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Abstract

Background: Lingual pumping (LP) is a repetitive, involuntary, anteroposterior movement of the tongue on the soft
palate that is executed prior to transferring the food bolus to the pharynx, but we also observed LP when multiple
swallows were taken. LP may be associated with rigidity and bradykinesia in patients with Parkinson’s disease (PD).
This phenomenon tends to be more prevalent in dysphagic PD patients, and its impact on swallowing dynamics
remains poorly understood.

Objective: To evaluate how LP interferes with the oral and pharyngeal phases of the swallowing of foods of different
consistencies and volumes.

Methods: We used videofluoroscopy to study the swallowing of 69 PD patients performing 10 swallows of barium
mixed with foods of different consistencies and volumes.

Results: LP was associated with the unstable intra-oral organization of the bolus, the loss of bolus control, the
pharyngeal retention of food and food entering the airway. This abnormal movement was also associated with a
shorter oral transit time and was found to be more prevalent with food of thicker consistencies.

Conclusions: LP is associated with swallowing incoordination and with food entering the airway. Preventive measures
to minimise the pulmonary or nutritional consequences of this behaviour are necessary.
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What this paper adds?

What is already known on this subject?

Lingual pumping (LP) is a common finding in patients with Parkinson’s disease, and may be associated with dysphagia
and aspiration. However, the impact of LP on swallowing dynamics remains poorly understood.

What this study adds?

The data demonstrate that LP is associated with swallowing incoordination during the oral phase, the pharyngeal
retention of food and the occurrence of food entering the airway, and that LP occurs more frequently with foods of
thicker consistencies. The adoption of preventive measures, such as changing the consistency of food, may decrease
the negative impact of LP, but additional studies of the management of LP in patients with Parkinson’s disease should
be performed.

Introduction pharyngeal retention, multiple swallows, laryngeal pen-
etration, and aspiration of food (Umemoto ez 2. 2010).

Among the numerous motor and non-motor conse- Lingual pumping (LP), also called festination of
quences of Parkinson’s disease (PD), dysphagia is the the tongue or lingual rocking, is a videofluoroscopic

primary cause of mortality in PD patients (Wang finding in approximately 75% of PD patients (Troche
et al. 2002). Swallowing disorders associated with PD et al. 2007, Nébrega er al. 2008). Ali er al. (1996)
include anterior escape, premature loss of bolus, oral and described LP as a repetitive, involuntary, anteroposterior
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movement of the tongue on the soft palate that is exe-
cuted prior to transferring the food bolus to the pharynx,
but we also observed LP when multiple swallows were
taken This abnormal movement may be associated with
rigidity and bradykinesia, but its underlying pathophys-
iological mechanisms remain unclear (Bushmann ez /.
1989). Among PD patients, LP is most frequently ob-
served in those with dysphagia and food aspiration (Ali
et al. 1996, Nagaya et al. 1998). However, the effects of
LP on swallowing dynamics remain poorly understood.

During the oral phase of normal swallowing,
the tongue performs a series of stereotyped but not
invariant movements in synergy with the jaw to move
the food bolus posteriorly (Steele and Van Lieshout
2008). During mastication, the tongue moves the
bolus coordinately, placing the bolus on the teeth for
chewing and lifting the bolus from the teeth as they
close upon the bolus. The bolus is then mixed with
saliva and replaced on the teeth using a repetitive rotary
tongue movement until a manageable consistency is
reached (Logemann 2007). In PD patients, the lingual
movements are fewer and slower than normal, and
several authors have described involuntary movements
during swallowing in PD patients (Van Lieshout ez al.
2011, Ali ez al. 1996, Leopold and Kagel 1996).

We hypothesized that abnormal involuntary move-
ments, such as LD, could alter the swallowing process
and result in an uncoordinated intra-oral organization
of the bolus, which could affect the pharyngeal phase
of swallowing, resulting in post-swallowing residue and
aspiration of food. Another hypothesis is that this inco-
ordination could lead to increased oral and pharyngeal
transit times due to the difficulty of initiating the swal-
low. In addition, food boluses of different consistencies
and volumes that demand different lingual motor
efforts could affect the occurrence of LP. Therefore,
the aim of this study was to evaluate how LP interferes
with the oral and pharyngeal phases of swallowing
depending on the consistency and volume of food.

Methods
Patients

Consecutive idiopathic PD patients who presented at
the Ambulatory Movement Disorders Clinic of the Fed-
eral University of Bahia were enrolled and subjected to a
videofluoroscopic study of swallowing (VSS). PD diag-
noses were made by a certified neurologist in accordance
with United Kingdom Parkinson’s Disease Brain Bank
(UKPDBB) guidelines (Gibb and Lees 1988). The ex-
clusion criteria were as follows: the existence of other
neurological diseases, psychiatric or cognitive disorders;
head and neck cancer; and severe dysphagia (that pre-
vents the completion of the examination with food sam-
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ples of all consistencies and volumes). The majority of
the patients included in this study took levodopa and
were evaluated during the ‘on’ state of medication.

This study was approved by the local ethics commit-
tee of Bahia and was conducted according to the guide-
lines of the Helsinki Declaration (1964). All patients
signed an informed consent form before any procedure
was conducted.

Assessments

For VSS evaluations, the subjects were seated in a lat-
eral position and instructed to eat 5, 10 and 20 ml of
a suspension of thin fluid (barium mixed with water at
a 1:1 ratio) and thick fluids (pure barium); 5, 10 and
15 ml of barium paste composed of barium mixed with
Nestlé® natural yoghurt at a 2:1 ratio; and half a bis-
cuit dipped in barium (solid). These evaluations were
performed using an edible radiopaque barium sulphate
agent (Bariogel® 100%).

The following visuo-perceptual parameters of the
VSS analyses were examined:

e The type of intra-oral bolus organization, which
was divided into closed (i.e. the bolus is posi-
tioned above the tongue dorsum), open anterior-
restricted (i.e. the bolus is positioned anterior to
the tongue), open expanded (i.e. the bolus is po-
sitioned anterior to and above the tongue), pro-
longed (i.e. the bolus is spread above the tongue
from its tip to the soft palate) and unstable (i.e.
the bolus exhibits an oscillating positioning with
or without intra-oral food spill) (Yamada ez 4.
2004).

e The loss of bolus control, as determined by the
occurrence of premature loss of bolus into the oral
sulci or the pharynx before the onset of swallowing
(Ali et al. 20006).

e Start site of the pharyngeal phase, defined as the
location of the contrasted material when laryn-
geal elevation occurred (tongue base, valleculae,
ariepiglotic fold, pyriform sinuses or pharyngo-
oesophageal transition).

e Multiple swallows, defined as more than three
hard swallows after posterior bolus propulsion.

e Piecemeal deglutition, in which the bolus was frac-
tionated into many swallowing units.

¢ Retention on the tongue or in the pharyngeal re-
cesses, in which the contrasted material remained
in the valleculae or the pyriform sinuses, on the
posterior pharyngeal wall or in the pharyngo-
oesophageal transition zone after the first swallow
was performed.

e Food entering the airway, which was defined as
the laryngeal penetration and/or aspiration of the
contrasted material.
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During the examination, when multiple swallows or
piecemeal deglutition were observed, only the first swal-
low in the series was analysed for each bolus.

The temporal parameters included the oral transit
time (OTT), which was defined as the period from the
first anteroposterior movement of the tongue until the
head of the bolus passed through the mandibular angle,
and the pharyngeal transit time (PTT), which was de-
fined as the period from when the bolus tail passed the
mandibular angle until it passed through the cricopha-
ryngeal region (Troche ez al. 2007). OTTs of up to 2 s
were considered to be normal, except in the case of
solids, when OTTs as long as 18 s were considered nor-
mal to account for the mastication period. In all cases,
a PTT longer than 1 s was considered to be abnormal
(Logemann 2007).

Statistical analyses

The data were analysed using R software, version 3.0.2.
Descriptive values are presented as the mean =+ stan-
dard deviation (SD). Cochran—Mantel-Haenszel tests
were used to evaluate the association between LP and
the qualitative data for swallowing while controlling for
food consistency and volume. Marginal logistic regres-
sion was performed for the following two analyses: the
LP and food consistency and the LP and food volume.
Subsequently, the results of the latter analysis were cor-
rected using the Holm—Bonferroni method for multiple
comparisons. The analysis between LP and temporal
parameters was performed using marginal log-linear re-
gression.

Results

Of the 71 patients enrolled in this study, 69 com-
pleted the VSS protocol. Prior to the examinations, all
patients had a history of ingesting food of all consisten-
cies through their mouths without any restrictions or
having to use an alternative pathway. During the VSS
studies, two patients experienced severe aspiration of
food of one or more consistencies, which prevented them
from completing the examination with all the food con-
sistencies and volumes investigated in this study. These
two patients were excluded from the study and referred
for speech therapy. The study population included 44
men and 25 women; the mean age of the study par-
ticipants was 63.36 & 11.62 years. The mean disease
duration was 7 &+ 5.2 years; the mean Hoehn & Yahr
stage was 2.3 £ 0.9. Thirteen patients (18.84%) ex-
hibited LP. The swallowing assessments of 69 patients
resulted in 690 swallowing events (10 per patient), 52
(7.54%) of which involved LP.

Table 1 presents the associations between LP and
swallowing abnormalities. The occurrence of LP was
associated with the unstable positioning of the food
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bolus, the loss of bolus control with food spillage into
the anterior sulci and the floor of the mouth, retention
in the pharyngo-oesophageal transition zone and food
entering the airway.

No association was observed between LP and lingual
tremor (p = 0.7151).

With respect to the duration of deglutition, LP was
associated with a shorter OTT (a mean value of 4.22 +
6.85 ms in PD patients without LP versus a mean value
of 2.47 £ 2.64 ms in those with LP; Exp(8) = 0.58;
p = 0.0031). However, no significant association be-
tween LP and PT'T was detected (a mean value of 0.857
£ 0.911 ms in PD patients without LP versus a mean
value of 1.005 =% 1.007 in patients with LP; p = 0.545).

When we investigated the occurrence of LP with
respect to food consistency, we noted that the likelihood
of LP increased with increases in food consistency. The
thick fluid was associated with a 2.89-fold increase in LP
when compared with the thin fluid (p = 0.0297), and
barium paste increased the occurrence of LP 3.57-fold
compared with the thin fluid (p = 0.0088) (figure 1).
No significant differences in LP were observed between
the paste material and the thick fluid, the solid food
and the thin fluid, the solid food and the thick fluid
and the solid and the paste material (p = 0.7483, 0.6789,
0.2491 and 0.2616, respectively).

Using marginal logistic regression analysis, no asso-
ciation was detected between the occurrence of LP and
food volume. For thin fluids, the comparisons of LP
between 5 and 10 ml, 5 and 20 ml, and 10 and 20
ml yielded p-values of 1, 0.57 and 0.57, respectively.
For thick fluids, these p-values were 1, 0.16 and 0.16,
respectively. For food paste, the comparisons of LP be-
tween 5 and 10 ml, 5 and 15 ml, and 10 and 15 ml
yielded p-values of 0.71, 0.48 and 0.32, respectively. We
did not perform this analysis with solid foods because
only one volume using this consistency was tested.

Discussion

The data reveal that LP is associated with swallowing
incoordination during the oral phase, pharyngeal reten-
tion of food and food entering the airway. The results
also demonstrate that LP was more frequent with food
of thicker consistencies.

According to the findings, LP increased the occur-
rence of unstable positioning of the bolus above the
tongue prior to its propulsion to the pharynx. As a re-
sult, mostly intraoral leaks occurred, and food was trans-
ferred into the pharynx in an uncoordinated manner.
Because LP interferes with the coordination of tongue
movements for the correct propulsion of the bolus, LP
also increases bolus retention in the pharyngeal recesses
after swallowing and can contribute to laryngeal pene-
tration and/or aspiration of food in PD patients. Nagaya
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Table 1. Associations between lingual pumping and swallowing abnormalities
Lingual pumping

Swallowing abnormality Absent (%) Present (%) p-value
Closed 47.20 24.49

Type of intra-oral bolus organization Open anterior restricted 11.71 8.16
Open anterior expanded 12.24 14.29 0.0161*
Prolonged 12.06 12.24
Unstable 16.78 40.82

Loss of bolus to anterior sulci Absent 89.50 73.08 0.0017*
Present 10.50 26.92

Loss of bolus to lateral sulci Absent 95.45 90.38 0.1473
Present 4.54 9.62

Loss of bolus to mouth floor Absent 79.00 61.54 0.0053*
Present 21.00 38.43

Posterior loss of bolus Absent 69.94 57.69 0.0936
Present 30.56 42.30

Start site of the pharyngeal phase Tongue base/valleculae 77.90 71.15 0.2186
AEF/PS/PET 22.10 28.85

Multiple swallows Absent 44.98 36.54 0.4378
Present 55.02 63.46

Piecemeal deglutition Absent 76.18 69.23 0.2188
Present 23.82 30.77

Retention on tongue Absent 95.14 94.23 0.8608
Present 04.86 05.77

Retention in vallecula Absent 79.62 75.00 0.8958
Present 20.38 25.00

Retention in PS Absent 93.57 86.54 0.2043
Present 06.43 13.46

Retention in AEF Absent 98.59 96.15 0.5268
Present 01.41 03.85

Retention in PET Absent 95.61 80.77 0.0001*
Present 04.39 19.23

Food entering the airway Absent 95.14 88.46 0.0287*
Present 4.86 11.54

Note: AEF, aryepiglottic fold; PS, pyriform sinus; PET, pharyngo-oesophageal transition. *Significant statistical difference (p < 0.05).
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Figure 1. Percentage of swallows involving lingual pumping accord-
ing to the consistency of the food.

et al. (1998) performed VSS studies in PD patients and
reported repetitive tongue pumping only in the group
exhibiting aspiration. The results thus confirm that LP

can interfere with both the oral and pharyngeal phases
of swallowing, including the organization of the bolus
within the oral cavity, bolus transfer to the pharynx and
the mechanisms of airway protection.

Concerning the impact of LP on the duration of
swallowing, the occurrence of LP was associated with
lower OTTs in our study. This result may be explained
by the accelerated motion of the tongue during this
activity, which can result in more rapid but less coordi-
nated deglutition. Troche ez a/. (2007) reported a pos-
itive correlation between the number of lingual pumps
and OT'T. In our study, we did not quantify the number
of lingual pumps; our analysis consisted only of identi-
fying whether each individual exhibited LP.

With respect to the relationship between LP and
food consistency, Troche ez al. (2007) observed a higher
number of lingual pumps with thicker foods in PD pa-
tients, which is consistent with our results. The lack
of resistance to the flow of thin liquids may reduce
the extent of oral manipulation required, whereas more
tongue movement may be required to move thicker lig-
uids within the oral cavity, which could thus demand a
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larger amount of motor energy. Moreover, bradykinesia
can cause a loss of motor energy and can predispose PD
patients to the onset of LP when eating food of thicker
consistencies (Hallett 2011).

Logemann ez al. (2008) reported that reductions in
the aspiration of thin liquids occurred most frequently
with honey thick liquids followed by nectar thick lig-
uids and highlighted the importance of managing the
consistency of food to reduce the chance of aspiration in
dysphagic patients. In our study, the occurrence of aspi-
ration was also observed to be greater with thin liquids
than with thick liquids and pastes. In contrast, the occur-
rence of LP exhibited the opposite trend, increasing in
frequency as the consistency thickened. The strongest
association between LP and aspiration occurred with
the thick liquid consistency. However, it is important to
emphasize the fact that the thick fluid material we used
consisted of pure barium that was not diluted with water
(as was the thin liquid) or mixed with yoghurt (as was
the material of the paste consistency), which could have
led to more pronounced rheological characteristics, such
as adhesion, and increased the difficulty of swallowing
this substance.

One interesting finding of our study was the
observed reduction in the occurrence of LP with solid
foods. This result may be explained by the high levels of
oral manipulation that mastication requires. In addition,
the masticatory movements may require different types
of motor control that may reduce the appearance of
this abnormality. Hiiemae and Palmer (1999) have
described the technique of food movement within the
oral cavity during its processing as a ‘push—pull’ system
in which food is pushed backward using a ‘squeeze-back’
mechanism and is intermittently pulled forward by the
bodily movement of the tongue. This food-movement
process, when associated with the constant contact
between the tongue and hard palate, is likely to promote
constant sensory input that affects motor performance.

Dantas ez al. (1990) analysed the effects of bolus
variables on the oral and pharyngeal phases of swal-
lowing and reported that the magnitude of the anterior
movement of the tongue base during swallowing in-
creased linearly with increasing bolus volume. Although
movements of larger amplitude can increase the extent
of kinaesthetic feedback and larger food volumes can
result in better sensory input, we hypothesized that in-
creasing food volume would reduce the occurrence of
LP (Van Lieshout ez al. 2011). However, in our study,
the 20-ml volume was offered in a cup, and most of
the patients did not consume the entire 20 ml at once.
Thus, we cannot determine the exact volume ingested,
making such an analysis unfeasible.

It is interesting to note that most of our patients had
PD with low Hoehn & Yahr staging, and it is possi-
ble that changes in the ability of patients to move their
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tongue may begin in the early stages of PD. Van Lieshout
et al. (2011) also reported changes in the lingual move-
ment abilities of PD patients during the early stages of
disease, but further studies should be conducted to clar-
ify the relationship between the severity of dysphagia
and the severity of PD.

We also must stress that we observed lingual tremors
in some patients, but the tremors were not associated
with LP. Moreau et al. (2007) studied oral festina-
tion during orofacial diadochokinetic tasks and reported
an association between oral festination and the festina-
tion of gait, but not with the freezing of gait or periph-
eral tremors. The authors concluded that oral festination
shares the same pathophysiology as disorders of gait and
that tremors and festination may arise through different
mechanisms.

With respect to the management of LP, we did not
find any studies that evaluated the effect of treatments
on reducing LP. Furthermore, the effect of drugs or
deep-brain stimulation (DBS) on LP remains poorly
studied. Cantiniaux ez al. (2014) reported that lev-
odopa and DBS did not improve the velocity or the
thythm of speech. The reported effects of levodopa
on swallowing are also inconsistent (Menezes and Melo
2009). Although there is a strong association between
festination of gait and festination of speech, the rela-
tionships of these variables with LP during swallowing
have not been established, and it is difficult to predict
whether these interventions might alleviate LP in PD
patients.

Understanding the neurophysiological mecha-
nisms underlying LP is necessary to define the optimal
therapeutic interventions to reduce this symptom. More
studies investigating the effects of levodopa and DBS on
LP are necessary to clarify the mechanisms involved in
the neurological control of the tongue and swallowing
in PD patients. In addition, studies of preventive mea-
sures, such as changing the consistency and/or volume
of food or the adoption of tools that facilitate better
organization of the bolus, should also be conducted.

Because LP is associated with swallowing incoor-
dination and food entering the airway, it may increase
morbidity and mortality in PD patients. However,
more studies are necessary to clarify the role of this
repetitive tongue movement in swallowing and the
mechanisms associated with its occurrence. Recogni-
tion of this alteration and its potential effects on the
morbidity of PD patients may lead to the elucidation
of optimal treatments for LP in this population.
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