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Abstract.
Background: Oculopharyngeal muscular dystrophy (OPMD) is a late onset progressive neuromuscular disorder. Although
dysphagia is a pivotal sign in OPMD it is still not completely understood.
Objective: The aim of this study was to systematically investigate oropharyngeal functioning in a large OPMD population.
Methods: Forty-eight genetically confirmed OPMD patients completed questionnaires, performed clinical tests on swallow-
ing, chewing, speaking, tongue strength and bite force, and underwent videofluoroscopy of swallowing. Descriptive statistics
was used for all outcomes and logistic regression to investigate predictors of abnormal swallowing.
Results: Eighty-two percent reported difficulties with swallowing, 27% with chewing and 67% with speaking. Patients
performed significantly worse on all oropharyngeal tests compared to age-matched controls except for bite force. Also
asymptomatic carriers performed worse than controls: on chewing time, swallowing speed and articulation rate. During
videofluoroscopy, all patients (except one asymptomatic) had abnormal residue and 19% aspirated. Independent predictors
of abnormal residue were reduced swallowing capacity for thin liquids (OR 10 mL = 0.93; 20 mL = 0.95) and reduced tongue
strength for thick liquids (OR 10 mL = 0.95); 20 mL = 0.90). Aspiration of thin liquids was predicted by disease duration
(OR = 1.11) and post-swallow residue with 20 mL (OR = 4.03).
Conclusion: Next to pharyngeal dysphagia, chewing and speaking are also frequently affected in OPMD patients, even in
asymptomatic carriers. Residue after swallowing is a very early sign, while aspiration is a later sign in OPMD. For clinical
follow-up monitoring of subjective complaints, swallowing capacity and tongue strength seems relevant.
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INTRODUCTION

Oculopharyngeal muscular dystrophy (OPMD) is
a progressive, usually autosomal dominantly inher-
ited, muscle disease, starting around the 5th decade

∗Correspondence to: J.G. (Hanneke) Kalf, PhD, Radboud Uni-
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9101, Internal code: 898, 6500 HB Nijmegen, Netherlands.
E-mail: Hanneke.Kalf@radboudumc.nl.

of life and caused by an extended repeat muta-
tion in the polyadenylate binding protein nuclear 1
(PABPN1) [1, 2]. The name of the disease refers to
the most prominent and early features being ptosis
and dysphagia, but the upper and lower extremities
can also be affected [3]. The typical swallowing com-
plaint is solid food getting stuck in the throat [4].
Primary functional impairments with swallow inef-
ficiency (i.e. pharyngeal residue) and aspiration of
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food has been identified [5, 6], which may result in life
threatening complications such as choking, aspiration
pneumonia or malnutrition [7].

Recent reports suggest that swallowing problems
in OPMD are not limited to pharyngeal weakness,
but that tongue strength and oral bolus control may
also be reduced [8]. Even speech has been reported
to change in OPMD, ranging from palatal weakness
causing a nasal voice [1], to articulation problems and
decreased speech rate [9]. However, because of the
rareness of the disease, these studies include small
patient populations (5 up to 22 patients), focusing on
only one or two aspects of oropharyngeal functioning.
Hence, a comprehensive understanding of oropharyn-
geal functioning in a large and genetically confirmed
cohort of OPMD patients is lacking.

The aim of this study is to examine subjective and
objective deterioration of swallowing, chewing and
speaking because of OPMD, with an extensive set of
questions, functional testing and videofluoroscopic
imaging, to find directions for clinical management.

METHODS

Participants

OPMD patients
Sixty-three OPMD patients were invited by their

treating physicians or from the CRAMP (Computer
Registry of All Myopathies and Polyneuropathies)
database that contains a Dutch cohort of neuromus-
cular patients [10]. Our center is the national referral
center for OPMD. OPMD patients older than 18 years
were included, but irrespective of disease duration.
Exclusion criteria were tube feeding and possible
causes of dysphagia other than OPMD.

Family members who had not been genetically
tested yet were invited as well to find asymptomatic
gene carriers. They could choose whether they
wanted to know their DNA result or not. If they
wanted to know the outcome, this was provide by
a neurologist, including extensive counselling. Most
of them had a symptomatic family member and
were already familiar with the consequences of the
disease. Seven family members were tested and
they all wanted to know their DNA result. Thirteen
participants declined to participate because of prac-
tical reasons (such as travel distance); two family
members were tested negative for OPMD and were
therefore excluded, resulting in 48 genetically con-
firmed OPMD patients (25 women) who agreed to be
enrolled in the study. From these patients we collected

age, body mass index (BMI), gene mutation and their
score on the EAT-10, a screening tool to identify dys-
phagia risk [11] and patients reported their age and
initial symptoms at onset.

The study protocol [12] was approved by
the regional medical ethics committee (nr.
NL54606.091.15) and all participants gave written
informed consent. All patients were examined by
one researcher (RK).

Healthy controls
Normal values of the maximum performance tests

used in this study had been collected in previous stud-
ies from a large healthy Dutch population aged 18 to
92 years and this allowed for age-matched compar-
isons [13–17].

Assessments

To investigate oropharyngeal functions extensively
in three domains (swallowing, chewing and speak-
ing), we combined the following approaches:

1. Questionnaire and interview to identify subjec-
tive complaints;

2. Maximum performance tests for swallowing,
chewing and speaking;

3. Videofluoroscopy of swallowing.

1. Subjective complaints

Subjective complaints were captured by using a
questionnaire and an interview.

Because there is no dysphagia questionnaire
specifically for OPMD we identified 10 character-
istics of normal chewing and swallowing (Fig. 2).
Patients were asked to choose one of three response
options: (0) ‘impossible to perform’, (1) ‘performed
with difficulty’, (2) ‘easily performed’. The ques-
tionnaire was sent online to all patients and 45 (of
48) patients completed the questionnaire. In addition,
all patients were interviewed about other possible
subjective complaints including speaking because of
OPMD. The interview was semi-structured, as its
purpose was to globally investigate any subjective
complaints, next to the questionnaire about chewing,
swallowing and speaking complaints.

2. Maximum performance tests

Seven clinical tasks to assess maximum perfor-
mance and strength related to swallowing, chewing,
and speaking were performed.
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Swallowing
• Maximum swallowing speed (MSS) in mL/s was

measured by recording the time participants
needed to drink 150 ml room temperature tap
water as fast as possible [18].

• Maximum swallowing volume (MSV) is the max-
imum amount of water (mL) a participant is able
to swallow in one swallow [15].

• Maximal isometric tongue pressure (MITP) was
measured using the Iowa Oral Performance
Instrument (IOPI Medical LLC, Model 2.3). Par-
ticipants were instructed to push the bulb on the
tongue against the roof of the mouth as hard as
possible [19]. The highest pressure of three trials
was used in the analysis.

Chewing
• Maximum chewing time (MCT) was measured

using the Test of Masticating and Swallowing
Solids (TOMASS) by recording the time the par-
ticipant needs to eat a 5 × 5 cm cracker as fast as
possible [14].

• Maximum bite force (MBF) was measured using
the Bite Force Gauge (Vrije Universiteit, Ams-
terdam). Participants were asked to bite as hard

as possible on the biting element between their
upper and lower front teeth. The highest pressure
of three trials was used for analysis.

Speaking
• Maximum phonation time (MPT) measures how

long a participant can produce an /a/ after one
inhale, in seconds [20]. The best of three trials
was used in the analysis.

• Maximum repetition rate (MRR) is the number
of syllables per second during the first 5 seconds,
while the participant is instructed to produce
the monosyllabic sequences /pa/, /ta/ and /ka/
and the trisyllabic sequence /pataka/ as fast as
possible [21]. The best of three trials was used
in the analysis.

All maximum performance tests were compared
with norm values from 82 to 130 age-matched healthy
controls that were collected in a previous study by our
department [13–16].

3. Videofluoroscopy of swallowing

Videofluoroscopy of swallowing (VFS) was per-
formed at 30 frames per second and recorded with
the Digital Swallowing Workstation (DSW, Swallow-
ing Signals Lab, model 7120) to quantify swallowing
efficiency and safety. Thin liquid was made by using
thin liquid contrast fluid. Thick liquid was made by
using thin liquid contrast fluid and one spoon of the
gum type thickener. For a solid bolus we took a toast
cracker of 2.5 cm × 2.5 cm (Albert Heijn Basic™)
pasted with a teaspoon of thick liquid contrast fluid.
Then we tested it with the flow test of the International
Dysphagia Diet Standardization Initiative (IDDSI)
[22]: thin liquid correspond with IDDSI 0, thick liq-
uid with IDDSI 3 and solid with IDDSI 7.

Each participant was asked to swallow 10 mL and
20 mL of thin liquid that was recorded in lateral direc-
tion. This was followed by 10 mL and 20 mL thick
liquid and solid food.

To quantify the swallow efficiency we used the
Normalized Residue Ratio Scale (NRRS, abnormal
values: NRRSv ≥ 0.09, NRRSp ≥ 0.20) [23] to assess
the post swallow residue in the valleculae and pyri-
form sinus. The NRRS residue ratio of the valleculae
and the pyriform sinus is calculated by the following
formula:

NRRS = area of residue

area of the valleculae or pyriform sinus
× area of residue

(length of the internal scalar) 2
× 10

The frame of the post swallow residue was set after
the participants swallowed the bolus in one or two
swallows. In case of more than two swallows, the
frame of post swallow ‘rest’ residue was set after
the second swallow. ImageJ (National Institutes of
Health, LOCI, University of Wisconsin) was used to
draw the residue in the valleculae (Fig. 1a) and pyri-
form sinus (Fig. 1b). The videofluoroscopic images
were independently analyzed by two trained research
assistants.

The Penetration – Aspiration Scale (PAS) was
used to evaluate swallowing safety [24]. This scale
ranges from 1 to 8 : 1 = Material does not enter the
airway, 2 = Material enters the airway, remains above
the vocal folds, and is ejected from the airway,
3 = Material enters the airway, remains above the
vocal folds, and is not ejected from the airway,
4 = Material enters the airway, contacts the vocal
folds, and is ejected from the airway, 5 = Material
enters the airway, contact the vocal folds, and is not
ejected from the airway, 6 = Material enters the air-
way, passes below the vocal folds, and is ejected into
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Fig. 1. a. Post swallow residue in the valleculae and the scalar reference line from C2 to C4. b. Post swallow residue in the pyriform sinus.

the larynx or out of the airway, 7 = Material enters
the airway, passes below the vocal folds, and is not
ejected from the trachea despite effort, 8 = Material
enters the airway, passes below the vocal folds, and no
effort is made to eject. Score 1 and 2 is defined as safe
swallowing and 3 to 8 as unsafe swallowing [5, 6].

Statistical analyses
IBM SPSS Statistics (version 25) was used to

conduct all statistical analyses and for all estimates
and p-values of <0.05 were considered statistically
significant. Subjective complaints were analyzed by
calculating percentages.

The results of the maximum performance tests
were compared between OPMD patients and age-
matched healthy controls using independent t-tests
and between asymptomatic OPMD patients and age-
matched controls using the Mann-Whitney U test.

Descriptives (median, min – max) and frequencies
(numbers and percentages) were calculated for the
NRRS scores and PAS scores. Interrater reliability of
the NRRS and PAS between the two trained research
assistants was tested by calculating the intraclass
correlation coefficient (ICC), two-way random for
absolute agreement, single measure (ICC2,1) [25].

To test the hypothesis that a longer repeat of the
PABPN1 mutation predicts increased clinical sever-
ity, repeat length was correlated with the maximum
performance tests by Spearman rho correlation.

Post hoc analyses: To further analyze differ-
ences within the OPMD group, the cohort was
dichotomized for every domain (chewing, swallow-
ing, speaking) into patients with and patients without
subjective complaints according to the questionnaire

(chewing and swallowing) and the semi-structured
interview (speaking). Age and disease duration were
compared between the three dichotomized groups
and performances on maximum performance tests
were compared per domain (MCT and MBF for
chewing, MMS, MSV, MITP for swallowing and
MPT, MRR for speaking). Mann-Whitney U test was
used to estimate any differences.

To try to identify predicting factors a predictive
model for either aspiration or pharyngeal residue,
we used multivariate analyses. As the first step we
correlated all clinical features (patient variables and
clinical scores) for each volume and consistency
with abnormal vallecular residue (NRRSv ≥ 0.09),
pyriform sinus residue (NRRSp ≥ 0.20) and aspira-
tion (PAS ≥ 3). Only the variables that correlated
significantly were kept as potentially predictive or
explanatory factors. In the second step we constructed
models using logistic regression with the presence
of post-swallow residue and aspiration for each vol-
ume and consistency as dependent variables and the
corresponding potentially predictive factors as their
independent variables.

Data availability statement
The anonymized data that support the findings of

this study are available from the corresponding author
upon reasonable request.

RESULTS

Patients

Table 1 shows the patient characteristics. None of
these patients had been treated with a cricopharyngeal
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myotomy or dilatation, except one patient in 2001
without a positive result and none of the eligible par-
ticipants had to be excluded because of tube feeding
or possible other causes of dysphagia.

Subjective complaints

Eighty-seven percent of the OPMD patients
reported difficulties on chewing and/or swallowing
(Fig. 2). During the interview, sixty-seven percent
of the OPMD patients complained about speech
problems. Six patients (13%) did not report subjec-
tive complaints on chewing and swallowing. These
included the four asymptomatic gene carriers and two
patients with isolated ptosis or muscle weakness of
the legs.

Swallowing
Thirty-seven patients (82%) reported swallowing

problems (Fig. 2: items 1, 3, 4, 5, 6, 7). These patients
had on average 8 years longer disease duration com-
pared to patients without swallowing complaints
(12.0 y vs. 4.0 y; p = 0.002). The other patient
characteristics (as shown in Table 1) did not differ
significantly.

Chewing
Thirteen patients (27%) reported chewing prob-

lems on the questionnaire (Fig. 2: items 8 and 9)

Table 1
Characteristics of 48 OPMD patients

N 48

Men/women (%) 23 (48) / 25 (52)
Age in years (SD) 61 (8.6)
Disease duration in years (SD)* 10.6 (9.4)
Body Mass Index (SD) 24.7 (3.6)
Initial symptom (number of patients)**

Ptosis 20
Dysphagia 20
Weakness extremities 5
Diplopia 1
None 4
Unknown 1

PABPN1 mutation (number of patients (%))
GCN11/11 2 (4)
GCN10/12 3 (6)
GCN10/13 6 (12)
GCN10/14 8 (16)
GCN10/15 2 (4)
GCN10/16 27 (56)

Eat-10*** (%≥3) 86,7%

*Onset of initial complaints. **Two patients had both dysphagia
and ptosis as initial symptom, one patient had leg weakness and
dysphagia as initial symptom. ***EAT-10 swallow screening tool
with ten questions (score 0–4, total score 0–40), with ≥3 rep-
resenting possible problems in swallowing efficiency and safety
[11, 42].

of which two were unable to chew solid food at
all. Patients with chewing complaints were 5.9 years
older than those without chewing complaints (65.2 y
vs. 59.3 y; p = 0.02). The other patient characteristics
(as shown in Table 1) did not differ significantly.

Speaking
Thirty-two patients (67%) reported nasal speech,

changes in articulation and reduction of intelligibil-
ity and loudness of their speech. Patients with speech
complaints were 9.2 years older (64.0 y vs. 54.8 y;
p < 0.01) and had OPMD 9.5 years longer (13.5 y
vs. 4.0 y; p < 0.01), compared to patients without
speech complaints. The other patient characteristics
(as shown in Table 1) did not differ significantly.

Maximum performance tests

Table 2 gives the results of all the maximum per-
formance tests.

Swallowing
Three patients were not able to perform the maxi-

mum swallowing speed task, because their dysphagia
was too severe, therefore their scores were set at
0 mL/s. OPMD patients scored significantly lower
than age-matched Dutch controls on swallowing
speed (MSS) and volume (MSV) and on maxi-
mum isometric tongue pressure (Table 2). Patients
with subjective swallowing complaints according to
the questionnaire (n = 37), presented a lower MSS
(14.5 ml/s vs. 9.0 ml/s; p = 0.03) and lower MSV
(38.8 ml vs 24.7 ml; p = 0.03), compared to patients
without swallowing complaints. Tongue strength did
not differ between these subgroups.

Chewing
Maximum chewing time was twice as long in

OPMD patients compared to age-matched Dutch con-
trols (70 vs. 32 seconds; p = 0.00), but maximum
bite force did not differ significantly (Table 2).
Patients with subjective chewing complaints (n = 13)
did not perform differently on swallowing and speech
tasks, but showed a lower bite force, compared to
patients without chewing complaints (17.0 kg vs.
8.4 kg; p < 0.01).

Speaking
The maximum phonation time and maximum repe-

tition rates were significantly lower in OPMD patients
compared to age-matched Dutch controls (Table 2).
OPMD patients with subjective speech complaints
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Fig. 2. Results of the questionnaire on swallowing and chewing. Answers on the questionnaire were classified into ‘easily performed’,
‘performed with difficulty’ and ‘impossible to perform’.

Table 2
Mean (SD) and percentages of normal values of maximum performance tests in OPMD patients compared to age-matched Dutch controls

Mean OPMD: % of normal P
OPMD (SD) Controls (SD) value (95% CI)

Swallowing
Maximum swallowing speed (mL/s) 9.4 (7.2) 25.8 (9.7) 39 (27;51) p < 0.01
Maximum swallowing volume (mL) 27.3 (19.2) 54.6 (19.9) 50 (38;62) p < 0.01
Maximum isometric tongue pressure anterior (kPa) 31.0 (14.0) 52.4 (13.6) 59 (50;68) p < 0.01

Chewing
Test of Masticating and Swallowing Solids chewing time (s) 69.8 (40.6) 31.9 (12.9) 219 (188;249)* p < 0.01
Maximum bite force (kg) 14.6 (7.4) 17.0 (8.3) 86 (70;102) 0.09

Speaking
Maximum phonation time (s) 15.5 (8.1) 22.0 (9.9) 70 (56;85) p < 0.01
Maximum repetition rate /PA/ (syl/s) 5.6 (0.7) 6.7 (0.6) 84 (81;88) p < 0.01
Maximum repetition rate /TA/ (syl/s) 5.4 (0.8) 6.5 (0.8) 83 (78;86) p < 0.01
Maximum repetition rate /KA/ (syl/s) 5.0 (0.9) 6.0 (0.8) 83 (78;87) p < 0.01
Maximum repetition rate /PATAKA/ (syl/s) 4.0 (0.7) 6.8 (1.0) 59 (54;63) p < 0.01

*all variables are lower in OPMD patients indicating worse performance; but chewing time becomes abnormal when duration is longer than
normal (here more than twice as long: 219%).

(n = 32) presented equal scores on all measures except
on maximum repetition rate of /PA/, which was lower
compared to patients without speech complaints (5.9
syl/s vs. 5.5 syl/s; p = 0.03).

Maximum performance tests in asymptomatic
carriers

Asymptomatic carriers scored significantly lower
than age-matched controls on maximum swallowing
speed, chewing time and maximum articulation rate
(Table 3), but not on maximum bite force, maximum

tongue strength or maximum swallowing volume
(data not shown).

Videofluoroscopy

Forty-five patients underwent a videofluoroscopic
swallowing study (VFSS) of which one patient could
not swallow thick liquid 20 ml and three patients were
not able to swallow solid food. Three patients refused
VFSS because of the following reasons: it was phys-
ically too stressful, because of intestinal problems
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Table 3
Mean values of asymptomatic OPMD carriers (n = 4) compared to age-matched Dutch controls

Mean

Asymptomatic* (SD) Controls (SD) P

Swallowing

Maximum swallowing speed (mL/s) 18.9 (2.0) 28.6 (9.8) 0.02

Chewing

Test of Masticating and Swallowing Solids chewing time (s) 43.8 (7.0) 29.2 (10.2) 0.01

Speaking

Maximum repetition rate /PA/ (syl/s) 6.0 (0.1) 6.8 (0.6) p < 0.01
Maximum repetition rate /TA/ (syl/s) 5.3 (0.4) 6.8 (0.8) p < 0.01
Maximum repetition rate /PATAKA/ (syl/s) 4.8 (0.4) 6.8 (0.9) p < 0.01

P-values of the non-parametric test (Mann-Whitney U test). *N = 4.

and refusal of X-ray. Interrater reliability between
the two trained research assistants for all the consis-
tencies of the NRRS valleculae and pyriform sinus
was good to excellent (ICC = 0.91, CI 95% 0.72–0.97
and ICC = 0.78, CI 95% 0.31–0.94). The PAS scale
showed a perfect agreement between the two research
assistants (ICC = 1).

Swallowing efficiency
Overall all the patients had abnormal post-swallow

residue at any point, in the valleculae (≥ 0.09) or pyri-
form sinus (≥ 0.20), except one asymptomatic gene
carrier who had no residue at all, but frequencies
differed across consistencies and place (Table 4).

Only residue in the pyriform sinus, but not in
the valleculae and only residue of liquids but not
of solids was significantly correlated with any of
the patient characteristics and clinical measures
(Table 5). Logistic regression identified reduced max-
imum swallowing volume as the single independent
predictor for abnormal residue after swallowing thin
liquid (10 mL: OR = 0.93; 95% CI 0.89–0.98, 20 mL:
OR = 0.95; 95% CI 0.91–0.98) and reduced max-
imum tongue strength as the single independent
predictors for risk of abnormal residue swallowing
thick liquids (10 mL: OR = 0.95; 95% CI 0.91–1.00,
20 mL: OR = 0.90; 95% CI 0.85–0.96).

Swallowing safety
Unsafe swallowing (PAS ≥ 3) was seen in 19%

(n = 10) of the participants during swallowing thin
liquid, but no aspiration was observed during or
after swallowing thick liquid or solid food (Table 4).
Seven patients showed silent aspiration (PAS = 8)
while swallowing thin liquid. All patients with unsafe
swallowing also showed abnormal residue after swal-
lowing and three patients were not able to perform the

MSS and TOMASS because of their severe swallow-
ing problems.

Table 5 lists the variables that correlate with unsafe
swallowing. Logistic regression identified residue in
the pyriform sinus after swallowing 20 mL thin liquid
as single independent predictor for the risk of aspi-
ration (OR = 4.03; CI 95% 1.29–12.65) and disease
duration as single independent predictor for the risk
of aspiration (OR = 1.11; CI 95% 1.01–1.23).

Relation of clinical severity with repeat length

Comparison between repeat length and the maxi-
mum performance tests, severity of abnormal residue
and aspiration showed no linear relation with any of
these variables.

DISCUSSION

The main finding of this study is that OPMD
patients performed worse on all but one oropha-
ryngeal test which not only addresses pharyngeal
weakness, but also oral weakness, explaining diffi-
culties with swallowing and chewing and speaking.
Furthermore, all patients, except one asymptomatic
carrier, showed abnormal pharyngeal residue during
videofluoroscopy in our large, but heterogenic patient
population regarding age and disease duration.

In the following paragraphs, we will discuss the
subjective and objective findings for each of the
domains swallowing, chewing and speaking sepa-
rately and will highlight the meaning of the results
for the asymptomatic carriers.

Swallowing complaints are reported by 82% of the
OPMD patients. The main subjective complaints are
‘solid food getting stuck in the throat’ (67%) and
‘aspirating during eating’ (64%), which is in coher-
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ence with a previous questionnaire-based study [4].
Problems with drinking thin liquids are subjectively
reported less frequently by 38% of patients confirm-
ing that drinking thin liquids without aspirating is dif-
ficulty (Fig. 2), while objectively during instrumental
examination drinking of liquids resulted in aspira-
tion in 19%. Although this is only half compared
to the frequency of subjective complaints, possibly
because of more careful drinking during the exam-
ination, the majority of these events (70%; 12/17)
was silent aspiration. Instrumental observation also
showed abnormal pharyngeal residue in 71%, which
turned out to be an independent predictor of aspira-
tion. Together this suggests that ‘food getting stuck in
the throat’ is indeed a common complaint, but aspi-
ration of liquids should be taken into account as well.

Although pharyngeal residue is a known problem
in OPMD [5, 6] and a clinical predictor of aspi-
ration generally in dysphagia [26], this is the first
time that this phenomenon has been demonstrated
in a large cohort and in almost all patients, even in
those who do not report this subjectively. Following
up on earlier work [5], we used multiple consis-
tencies and larger volumes (10 and 20 mL instead
of 5 mL) to study swallowing efficiency and safety
during videofluoroscopy. Pharyngeal residue is gen-
erally more common after swallowing solid food,
because a thicker consistency requires more pha-
ryngeal constriction and hyolaryngeal excursion to
clear the pharynx [22]. But our results show that
post-swallow residue is common in all consistencies
and volumes, which suggests a more complex patho-
physiology of pharyngeal weakness in OPMD. When
looking for factors to explain this residue we found
several features that correlated with residue in the
pyriform sinuses, but none of these correlated with
residue in the valleculae. This may be due to the
size of the residue, which is clearly smaller in the
valleculae and therefore less likely to correlate with
reduced functional capacity or strength. Our anal-
yses revealed two independent predictors of liquid
residue in the pyriform sinus, i.e. reduced maximum
swallowing volume and reduced tongue strength. The
maximum volume of a large liquid bolus to be swal-
lowed in one swallow, obviously will decrease when
oral and pharyngeal strength deteriorate, but further
research is needed to understand whether this is char-
acteristic for causing residue in the pyriform sinus
in OPMD, other than reduced pharyngeal constric-
tion or cricopharyngeal dysfunction [27]. Similarly,
it is indeed plausible that deterioration of oral tongue
strength increases the risk of post-swallow residue
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Table 5
Odds ratios of predicting factors of the risk of abnormal residue and aspiration in the pyriform sinus

Dependent variable Independent variables* Predicting factor: OR (95% CI)

Swallowing efficiency (abnormal post-swallow residue)
Thin liquid 10 mL Higher age, longer disease duration,

worse performances on MSS and MSV,
weaker tongue, worse score on EAT-10

maximum swallowing volume:
OR = 0.93 (0.89 – 0.98)

Thin liquid 20 mL Higher age, longer disease duration,
worse performances on MSS and MSV,
weaker tongue

maximum swallowing volume:
OR = 0.95 (0.91 – 0.98)

Thick liquid 10 mL Longer disease duration, weaker tongue maximum isometric tongue pressure:
OR = 0.95 (0.91 – 1.00)

Thick liquid 20 mL Lower BMI, longer disease duration,
higher age at disease onset, worse
performance on the MSS and MSV,
weaker tongue pressure and worse score
on EAT-10

maximum isometric tongue pressure:
OR = 0.90 (0.85 – 0.96)

Swallowing safety (aspiration: PAS ≥ 3)
Thin liquid 10 and 20 mL Longer disease duration, lower BMI,

worse performance on the MSS and
MSV, weaker tongue pressure, more thin
liquid residue in the pyriform sinuses
swallowing thin liquid 10 mL and 20 mL

residue in the pyriform sinus after
swallowing 20 ml thin liquid OR = 4.03
(1.29 – 12.65)

disease duration OR = 1.11 (1.01 – 1.23)

*Factors significantly correlating with the independent variable.

of thick liquids. This would suggest that tongue
strengthening exercises may be a treatment option
to maintain muscle function, but how this relates to
pharyngeal clearance in OPMD also needs to be stud-
ied further. Until then, maximum swallowing volume
and maximum tongue strength are simple measures
to monitor progression of dysphagia and the risk of
pharyngeal residue.

To identify and compare abnormal pharyngeal
residue we used the cut-off values proposed by Waito
et al. [5] and Molfenter et al. [26], which are based
on using small thin liquid boluses like 5 mL or tea
spoon amount. By using larger amounts of 10 and
20 mL we might have found more frequent or more
severe abnormal residue compared to others [6], but
this was not the case. Together with the low frequency
of aspiration in this heterogenic population, this sug-
gests that in this population, small volumes are not
necessarily safer, neither would they reduce the risk of
post-swallow residue. This is coherent with a recent
retrospective study showing a rate of aspiration pneu-
monia as low as 8% [28].

In this study aspiration was much less common
than post-swallow residue. In particular aspiration of
solids remained absent, despite this being the most
common subjective complaint. This may be due to
patients paying more attention to careful chewing
and swallowing in the laboratory setting, compared
to being at home where dining with others is dual
tasking, increasing the risk of aspiration of accumu-
lating residue. In addition, we only tested one type of

solid food, which may have been too easy to swal-
low. Aspiration of thin liquids however was present
in a fifth, most of them having more severe oropha-
ryngeal disorders and predicted by longer disease
duration and pharyngeal residue after swallowing
20 mL of thin liquid. The latter is easy to explain,
because the larger the amount of abnormal residue,
the greater the risk of aspiration [29]. Longer disease
duration increased the risk of aspiration irrespective
of the presence of subjective swallowing complaints,
which is highly important to be aware of in clini-
cal follow-up. Furthermore, despite the known slow
progression of OPMD, it is also relevant for clin-
icians to monitor the nutritional status and weight
of OPMD patients, as those with aspiration had
significantly lower BMI, which may reflect malnu-
trition.

Chewing problems are reported by a quarter of
the OPMD patients and chewing time was more than
twice as long compared to age-matched controls. This
longer chewing time may be explained by patients’
behavior to take their time to chew to ensure that the
texture of the bolus is easier to swallow. Although
bite force was not significantly reduced on a group
level, patients with chewing complaints had a lower
bite force than those without chewing complaints.
This is relevant because muscle weakness in OPMD
is assumed to be mainly present in the pharyngeal
muscles. Only one earlier report [4] also identified
chewing complaints in OPMD, but without objective
measurement. While oromandibular weakness and
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chewing problems are common in other neuromus-
cular diseases, e.g. in Duchenne muscular dystrophy
or myotonic dystrophy [30, 31], our results now show
that biting and chewing problems are also part of the
clinical phenotype of OPMD.

Speech complaints are reported by 67% of our
patients. Although in neuromuscular diseases the
prevalence of dysarthria is high [32], detailed infor-
mation about dysarthria in OPMD was largely
missing. Some studies with various patient popula-
tions describe speech and voice changes, such as nasal
voice, decreased rate of speech or articulation prob-
lems [8, 9, 33–35]. In our study, performances on
all diadochokinetic tasks were significantly slower
compared to age-matched Dutch controls. This is in
contrast to Neel et al. [8], who showed slower rates
only for monosyllabic sequences in OPMD patients
compared to controls. This may be explained by dif-
ferences in disease severity, but Neel et al. [8] did
not report detailed patient characteristics to allow
for such a comparison. Also the mean maximum
phonation time was significantly reduced, suggest-
ing that OPMD patients are indeed at risk of flaccid
dysarthria. This implies that examination of speech
and voice with a validated dysarthria assessment [36]
is clinically useful when speech capacity or intelligi-
bility becomes a problem.

Asymptomatic carriers had already significantly
lower scores on several maximum performance tests.
They were slower during chewing, swallowing and
speaking, but did not show reduced strength on max-
imum tongue force, bite force or phonation time
(which can be interpreted as a form of expiratory
strength). Although the asymptomatic carriers form a
small subgroup, these slower performances, without
reduction of strength yet, could be an early feature of
OPMD. Also, during videofluoroscopy, three out of
four showed abnormal residue in at least one con-
sistency. Pharyngeal residue may not be clinically
relevant at first, but residue after swallowing larger
volumes (20 mL) was a four-fold risk for aspiration
in this population (OR = 4.03), suggesting problems
in the future.

Limitations

This study was not without shortcomings. The
interview was semi-structured, as its purpose was
to globally investigate any subjective complaints,
next to the questionnaire about swallowing com-
plaints. For identifying the speech problems, a
structured interview or validated questionnaire may

have revealed more detailed information. However,
only general speech questionnaires were available,
which at the time did not seem valid for this first
investigation. Secondly, bite force was measured by
a validated tool that measures the maximum bite force
with the front teeth, which does not represent full bite
force with the molar teeth. This technique might have
underestimated bite force, explaining the insignifi-
cant difference with controls. Thirdly, in our study
we observed a small number of asymptomatic gene
carriers, further research about the performance of
asymptomatic gene carriers needs to be done to con-
firm our findings.

Regarding the interrater reliability of the ratings of
pharyngeal residue in the pyriform sinus, the ICCs
were more than adequate, but with rather wide con-
fidence intervals, because the calculation was based
on a small number of observations. Meanwhile for
future experiments, the NRRS to assess pharyngeal
residue has been revised [37].

Another limitation of this study is that we did
not measure pharyngeal constriction or cricopha-
ryngeal pressures. However, we carefully measured
the severity of aspiration and post-swallow residue
of multiple consistencies revealing a pattern that is
different from what patients report. High resolution
impedance manometry (HRIM) combined with vide-
ofluoroscopy is the next step to further explain the
pathophysiology of dysphagia in OPMD.

Finally, despite the extended set of measurements,
in retrospect some clinical tests were missing. For
example regarding measurements of speech and
voice, this study suggests that spirometry may be rel-
evant to measure whether vital force capacity (VFC)
is also reduced in OPMD. Moreover, respiratory
measures could also be significant in relation to
dysphagia and coughing, in particular in the light of
respiratory diseases being an important cause of death
in OPMD [28].

For use in future clinical trials longitudinal data is
needed to determine whether the measurements used
in this study are also sensitive to change. Addition-
ally, as tongue strength is reduced in OPMD patients,
it may be a target for therapy. Currently, there are
no tongue strength training studies in neuromuscular
diseases, but it has been demonstrated that tongue
strength training improves swallowing function in
stroke patients and patients with sarcopenic dyspha-
gia [38–40]. Masticatory training using chewing gum
is another treatment option, which has been shown to
improve mastication in Duchenne muscular dystro-
phy patients [41].
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To conclude, not only swallowing, but also chew-
ing and speaking are frequently impaired in OPMD
patients, even in asymptomatic carriers. Abnormal
pharyngeal residue in OPMD patients is an early
sign and can be predicted by a decreased swallowing
capacity and decreased tongue strength. Aspiration of
solids is frequently reported subjectively, while aspi-
ration of liquids mainly seems to occur in advanced
OPMD. Based on these findings, for clinical follow-
up of swallowing, chewing, and speaking we propose
monitoring of subjective complaints and measuring
of swallowing capacity and tongue strength.
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