (i.e. 
tongue extension force, lip pressure, masseter contraction 
force). 
All participants were recruited from a dental practice in 
Rome, Italy. Since minors, parents or guardians have 

provided written consent to participate in this study. The 
study was approved by a local ethics committee (no. 
1/2018) in conformity with criteria for the use of persons 
in research as defined by the Declaration of Helsinki. 

Dental occlusion-class evaluation 
For the dental occlusion-class evaluation all the 
participants were assessed in sitting position with neutral 
head posture and in maximum dental intercuspation. 
Dental occlusion-class was established according to 
Angle's classification based on the relationship between 
the first molars of the dental arches.23 In all the sample, 
32 participants were in first class (in which the 
mesiobuccal cusp of the first molar of the maxillary bone 
is in relationship with the mesiobuccal groove of the first 
molar of the mandibular bone) and 36 participants were 
in second class (in which the first molar of the maxillary 
bone is in relationship mesially with the first molar of the 
mandibular bone). As concern the groups, the OG group 
showed 19 participants in first class and 25 participants 
in second class, while, the NO-OG group showed 13 
participants in first class and 11 participants in second 
class. 

Swallowing function test 
The swallowing function test was performed using 
Payne¶s technique.24 During the assessment each 
participant was in sitting position with the head in neutral 
posture and against the wall and feet on the floor. A 
fluorescein solution was placed on the anterior and lateral 
edges of the tongue of each participant and subsequently 
were asked to perform a swallowing action. Finally, 
using a black light (Payne Lamp model; OMFT; 
Maartensdijk, De Bilt, Utrecht, The Netherlands) we 
were able to determine the tongue contact areas in the 
oral cavity during swallowing.  

Myoscan analysis 
As the abovementioned test, each participant was in 
sitting position with the head in neutral posture and 
against the wall and feet on the floor. In order to evaluate 
the orofacial muscles activity was employed the myoscan 
analysis using the Myoscanner 160-B (OMFT; 
Maartensdijk, De Bilt, Utrecht, The Netherlands). The 
device measures tongue extension force, lip pressure and 
masseter contraction force. For each muscle three trials 
of maximal isometric force were performed with three-
minute rest between trials. The best value, expressed in 
pounds units, was used for statistical analysis. Age-
matched reference values are in Table 1.10,25 
The standardized protocol of myoscan analysis,10 was:  
- for the tongue extension force, participants were asked 

to push the tongue forward against the tongue-specific 
probe plate as strong as possible.  

- for the lip pressure, participants, with the mouth closed, 
were asked to stretch lips forward and push against the 
probe, without any plate, as strong as possible.  
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- for the masseter contraction force, participants were 
asked to exert the maximum dental intercuspation with 
the masseter-specific probe plate in contact with the 
masseter muscle. The same procedure was performed 
for both masseter muscles. 

Statistical analisys 
Mean values and standard deviations were carried out 
using Statistica Software 12 (StatSoft®, TIBCO® 
Software Inc, Palo Alto, CA, USA). Differences between 
groups were analysed using a t-test with the P-value set 
at <0.05. 

Results 
As showed in Figure 1, we found a significant difference 
(P=0.02) between OG and NO-OG for the tongue 
extension force, whereas no significant differences 
(P>0.05) were found between groups for the lip pressure 
and contraction force of both masseters. In particular, as 
reported in Table 2, the NO-OG showed lower mean 
value of tongue extension force compared to the 
reference measurements, whereas the OG was exactly at 
the minimum value of the normal range. As concern the 

masseter contraction force, the OG showed mean values 
of both masseter muscles within the physiological range, 
whereas the NO-OG showed lower strength levels for the 
masseter muscles, left and right alike. Regarding the lip 
pressure, the OG and the NO-OG showed similar and 
dysfunctional levels compared to the reference values.  

Discussion 
Swallowing dysfunction is a frequent disorder among 
children and refers to an altered tongue posture and 
abnormal tongue movement during swallowing.11,12  This 
atypical mechanism of swallowing determines an 
imbalance muscles of the cranio-cervical-mandibular 
system and establishes posture adaptations and, 
moreover, can influences fitness characteristics.26,27 To 
normalize this physiological function, removable 
functional appliance is one of the treatments applied by 
dentistry.19 The purpose of this study was to measure 
orofacial muscles activity in children aged 6-10 years 
with (OG) and without (NO-OG) removable functional 
appliance. Our results showed a significant difference on 
tongue extension force between groups. In particular, the 
mean value of the OG coincided exactly with the 
minimum reference level of the normal range, whereas 
the NO-OG showed lower mean value of tongue 
extension force. Our findings are in agreement with 
clinicians and researchers reporting an enhancement of 
neuromuscular activity of orofacial muscles in patients 
with functional appliances.21 Moreover, a biomechanical 
reason related to the change in perioral muscle activity is 
the modification of mandible position during functional 
orthodontic treatment due to the direction of the intraoral 
traction forces exerted by the functional appliance that 
induces to a different basal muscle tone.19,28,29 
Orthodontic functional appliances rebalance orofacial 
muscle activity that resulted altered in oral dysfunction 
prior the treatment particularly in children in which facial 
growth is ongoing.19,30 As to masseter contraction force, 
group comparisons for both masseter muscles showed 
contraction force values within the normal range for the 
OG and out of the range for the NO-OG, but without 
statistical significance. Our results are in accord with the 
findings by Miralles et al. that recorded temporal and 
masseter muscles activity in children with malocclusion 

 

Table 1. Reference values age-matched of perioral muscles forces  

 4 – 10 years > 10 years 

Tongue extension force 

Lip pressure 

Masseter contraction 

0.6 – 0.8 

0.2 – 0.6 

0.4 – 0.6 

0.8 – 1.2 

0.6 – 0.8 

0.6 – 0.8 

Measurements are expressed in pounds 

 
 

 
 
Fig 1. Measurements, expressed in pounds, of perioral 

muscles forces of the orthodontic group (OG) 
and the no orthodontic group (NO-OG). 
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with and without functional appliance reporting 
significantly higher values of these muscles activity 
during swallowing.21 Regarding the lip pressure, the OG 
and the NO-OG showed similar and dysfunctional levels 
compared to the reference values. Our results are 
supported by Saccucci et al. in which the authors found 
no differences in orbicular oris muscles contractility in 
children with malocclusion treated with orthodontics 
compared to a control group.31 Since surface EMG is 
influenced by many factors as individual¶s physiology, 
among the methods existing in order to measure orofacial 
activity, we used myoscan analysis because it is simpler 
to apply in children.4,32 In this study we enrolled children 
with removable functional appliance because fixed 
functional appliance per se is not removable and would 
not have allowed to evaluate masticatory muscles, in 
particular for the tongue extension force measurement. 
However, a limit of our study is to have not  distinguished 
the types of participant's removable functional 
appliances. 
In summary, although our findings suggest that children 
with swallowing dysfunction and removable functional 
appliance show orofacial muscles activity within the 
range of reference values (except for the lip pressure), we 
hypothesize that, based on the scientific literature, the 
orthodontic treatment can achieve more effective results 
with the integration of myofunctional therapy, an 
orofacial method of muscle exercises used to rebalance 
perioral muscles and the functions of the stomatognathic 
system.12,33,34 On the basis of our results, we need further 
studies in order to confirm the present findings and to 
verify our hypothesis. 

List of acronyms 
NO-OG - no-orthodontic group 
OG - orthodontic group 
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