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Abstract
Objective: This study aimed to examine the relationship
between dysphagia and activities of daily living (ADL) in
patients with multiple system atrophy (MSA), and to
characterize dysphagia in patients with the cerebellar
(MSA-C) and parkinsonian (MSA-P) types.
Methods: Sixty-one MSA patients (25 males, 36 females;
40 MSA-C, 21 MSA-P; mean age, 66.3 ± 11.0) were
recruited. ADL was assessed on the Barthel index. They
underwent tongue pressure measurements and
videofluoroscopy (VF) by swallowing barium gelatin jelly.
We measured the range of tongue root and mandibular
movements during oropharyngeal transit time and used
the functional dysphagia scale to rate the oral and
pharyngeal stages with the VF images.
Results: Significant correlations were found between the
ADL and the dysphagia scores (R=−0.654, p<0.001), the
ADL score and the tongue pressure (R=0.600, p<0.001),
and the dysphagia scores and the tongue pressure (R=
−0.679, p<0.001), in the 61 patients. In addition, the
oropharyngeal transit time and the tongue pressure in the
MSA-C group (R=−0.457, p=0.005), the tongue root and
mandibular movements and the tongue pressure in the
MSA-P group (R=0.458, p=0.040; R=0.538, p=0.016;
respectively) were significantly correlated. Furthermore,
the MSA-P group showed a significantly longer
oropharyngeal transit time than the MSA-C group
(p=0.049).
Conclusion: These results suggest a correlation between
the degree of dysphagia and deterioration in ADL in MSA
patients. MSA-P patients tended to experience problems
with propelling a bolus through the oropharynx, whereas
MSA-C patients incompletely form a bolus in the oral
phase.
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Introduction
Dysphagia, which is the most frequent complication of
multiple system atrophy (MSA), is observed a short time after
disease onset [1]. Evaluations and the appropriate treatment
of patients suffering from dysphagia may prevent or at least
delay other complications, such as aspiration pneumonia, and
thereby improve their quality of life and increase survival time.
A study by Higo et al. implied that the swallowing function in
MSA patients may be more influenced by Parkinsonism than
by cerebellar dysfunction and that Parkinsonism mainly affects
the oral phase of swallowing [2]. They suggested that
dysphagia in patients with MSA with predominant
Parkinsonism (MSA-P) is caused by Parkinsonism, whereas in
patients with MSA with predominant cerebellar ataxia (MSAC), the progression of the cerebellar dysfunction and
overlapping Parkinsonism worsens the tongue movements.
However, there are few studies that have evaluated dysphagia
in patients with MSA and compared patients with the two
types, MSA-C and MSA-P.
A previous study has shown that the time from the initial
symptom to the appearance of other symptoms, indicating the
evolution to MSA, is strongly related to the deterioration of
activities of daily living (ADL) and the worsening of survival [3].
However, the relationship between swallowing dysfunction
and ADL deterioration is not yet clear. Clarifying the
correlation between dysphagia and ADL, and the potential
differences between patients with MSA-C and MSA-P could
provide valuable clues for effective treatments. Some previous
studies tried to clarify the difference in various characteristics
between MSA-C and MSA-P [4,5], but there were few studies
to make comparison of swallowing function between the two
subtypes. This study aimed to demonstrate the relationship
between the degree of dysphagia and deterioration in ADL in
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patients with MSA by comparing patients with MSA-C and
MSA-P.

Omuta Hospital approved the study, and an informed consent
was obtained from all participants.

Patients and Methods

Measurement of tongue pressure

Participants
We studied 61 patients with MSA (25 males and 36 females;
mean ± standard deviation (SD) age=66.3 ± 11.0 years; range,
38−91 years) who were recruited from the Department of
Neurology of the Faculty of Medicine of Fukuoka University
and the Department of Neurology of the Neuro-Muscular
Center of National Omuta Hospital. Neurologists from these
hospitals determined the clinical diagnosis of probable or
definite MSA based on the Consensus Conference statement
concerning MSA diagnostic criteria [6]. Furthermore, the
patients consisted of 40 with MSA-C (17 males and 23 females;
mean ± SD age=65.4 ± 10.6 years; range, 38−85 years) and 21
with MSA-P (8 males and 13 females; mean ± SD age=68.1 ±
11.7 years; range, 45−91 years). Patients with other neurologic
disorders, neuropsychological dysfunctions, and/or head and
neck cancers, and those undergoing tube feeding were
excluded. We checked the disease duration and assessed the
activities of daily living of each patient on the Japanese version
of the modified Barthel Index [7]. The modified Barthel Index
is commonly used to assess patient’s capacity to perform 10
daily tasks without assistance and the patients were scored
with a sum of 100. The Japanese version of the modified
Barthel Index demonstrated satisfactory factorial validity and
internal consistency in elderly people living at home [7]. The
ethics committees of Fukuoka University Hospital and National

A handy probe was used in the tongue pressure
measurement system (JMS Co. Ltd, Hiroshima, Japan) [8]. The
probe was assembled with a small balloon and pressurized
with air at 19.6 kPa. Participants were asked to compress the
balloon onto their palate for approximately 7 s using the
maximum voluntary effort of their tongue. The increase in the
inner pressure of the balloon was measured as the tongue
pressure. These tests were conducted thrice in a row and
mean values were obtained.

VF examination
The swallowing function was evaluated by a modified
barium swallow procedure and videofluoroscopy (VF) imaging
[9]. It was recorded through lateral projection onto a DVD
recorder (DIGA; Panasonic Corporation, Osaka, Japan) running
at 30 frames/s. Each participant swallowed 5 mL each of
barium water and barium gelatinous jelly while in the lateral
position and was required to repeatedly swallow until all bolus
pass through the pharynx. The recordings of swallowing
barium water and barium gelatinous jelly were analyzed
frame-by-frame and scored on the basis of the VF dysphagia
scale with a sum of 100 (Table 1) [10]. We measured the time
from start of masticating gelatinous jelly until passage of the
jelly tip through the esophageal entrance as oropharyngeal
transit time and studied the tongue root and mandible
movements during the oropharyngeal transit time.

Table 1 Video-fluoroscopic dysphagia scale.
Parameter

Coded value

Score

Intact

0

Inadequate

2

None

4

Intact

0

Inadequate

3

None

6

Intact

0

Inadequate

4

None

8

None

0

Mild

1.5

Moderate

3

Severe

4.5

Intact

0

Oral phase score
Lip closure

Bolus formation

Mastication

Apraxia

Tongue-to-palate contact

2

4

6

8

4.5

10
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Premature bolus loss

Oral transit time

Inadequate

5

None

10

None

0

<10%

1.5

10% to 50%

3

>50%

4.5

<1.5

0

>1.5

3

Normal

0

Delayed

4.5

None

0

<10%

2

10% to 50%

4

>50%

6

Normal

0

Impaired

9

None

0

<10%

4.5

10% to 50%

9

>50%

13.5

No

0

Yes

9

<1.0s

0

>1.0s

6

None

0

Supraglottic penetration

6

Subglottic aspiration

12

Vol.8 No.1:165

4.5

3

Pharyngeal phase score
Triggering of pharyngeal swallow

Vallecular residue

Laryngeal elevation

Pyriform sinus residue

Coating of pharyngeal wall

Pharyngeal transit time

Aspiration

Total

The measurements of bolus transit and the movements of
the tongue root and mandible were completed by analyzing
the recordings of the swallow trials frame-by-frame or in slow
motion using movement analysis software in two dimensions
(Dipp-Motion Pro, Ditect Corporation, Tokyo, Japan).
To evaluate mandibular movement, the movement of the
most inferior point of the mandible was measured on the Yaxis, which was based on two optional points on the cervical
vertebrae (Figure 1). To evaluate tongue root movement, the
movement of the point where the tongue line and the
mandible line intersected was calculated on the X-axis, which
was vertically directed toward the Y-axis. The values of the
evaluation were divided by the values of the oropharyngeal
transit time, which was taken as a measure of the speed of the
tongue root and mandibular movements [11].
© Copyright iMedPub

4.5

6

9

13.5

9

6

12

100

Data analysis
The Mann–Whitney U tests were used to compare the data
sets of the two groups.
Spearman rank correlation coefficients were used to
measure the linear relationships between the ADL score and
the other data, between the disease duration and the other
data, and between the VF findings and tongue pressure. One
patient with MSA-C could not complete the tongue pressure
examination and the correlation coefficients were calculated
excluding the missing value.
Statistical data were analyzed with the Statistical Package
for the Social Sciences (SPSS 13.0 J) for Windows (IBM
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−0.457, p=0.005) was significantly correlated. On the other
hand, significant correlations between the tongue root
movement and the tongue pressure (Figure 8; R=0.458,
p=0.040), and between the mandibular movement and the
tongue pressure (Figure 8; R=0.538, p=0.016) were observed in
patients with MSA-P.

Figure 1 Analysis of the video-fluoroscopic images. (1)
Oropharyngeal transit time. (2) Distance of tongue
movement in the X-axis. (3) Distance of mandibular
movement in the Y-axis.

Results

Figure 2 Distribution of the oropharyngeal transit time in
the patients with MSA-C and MSA-P.

No significant differences between the MSA-C and MSA-P
patients in age (65.4 ± 10.6 years vs. 68.1 ± 11.7 years;
p=0.403), disease duration (4.05 ± 4.19 years vs. 3.50 ± 3.36
years; p=0.420), ADL score (53.8 ± 32.4 vs. 50.2 ± 30.8;
p=0.465), dysphagia score (13.9 ± 12.3 vs. 16.3 ± 12.8;
p=0.362), or tongue pressure (24.0 ± 10.4 kPa vs. 18.0 ± 11.5
kPa; p=0.064) were observed. The mean tongue pressure
values of these MSA patients were lower than healthy people’s
values (41.9 ± 9.9 kPa in the thirties, 40.4 ± 9.8 kPa in the
forties, 40.7 ± 9.8 kPa in the fifties, 37.6 ± 8.8 kPa in the sixties,
and 31.9 ± 8.9 kPa in the seventies) [12]. Although there was
also no significant difference in the range of the tongue root
(15.2 ± 7.0 mm/s vs. 15.5 ± 10.3 mm/s; p=0.430) and
mandibular movements (21.1 ± 11.3 mm/s vs. 22.3 ± 16.2
mm/s; p=0.891), the patients with MSA-P showed a
significantly longer oropharyngeal transit time than the
patients with MSA-C (Figure 2; MSA-P, 10.2 ± 7.5 s vs. MSA-C,
6.7 ± 4.7 s; p=0.049).
Significant correlations were found between the dysphagia
score and ADL score (Figure 3; R=−0.654, p<0.001), between
the ADL score and the tongue pressure (Figure 4; R=0.600,
p<0.001), and between the dysphagia scores and the tongue
pressure (Figure 5; R=−0.609, p<0.001), in the 61 patients.
There was a significant correlation between the ADL score and
the disease duration (R=−0.300, p=0.020). The disease
duration did not correlate with the tongue pressure (R=0.200,
p=0.125) but with the dysphagia score (R=0.258, p=0.046),
especially with the pharyngeal phase score of MSA-P (Figure 6;
R=0.613, p=0.006). Furthermore, the oropharyngeal transit
time and the tongue pressure in the MSA-C group (Figure 7; R=

4

Figure 3 Distribution and relationship between the
dysphagia score and the ADL score (above, in the patients
with MSA-C; below, in the patients with MSA-P).

Discussion and Conclusion
This may be the first study to compare swallowing function
between patients with MSA-P and those with MSA-C. From our
results, patients with MSA-P tended to experience problems
with propelling the bolus through the oropharynx, thus
This article is available from: http://www.jneuro.com
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inducing a prolongation of the oropharyngeal transit time,
whereas patients with MSA-C seemed to show uncoordinated
bolus transportation. These findings suggested that, in the
early stage of MSA, the swallowing dysfunction in patients
with MSA-P that is induced by Parkinsonism is more
remarkable than the dysfunction in patients with MSA-C,
which is provoked by cerebellar dysfunction.

Figure 6 Distribution and relationship between the disease
duration and the pharyngeal phase score (in the patients
with MSA-P).

Figure 4 Distribution and relationship between the tongue
pressure and the ADL score (above, in the patients with
MSA-C; below, in the patients with MSA-P).

Figure 7 Distribution and relationship between the
oropharyngeal transit time and the tongue pressure (in the
patients with MSA-C).

Figure 5 Distribution and relationship between the tongue
pressure and the dysphagia score (above, in the patients
with MSA-C; below, in the patients with MSA-P).

© Copyright iMedPub

Watanabe et al. have suggested that the time from the
initial symptom to the appearance of other symptoms, which
indicates the evolution to MSA, is strongly related to the
deterioration of ADL and a worsening of survival [3,4]. They
assessed three activities of ADL milestones (aid-requiring
walking, being wheelchair-bound, and being bedridden), and
the time of onset of each of those states and of death in order
to evaluate disease progression. A prospective European
cohort study has reported that the median survival time from
symptom onset was 9.8 years and patients with MSA-P were
predicted to have a shorter survival [13]. However, according
to the results of the study of Watanabe et al. patients with
MSA-P showed more rapid functional deterioration than
patients with MSA-C, but they had a similar survival time as
patients with MSA-C [3]. Patients with MSA-P had more rapid
functional deterioration than patients with MSA-C did.
Patients with MSA-P had an accelerated risk of requiring a
walking aid and a wheelchair, but the time until confinement
to a bedridden state and survival was no worse. They
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suggested that Parkinsonism affects the motor aspects of ADL
more so than cerebellar dysfunction [3]. In our MSA patients,
the ADL score was significantly correlated with the dysphagia
score, as well as with the tongue pressure. The disease
duration was also correlated with the dysphagia score,
especially with the pharyngeal phase score of MSA-P. These
findings may support the relevance between the ADL
deterioration and the survival time because dysphagia can
have a significant impact on MSA patient’s lives.

2017
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MSA-C in the early stage (1−3 years following disease onset)
and more than 85% in the late stage (>7 years following
disease onset) suffered from delayed bolus transportation in
the oral phase. It was suggested that the progression of
cerebellar dysfunction and overlapping Parkinsonism
worsened tongue movements [16]. In Parkinson’s disease,
impaired tongue movement that is induced by Parkinsonism is
the most common cause of prolonged bolus transportation
[11]. The longer oropharyngeal transit time in patients with
MSA-P that was observed in this study supported the view that
patients with MSA-P suffer from dysphagia, which was mainly
caused by Parkinsonism.
However, it is unclear whether or not cerebellar dysfunction
influences swallowing function in patients with MSA-C.
Although patients with MSA-C did not show a significant
reduction in tongue pressure and a prolongation of
oropharyngeal transit time, their oral phase scores
deteriorated in direct proportion with the ADL scores. The lost
points of bolus formation, mastication, or premature bolus
loss in the oral phase scale in many patients with MSA-C
suggest the incoordination of tongue and mandibular
movements. To objectify the incoordination, further
investigation is needed.

Figure 8 Distribution and relationship between the tongue
pressure and the oral movements (in the patients with
MSA-P; above, tongue root movement; below, the
mandibular movement).

In our MSA-P patients, the prolonged oropharyngeal transit
time or the significant correlation between the movements in
the oral phase and the tongue pressure may be caused by
Parkinsonism, bradykinesia or hypokinesia. Alfonsi et al.
reported prolongation of swallowing reaction time and
reduction in duration of EMG activity of suprahyoid/submental
muscles in MSA-P patients which may be explained by bradyhypokinetic mechanisms of oral swallowing [14]. Their study
may be accorded with our results which suggested the impact
of Parkinsonism in MSA-P on swallowing, especially in oral
phase. However, MSA progression seems to influence on
pharyngeal phase because of a significant correlation between
the disease duration and the pharyngeal phase score in our
results.
The severity of disease has been shown to be significantly
correlated with a history of aspiration pneumonia. Incomplete
relaxation of the upper esophageal sphincter was seen in
23.1% of patients with MSA [15]. Higo et al. have indicated
that bolus transportation from the oral cavity to the pharynx is
already disturbed in patients in the early stage of MSA-C [2].
The results of their study showed that 50% of the patients with

6

In a previous study, we studied swallowing function in mild/
moderate stage and advanced stage PD patients using the
same method with this study [11]. The dysphasia score in
mild/moderate PD (mild/moderate group, 13.6 ± 5.7;
advanced group, 26.7 ± 19.7) and the tongue pressure in
advanced PD (mild/moderate group, 32.9 ± 11.5; advanced
group, 22.3 ± 13.6) were close to MSA patients. On the other
hand, the tongue root movement in mild/moderate PD (mild/
moderate group, 15.4 ± 9.2; advanced group, 11.0 ± 7.2) and
the mandibular movement in mild/moderate PD (mild/
moderate group, 23.0 ± 13.8; advanced group, 14.3 ± 8.8)
were close to MSA patients. Although the oropharyngeal
transit time in mild/moderate PD (mild/moderate group, 7.8 ±
5.9; advanced group, 12.9 ± 7.3) was close to MSA-C patients,
that in advanced. PD was close to MSA-P patients. These
findings suggested that the tongue pressure of the MSA
patients was weakened to the level of the advanced PD
patients, despite the dysphagia level and swallowing
movements in the MSA patients were similar to those in the
mild/moderate PD patients.
Because patients with MSA-P will show a more rapid
deterioration of their swallowing function compared to
patients with idiopathic Parkinson’s disease [1], we should
evaluate or cope with the dysphagia in patients with MSA-P
more carefully. However, very few rehabilitation programs for
dysphagia have enough evidence of effective treatments, even
in patients with Parkinson’s disease [17,18]. At present,
frequent compensatory measures for dysphagia, such as the
adjustment of diet type, liquid thickness, or swallowing
posture, are more realistic strategies for maintaining the
quality of life of patients with MSA-P as well as those with
Parkinson’s disease [19]. However, dysphagia in patients with
early stage MSA-C has been predicted to be less remarkable
This article is available from: http://www.jneuro.com

JOURNAL OF NEUROLOGY AND NEUROSCIENCE
ISSN 2171-6625

than in patients with MSA-P [20]. Therefore, we should first
adjust the diet type for patients with early stage MSA-C to
allow them to form a food bolus smoothly in the oral phase,
but, in the late stage, patients with both MSA-P and MSA-C will
need an ultimate alternative, such as tube feeding, in
preventing aspiration pneumonia and considering the optimal
timing for a gastrostomy [13].
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