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Abstract
Tongue strength and its role in the pathophysiology of dysphagia in adults are well accepted and studied. An objective and 
reliable measurement of tongue strength in children necessitates equally good methodology, knowledge of influencing factors, 
and normative data. Only limited data on testing tongue strength in children are available thereby limiting its potential use. 
The present study examined tongue strength and several parameters known to be important in adults in the largest sample 
of healthy children from 3 to 11 years old to date using the Iowa Oral Performance Instrument with standard bulbs. Tongue 
strength increases markedly for children between 6 and 7 years, with slower increases before and after this age. Unlike adults, 
no influence of sex or location was found on the maximum tongue strength in children, and visual feedback was found to be 
counterproductive in obtaining the highest tongue pressures. The normative data obtained can be used for objective assess-
ment of tongue weakness and subsequent therapy planning in dysphagic children.
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Introduction

The majority of normally developing children will never 
experience serious or prolonged swallowing problems. 
Whenever dysphagia is present in children, an interdisci-
plinary approach based on objective data is warranted to 
diagnose and treat medical conditions, problems with oral 

motor control and function, and behavioral and/or sensory 
issues that may interfere with normal feeding and swallow-
ing [1]. The tongue not only plays a role in bolus formation 
but is also the primary propulsive agent for the food bolus 
and therefore crucial for bolus clearance in the oral phase; 
both an effective oral and a pharyngeal phase are needed to 
accomplish an efficient and safe oropharyngeal swallow [2, 
3]. In adults, it is clear that diminished lingual strength and 
coordination contribute to dysphagia [4–6]; this relation in 
children, however, remains less proven. Conflicting evidence 
exists on the relation between tongue strength and speech 
disorders in children, while data linking tongue strength to 
pediatric dysphagia are anecdotal [7, 8]. Objective evalua-
tion of lingual functioning provides a valid and necessary 
addition to the clinical swallowing evaluation and should 
ideally replace unreliable subjective assessments [5]. Pro-
gress in this field has been slow thereby forcing clinicians to 
act often on data and insights extrapolated from adults and/
or anecdotal evidence [9–11]. Appropriate instruments to 
measure physiologic events in children need to be available, 
not only in research settings but also in clinical practice. 
The Iowa Oral Performance Instrument (IOPI) was concep-
tualized originally to measure tongue strength of children 
by Dr. Erich Luschei in 1988 (personal communication). 
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Nowadays the use of both the IOPI-device and its stand-
ard tongue bulbs is deemed suitable in both children and 
adults [12, 13]. To make the most efficient use out of objec-
tive tongue strength values, researchers and clinicians alike 
should be able to compare their results with normative data, 
preferably obtained in a large group of healthy subjects with 
additional information on several methodological issues and 
influences that are known to impact tongue strength [13]. 
Cross-national research in children is warranted based on 
previous research in adults [13], and new information needs 
to be compared with prior investigations [12] to determine 
agreement and replication. Therefore, the current study 
aimed to provide the first European data on tongue strength 
in children and to supplement the exploration of age- and 
sex-related differences in these measures. The influence of 
additional parameters was also evaluated to address potential 
methodological questions; the rationale for these parameters 
is discussed next.

30–60 s

The optimal interval duration between consecutive maxi-
mum lingual strength efforts is a valid research question. A 
previous study remarked that due to a decrease in the best 
trial within a testing block, 30 s may not be adequate time for 
recovery between trials in healthy children [12]. The answer 
to this question can provide important methodological infor-
mation; if lingual maximum isometric pressure (MIP) values 
are similar for 30 and 60 s intervals, the total testing time in 
children can be greatly reduced with probable increases in 
acceptability, feasibility, and planning of the test.

Repeated Trials

The standard procedure in adults used by almost all research-
ers involves three consecutive trials to determine the MIP 
[13, 14]. Little information can be found on the need to 
adhere to this procedure in children. Potter reported that 
although the first trial of each measurement session did not 
consistently produce the greatest score, the first trial was 
the highest on average, followed by the second and third 
trials [12]. Robin et al., however, reported consistent perfor-
mance across trials, albeit for a small sample of six school-
aged children [8]. Additional data are needed to improve the 
methodology of tongue strength testing in children.

Age and Sex

The available dataset of MIP in healthy children is still lim-
ited [12], making the exact influence of both age and sex 
unclear. Since age was found to influence MIP in a sample 
where several age groups were missing [12], additional data 
are needed. Further investigation of potential sex differences 

in MIP is also needed since such differences were previ-
ously documented in adults [13], but were absent in children 
within the age range studied here [12].

Visual Feedback

The influence of visual feedback (VFB) on MIP in adults 
has previously been demonstrated [13], but no clear data on 
the impact of feedback in children are available. A previous 
study on lingual MIP in children did not directly compare 
the effect of VFB on MIP and took an ad-hoc approach, 
whereby older children and adolescents watched the IOPI 
display and younger children were motivated primarily by 
the examiner’s encouragement [12]. No systematic com-
parison or operational definition of younger versus older is 
provided in the manuscript.

Bulb Position (Location)

All prior data on tongue strength in children using the stand-
ard tongue bulb focused solely on anterior tongue strength 
[12], notwithstanding the important propulsive function of 
the posterior tongue [15]. This study will for the first-time 
address both anterior and posterior tongue body function 
in children (abbreviated as  MIPA and  MIPP, respectively).

Order of Testing

From a methodological point of view, it would be interest-
ing to investigate the order of testing on  MIPA and  MIPP. No 
such an effect was found in adults [13] but has never been 
investigated in children.

Methods

Participants

To be included in the study, the participants had to be of 
Caucasian descent, within the specified age range (3 to 
11 years), speak Dutch as the mother tongue, and report 
being in good general physical and mental health (by the 
account of their parents or legal counsel). General exclu-
sion criteria were a history of speech–language therapy for 
any language and/or articulation disorders [8, 13, 16, 17], 
and being born with a cleft lip and/or palate. Any child with 
a possible history of dysphagia was excluded because this 
could be indicative of an as-yet undocumented underlying 
abnormal tongue function or strength. An active orthodontic 
treatment was also considered an exclusion criterion since 
it could point to malocclusion [18] and/or abnormal palatal 
dimensions [19]; avoidance of any possible damage to the 
orthodontic equipment by the bulb and connecting tube was 
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another safety consideration to exclude these children. Natu-
rally occurring variations in dentition were accepted when 
there was no interference with the oral mechanism exami-
nation. Further exclusion criteria were any history of major 
medical illnesses, such as respiratory disease; neurologic 
trauma, disease, or insult; major head or neck surgery; or 
any form of cancer. The presence of exclusion criteria was 
determined by questionnaire for the parents/legal counsel 
and an oral mechanism examination. The use of medication 
was allowed provided the underlying condition was not an 
exclusion criterion.

There were two parts to the study. In part one, the effect 
of the interval duration between consecutive trials was eval-
uated in 18 children (2 for each age from 3 to 11 years). They 
were selected using a convenience sample, with some effort 
to obtain an equal sex distribution to prevent any possible 
sex effects (resulting in the inclusion of 10 girls and 8 boys).

The total number of children included in the second 
and main part of this study was 198, with an equal sex and 
age distribution among the nine age categories (N = 22 for 
every year from 3 to 11 years) to allow maximum power 
for detecting possible age-related influences, unlike avail-
able data where the number was limited to 10 for a selec-
tion of ages (namely 4, 6, 8, and 10 years) [12]. Children 
were recruited as a convenience sample in kindergartens and 
primary schools, sporting and dancing clubs, etc. Informed 
consent was obtained for every child included in the study 
through the parents or legal counsel. This procedure was in 
compliance of the institution’s procedures and policies for 
human-subjects research and in accordance to the norms 
of The Declaration of Helsinki (2013 Version) and follow-
ing the Directives of the European Union on Good Clinical 
Practice (111/3976/88 of July 1990).

Instrumentation

The IOPI (model 2.1; IOPI Medical LLC, Carnation, WA; 
Fig. 1a) was used to measure the tongue strength. The 
IOPI is a portable device measuring the amount of pres-
sure exerted on a small air-filled PVC bulb, measuring 
35 mm from the base to the tip. Pressures obtained are 
digitally displayed (expressed in kPa) via an LCD panel 
located on the instrument. As an instrument measuring 
tongue function, the IOPI has been utilized in a large num-
ber of published experiments [4, 5, 8, 12, 13, 20–24] and 
has an established high inter- and intrajudge reliability [5, 
25]. A new bulb was used for every participant because 
of hygienic concerns and to minimize measurement error 
due to possible compliance variations of the bulb after 
extended use. The use of the IOPI in children has previ-
ously been demonstrated as excellent; children as young 

as 3 years of age were able to tolerate the IOPI standard 
tongue bulb [12]. IOPI calibration was checked weekly, 
as recommended by the manufacturer, to ensure accurate 
measurement.

Hand strength for both dominant (defined as the hand 
used for writing) and nondominant hand were obtained 
using a Lafayette hydraulic hand dynamometer Jamar and 
expressed as kilogram.

For every child, several additional parameters were 
obtained, namely date of birth permitting the calculation 
of age in months, and body weight using a digital scale.

Fig. 1  a IOPI Model 2.1 with the connecting tube and the tongue 
bulb. b Schematic representation of the anterior and posterior loca-
tions. c Illustration of the marking of the posterior bulb location on 
the connecting tube
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Procedures

Tongue strength was measured by obtaining maximal 
tongue-to-palate elevation pressures. Instructions to the 
participants were to “place this bulb in your mouth on 
the midline of your tongue and push it against the roof 
of your mouth as hard as you can.” In order to maximize 
standard placement, the examiner demonstrated placing 
the bulb along the central groove of the tongue blade; for 
additional details on placement, please refer to the “Bulb 
Position (Location)” section further on in the manuscript. 
Since previous research indicated that maximal measures 
of tongue strength and endurance are best assessed with an 
unconstrained jaw, participants were encouraged to gently 
rest their incisors on the tubing of the IOPI bulb [4, 20, 
26]. All trials were motivated by verbal encouragement from 
the examiner [12, 13, 20] and lasted about 3 to 10 s. The 
strength measurement was completed three times, with a 
brief resting period of about 30 s between each trial, while 
the examiner recorded the peak pressure obtained. This pro-
cedure is similar to previous research, both in children and 
adults [12, 13].The highest pressure across the three trials 
was used as the participants’ maximal isometric pressure 
(MIP) instead of using the mean pressure, as other research-
ers do [21, 27]. Since the correlation between averaged and 
maximal pressure is high and both are similarly related to 
oral-phase swallowing function [5], the use of the maxi-
mal pressure is more efficient in a clinical setting because it 
requires no calculation.

30–60 s Interval

The first part of this study was designed to solve an initial 
methodological question: what is the effect of the interval 
between three repetitive MIP measurements (30 vs. 60 s)? 
Every child was tested twice on the same day starting with 
three trials with either a 30 or 60 s interval in the morning 
(both  MIPA and  MIPP) and this protocol was repeated using 
the alternate interval in the afternoon, in an effort to account 
for a potential day-to-day variability in tongue strength due 
to lack of sleep, previous activities, or other.

The Remainder of the Study

No adaptations to the study methods were made other than 
the choice for the 30 s interval between repeated trials.

Factors

To investigate if similar factors, known to influence  MIPA 
and  MIPP in adults [13] also played a role in children, several 

conditions were evaluated, including the need for and stabil-
ity of the three trials, age, sex, bulb position, VFB, and the 
order of testing.

Repeated Trials

Children performed repetitive maximum tongue strength 
measures with both VFB and location randomized; an inter-
val of 30 s was used and 2–5 min of rest between conditions. 
A possible interaction effect with sex was examined.

Age and Sex

The age range of the participants covered every year of the 
whole childhood period. The year of age used when compar-
ing between-groups differences; the exact age in months was 
used when evaluating correlations between MIPs and hand 
strength measures.

Visual Feedback

Based on the existing literature on the development of the 
sense of numbers and the need to comprehend double-digit 
figures on the LCD screen of the IOPI, only children of 
7 years or older were included in the VFB analyses as to 
maximally accommodate any differences in mathematical 
learning skills [28–31]. No formal assessment of mathemati-
cal skills was performed as its scope was deemed outside 
this protocol.

To evaluate the influence of VFB, tongue strength was 
measured with and without feedback in a randomized start-
ing order. When allowed VFB, the participants got a clear 
view on the LCD display of the IOPI during each of the 
three trials. Verbal encouragement was provided in both 
conditions.

Bulb Position (Location)

To measure  MIPA, the bulb was placed longitudinally along 
the hard palate just posterior to the upper alveolar ridge, 
where compression was exerted by the anterior tongue 
(~ 10 mm posterior to the tongue tip). After placing the 
bulb, cautious traction was applied to the connecting tube 
in order to ensure consistent placement of the base of the 
bulb against the oral aspect of the upper incisors.  MIPP was 
measured with the tip of the bulb placed at the posterior edge 
of the hard palate, where contact is made by the posterior 
tongue (~ 10 mm anterior to the most posterior circumval-
late papilla; Fig. 1b). The posterior measurement was only 
performed in children of age 6 years or older, since the 
dimensions of the oral cavity of younger children were too 
small to have a meaningful difference in distance between 
anterior and posterior [32]. Once the bulb was appropriately 



838 J. Vanderwegen et al.: The Influence of Age, Sex, Visual Feedback, Bulb Position, and the Order of Testing…

1 3

positioned on the posterior tongue, the researcher marked 
the point where the tubing running from the intraoral bulb 
to the connective tube met the labial aspect of the upper inci-
sors using a permanent marker and a piece of tape, providing 
both a visual reference for the researcher and a tactile refer-
ence for the child (Fig. 1c). The distance between the base 
of the bulb (corresponding to the anterior position) and the 
marking for the posterior position was measured in millim-
eters (AP-distance). There were no participants who could 
absolutely not tolerate the posterior position because of a 
gag response. While the anatomy of the participants clearly 
varied due to differences in the shape of the upper alveolar 
ridge and palate, the consistent instruction to the participants 
and the placement demonstration and visual inspection of 
the individual markings by the researchers allowed for reli-
able bulb placement between trials and across participants. 
A similar approach was used by other authors [13, 33–35].

Order of Testing

To determine whether there was an effect caused by the 
order of testing, all participants were randomized to a par-
ticular sequence, i.e., anterior or posterior tongue location 
or lips (results of the lip dataset will not be discussed in this 
manuscript) as the first test position.

Data Analysis

All data analyses were made using SPSS v24 (IBM, 
Armonk, NY, USA) with the additional WRS2 package 
allowing for robust tests [36] wherever possible, since mod-
ern robust methods provide improved techniques for dealing 
with outliers, skewed distribution, and heteroskedasticity. 
Robust tests provide substantial gains in power as well as a 
more accurate and nuanced analysis of data [37]. Data on 
anterior and posterior tongue strengths were analyzed for 
normal distribution using the Shapiro–Wilk test. Descriptive 
statistics [means and 95% confidence intervals (CIs) of the 
mean, medians, and minimum and maximum values] were 
calculated for all variables. To investigate a possible influ-
ence of the interval between consecutive MIP measurements 
(either 30 or 60 s), a robust test of two dependent means was 
used [37, 38]. The reliability of the three trials during the 
different conditions was evaluated using the robust ANOVA 
tests of 20% trimmed means [36, 37]. The effect of age and 
order was studied using ANOVA with appropriate post-hoc 
procedures [36, 37]. The comparison between girls and boys 
was done using a robust independent t test since the assump-
tion of normality was violated in both conditions without 
VFB [36–38].

All within-group comparisons (VFB and bulb location) 
employed a robust test of two dependent means since the 
normal distribution of the differences between the two 

measurements was violated [37, 38]. To investigate a pos-
sible influence of the order of testing on the different MIP 
measures, a one-way ANOVA with order as a between-
groups variable was performed.

Pearson correlation coefficients with bootstrapping (to 
account for nonnormal distributions) were calculated 
between  MIPA and  MIPP in both feedback conditions, 
between MIPs, and hand strength (both dominant and non-
dominant), between MIPs and weight, and between age and 
the AP-distance difference. Multiple regression was per-
formed for  MIPA without VFB with the predictors nondomi-
nant hand strength, age, and body weight using forced entry, 
based on prior research [12]. An α of 0.05 was used to deter-
mine significance for all comparisons. The effect size was 
calculated using r, �2

p
 , and ω2, depending on the statistical 

test used.

Results

Feasibility

Feasibility in this study was excellent since > 99% of the 
protocol could be completed in the study population. There 
were three children (all 6-year olds) in whom one trial in 
the posterior location could not be completed due to minor 
gagging.

30–60 s Interval

When comparing the difference of  MIPA with VFB 
between 30 s intervals (Mdn = 58 kPa) versus 60 s inter-
vals (Mdn = 54 kPa), no statistical significant difference 
was found (rt(4) = 1.12, 95% CI [− 4.75, 11.15], p = 0.326, 
r = 0.18 (small; 95% CI for r = − 0.57 to 0.77). Similar 
comparison of  MIPA without VFB between 30 s intervals 
(Mdn = 50.5 kPa) versus 60 s intervals (Mdn = 50.5 kPa) 
also showed statistical equivalence, rt(5) = − 0.71, 95% 
CI [−  19.99, 11.33], p = 0.51, r = −  0.508 (large; 95% 
CI = − 0.85 to 0.14).

The difference between  MIPP with VFB using 30 
(Mdn = 54 kPa) versus 60 s intervals (Mdn = 49 kPa) was 
not statistically significant, rt(4) = 0.07, 95% CI [− 15.82, 
16.62], p = 0.949, r = − 0.21 (small; 95% CI = − 0.78 to 
0.55), nor was there a statistically significant difference 
when comparing  MIPP without VFB between 30 s inter-
vals (Mdn = 53 kPa) and 60 s intervals (Mdn = 51 kPa), 
rt(4) = − 0.18, 95% CI [− 12.83, 11.23], p = 0.862, r = − 0.21 
(small, 95% CI  0.78 to 0.55).

Since no significant difference was found in any of the 
conditions, an interval of 30 s between repeated MIP efforts 
was chosen for the remainder of this study. No attempt was 
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made to investigate the possible influence of sex, body 
weight, or the use of VFB since these were part of the sec-
ond study.

Main Study

Descriptive statistics for the different tongue strength vari-
ables by age group, sex, and feedback condition in the main 
study are provided in Table 1.

Repeated Trials

The overview of the descriptive statistics for both  MIPA and 
 MIPP in each VFB condition is presented in Table 2.

MIP Anterior with Visual Feedback

Normality testing of the pressures obtained during each of 
the tree trials indicated that the first trial demonstrated a 
nonnormal distribution (p ≤ 0.005). Robust tests of 20% 

trimmed means showed that  MIPA using VFB did signifi-
cantly differ across the three trials, Ft(1.67, 76.79) = 9.44, 
p = 0.0005. Post-hoc testing revealed that the second trial 
had significantly higher tongue pressure than the first trial 
(p = 0.021; smaller than pcrit of 0.05), and similarly the third 
trial reached higher pressures than the second trial 
(p = 0.019; smaller than pcrit of 0.025). There was no interac-
tion effect with sex, F(1.8, 188.16) = 0.233, p = 0.766, 
�
2
p
 = 0.002.

MIP Anterior Without Visual Feedback

Analysis of the normal distribution of the tongue pressure 
results in each of the three trials showed significant devia-
tions in every trial on the Shapiro–Wilk test (p < 0.001). 
Robust tests of 20% trimmed means showed that  MIPA with-
out using VFB did not significantly differ across the three 
trials, Ft(1.97, 159.51) = 0.60, p = 0.547. No follow-up mul-
tiple comparisons were performed. There was no interaction 
effect with sex, F(1.9, 378) = 1.289, p = 0.276, �2

p
 = 0.007.

Table 1  Descriptive statistics 
for maximum isometric pressure 
at the anterior  (MIPA) and 
posterior  (MIPP) location, with 
or without visual feedback 
(VFB), expressed as kPa

a Median value preferable due to nonnormal distribution according to Shapiro–Wilk test

Age Boy Girl

Mean 95% CI mean Min Mdn Max Mean 95% CI mean Min Mdn Max

Lower Upper Lower Upper

MIPA VFB 7 43.00 34.14 51.86 24 44 58 51.45 43.93 58.98 32 54 64
8 46.45 38.10 54.80 26 48 63 49.64 43.33 55.95 37 46 73
9 56.45 50.13 62.78 41 58 70 46.36 35.57 57.16 25 45 75

10 58.09 50.03 66.15 42 55 78 52.55 45.31 59.78 37 50 76
11 55.36 50.98 59.75 45 55 69 51.91 45.05 58.77 40 50 66

MIPA no VFB 3 38.45 22.03 54.88 10 28 70 18.82 14.59 23.04 6 19 30
4 31.36 22.30 40.42 19 27a 57 37.73 24.24 51.21 12 37 76
5 30.00 21.29 38.71 9 33 44 30.36 23.75 36.98 15 31 52
6 31.91 24.37 39.45 10 35 47 32.64 24.76 40.51 14 30 58
7 41.45 32.30 50.61 18 40 66 50.09 45.01 55.18 33 48 61
8 45.27 36.01 54.53 14 50 61 43.64 36.64 50.63 23 48 57
9 57.27 52.32 62.23 47 59 70 48.91 38.64 59.18 26 53 76

10 60.18 52.73 67.64 37 62 74 59.91 54.63 65.19 52 57 74
11 53.09 45.47 60.71 30 58a 62 49.55 40.57 58.53 27 49 70

MIPP VFB 7 50.18 42.18 58.18 31 51 65 54.09 48.70 59.49 32 56a 61
8 50.18 40.84 59.52 25 50 77 50.55 44.23 56.86 40 49 68
9 56.18 50.05 62.32 41 58 69 49.64 40.55 58.73 19 52 69

10 61.36 55.54 67.18 47 63 72 62.00 54.61 69.39 44 62 79
11 58.45 52.48 64.43 47 55 71 54.45 48.17 60.74 39 56 69

MIPP no VFB 6 33.91 26.95 40.87 14 32 49 29.36 22.16 36.56 19 26a 56
7 51.91 40.96 62.86 14 56 75 51.36 47.84 54.88 38 51a 59
8 45.45 36.77 54.14 34 44a 77 52.27 45.77 58.77 42 53 68
9 53.27 46.12 60.43 36 58a 64 46.91 36.65 57.17 25 49 68

10 64.18 57.94 70.43 51 63 78 62.09 55.34 68.84 50 62 77
11 57.00 51.40 62.60 45 54 70 57.45 50.06 64.85 39 61 72
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MIP Posterior with Visual Feedback

Normality testing of the pressures obtained during each 
of the tree trials showed significant deviations in two out 
of three trials on the Shapiro–Wilk test (p ≤ 0.003). 
Robust testing showed that  MIPP using VFB did signifi-
cantly differ for the three trials conducted, Ft(1.95, 
91.8) = 4.833, p = 0.0106. Follow-up post-hoc testing 
revealed that the difference in pressure between trials 1 
and 2 was not significant (p = 0.09; greater than pcrit of 
0.05), but the difference between trials 1 and 3 was 
(p = 0.0007; smaller than pcrit of 0.0169), as was the dif-
ference between trials 2 and 3 (p = 0.0074; smaller than 
pcrit of 0.025), with the third trial reaching the highest 
mean pressure. There was no interaction effect with sex, 
F(1.8, 199.599) = 2.822, p = 0.066, �2

p
 = 0.025.

MIP Posterior Without Visual Feedback

Analysis of the normal distribution of the tongue pressure 
results in each of the three trials showed significant devia-
tions in every trial on the Shapiro–Wilk test (p ≤ 0.016). 
The results of the robust testing show that  MIPP without 
VFB did not significantly change over the three trials 
conducted [Ft(1.91, 108.99) = 0.012, p = 0.986], therefore 
no follow-up multiple comparisons were performed. 
There was, however, an interaction effect for trial by sex, 
F(1.9, 243.211) = 3.878, p = 0.024, �2

p
 = 0.029. Subsequent 

analysis of the contrasts revealed that this effect was 
manifested between trials 1 and 2 where boys reached 
mean pressures of 49.42 and 47.35 kPa versus mean pres-
sures of 45.35 and 46.71 kPa in girls, respectively, F(1, 
130) = 9.408, p = 0.003, ηp

2 = 0.067. No interaction effect 
was present  when compar ing t r ia ls  2  and 3, 
F(1130) = 0.311, p = 0.578, �2

p
= 0.002.

Age

MIP Anterior with Visual Feedback

Data for this specific testing condition were available in 
110 children, due to the age requirements (age ≥ 7 years) 
for the VFB-condition. Robust comparison of the mean 
tongue strength across age indicated no significant effect 
of age on the  MIPA when using VFB, Ft = 1.45, p = 0.278, 
ω2 = 0.034 (small effect size). No post-hoc tests were per-
formed. The data are represented in Fig. 2.

Table 2  Descriptive statistics 
for repeated trials on  MIPA and 
 MIPP during both feedback 
conditions

Measures N Trials Min Max Mean SD

MIPA VFB 110 1 16 72 42.55 13.82
2 18 74 45.16 13.74
3 16 78 48.23 14.07

MIPA no VFB 198 1 2 76 35.62 19.12
2 1 76 36.23 20.04
3 5 73 35.73 17.42

MIPP VFB 110 1 13 69 48.86 14.30
2 10 79 50.17 14.26
3 19 78 53.34 12.01

MIPP no VFB 132 1 7 78 47.39 16.37
2 8 77 47.03 16.67
3 10 75 47.28 16.14

Fig. 2  MIPA and  MIPP with visual feedback by age
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MIP Anterior Without Visual Feedback

Data for this specific testing condition were available in all 
of the 198 included children. The robust ANOVA results 
indicated a statistically significant difference in the effect of 
age categories on  MIPA without VFB, Ft = 18.64, p < 0.001, 
ω2 = 0.372 (large effect size). Pairwise post-hoc comparisons 
demonstrated several significant differences between ages 
(Table 3). The data are represented in Fig. 3.

MIP Posterior with Visual Feedback

Data for this specific testing condition were available in 110 
children. Robust ANOVA results indicate a significant effect 
of age on  MIPP with VFB, Ft = 3.75, p = 0.019, ω2 = 0.099 
(medium effect size); pairwise post-hoc comparisons identi-
fied significant pairwise comparisons between ages 7, 8, and 
9 versus 10 and 11 years (Table 3). The data are represented 
in Fig. 2.

Table 3  Post-hoc test results for 
the effects of age on MIP

a Mean difference, expressed in kPa
b Robust post-hoc tests, bold denotes p < 0.05

Age Age MIPA no VFB MIPP VFB MIPP no VFB

Differencea Significanceb Differencea Significanceb Differencea Significanceb

3 4 − 5.9 0.213
5 − 1.5 0.246
6 − 3.6 0.153
7 − 17.1 0.001
8 − 15.8 0.001
9 − 24.5 0.000

10 − 31.4 0.000
11 − 22.7 0.000

4 5 4.4 0.808
6 2.3 0.867
7 − 11.2 0.006
8 − 9.9 0.007
9 − 18.5 0.001

10 − 25.5 0.000
11 − 16.8 0.000

5 6 − 2.1 0.608
7 − 15.6 0.000
8 − 14.3 0.000
9 − 22.9 0.000

10 − 29.9 0.000
11 − 21.1 0.000

6 7 − 13.5 0.000 − 20.0 0.000
8 − 12.2 0.000 − 17.2 0.000
9 − 20.8 0.000 − 18.5 0.000

10 − 27.8 0.000 − 31.5 0.000
11 − 19.0 0.000 − 25.6 0.000

7 8 1.3 0.907 1.8 0.206 2.8 0.108
9 − 7.3 0.059 − .8 0.982 1.5 0.785

10 − 14.3 0.000 − 9.5 0.007 − 11.5 0.001
11 − 5.5 0.117 − 4.3 0.453 − 5.6 0.088

8 9 − 8.6 0.031 − 2.5 0.162 − 1.2 0.323
10 − 15.6 0.000 − 11.3 0.002 − 14.3 0.000
11 − 6.9 0.091 − 6.1 0.038 − 8.4 0.007

9 10 − 6.9 0.075 − 8.8 0.014 − 13.0 0.004
11 1.8 0.858 − 3.5 0.460 − 7.1 0.123

10 11 8.7 0.040 5.2 0.077 5.9 0.172
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MIP Posterior Without Visual Feedback

Data for this specific testing condition were available for 
132 children. The robust ANOVA results indicate a sig-
nificant effect of age on  MIPP without VFB, Ft = 18.23, 
p < 0.001, ω2 = 0.419 (large effect size). Pairwise compari-
sons demonstrated several significant differences between 
ages (Table 3). A graphic representation of the data can be 
found in Fig. 3.

Correlation Between MIP and Age

The Pearson’s r correlation coefficients with bootstrapped 
CIs between age (expressed in months) and  MIPA and  MIPP 
in both feedback conditions are summarized in Table 4. All 
correlations are significant but with small effect sizes when 
considering the ‘with VFB’ condition, and with large effect 
sizes in the ‘no VFB’ condition. Anterior and posterior MIPs 
were highly correlated.

Sex

MIPA with VFB (N = 110) in girls (Mdn = 49 kPa) did not 
differ significantly from boys (Mdn = 54 kPa), rt = − 1.19, 
95% CI [− 7.50, 2.04], p = 0.25, r = 0.10 (small). Similarly, 
there was no statistically significant difference in  MIPA with-
out VFB (N = 198) between girls (Mdn = 40 kPa) and boys 
(Mdn = 44 kPa), rt = − 0.97, 95% CI [− 8.82, 3.15], p = 0.34, 
r = 0.07 (small).

Looking at possible differences in  MIPP with VFB 
(N = 110), girls (Mdn = 55 kPa) had similar pressures to boys 
(Mdn = 55 kPa), rt = − 0.57, 95% CI [− 5.81, 3.32], p = 0.57, 
r = 0.05 (small).  MIPP in the no VFB condition (N = 132) 
demonstrated once again that girls (Mdn = 52 kPa) attained 
similar pressures than boys (Mdn = 53.5 kPa), rt = − 0.07, 
95% CI [− 5.94, 5.54], p = 0.93, r = 0.03 (small). Even when 
broken down by age, no significant differences between girls 
and boys were found in any condition.

Visual Feedback

There was no statistically significant difference in anterior 
tongue strength with VFB (Mdn = 51 kPa) than without 
(Mdn = 43 kPa), N = 110, rt(65) = − 1.05, 95% CI [− 2.68, 
0.83], p = 0.298, r = 0.07 (small). When analyzed by years 
of age, similar nonsignificant results were obtained except 
for children of 10 years old; they demonstrated a significant 
difference (Mdn VFB = 52 kPa, Mdn no VFB = 60 kPa) with 
a large effect size (rt(13) = − 4.38, 95% CI [− 8.85, − 3.01], 
p = 0.001, r = 0.58 (large)). A graphical representation can 
be found in Fig. 4.

Similar results were found for the posterior location 
between the VFB (Mdn = 55 kPa) and the non-VFB condi-
tion (Mdn = 53 kPa), N = 110, rt(65) = 0.47, 95% CI [− 1.13, 
1.83], p = 0.64, r = − 0.03 (small). A graphical representa-
tion can be found in Fig. 5.

Location

Overall, when VFB was provided, the posterior tongue 
(Mdn = 55 kPa) was able to reach a higher pressure than the 
anterior tongue (Mdn = 51 kPa), N = 110, rt(65) = − 3.14, 
95% CI [− 6.17, − 1.37], p = 0.003, r = 0.26 (small). With-
out VFB, there also was a significant difference between 
 MIPA (Mdn = 43 kPa) and  MIPP (Mdn = 50.53 kPa), N = 132, 
rt(79) = − 2.03, 95% CI [− 5.12, − 0.06], p = 0.045, r = 0.14 
(small). When analyzed by years of age, no significant differ-
ences between  MIPA and  MIPP using VFB were found except 
for children of 7 and 10 years. Children of 7 years old dem-
onstrated a significant difference (Mdn  MIPA = 50 kPa, Mdn 
 MIPP = 55.5 kPa) with a medium effect size, rt(13) = − 2.35, 
95% CI [− 11.79, − 0.49], p = 0.035, r = 0.42 (medium, 
Fig. 6). Children of 10 year showed a significant differ-
ence (Mdn  MIPA = 52 kPa, Mdn  MIPP = 62.5 kPa) with a 
large effect size, rt(13) = − 4.17, 95% CI [− 12.80, − 4.06], 
p = 0.001, r = 0.61 (large, Fig. 6).

Similar analysis in the no VFB condition revealed no sig-
nificant differences across the age spectrum. These data are 
illustrated in Fig. 7.

When looking at the influence of sex when using VFB, 
overall  MIPA in girls (Mdn = 49 kPa) was significantly lower 
than  MIPP (Mdn = 55 kPa), N = 55, rt(32) = − 2.45, 95% CI 

Fig. 3  MIPA and  MIPP without visual feedback by age
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[− 8.38, − 0.77], p = 0.02, r = 0.31 (medium). No significant 
differences were found in boys,  MIPA (Mdn = 54 kPa),  MIPP 
(Mdn = 55 kPa), N = 55, rt(32) = − 1.87, 95% CI [− 6.45, 
0.27], p = 0.007, r = 0.20 (small). When no VFB was pro-
vided, there were a significant difference between  MIPA and 

 MIPP in girls (Mdn  MIPA = 49 kPa; Mdn  MIPP = 52 kPa, 
N = 66, rt(39) = − 2.03, 95% CI [− 6.50, − 0.01], p = 0.049, 
r = 0.16 (small)) but not in boys (Mdn  MIPA = 51 kPa; Mdn 
 MIPP = 53.5 kPa, N = 66, rt(39) = − 0.96, 95% CI [− 5.83, 
2.07], p = 0.343, r = 0.12 (small)).

Table 4  Pearson correlations between ages, tongue strengths, distances, and hand strengths

a Difference between measurement position for  MIPA and  MIPP (mm)
b Dominant hand strength
c Nondominant hand strength

Age (months) MIPA VFB MIPP VFB MIPA no VFB MIPP no VFB AP-distance HS dom HS dom

Age (months)
 Pearson’s r –
 p-value –
 Upper 95% CI –
 Lower 95% CI –

MIPA VFB
 Pearson’s r 0.225 –
 p-value 0.018 –
 Upper 95% CI 0.395 –
 Lower 95% CI 0.039 –

MIPP VFB
 Pearson’s r 0.232 0.527 –
 p-value 0.015 < 0.001 –
 Upper 95% CI 0.402 0.650 –
 Lower 95% CI 0.047 0.377 –

MIPA no VFB
 Pearson’s r 0.565 0.779 0.514 –
 p-value < 0.001 < 0.001 < 0.001 –
 Upper 95% CI 0.653 0.843 0.639 –
 Lower 95% CI 0.462 0.692 0.361 –

MIPP no VFB
 Pearson’s r 0.535 0.507 0.793 0.685 –
 p-value < 0.001 < 0.001 < 0.001 < 0.001 –
 Upper 95% CI 0.647 0.634 0.854 0.766 –
 Lower 95% CI 0.401 0.353 0.712 0.583 –

AP-distancea

 Pearson’s r 0.676 0.199 0.139 0.398 0.400 –
 p-value < 0.001 0.037 0.149 < 0.001 < 0.001 –
 Upper 95% CI 0.759 0.372 0.318 0.533 0.535 –
 Lower 95% CI 0.570 0.012 − 0.050 0.243 0.245 –

HS  domb

 Pearson’s r 0.761 0.392 0.352 0.641 0.485 0.735 –
 p-value < 0.001 0.006 0.015 < 0.001 < 0.001 < 0.001 –
 Upper 95% CI 0.840 0.610 0.581 0.753 0.663 0.836 –
 Lower 95% CI 0.652 0.118 0.073 0.492 0.254 0.585 –

HS non-domc

 Pearson’s r 0.822 0.431 0.410 0.658 0.564 0.731 0.971
 p-value < 0.001 0.002 0.004 < 0.001 < 0.001 < 0.001 < 0.001
 Upper 95% CI 0.882 0.639 0.624 0.765 0.720 0.834 0.981
 Lower 95% CI 0.737 0.165 0.139 0.514 0.354 0.579 0.955
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The difference between the markers for  MIPA and  MIPP 
ranged from 0 to 20 mm in the 131 children where this 
metric was available and showed a significant correla-
tion with age, but not with sex (see Table 4). The mean 

difference in position increased from 5 mm in 6-year olds 
to 13 mm in 11-year olds, corresponding to the growing 
dimensions of the hard palate.

Fig. 4  The effect of visual feedback on  MIPA across ages

Fig. 5  The effect of visual feedback on  MIPP across ages

Fig. 6  Comparison of  MIPA and  MIPP using visual feedback

Fig. 7  Comparison of  MIPA and  MIPP without using visual feedback
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Order of Testing

There was no significant effect of order on  MIPA with VFB, 
F(2, 109) = 2.76, p = 0.068, ω2 = 0.031 (small effect size). 
Similarly, no effect was found for any of the other conditions: 
 MIPA without VFB, F(4, 193) = 1.83, p = 0.077, ω2 = 0.022 
(small effect size);  MIPP with VFB, F(2, 107) = 1.947, 
p = 0.148, ω2 = 0.017 (small effect size), and  MIPP without 
VFB, F(2, 129) = 2.98, p = 0.054, ω2 = 0.029 (small effect 
size).

Multiple Regression

A multiple linear regression was calculated to predict  MIPA 
without VFB based on age (expressed in months), nondomi-
nant hand strength, and body weight, based on the results 
from Table 4. Age and weight were found be not signifi-
cant predictors and were subsequently excluded from the 
model. A significant regression equation was found [F(2, 
79) = 30.34, p < 0.001], with a coefficient of determina-
tion (R2) of 0.434. Participants’ predicted  MIPA without 
VFB is equal to 15.7 + 0.81 * nondominant hand strength 
(kg), with 95% CI for Bconstant = 7.1–24.4, and 95% CI for 
Bnondominant hand strength = 0.407–1.211.

Discussion

30–60 s Interval

The results revealed no statistically significant differences 
between the 30 and 60-s interval in 18 healthy children, 
independent of location or VFB. This provides additional 
support for the interval of 30 s as chosen in similar stud-
ies, both in children [12] and adults [13], and allows for an 
expedited procedure during clinical assessment. Nonethe-
less, confirmation of this finding in children with dysphagia 
or neurological development disorders (NDDs) is needed 
since their bulbar musculature and central nervous system 
could react differently; to the best knowledge of the authors, 
such a study has not yet been reported. Data looking at skel-
etal muscles’ characteristics indicate these are not affected 
by NDD, with several studies even demonstrating a higher 
resistance against fatigue when performing repetitive volun-
tary contractions than typically developing children, albeit 
set off by a lower maximal muscle strength [39, 40].

Repeated Trials

When analyzing the multiple trials in an effort to obtain a 
reliable maximum tongue pressure of both the anterior and 
posterior tongue in different feedback conditions, a simi-
lar effect of VFB is present at both locations. Performing 

MIP measurements in children with the use of VFB results 
in highly variable results, with the final trial reaching the 
highest pressure, thereby contradicting the findings of Potter 
and Short [12], although the use of VFB was not a specific 
hypothesis in their study. Such variability was completely 
absent in the no VFB condition.

Our results suggest that children systematically performed 
with better stability when not using additional external feed-
back (apart from the standard motivational verbal encour-
agement); the execution of a maximal muscle effort while 
simultaneously trying to decode the VFB resulted in subop-
timal muscle performance. These findings are the opposite 
of the findings in adults where permitting VFB resulted in 
more stable maximal pressures [13]. The effect of VFB will 
be discussed further on in the manuscript. Our results can 
support the use of a single, well-executed MIP measurement 
without VFB when clinicians are faced with time constraints 
or poor child cooperation.

Age

When looking at the effect of age on  MIPA when using VFB, 
no significant differences were found in that subset of chil-
dren between 7 and 11 years old. The maximum number 
of children is included in the  MIPA without VFB condition 
where the results clearly divide the children into two age 
groups with lower MIPs in 3–6-year olds versus higher pres-
sures in 7–11-year olds; children of 10 years of age reached 
the highest MIPs.

At the posterior location, a small difference is found 
between children of 7, 8, and 9 years and their stronger 
counterparts of 10 years in the  MIPP with VFB. Analyzing 
the maximum number of children in the posterior location 
in the  MIPP without VFB subgroup, a similar effect of age 
was found as in the  MIPA without VFB condition, namely, 
6-year-old children have lower MIPs than 7–11-year-old 
children, with 10-year-old children again achieving the high-
est MIPs.

Overall, the effect of age on MIP in different conditions 
can be summarized as a rather slow increase in tongue 
strength between the ages of 3 and 6, a marked increase 
between ages of 6 and 7 years and again a subtle increase as 
children age further, with peak values at the age of 10 years. 
Comparison with available data (limited to  MIPA with-
out VFB) shows a similar trend, whereby tongue strength 
increases suddenly around the age of 6–7 years [12].

Data on skeletal muscle strength confirm this increase of 
muscle strength with age in healthy Dutch children from 8 
to 20 years old [41]. In a study looking at lower extremity 
muscle strength in American 6- to 8-year-old children, the 
authors found that the strength produced by the 8-year-old 
children was significantly greater than the strength produced 
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by the 7-year-old children, and similarly the strength of 
7-year-old was greater than 6-year-old children [42].

Sex

This dataset provides no arguments for differences in MIP, 
regardless of feedback or location, between girls and boys. 
This corresponds to the findings of Potter and Short [12]. 
No further data on sex differences in bulbar muscle strength 
in children are available on this topic to the best of knowl-
edge of the authors. This finding indicates a remarkable 
difference between bulbar muscles and skeletal muscles 
where pronounced sex differences are found. When assess-
ing lower limb strength through a standing jump protocol in 
preschool children (age 3–6 years) [43] and in prepubertal 
children (5- to 11-year old) [44, 45], boys had greater muscle 
strength than girls. A similar sex difference was noted in 
upper-extremity muscular power (as assessed by a ball throw 
test), although the rate of strength development showed a 
significant sex by age interaction effect, where girls demon-
strated a slightly larger performance progression compared 
to boys [46].

Visual Feedback

The impact of VFB on MIP in children has not been stud-
ied before, so comparable data are unavailable. Our results 
suggest that—unlike adults—children have no clear benefit 
of using VFB. The lack of performance improvements for 
repetitive MIP measurements with VFB could signal this 
combination to be an overwhelming experience resulting in 
suboptimal performance. To understand the impact of VFB 
in this setting, its influence can be broken down into several 
components.

Sense of Numbers and Visual Feedback

While it is known that the human brain is equipped from 
birth with a rudimentary number sense, it is limited mostly 
to small numbers. Higher mathematical levels are reached 
by virtue of language and symbolic representation for large 
numbers, and the acquirement of awareness of ordinal rela-
tionships between numbers. Children of the first grade show 
individual differences in working memory capacity and 
counting knowledge and research has indicated that count-
ing proficiency, and mature number sense do not emerge 
until the age of 8 years [47, 48]. The exact mechanisms of 
number learning are still under study [49]; symbolic numeri-
cal representation in young and older children recruits the 
same network of brain regions as adults but also recruits 
higher-order brain mechanisms early in development [50]. 
It is therefore not a complete surprise result that the VFB 
condition did not lead to higher MIP values since the cortical 

mechanisms to observe and interpret the VFB to guide motor 
output may not be fully matured in younger children.

The effects of VFB on enhancing isometric maximal 
voluntary contractions (MVCs) in different movements are 
complex, and their impacts can be muscle dependent [51]. In 
theory, assuming a positive effect of VFB on performance, 
its use will standardize the execution, evaluation, and com-
parison of results between studies when MVC is the outcome 
measure of maximal performance or is applied for normali-
zation. However, the application in children when combined 
with numerical displays seems counterproductive. With the 
implementation of game-based learning modules, mastery 
of number concepts and number operations comprehension 
can be expected to be achieved faster and better [52]. The 
finding that discontinuing VFB seemed to have no effect on 
force production or the variability of the force output (and in 
some cases may actually diminish the variability) has been 
observed by other authors [53].

Verbal Encouragement and Psychological Factors

The effects of verbal feedback on muscle performance 
have already been studied, albeit not in children. When 
upper body performance in a resistance training session 
was studied [54], results indicate that providing verbal 
feedback produced acute improvements in power output 
of even well-trained athletes, a population in which even 
small improvements in power are often difficult to achieve. 
Additionally, Jung and Hallbeck [55] reported an increase 
in peak handgrip strength of approximately 5% when verbal 
or VFB encouragement was given reinforcing the concept 
that psychological strategies can improve the performance 
of limb-based movements [55–58].

Tongue MIP measurements require similar performances 
and could therefore be susceptible to the same strategies. 
These psychological techniques can be classified as either 
intrinsic (e.g., self-talk, ‘psyching-up’) or extrinsic (e.g., 
visual and verbal feedback and knowledge of results or 
performance, and encouragement), and although the exact 
mechanisms are unclear, improvements may be because 
of a combination of enhanced neuromuscular activation, 
intent, focus of attention, levels of arousal, and improved 
skill performance and learning [55–59]. ‘Psyching-up’ has 
been shown to increase isokinetic bench press strength by 
11.8% when compared to a mental distraction control [58].

Outcomes in adult tongue motor performance, however, 
do not appear to be subject to several psychological con-
ditions such as motivation, fun, pain, or fatigue [60], in 
contrast to previous findings [61]; again, this finding could 
indicate that children need an adapted but still fun and 
challenging feedback modality in order to maximize MIP 
measurements.
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Location

There are no comparable data available in the literature on 
the effect of bulb location in children, since all previous 
studies measured only the anterior portion of the tongue 
(“just posterior to the alveolar ridge”). Since the posterior 
tongue provides critical forces for transferring food and liq-
uid from the oral cavity into the pharynx, establishing its 
strength is warranted. Our data show that in children there is 
only a statistically significant difference between the anterior 
and posterior part of the tongue in the VFB condition, with 
the posterior tongue reaching the highest pressures. When 
comparing this finding to the available adult data, opposite 
results are found since in general the anterior tongue is the 
strongest in adults [13]; however, some older and smaller 
studies in adults demonstrated higher values in the tongue 
blade [23] or posterior part [62]. In this dataset, 10-year-old 
children demonstrated higher posterior pressures, regardless 
of the feedback condition, as did girls in the VFB condition. 
Overall, it seems fair to conclude there is no significant dif-
ference although a tendency to higher posterior pressures is 
present. Future studies are needed to address this question.

The correlations between anterior and posterior MIPs 
are strong, especially in the no VFB condition. This can be 
partly explained by the relative size of the 35 mm IOPI bulb 
to both the length of the hard palate and the length of the 
tongue. An AP-distance difference of 5 mm in a 6-year old 
child would correspond to a small (14%) change in bulb–pal-
ate contact area, while the maximum AP-distance difference 
of 20 mm would correspond to a change of 36% in contact 
area when taking the data by Vorperian as age-controlled 
reference values for hard palate length [32].

The strong correlation between the age and the distance 
between the markers for  MIPA and  MIPP is suggestive of 
a small increase in hard palate length in growing children 
from the ages of 6–11 years. This corresponds with available 
anthropometric data indicating that the upper aerodigestive 
tract not only increases more than twofold in length from 
infancy to adulthood but also changes in geometric pro-
portions, the so-called ‘anatomic restructuring’ [32]. Most 
structures have an ongoing growth from age of 2 weeks to 
age of 7 years with a somewhat more rapid growth during 
approximately the first 18 months of life. At about age of 
18 months, the hard palate length is at 80% of the adult 
size, while the tongue length only reaches 70% of its final 
dimension at the age of 6 years, and undergoes considerable 
growth until it reaches adult size. Our finding that the AP-
distance difference was not sex-dependent also corresponds 
to these data [32, 63].

Another possible explanation is a lack of independent 
control of subregions of the tongue (tip, blade, dorsum, and 
lateral margins) in young children [64]. Relatively independ-
ent control of these regions has been documented in adult 

speakers [65, 66] and was reported as lacking in young chil-
dren with articulation/phonological disorders [67]. These 
undifferentiated lingual gestures can result in the simulta-
neous contact of the whole of the tongue with the bulb and 
palate during sophisticated lingual movements where tongue 
tip and body are supposed to operate independently.

A further confounding factor is potential racial differ-
ences in the development of the vocal tract [68, 69] and 
future research can provide additional information.

Order of Testing

Similar to adults, there was no significant effect of order 
on the different MIPs, allowing the clinician to tailor the 
approach to any individual patient.

Comparison Between Children and Adults

In summary, when comparing the impact of similar factors 
on lingual MIP between children and adults, both similari-
ties and differences were found. The effect of repeated trials 
in adults shows equivalent pressures across the three trials 
when using VFB but a significant higher MIP during the 
first trial without VFB (when compared to the second and 
third trial who are similar) [13]. This clearly differs from 
children where VFB resulted in the third trial being the 
final MIP while no difference was found in the no feedback 
condition. Age-effects are present in both categories and 
are mirror-like; children between 3 and 6 years old have 
lower MIPs and adults at the other end of the age-spectrum 
similarly have lower MIPs (70+ years old) [13, 20]. Sex 
differences were absent in children but sparingly present in 
adults, where males had higher  MIPA values than females 
[13]. Comparing MIP between the anterior and posterior 
location in adults demonstrated significantly higher values 
anteriorly [13, 22]; such marked difference is absent in chil-
dren where even a tendency to higher MIP values at the 
posterior location was noted. In both children and adults, no 
effect of order of testing was noted [13].

Cross‑Cultural Comparison

Since previous research in adults has indicated that the 
MIPs of healthy adult Belgians appear to be lower than 
their USA peers [13], a comparison was made with the 
limited available USA data in children [12]. When com-
paring  MIPA without using VFB, only a single statisti-
cal significant difference was found using an independent 
t-test based upon N, mean and SD; American 8-year olds 
have a higher  MIPA than Belgian children (Table 5). No 
American data were available for the ages of 7, 9, and 11. 
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The question remains when and how the apparent MIP-dif-
ferences in adults originate since they don’t exist in child-
hood. Regarding the possible predictors for  MIPA without 
VFB obtained in our sample population, similar results are 
obtained in both Belgian and USA children [12], namely 
nondominant hand strength as sole predictor while both 
age and weight came out as nonsignificant; no R2 is pro-
vided in the Potter study for comparison.

Limitations

There is a potential shortcoming in this study that needs to 
be discussed. The oropalatal dimensions of these children 
were not studied although they are known to influence 
anterior and posterior tongue strengths in adults [19]. The 
technique of using dental casts was considered too invasive 
and unreliable in this population since overall dimensions 
are considerably smaller than adults leading to a possible 
increase in measurement error. It is, however, clear that in 
the growing child the assessment of palatal dimensions is 
only one aspect since also tongue dimensions should be 
considered [32], an aspect unstudied in adults. Future stud-
ies could look at using modern digital imaging technology 
(intraoral scanning) as used in orthodontic clinics since 
these are both noninvasive and highly reliable, but not yet 
extensively studied in children [70, 71].

Future Directions

Deglutition and its disorders in children have longtime been 
evaluated using mostly subjective measures [72]; this very 
challenging patient population deserves more objective diag-
nostics, ultimately permitting better therapy [73]. Incremen-
tally, instrumental techniques are being used to study nor-
mal and disordered deglutition in children [74]. A complete 
evaluation of pediatric swallowing should therefore include 
an objective assessment of tongue strength as there is no 
valid reason to assume it is less relevant to swallowing than 
in adults [75]. Measurement data early in life can facilitate 
long-term individual follow-up aiming to expedite diagnosis 
and possible early intervention, maybe prolonging functional 
swallowing and quality of life. Future studies could poten-
tially advance our understanding of the interaction between 
tongue strength, tongue length and palatal dimensions. 
These data would probably benefit children with a history 
of cleft palate (since the tongue in cleft palate shows a differ-
ent behavior than normal during the first phase of deglutition 
[76]), craniofacial malformations or neurological conditions 
involving bulbar musculature, both for the development of 
speech and swallowing. Initial data on a small number of 
children with repaired unilateral cleft lip and palate showed 
no marked differences in  MIPA when compared to a small 
group of controls [77]; data on  MIPP or in children with 
bilateral cleft lip and palate are not yet available.

Table 5  Cross-cultural 
comparison of data on  MIPA 
without VFB between Belgium 
and USA

ns nonsignificant, na nonavailable
a Dataset: P = Potter (Potter, 2009); V = Vanderwegen
b Expressed in kPa
c Independent t-test based upon N, mean, and SD, α = 0.05

Age (yo) Dataseta N Meanb SDb Minb Maxb Significancec

3 P 28 20.5 10.7 6 41 ns
V 22 24.2 12.4 6 45

4 P 40 33.4 10.7 16 52 ns
V 22 34.1 12.9 12 66

5 P 20 33.9 12.9 13 57 ns
V 22 30.2 11.2 9 52

6 P 10 45.9 17.5 26 63 ns
V 22 35.2 15.1 10 66

7 P na na na na na na
V 22 46.4 11.2 18 66

8 P 10 54.7 6.1 44 59 p < 0.05
V 22 44.5 12 14 61

9 P na na na na na na
V 22 53.1 12.5 26 76

10 P 10 53.9 6.9 42 62 ns
V 22 60.1 9.4 37 74

11 P na na na na na na
V 22 51.3 12.2 27 70



849J. Vanderwegen et al.: The Influence of Age, Sex, Visual Feedback, Bulb Position, and the Order of Testing…

1 3

Obstructive sleep apnea is the most severe clinical type of 
sleep-disordered breathing and can be caused by oral breath-
ing, leading to a secondary malposition of the tongue, finally 
influencing the tongue strength [78, 79]. Knowledge of nor-
mative data may allow tongue MIP measurements and train-
ing to be stratified and randomized for intervention studies, 
both in children [78, 80] and adults [81] with obstructive 
sleep apnea.

Malocclusions are growth and developmental abnormal-
ities in the musculoskeletal components of the skull that 
may result in changes in the positioning of the mandible, 
the hyoid bone, and the tongue [82]. However, numerous 
researchers have found that the tongue strength was similar 
among different types of malocclusion; while genetics is 
accepted to be the most important etiologic factor, lips and 
cheeks are probably more important than the tongue [83]. 
Consensus about the relationship between the types of mal-
occlusion and perioral pressures has not been achieved yet, 
and recent research in adults indicates that MIP is affected 
by oropalatal dimensions [19], although it is not yet clear 
what is cause and effect since other authors did not find such 
a relationship [84].

Conclusions

Evaluating tongue function is important in the assessment 
and rehabilitation of swallowing disorders in adults and chil-
dren. Standardized, reliable, sensitive yet practical meth-
ods to obtain quantitative measurements of lingual muscle 
strength for children are needed when assessing dysphagia. 
The authors feel that the IOPI is uniquely suited for this 
challenge. The clinical and scientific utility of this meas-
ure ultimately depends on a correct methodology and the 
availability of normative data. This article may be the next 
stepping-stone in this evolution and can allow clinicians to 
perform well-designed studies.
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