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Abstract

Muscular hypotonia is a feature of Down syndrome (DS), and it affects the tongue and lips. A study on oral dysfunction in
children with DS concluded that most of them did not have the tongue strength for completing the oral phase of swallowing.
Recognizing the weakness of the oral muscles and improving its motor function positively affects mastication and swal-
lowing, and prevents complications. This cross-sectional study aimed to measure the lip and tongue strength and endurance
of children with DS and their typical peers, and compare these two groups with each other using Iowa Oral Performance
Instrument (IOPI). Eight children with DS and 33 typical children aged 8—13 years were enrolled in this study. To exam-
ine the effect of age on the tongue strength and endurance, we divided the children into three groups of 8-9, 10-11, and
12—13 years old. The results showed that both anterior and posterior tongue strength were significantly lower in children
with DS (p=0.004 and 0.003). But, it was not the case with tongue endurance. Also, in 10-11 years old age group, the mean
posterior tongue strength and in 12-13 years old age group the lip endurance was significantly lower in children with DS
(p=0.05 for both). Lips strength and endurance were both remarkably lower in children with DS (p =0.004 and 0.02). In
this study, tongue, and lip strength and endurance in both children with DS and typical ones were measured with IOPI for
the first time. Moreover, it provided quantitative data on the strength and endurance of the muscles of the tongue and lips,
which can contribute to future studies.

Keywords Down syndrome - Iowa Oral Performance Instrument (IOPI) - Tongue - Lip - Muscle strength - Deglutition -
Deglutition disorders

Introduction

Down syndrome (DS) or trisomy 21 is the most common
survivable autosomal aneuploidy among newborns. The
prevalence of DS varies from 0.14 to 1.66 per 1000 live
births [1, 2].
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Muscular hypotonia is a feature of trisomy, and it affects
the tongue and lips, which is noticeable on physical exami-
nations [3]. Many children with DS have functional prob-
lems during mastication and swallowing caused by anatomi-
cal and neuromotor dysfunction. These abnormalities can
lead to aspiration, recurrent pneumonia, chronic respiratory
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illness or lung disease, poor nutrition, and failure-to-thrive,
FTT [3-5].

Research shows that the prevalence of swallowing prob-
lems in people with DS varies between 31 and 80% [2, 6].
Tongue pressure is crucial for bolus clearance in the oral
phase and indirectly in the pharyngeal phase of swallowing
[7]. Evaluating tongue function is crucial in the assessment
and rehabilitation of chewing and swallowing disorders in
adults and children. A study on oral dysfunction in chil-
dren with DS concluded that most of them did not have the
tongue strength for completing the oral phase of swallowing
[8]. Also, a study showed that the absence of jaw closure
after food intake was common in the oral phase of feeding,
accompanied by the difficulty in lateral movements of the
tongue and reduced awareness of food on lips due to oral
hyposensitivity [9].

Cross-sectional studies have shown that early recognition
and rehabilitation interventions on the oral muscle strength
in patients with DS promote the oral shape and the rest-
ing position of the tongue [10, 11]. A study conducted by
Hashimoto et al. using pressure sensors to assess the tongue
strength and pressure in adults with DS, suggested that the
duration and maximum tongue pressure in participants with
DS were significantly shorter and lower than the typical
group [6]. To the best of our knowledge, no quantitative
study has studied this issue in children with DS using IOPI.
Besides, there is minimal data on the strength and endurance
of lips and endurance of the tongue in children with DS.
Therefore, we hypothesized that the tongue and lip strength
and endurance are lower in this group. This study aimed to
measure the lip and tongue strength and endurance of chil-
dren with DS and their typical peers, and compare these two
groups with each other using the IOPI device.

Methods
Study Design and Population

In this cross-sectional study, eight students with DS were
recruited from a school established for children with special
needs in Shiraz, Iran, and their typical peers (n=33) were
selected from typical schools.

Inclusion and Exclusion Criteria

Participants with DS who were able to follow the instruc-
tions and children without DS who did not have any other
health problems such as speech, hearing, or vision problems
(as tested and reported by their schools annually) and were
able to follow the instructions were included in this study.
Children who did not have the consent of their families, or

those with disabilities other than DS, including autism, cer-
ebral palsy, or hearing loss were excluded.

Tools and Processes of Data Collection

Before the study started, all participants were trained indi-
vidually on how to perform the test correctly. Training for
children with DS took place over a course of three days.
They were taught the meaning of the strength and the mean-
ing of the endurance. Strength was defined as pressing the
speech therapist's hand with their hand as hard as they could.
Endurance was defined as pressing the therapist’s hand as
long as they could. They were taught not to be afraid of the
device and/or not to bite the pulp. They were also taught how
to perform each of the tests correctly. The typical children
received the same training, however it took them a shorter
time to learn. All tests were performed the day after the
trainings for all groups were completed. The tests were per-
formed in each of participants' school in a designated room
for healthcare-related practices.

Initially data were collected on demographic information,
as well as baseline information on the tongue and lip. This
included data on the ability to move the tongue up, down,
in, out, left, right, and rotate it as well as data on lip move-
ments, including saying the letters “U” and “E”, kissing,
smiling, and sucking. Furthermore, to examine the effect
of age on the tongue strength and endurance, the children
were divided into three groups, including 8-9, 10-11, and
12—13 years old ones.

The Iowa Oral Performance Instrument (IOPI) (IOPI
Medical, Redmond, WA) was used [12] to measure chil-
dren’s anterior and posterior tongue strength. The device
measure the maximum pressure that an individual can
produce in a standard-sized air-filled bulb by squeezing a
compliant bulb against the hard palate with the tongue for
about two seconds. The units were displayed with kilopas-
cals (kPa). All measurements were performed by a speech
therapist.

In order to measure lip strength, the bulb was placed
inside the cheek just lateral to the corner of the mouth and
the patient squeezed the IOPI bulb against the buccal sur-
face of the teeth by pressing the lips as hard as possible.
The maximum pressure was recorded when a patient pressed
their lips as hard as they could. After 10 min of rest, lip
endurance was measured by quantifying the length of time
that a patient could maintain 50% of his/her maximum pres-
sure. This procedure was conducted by setting the target
value in the target mode to 50% of the patient's maximum
pressure and the length of the time the patient could hold the
green light on. Endurance was measured three times for all
anterior and posterior tongue as well as lip, with an interval
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of 10 min. The mean of three measurements was considered
as the maximum endurances.

Ethical Considerations

This study was performed in accordance with the ethical
principles of Shiraz University of Medical Sciences (IR.
SUMS.MED.REC.1398.134). Written consent was collected
from parents of all participants. Participants were allowed
to withdraw from the study at any stage. Parents and partici-
pants were assured of the confidentiality of their information
and parents were informed of the results of the study.

Statistical Methods

Data were collected and analyzed using SPSS software ver-
sion 22. We showed descriptive information in frequency
and mean. Quantitative data are shown as means and
standard deviations. ;(2, Independent 7-test, exact Fisher,
Mann—Whitney, Kruskal-Wallis, and ANOVA were used
to compare the groups.

Results
Demographic Review

This study included 41 children aged 8 to 13 years, with a
mean age of 10.62 (£ 1.51) years. In total, 8 of them (19.5%)
had DS, and there were 12 boys (29.3%) and 29 girls (70.7%)
participated in the study. 16.7% of the boys and 20.7% of the
girls had DS. The overall mean age was 10.20 (+1.92) years
in boys and 10.79 (% 1.31) in girls. In the group with DS,
the mean age 10.37 (x 1.68) years, and 2 were boys (25%)
and the rest were girls (75%). In the typical group, the mean
age in the typical group was 10.68 (+1.49) years, and there
were 23 girls (69.7%) and 10 boys (30.30%). There was no
significant difference between the two groups in terms of
age (p=0.58).

Tongue and Lip Strength and Endurance

All participants with DS were able to perform lip move-
ments, including saying letters “U” and “E”, kissing, smil-
ing, and sucking. In addition, all had the ability to move
their tongue up, down, in, out, left, right, and rotate it, except
for one participant who was unable to rotate the tongue.
Results showed that both anterior and posterior strength of
the tongue were significantly lower in children with DS in
comparison with their typical peers (p <0.001 for both).
Also, the mean lip strength between the two groups was
significantly higher in the typical group (p <0.001). Fur-
thermore, lip endurance was significantly higher in typical

@ Springer

Table 1 Comparison of variables between children with Down syn-
drome and their typical peers

Variable (mean) Group n Mean+SD p value

LSP DS 8 11.91+8.03 0.00
T 33 24.15+10.08

LE? DS 5 9.00+7.31 0.02
T 28 34.17+21.35

ATE? DS 5 6.60+5.12 0.13
T 30 11.50+7.66

PTE? DS 5 4.20+2.16 0.20
T 28 8.03+5.97

ATSP DS 8 13.29+7.46 0.00
T 33 31.43+15.39

PTS® DS 8 13.48+7.47 0.00
T 33 34.73+£17.20

LS lip strength, LE lip endurance, ATE anterior tongue endurance,
PTE posterior tongue endurance, ATS anterior tongue strength, PTS
posterior tongue strength, 7 typical, DS Down syndrome, n number of
patients who were able to do the test

In seconds

°In kilopascal

individuals than in children with DS (p =0.02). However,
the anterior and posterior endurance of the tongue did not
differ significantly between the two groups (p-values were
0.20 and 0.13, respectively, Table 1).

Gender-Based Results
Gender Results Between Groups

Among the boys, anterior and posterior tongue strength
and lip strength were significantly lower in children with
DS (p=0.02, 0.01, and 0.03, respectively) compared to the
typical group. However, posterior and anterior tongue and
lip endurance were not significantly different between boys
with DS and typical boys (p-values were 0.15, 0.11 and 0.15,
respectively). Among girls, similar to boys, the anterior and
posterior tongue strength was significantly lower in children
with DS (p=0.03, and <0.001, respectively). However, there
were no significant differences in the anterior and posterior
tongue endurance and lip endurance and strength between
the two groups (p=0.53, 0.34, 0.07, and 0.06, respectively,
Table 2).

Gender-Based Results in the Typical Group

In the typical group, the anterior tongue strength was signifi-
cantly higher in boys (p=0.00), but the posterior strength of
the tongue in this typical group did not differ significantly
between the sexes (p=0.11). No significant difference was
found between the lip endurance, anterior endurance of the
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Table2 Comparison of variables between children with Down syn-
drome and typical in each of the gender groups

Variable Gender Group n Mean + SD p value
LSP M DS 0 0.03
T 10 26.82+7.66
F DS 4 19.08 +2.21 0.06
T 17 25.67+9.10
LE? M DS 1 2 0.15
T 10 32.08+20.94
F DS 4 10.75+7.13 0.07
T 17 35.94+22.60
ATE® M DS 1 2 0.11
T 10 11.32+6.29
F DS 4 7.75+5.12 0.53
T 17 35.11+7.05
PTE? M DS 1 2 0.15
T 10 9.00+7.42
F DS 4 4.75+2.06 0.34
T 17 7.64+5.27
ATSP M DS 2 9.10+0.70 0.02
T 10 42.75+17.25
F DS 2 14.69 +8.27 0.03
T 10 29.51+11.79
PTSP M DS 2 8.30+0.42 0.01
T 10 42.02+15.14
F DS 2 15.21+7.99 0.00
T 10 31.56+17.37

LS lip strength, LE lip endurance, ATE anterior tongue endurance,
PTE posterior tongue endurance, ATS anterior tongue strength, PTS
posterior tongue strength, 7 typical, DS Down syndrome, n number of
patients who were able to do the test

In seconds

®In kilopascal

tongue, posterior tongue endurance variables and gender in
this study in the typical group (p =0.68 and 0.75, and 0.78).

Gender-Based Results in the Group with DS

In the group with DS, the anterior and posterior tongue
strength was not significantly different between sexes
(p=0.16 and 0.08, respectively, Fig. 1).

In addition, only one boy with DS was able to perform
posterior and anterior tongue and lip endurance testes, which
was 2 s for all the three. In the group with DS, there were
no significant differences in anterior and posterior tongue
endurance (p=0.15 and 0.26), and lip endurance (p =0.15)
between sexes.

70.00

60.00
50.00 I I
40.00 I

3000 | I

20.00 4275

31.56 I I

- I I
9.1 14.69 83.:3 15.21

1000 & AH

0.00
ATSin ATSin PTSin PTSin ATSinDS ATSinDS PTSin DS PTSin DS
healthy healthy healthy healthy Male Female Male Female
Male Female Male Female

Mean

Fig.1 Comparison of the tongue strength based on gender in each
group. ATS anterior tongue strength, PTS posterior tongue strength,
DS Down syndrome. *All numbers are in kPa

Age-Based Results
Age Results Between Groups

Results showed that in 10-11 age group, the mean poste-
rior tongue strength was significantly lower in children with
DS (p=0.05) in comparison with typical individuals. How-
ever, there was no significant difference in posterior tongue
strength in other age groups. Also, there were no significant
differences in anterior tongue strength and lip strength in
any age groups. The mean lip endurance was significantly
higher in typical children than children with DS in age group
of 12-13 (p=0.05). However, there were no significant dif-
ferences in lip endurance between typical individuals and
children with DS in any other age groups. Also, there were
no significant differences between any of the age groups in
terms of anterior and posterior tongue endurance (Table 3).

Age-Based Results in Typical Children

In typical individuals, there was no significant relation-
ship between the anterior and posterior tongue strength
and endurance and any of the age groups (p =0.85, 0.58,
0.30, 0.33, respectively). Also, there were no significant
differences between any of the age groups in terms of lip
strength and endurance in the typical group (p =0.30 and
0.22, respectively).

Age-Based Results in Children with DS

In the group with DS, there was no significant difference
between any of the age groups in terms of anterior or pos-
terior tongue strength (p =0.72 and 0.95, respectively).
Also, there was no significant relationship between the age
groups and anterior endurance (p =0.33) of the tongue and
lip strength (p =0.09) or lip endurance (p=0.15). However,
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Tab]e 3 Comparison ,Of age Variable Age Group n Min Max Mean +SD p value
variables among studied
children PTS? 8-9 DS 3 7.00 21.66 12.42+8.04 0.21
T 7 5.66 51.66 28.9+18.9
10-11 DS 3 3.66 20.66 13.55+8.83 0.05
T 13 2.33 57.66 35.22+16.88
12-13 DS 2 8.00 22.00 15.00+9.89 0.12
T 13 11.33 60.66 37.38+17.24
ATS? 8-9 DS 3 3.60 18.33 10.17 +7.49 0.13
T 7 7.30 50.66 29.08+19.10
10-11 DS 3 4.60 21.33 15.31+9.29 0.06
T 13 6.60 57.33 30.98+14.44
12-13 DS 2 9.60 20.33 14.96+7.58 0.08
T 13 13.33 65.66 33.14+15.30
PTEP 8-9 DS 1 7.00 7.00 7.00 0.20
T 6 2.00 7.00 416+1.72
10-11 DS 2 2.00 5.00 3.50+2.12 0.09
T 12 3.00 25.00 9.83+6.65
12-13 DS 2 2.00 5.00 3.50+2.12 0.18
T 10 3.00 21.00 8.20+6.06
ATEP 8-9 DS 1 15.00 15.00 15.00 0.20
T 6 3.00 15.00 7.16+4.53
10-11 DS 2 3.00 7.00 5.00+2.82 0.09
T 12 5.00 20.00 11.55+5.32
12-13 DS 2 2.00 6.00 4.00+2.82 0.26
T 12 2.00 32.00 13.63+10.10
LE® 8-9 DS 1 10.00 10.00 10.00 0.61
T 6 2.00 60.00 33.77+26.21
10-11 DS 2 7.00 21.00 14.00+9.89 0.11
T 12 7.00 60.00 42.12+19.10
12-13 DS 2 2.00 5.00 3.50+2.12 0.05
T 10 5.00 60.00 24.86+18.93
LS* 8-9 DS 3 2.00 16.00 7.33+7.57 0.13
T 7 2.66 28.66 17.99 +£9.83
10-11 DS 3 4.00 20.33 14.44+9.06 0.09
T 13 3.33 36.00 25.97+9.75
12-13 DS 2 9.00 21.00 15.00+8.48 0.17
T 13 2.33 41.00 25.65+10.51

LS lip strength, LE lip endurance, ATE anterior tongue endurance, PTE posterior tongue endurance, ATS
anterior tongue strength, PTS posterior tongue strength, T typical, DS Down syndrome, n number of
patients who were able to do the test

In kilopascal
®In seconds

the posterior endurance of the tongue in the group with DS Discussion

increased significantly with age (p=0.05).
DS is the most common chromosomal disorder in humans
[13]. Each year, about 6000 babies are born with DS, which
is about 1 in every 700 [14]. Muscular hypotonia is a feature
of trisomy. Commonly, it affects the tongue and lips, which
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is noticeable on physical examinations [3]. The IOPI is an
instrument typically used to measure tongue strength. This
is the first study to use the IOPI with children with DS. In
this study, we examined and compared the lip and tongue
strength and endurance of children with DS and typical chil-
dren. The results supported the hypothesis that the tongue
strength was significantly lower in children with DS. How-
ever, this was not the case for tongue endurance. In addition,
lips strength and endurance were both significantly lower in
children with DS.

Our study showed that both anterior and posterior tongue
strength were lower in children with DS than in typical
children. This is similar to the Hashimoto et al.’s study [6],
in which they used pressure sensors to assess the tongue
strength and pressure in 20 to 35 years old adults with DS.
The duration and maximum tongue pressure in nine partici-
pants with DS were significantly shorter and lower than the
control group. In addition, regarding the tongue strength, a
study carried out by Gisel et al. examined oral dysfunction in
children with DS, showing that they did not have the tongue
strength to complete the oral phase of swallowing [15].

In this study, the anterior strength of the tongue was lower
in the group with DS than in their typical peers. The mean
anterior strength of the tongue was estimated to be 13.29 kPa
in children with DS and 31.43 kPa in typical children. Also,
in the study of Potter et al. using IOPI on the typical chil-
dren between 3 and 16 years old, the mean anterior tongue
strength was 43.32 kPa [16]. The difference in the tongue
strength among typical children between our study and Pot-
ter et al.’s may be due to the different age range of the stud-
ied group.

Unlike the Hashimoto et al.’s study, in which the time of
tongue pressure on the hard palate's midline was shorter in
adults with DS, there was no significant difference between
the posterior or anterior tongue endurance between children
with DS and typical individuals in our study [6].

In the present study, the mean lip strength and endurance
was significantly lower in individuals with DS. A study on
swallowing problems in children under five years old with
DS by videofluoroscopic swallow studies (VFSS) showed
that almost 20% of them had oral swallowing disorder, of
whom around 28% had weak lip closure [17]. In addition,
the study of Smith et al. on adults with DS suggested that
impaired lip closure, tongue movements, and mastication,
either in isolation or combination were seen in most of them
[18]. According to their study, impaired motor coordination,
insufficient lip closure, and reduced tongue mobility lead to
impaired chewing and swallowing in patients with DS.

In our study on children between 8 and 13 years, there
was no significant association between the age and tongue
strength and endurance, either in the group with DS or in the
typical group. Besides, In a study by McKay et al. on 6 to
11-year-old children, tongue strength increased significantly

from age 6 to 8 years, but did not increase after that until age
11 [19]. The results support the theory that tongue strength
does not increase significantly after the age of 8 until after
age of 11. It should be considered that in our study, only one
child with DS was able to perform anterior and posterior
tongue endurance and lip endurance in the 8-9 years old
group. In this age group, the mean endurances are higher in
children with DS than in typical children. This can be due to
a lack of data for other children with DS who were unable to
perform the test correctly.

In the present study, the effect of gender on the strength
and endurance of tongue and lips was also examined. Only
the anterior tongue strength in typical children was signifi-
cantly higher in boys. Potter et al.’s study on the children
aged 3-16 years old, reported that the boys' tongue strength
was only higher in ages 14 and 16, and no significant dif-
ferences in the tongue strength were observed between the
sexes before that age [16]. Also, Smith et al. have shown
that girls have more tongue strength by age 6, and then
there is no difference between the sexes [20]. In the study
of Crow et al. on adults the tongue strength was higher in
men, but the tongue endurance did not differ significantly
between sexes [21]. However, In McKay et al.'s study, there
was no significant difference in the tongue strength between
the sexes [19]. Differences in the studied population and
racial differences may be the factors contributing to these
differences. As it is suggested in a study on healthy Belgians
adults, that mean maximum tongue pressures in European
population seem to be lower than Americans and are closer
to Asian results [22].

One of the limitations of this study was the small number
of the studied population. Additionally, even though each
measurement was performed three times to achieve reliable
results, some children were unable to follow the instructions
correctly at some stages. This may be due to muscle fatigue,
which can indicate muscle weakness. It is worth noting that
some children with DS were unable to perform endurance
tests; therefore the results of endurance tests mentioned in
tables should be interpreted with caution. Due to lack of
similar studies using IOPI in both children with DS and typi-
cal children, it is necessary to conduct similar studies with
a larger sample size and other age groups. Also, it is crucial
to focus on contributing factors related to the strength and
endurance of the tongue and lips such as exercises and its
effects on muscle function in swallowing and speech. Fur-
thermore, in the present study, the posterior and anterior
endurance of the tongue did not differ significantly between
the two groups. There is a need to examine race, eating hab-
its, and other factors on this matter.
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Conclusion

In this study, the tongue, and lips strength and endurance
in both children with DS and normal children were meas-
ured using IOPI for the first time. The anterior and posterior
tongue strength was significantly lower in children with DS
compared to their typical peers. This was not the case for the
tongue endurance. In addition, lips strength and endurance
were both notably lower in children with DS. The results of
the present study provided quantitative data on the strength
and endurance of the tongue and lips, and it can serve future
studies for suitable interventions in this targeted group.

Acknowledgements This manuscript was a part of Zhila Mohammadi-
an's (No. 15511) Thesis approved by the Vice-Chancellor of Research,
Shiraz University of Medical Sciences, Shiraz, Iran. Furthermore, the
study method was approved by the Medical Ethics Committee of Shiraz
University of Medical Sciences (SUMS) with the Reference Number
“IR.SUMS.MED.REC.1398.134”. The authors would like to thank the
Center for Developing Clinical Research of Nemazee Hospital and
Dr. Nasrin Shokrpour and the Research Consultation Center (RCC) of
Shiraz University of Medical Sciences, Shiraz, Iran, for editorial assis-
tance. The authors would also like to thank the Research Consultation
Center (RCC) of Shiraz University of Medical Sciences, Shiraz, Iran,
for statistical analysis and Dr. Mohammad Jafari and Dr. Elahe Sohbat
for their assistance.

Declarations

Conflict of interest The authors have no conflict of interest to declare.

References

1. Antonarakis SE, Skotko BG, Rafii MS, Strydom A, Pape SE, Bianchi
DW, Sherman SL, Reeves RH. Down syndrome. Nat Rev Dis Prim-
ers. 2020;6(1):9. https://doi.org/10.1038/s41572-019-0143-7.

2. Faulks D, Collado V, Mazille MN, Veyrune JL, Hennequin M.
Masticatory dysfunction in persons with Down’s syndrome. Part 1:
aetiology and incidence. J Oral Rehabil. 2008;35(11):854—62.

3. Kaczorowska N, Kaczorowski K, Laskowska J, Mikulewicz
M. Down syndrome as a cause of abnormalities in the crani-
ofacial region: a systematic literature review. Adv Clin Exp Med.
2019;28(11):1587-92. https://doi.org/10.17219/acem/112785.

4. Frazier JB, Friedman B. Swallow function in children with
Down syndrome: a retrospective study. Dev Med Child Neurol.
1996;38(8):695-703.

5. Farpour S, Farpour HR, Smithard D, Kardeh B, Ghazaei F, Zafar-
ghasempour M. Dysphagia management in Iran: knowledge, attitude
and practice of healthcare providers. Dysphagia. 2019;34(1):105-11.
https://doi.org/10.1007/s00455-018-9919-2.

6. Hashimoto M, Igari K, Hanawa S, Ito A, Takahashi A, Ishida N,
Koyama S, Ono T, Sasaki K. Tongue pressure during swallowing
in adults with down syndrome and its relationship with palatal mor-
phology. Dysphagia. 2014;29(4):509-18.

7. Dodds W1J. Physiology of swallowing. Dysphagia. 1989;3(4):171-8.
https://doi.org/10.1007/bf02407219.

@ Springer

8. Gisel EG, Lange LJ, Niman CW. Chewing cycles in 4- and 5-year-
old Down’s syndrome children: a comparison of eating efficacy with
normals. Am J Occup Ther. 1984;38(10):666—70.

9. Anil MA, Shabnam S, Narayanan S. Feeding and swallowing dif-
ficulties in children with Down syndrome. J Intellect Disabil Res.
2019;63(8):992-1014. https://doi.org/10.1111/ir.12617.

10. Hohoff A, Ehmer U. Short-term and long-term results after early
treatment with the Castillo Morales stimulating plate. J Orofac
Orthop/Fortschr Kieferorthop. 1999;60(1):2-12.

11. Korbmacher H, Limbrock J, Kahl-Nieke B. Long-term evaluation of
orofacial function in children with Down syndrome after treatment
with a stimulating plate according to Castillo Morales. J Clin Pediatr
Dent. 2006;30(4):325-8.

12. The Iowa Oral Performance Instrument (IOPI) (2020). https://iopim
edical.com/medical-professionals/. Accessed 12 July 2020.

13. Rafii MS, Kleschevnikov AM, Sawa M, Mobley WC. Down syn-
drome. Handb Clin Neurol. 2019;167:321-36. https://doi.org/10.
1016/b978-0-12-804766-8.00017-0.

14. Center for Disease Control and Prevention. Data and statistics on
Down syndrome. CDC; 2020. https://www.cdc.gov/ncbddd/birth
defects/downsyndrome.html. Accessed 18 July 2020.

15. Gisel EG, Lange LJ, Niman CW. Tongue movements in 4- and
5-year-old Down’s syndrome children during eating: a comparison
with normal children. Am J Occup Ther. 1984;38(10):660-5.

16. Potter NL, Short R. Maximal tongue strength in typically developing
children and adolescents. Dysphagia. 2009;24(4):391.

17. Jackson A, Maybee J, Moran MK, Wolter-Warmerdam K, Hickey
F. Clinical characteristics of dysphagia in children with Down syn-
drome. Dysphagia. 2016;31(5):663-71.

18. Smith CH, Teo Y, Simpson S. An observational study of
adults with Down syndrome eating independently. Dysphagia.
2014;29(1):52-60.

19. Mckay R, Smart S, Cocks N. Investigating tongue strength
and endurance in children aged 6 to 11 years. Dysphagia.
2019;35(5):1-11.

20. Smith A, Zelaznik HN. Development of functional synergies for
speech motor coordination in childhood and adolescence. Dev Psy-
chobiol. 2004;45(1):22-33.

21. Crow HC, Ship JA. Tongue strength and endurance in different aged
individuals. J Gerontol A. 1996;51(5):M247-50.

22. Vanderwegen J, Guns C, Van Nuffelen G, Elen R, De Bodt M. The
influence of age, sex, bulb position, visual feedback, and the order
of testing on maximum anterior and posterior tongue strength and
endurance in healthy Belgian adults. Dysphagia. 2013;28(2):159-66.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Hamid Reza Farpour MD
Seyed Ali Moosavi Medical student
Zhila Mohammadian MD

Sima Farpour PhD


https://doi.org/10.1038/s41572-019-0143-7
https://doi.org/10.17219/acem/112785
https://doi.org/10.1007/s00455-018-9919-2
https://doi.org/10.1007/bf02407219
https://doi.org/10.1111/jir.12617
https://iopimedical.com/medical-professionals/
https://iopimedical.com/medical-professionals/
https://doi.org/10.1016/b978-0-12-804766-8.00017-0
https://doi.org/10.1016/b978-0-12-804766-8.00017-0
https://www.cdc.gov/ncbddd/birthdefects/downsyndrome.html
https://www.cdc.gov/ncbddd/birthdefects/downsyndrome.html
user
Highlight


	Comparing the Tongue and Lip Strength and Endurance of Children with Down Syndrome with Their Typical Peers Using IOPI
	Abstract
	Introduction
	Methods
	Study Design and Population
	Inclusion and Exclusion Criteria
	Tools and Processes of Data Collection
	Ethical Considerations
	Statistical Methods

	Results
	Demographic Review
	Tongue and Lip Strength and Endurance
	Gender-Based Results
	Gender Results Between Groups
	Gender-Based Results in the Typical Group
	Gender-Based Results in the Group with DS

	Age-Based Results
	Age Results Between Groups
	Age-Based Results in Typical Children
	Age-Based Results in Children with DS


	Discussion
	Conclusion
	Acknowledgements 
	References




