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Objective To evaluate the relationships between tongue pressure and different aspects of the oral-phase
swallowing function.

Methods We included 96 stroke patients with dysphagia, ranging in age from 40 to 88 years (mean, 63.7 years).
Measurements of tongue pressure were obtained with the Iowa Oral Performance Instrument, a device with
established normative data. Three trials of maximum performance were performed for lip closure pressure (LP),
anterior hard palate-to-tongue pressure (AP), and posterior hard palate-to-tongue pressure (PP); buccal-to-
tongue pressures on both sides were also recorded (buccal-to-tongue pressure, on the weak side [BW]; buccal-to-
tongue pressure, on the healthy side [BH]). The average pressure in each result was compared between the groups.
Clinical evaluation of the swallowing function was performed with a videofluoroscopic swallowing study.

Results The average maximum AP and PP values in the intact LC group were significantly higher than those in the
inadequate lip closure group (AP, p=0.003; PP, p<0.001). AP and PP showed significant relationships with bolus
formation (BF), mastication, premature bolus loss (PBL), tongue to palate contact (TP), and oral transit time (OTT).
Furthermore, LP, BW, and BH values were significantly higher in the groups with intact mastication, without PBL
and intact TP.

Conclusion These findings indicate that the tongue pressure appears to be closely related to the oral-phase
swallowing function in post-stroke patients, especially BF, mastication, PBL, TP and OTT.
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Tongue Pressure in Oral Dysphagia Patients With Stroke

INTRODUCTION

Dysphagia is a common complication in post-stroke
patients, with reported incidences varying between 29%
and 67% [1]. Post-stroke dysphagia is associated with
serious complications such as aspiration, a prolonged
length of hospital stay, and increased mortality. Early de-
tection and treatment of dysphagia are crucial issues in
post-stroke patients [2].

The process of normal swallowing consists of a three-
stage sequential model. The swallowing process is di-
vided into the oral, pharyngeal, and esophageal stages
according to the location of the bolus [3]. The movement
of the tongue is an important contributor to the oral-
stage swallowing. It plays a crucial role in maintaining a
cohesive bolus while manipulating the bolus during mas-
tication, and propelling the bolus out of the oral cavity
and through the larynx. In stroke patients, dysfunctions
of lower tongue pressure such as lingual discoordination
can cause a range of problems in the oral-phase swal-
lowing [4]. Clinically, tongue pressure has been reported
to be a good predictor of the presence of oral-phase dys-
phagia [5-8]. Until now, there have been few studies that
evaluated tongue pressure in relation to different aspects
of the oral-phase swallowing function in patients with
post-stroke dysphagia.

Various bedside tests have been applied for evaluat-
ing dysphagia after a stroke. However, almost half of the
patients continue to suffer from silent aspiration. In such
cases, a videofluoroscopic swallowing study (VFSS) is
the gold standard for detecting dysphagia [9,10]. Clinical
evaluation of swallowing function was performed with
a VESS, which provided visual assessment of the entire
process of deglutitive movement and bolus transport [11].

In addition to the oral-phase swallowing function, we
also assessed the relationship between tongue pressure
and the patients’ functional outcomes. Previous studies
have found that patients with dysphagia had significantly
lower cognitive function as well as functional evaluation
score [12]. In this study, the Korean version of Mini Men-
tal State Examination (K-MMSE) and the Korean version
of Modified Barthel Index (K-MBI) scores were used to
evaluate cognitive function and activities of daily living
(ADL), respectively.

The aims of this study were (1) to evaluate the relation-
ships between tongue pressure and different aspects of

the oral-phase swallowing function and (2) to evaluate
the relationships between tongue pressure and function-
al outcomes.

MATERIALS AND METHODS

Subjects were recruited from a group of patients re-
ferred to the Department of Rehabilitation and Physical
Medicine, Kyung-Hee Medical Center, Seoul, Korea for
swallowing evaluation between May 2011 and January
2013. Both inpatients and outpatients were included in
the study. The subjects included stroke patients (1) who
had a first-ever unilateral stroke, confirmed by MRI and/
or CT and were older than 50 years of age; (2) who had
symptoms and/or signs of dysphagia after onset of the
stroke (choking, cough, wet voice after swallowing or a
history of aspiration pneumonia); (3) who were evaluated
by VFSS; and (4) who could follow the physiotherapist’s
orders.

All patients were alert, had an adequate level of con-
sciousness and were able to complete the tasks required
for the study. Analysis was performed in 96 patients with
non-traumatic cerebral infarction or hemorrhage. The
patients ranged in age from 40 to 88 years, with a mean
age of 63.75 years. The mean age of the 45 male partici-
pants was 63.57 years (range, 41-88 years), and that of the
51 female patients was 63.91 years (range, 40-82 years).
Measurements were performed 1-12 months after the
stroke (median, 3.8 months post-onset). The dysphagic
group included 40 patients (41.6%) with cerebral infarc-
tion and 56 patients (58.3%) with cerebral hemorrhage.
Of these patients, 38 (39.5%) had right hemiplegic stroke
and 58 (60.4%) had left hemiplegia (Table 1).

VFSS protocol

The swallowing ability of patients with stroke was eval-
uated by a VFSS, which was performed as described be-
low [5,13]. A modified version of Logemann [14] protocol
was used. Patients were initially instructed to sit upright
for 5 seconds to assess their ability to maintain posture.
The videofluoroscopy instrument was positioned lateral
to the patient. Liquid barium (40% weight/volume, bari-
um sulfate, Solotop suspension) was diluted with yogurt
(the viscosity was around 1,000 centipoise [cP]). First,
the patients were given 5 mL of yogurt to swallow using
a syringe. Afterwards, 4 g of cooked rice with barium was
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Table 1. Characteristics of stroke patients (n=96)

Characteristic Value
Age (yr) 63.7+£10.0
(40-88)
Gender (male:female) 45:51
Etiology (infarction:hemorrhage) 40:56
Hemiplegic side (right:left) 38:58
Time interval from onset to study (mo) 3.3%2
(1-12)
K-MMSE 20.7+4.9
K-MBI 50.4+£21.9

Values are presented as meantstandard deviation (range).
K-MMSE, the Korean version of Mini-Mental State Exam-
ination; K-MBI, the Korean version of Modified Barthel
Index.

given using a spoon (the viscosity was above 1,750 cP). If
the patients swallowed without aspiration or penetration,
5 mL of water with diluted barium (the viscosity was 1-50
cP) was given using a syringe. The entire clinical proce-
dure was recorded with a video camera. Results of the
first videofluoroscopy procedure were used for our analy-
sis.

Interpretation

The swallowing process in the oral phase was evaluated
with the videofluoroscopic dysphagia scale (VDS) (Ap-
pendix 1) [15], which consists of the following 14 items:
oral phase (lip closure, bolus formation, mastication,
apraxia, premature bolus loss, and oral transit time) and
pharyngeal phase (pharyngeal triggering, vallecular and
pyriform sinus residues, laryngeal elevation and epiglot-
tic closure, pharyngeal coating, pharyngeal transit time,
and aspiration) that can be assessed by the VFSS. All of
the outcome scales were rated by two skilled physicians
who had been trained in VESS for at least 3 years. The
physicians analyzed the video files and drew consensual
conclusions.

In the oral phase, the completeness of lip closure (LC),
bolus formation (BF), mastication, and tongue-to-palate
contact (TP) were measured. The examiner categorized
the results into three levels according to the degree (in-
tact, 0; inadequate, 4; none, 8). Oral transit time (OTT)
was also measured from the time the bolus started to
move from the oral cavity to the lower edge of the man-
dibular ramus. More than 1.5 seconds of OTT was de-
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fined as the delayed oral phase. The degree of apraxia
was evaluated in terms of four levels (none, 0; mild, 1.5;
moderate, 3; severe, 4.5).

The amount of premature bolus loss (PBL), which per-
tains to the bolus drop into the pharynx from the oral
cavity before the swallowing reflex, was classified into
four levels (grade 0, none; grade 1, 10% of bolus; grade 2,
from 10% to 50% of bolus; grade 3, >50% of bolus) [15].
To minimize the examiners’ subjective error, we also
compared the results by dividing the group based on the
presence of PBL.

Measurement of tongue pressure

Subjective measures of tongue pressure were obtained
using the Iowa Oral Performance Instrument (IOPI), a
device that has been described in several previous re-
ports [16,17]. The IOPI consists of a pressure transducer
and an amplifier that displays, in kilopascals (kPa), the
pressure exerted on an air-filled bulb (Fig. 1).

Subjects were seated upright and asked to press their
tongue against the IOPI bulb as hard as possible. Only
valid (i.e., the bulb was properly positioned and pressure
was applied by the tongue) trials of maximum perfor-
mance for lip closure pressure (LP), anterior hard palate-
to-tongue pressure (AP), posterior hard palate-to-tongue
pressure (PP), and buccal pressure on both sides were
recorded (buccal-to-tongue pressure on the weak side
[BW]; buccal-to-tongue pressure on the healthy side
[BH]). Each parameter was evaluated separately. The av-
erage pressure in the three trials was compared between
the groups.

Functional outcomes

Scores on the MBI were used to evaluate ADL. The K-
MBI score is commonly used as a valid and reliable mea-
sure to determine functional ability with respect to 10 do-
mains, and total scores range from 0 (totally dependent)
to 100 (totally independent) [18]. K-MMSE, which was
used to evaluate cognitive function, tests five domains
of cognitive function: orientation, attention, calculation,
language, and construction. Total scores range from 0 to
30, and higher K-MMSE scores indicate better cognition
[19].

Statistical analysis
We compared the groups statistically using the SPSS
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Fig. 1. Positioning of the air-filled
lingual pressure sensor of the
Iowa Oral Performance Instru-
ment between the tongue and an
oral structure.

Table 2. The relationships of LP, tongue pressure, and functional outcome with lip closure and bolus formation (unit, kPa)

Lip closure Bolus formation
p-value p-value
Intact (n=81) Inadequate (n=15) Intact (n=18) Inadequate (n=78)

LP 13.8+3.6 12.0+5.1 0.181 14.8+3.5 13.1+4.1 0.109
AP 24.817.1 17.9+8.7 0.003* 31.2+4.5 22.0+7.3 <0.001*
PP 21.4+6.3 13.7+6.4 <0.001* 28.8+3.6 18.9+6.9 <0.001*
BW 14.1+5.2 13.2+6.2 0.407 15.7+5.8 13.6+5.2 0.147
BH 17.0+£5.4 15.616.9 0.249 19.0+4.1 16.3+5.8 0.057
K-MMSE 20.5+5.0 21.7+19.1 0.504 19.2+6.8 21.0+4.3 0.269
K-MBI 51.4422.7 51.0+19.1 0.948 56.2+22.4 50.2+22.0 0.343

Values are presented as mean+tstandard deviation.

LP, lip pressure; AP, anterior hard palate-to-tongue pressure; PP, posterior hard palate-to-tongue pressure; BW, buc-
cal-to-tongue pressure on the weak side; BH, buccal-to-tongue pressure on the healthy side; K-MMSE, the Korean

version of Mini-Mental State Examination; K-MBI, the Korean version of Modified Barthel Index.

*p<0.05, Mann-Whitney U test.

software ver. 20.0 K for Windows (SPSS Inc., Chicago, IL,
USA).

The Mann-Whitney U-test was used to analyze the rela-
tionships between tongue pressure and different aspects
of the oral-phase swallowing function. The Jonckheere-
Terpstra test was used to compare the linear correlation
between PBL and tongue pressure. Statistical significance
was set at p<0.05.

RESULTS

The patients were divided into groups based on the in-
tactness of the oral phase according to the VDS scale. The
average differences in tongue pressure were observed
between the groups. Apraxia was not compared in this

study because only 1 patient had oral-phase apraxia.

Lip closure

Patients were classified into three groups (intact, 0; in-
adequate, 2; none, 4), but none of the patients met the
criteria for the ‘none’ group. The intact and inadequate
groups were compared. The average maximum LP was
13.8 kPa (SD=4.1) in the intact LC group (n=81) and 12.0
kPa (SD=5.3) in the inadequate LC group (n=15); this
difference was not statistically significant (p=0.181).
However, the average maximum AP and PP values in the
intact LC group were significantly higher than those in
the inadequate LC group (AP, p=0.003; PP, p<0.001). The
two groups did not differ significantly with respect to K-
MMSE and MBI scores (Table 2).
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Bolus formation

Eighteen patients showed intact BF and 78 patients
showed inadequate BF. BF was significantly correlated
with AP and PP. The average maximum AP and PP val-

equate mastication (n=14; AP, p<0.001; PP, p<0.001). Ad-
ditionally, there was a significant difference in buccal-to-
tongue pressure on both sides and LP between the intact
mastication and inadequate mastication groups (Table 3).

ues were significantly higher in the intact BF group than
in the inadequate BF group (AP, p<0.001; PP, p<0.001).
However, there was no significant difference between the

Oral transit time

Like other dysphagia scales, AP and PP were signifi-
groups with respect to the other parameters (Table 2). cantly correlated with OTT in our study. This correlation
was negative, indicating that increased pressure was as-
sociated with shorter OTT. According to the VDS, patients

were divided into two groups depending on OTT (<1.5

Mastication
Patients with normal mastication (n=82) had signifi-

cantly higher AP and PP values than patients with inad-  seconds vs. 21.5 seconds). The average maximum AP and

Table 3. The relationships of LP, tongue pressure, and functional outcome with mastication and oral transit time (unit,

kPa)

Mastication Oral transit time
p-value p-value
Intact (n=82) Inadequate (n=14) Intact (n=15) Inadequate (n=81)
LP 13.9+£3.9 11.1+4.0 0.029* 14.7+3.6 13.3+4.1 0.109
AP 25.0£7.5 16.5+4.5 <0.001* 29.846.1 22.7+7.5 <0.001*
PP 21.4+6.6 13.2+4.2 <0.001* 26.0+4.6 19.24+6.8 <0.001*
BW 14.5+5.4 11.2+4.2 0.028* 16.2+5.1 13.6+5.4 0.147
BH 17.5+5.4 12.5+5.1 0.002* 18.6+4.7 16.4+5.8 0.057
K-MMSE 20.615.1 21.0£3.5 0.864 19.245.3 21.1+4.7 0.255
K-MBI 51.7+22.1 49.2422.6 0.705 54.1+23.1 50.9£22.0 0.650

Values are presented as meantstandard deviation.

LP, lip pressure; AP, anterior hard palate-to-tongue pressure; PP, posterior hard palate-to-tongue pressure; BW, buc-
cal-to-tongue pressure on the weak side; BH, buccal-to-tongue pressure on the healthy side; K-MMSE, the Korean
version of Mini-Mental State Examination; K-MBI, the Korean version of Modified Barthel Index.

*p<0.05, Mann-Whitney U test.

Table 4. The relationships of LP, tongue pressure, and functional outcome with premature bolus loss and tongue-to-
palate contact (unit, kPa)

Premature bolus loss Tongue-to-palate contact
: : p-value p-value
Without (n=22) With (n=74) Intact (n=18) Inadequate (n=78)

LP 15.5%£3.2 12.9+4.1 0.006* 15.2+3.3 13.1+4.1 0.035*
AP 30.5+4.9 21.7+£7.3 <0.001* 30.7+4.4 22.1+7.4 <0.001*
PP 26.1+3.4 18.5+6.8 <0.001* 25.8+3.6 18.9+6.9 <0.001*
BW 17.5%£5.0 13.0+5.1 0.001* 16.5+5.2 13.4+5.3 0.037*
BH 19.9+3.9 15.8+5.7 0.002* 19.4+3.5 16.2+5.9 0.024*
K-MMSE 21.0+5.3 20.6+4.8 0.549 21.4+1.9 20.5+4.9 0.356
K-MBI 52.9+20.3 50.9+22.7 0.721 49.3+19.1 51.8+22.8 0.656

Values are presented as meantstandard deviation.

LP, lip pressure; AP, anterior hard palate-to-tongue pressure; PP, posterior hard palate-to-tongue pressure; BW, buc-
cal-to-tongue pressure on the weak side; BH, buccal-to-tongue pressure on the healthy side; K-MMSE, the Korean
version of Mini-Mental State Examination; K-MBI, the Korean version of Modified Barthel Index.

*p<0.05, Mann-Whitney U test.
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Fig. 2. Correlation between premature bolus loss (PBL)
and mean tongue pressure. A larger amount of PBL was
associated with a lower maximal tongue pressure (Jonck-
heere-Terpstra rank correlation test, p<0.05). AP, anterior
hard palate-to-tongue pressure; PP, posterior hard pal-
ate-to-tongue pressure; BW, buccal-to-tongue pressure
on the weak side; BH, buccal-to-tongue pressure on the
healthy side; LP, lip closure pressure.

PP values in the normal OTT group were significantly
higher than those in the delayed OTT group (AP, p<0.001;
PP, p<0.001). There was no significant correlation be-
tween K-MMSE scores and OTT (Table 3).

Premature bolus loss

When we divided the patients into groups according to
the presence of PBL, tongue pressure was associated with
PBL (AP, p<0.001; PP, p<0.001; BW, p=0.001; BH, p=0.002;
LP, p=0.006) (Table 4), as was the case with the other oral-
phase dysphagia scales. The VDS classifies the amount
of premature bolus loss into four levels. We compared
these levels with tongue pressure, and the linear correla-
tion between PBL and tongue pressure was tested with
the Jonckheere-Terpstra rank correlation test. We found
that a larger amount of PBL was associated with a lower
maximal tongue pressure (AP, p<0.001; PP, p<0.001; BW,
p=0.011; BH, p=0.008; LP, p=0.033) (Fig. 2).

Tongue-to-palate contact

Like PBL, TP was correlated with all five parameters
(AP, p<0.001; PP, p<0.001; BW, p=0.037; BH, p=0.024; LP,
p=0.035) (Table 4).

DISCUSSION

Previous studies have revealed that tongue pressure is
a good predictor of the presence of oral-phase swallow-
ing impairment, especially for BE, mastication, and oral
clearance [8,20].

Robbins et al. [21] reported that an 8-week lingual re-
sistance exercise program showed promising results with
respect to preventing dysphagia due to sarcopenia and
serving as a treatment strategy for patients with lingual
weakness and swallowing disorders. Their results suggest
that increasing tongue pressure with lingual exercises
could be helpful in improving oral dysphagia.

We found that AP and PP were related to all phases of
oral swallowing. This indicates that forward and back-
ward tongue movements, such as tongue protrusion and
retraction, were more important factors in oral-phase
swallowing than lateral tongue movements. Only PBL,
TP, and mastication were correlated with buccal-to-
tongue pressure on both sides.

In the present study, LC was not related to the degree of
LP, but it was significantly associated with AP and PP. In
stroke patients, inadequate LC is frequently found in pa-
tients with facial palsy. Hagg and Anniko [22], who stud-
ied the association between LP and swallowing capacity,
found that LP did not differ according to whether or not
facial palsy was present. However, LP was significantly
lower in stroke patients than in healthy subjects. These
factors may indicate that LC has no relation with LP.

Tongue movement is also an important factor in hold-
ing the bolus. While drinking a liquid substance, the
posterior oral cavity is sealed by tongue-palate contact
during the oral preparatory stage when the bolus is held
in the oral cavity [23]. Clark et al. [8] measured tongue
strength with the IOPI and found that holding and ma-
nipulating the bolus were most strongly correlated with
subjective measures of tongue strength. Like this previ-
ous study, we also found that PBL was related to all five
parameters.

To the best of our knowledge, this is the first published
study that examined the relationship between tongue
pressure and functional outcomes. The K-MMSE and K-
MBI results showed no significant differences in each
oral phase between the intact and inadequate groups.
Moon et al. [24] studied the cognition factors affecting
oral-phase dysphagia in stroke patients. In contrast to
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our study, they found that inadequate LC and PBL were
associated with low K-MMSE scores. However, we found
no correlation between K-MMSE scores and any phase of
oral dysphagia. Unlike the previous study, we included
dementia patients who could follow our simple steps in
order. Thus, their inclusion criteria differed from our cri-
teria.

This study has several limitations. First, the evaluation
of mastication, TP and amount of PBL may vary from
physician to physician. Although two experienced re-
habilitation physicians interpreted the VESS, the results
were subjective. Kim et al. [25] also demonstrated that
VDS showed a lower rate of inter-rater agreement in the
oral-phase parameters. Second, there was no healthy
control group. Third, the timing of the study varied, as
each patient had a different onset time depending on
when the patient was referred to our rehabilitation cen-
ter. Finally, the possible correlation between the location
of the brain lesion and tongue pressure was not consid-
ered in this study. In cases of medullary infarction, with
involvement of the hypoglossal nerve, ipsilateral tongue
deviation and tongue movement disorder may be ob-
served. Further study is needed to evaluate these limita-
tions.

In summary, the findings of this study demonstrate the
relationship of tongue weakness, as measured by tongue
pressure, with oral-phase dysphagia in post-stroke pa-
tients. This suggests that patients with tongue-movement
weakness during oral swallowing are at high risk for oral-
phase dysphagia. However, the ways in which tongue
weakness affects oral-phase swallowing remain unclear.
Thus, further study is needed to precisely determine the
relationship between tongue pressure and the oral-phase
swallowing function.
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Appendix 1. Videofluoroscopic dysphagia scale [15]

Parameter Findings

Lip closure

Bolus formation

Mastication

Apraxia

Tongue to palate contact

Premature bolus loss (%)

Oral transit time (s)
Triggering of pharyngeal swallow

Vallecular residue (%)

Laryngeal elevation

Pyriform sinus residue (%)

Coating of the pharyngeal wall
Pharyngeal transit time (s)

Aspiration

Intact
Inadequate
None
Intact
Inadequate
None
Intact
Inadequate
None

None

Mild
Moderate
Severe
Intact
Inadequate
None

None

<10

10-50

>50

<1.5

>1.5
Normal
Delayed
Non

<10

10-50

>50
Normal
Impaired
None

<10

10-50

>50

No

Yes

<1.0

>1.0

None
Penetration
Aspiration
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