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Abstract: The swallowing movements of 22 ambulant patients with Parkinson’s disease were
examined by videofluoroscopy, 15 spouses serving as controls. The relation between bolus volume and
movement of the hyoid bone was studied in the lateral view to assess the adaptation of the pharynx
musculature. Although movement characteristics of the hyoid varied considerably both intra- and
interindividuaily, mean values followed typical patterns. In controls, the position of the hyoid before
the start of the swallow tended to be lower as the bolus volume increased, apparently to create space in
the oral cavity by lowering the floor of the mouth. This trend was not seen in the group of Parkinson
patients. We suppose that this specific lack of adaptation represents hypokinesia. The amplitude of the
hyoid movement did not change with increasing bolus volumes, either in patients or in controls.
Moreover, Parkinson patients had many more aborted swallowing movements (“hesitations™) than con-
trols, probably representing defective switching from the voluntary phase of swallowing to the involun-
tary, automatic phase.

Résumé: Influence du volume du bolus sur les mouvements hyoidiens chez des individus normaux et chez de
patients atteints de la maladie de Parkinson. Nous avons examiné par vidéofluoroscopie les mouvements de dé-
glutition chez 22 patients ambulants atteints de la maladie de Parkinson et chez 15 conjoints(es) servant de contdles.
Nous avons étudié la relation entre le volume du bolus et les mouvements de 1’os hyoide en vue latérale pour éva-
luer I’adaptation de la musculature pharyngée. Bien que les caractéristiques du mouvement de 1’os hyoide variaient
considérablement chez un méme individu et entre les individus, les valeurs moyennes avaient des profils typiques.
Chez les contréles, la position de 1’os hyoide avant le début de la déglutition avait tendance a étre plus basse quand
le volume du bolus augmentait, pour créer, semble-t-il, de I'espace dans la cavité buccale en abaissant le plancher
de la bouche. Cette tendance n’était pas observée dans le groupe de patients. Nous supposons que ce manque
d’adaptation spécifique représente de I’hypokinésie. L'amplitude du mouvement hyoidien ne changeait pas avec
I’augmentation du volume du bolus chez les patients ou chez les contrdles. De plus, les patients avaient beaucoup
plus de mouvements de déglutition avortés (“hésitations™) que les contrdles, ces mouvements étant probablement
une transition défectueuse de la phase volontaire 2 la phase automatique involontaire de la déglutition.
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The swallowing movement is adjusted to varying demands of
different bolus characteristics such as consistency, viscosity,
elasticity, volume, and to different head and neck postures.’

Several abnormal swallowing patterns have been observed in
patients with Parkinson’s disease (PD); they comprise changes
such as abnormal bolus formation, abnormal tongue movements,

The aims of the present study were to quantify the hyoid
movement characteristics of swallowing in PD and to investigate
the influence of bolus volumes on these characteristics in PD
and in controls.

SUBJECTS AND METHODS

delayed swallowing reflex, piece-meal deglutition, decreased
pharyngeal peristalsis, vallecular and piriform sinus residue, and
aspiration.>”?

During the swallowing movement, aspiration is prevented
both by ventro-cranial movement of the larynx and by its closure
by means of the backfolding epiglottis. In the very complex
movement required, the hyoid bone takes a central role. Its move-
ments can be easily measured in the lateral fluoroscopic view.
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Subjects
Twenty-two out-patients with idiopathic Parkinson’s disease,
17 men and 5 women (mean [SD] age, 62.7 [9.9] years) were
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recruited. They were in modified Hoehn and Yahr® stage 1.5
n=4),2(n=7),25(n=135),3 (n=23) or 4 (n=3); their mean
(range) UPDRSS rating was 31 (14-86), whereas their mean dura-
tion of illness was 6.7 (3.7, 3-18) years. Patients with dementia
(Mini-Mental State < 24),7 apparent depression, Stage 5 of Hoehn
and Yahr, other neurological or internal disorders interfering with
swallowing or pulmonary function were excluded.

Spouses of the patients were asked to serve as controls. They
completed a small questionnaire about their general health. This
group comprised 4 men and 11 women with a mean age of 63.0
(9.7) years.

METHODS

Ten patients had discontinued their anti-Parkinson medica-
tion on our request, from midnight until examination at about [ 1
a.m. whereas the remaining 12 preferred to continue. All
subjects were studied under standard conditions. They were
seated upright with their heads in neutral position. To minimize
associated movements of the head and cervical spine, subjects
were asked to stabilise their heads against an occipital support
device. They were also asked to keep their teeth closed during
swallowing, as previously performed tests and literature® had
made clear that some subjects have the tendency to drop the
mandible during the swallowing movement to provide extra
space for larger bolus volumina.

Each subject successively swallowed 5 different volumes of
barium-opaque fluid, 3, 6, 9, and 12 ml successively, followed
by a “dry swallow” (0 ml). Videofluoroscopy and a 48
images/second videocountertimer were used to record the move-
ments of pharynx and cervical oesophagus in the lateral projec-
tion. Movements of the hyoid bone were analyzed frame by
frame. A transparent sheet was fixed upon the monitor screen, to
follow the position of the hyoid during the swallowing move-
ment, providing a time-place diagram. The direction of the axis
parallel to the cervical spine was chosen as the Y-axis of the
hyoid movement. The height of C3 was taken as a measure of
length. The features studied comprised the vertical distance
between the starting and the final (= “resting”) hyoid position,
referred to as “displacement”, the maximum vertical hyoid
movement (= “amplitude”) during “complete” swallowing and
its amplitude during “hesitations”, i.e., aborted swallowing
movements. For detailed description and definitions, see Figures
IA and 1B.

In case of multiple swallows for one bolus, the resting posi-
tion after the last swallow was used.

The study was approved by the Medical Ethical Committee
of the Leiden Academic Hospital. Informed consent was given
by patients and spouses.

RESULTS

During the movement in superior direction, the hyoid bone
occasionally moved behind the mandible in 5 subjects. Of these,
the bone could be detected through the mandibular shadow in 2
cases, but was lost in 3 persons. In the latter, the mandibular
edge was substituted for the most cranial position. The resulting
error was neglected. One patient was excluded because the
hyoid shadow was so faint that it was repeatedly lost. Patients
who had discontinued their medication showed similar mean
values for all measured variables as the patients who had not.
Mean values did not differ between sexes. Accordingly, all
patients were analyzed as one single group.
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Table 1. Displacement and amplitude of the hyoid movement in
patients and controls related to bolus volume.

Volume  Patients Controls
(m)) (n=21) (n=15) P-value'
Mean displacement (SD) 0 =33(l6) -1.721) 03810
(% vertebral height C3) 3 -3.1(25) -25.7(28) 0.018
6 -2.4(27) -22.3(28) 0.040
9 -3.6(26) -38.2(26) 0.001
12 -6.7(29) -32.1(27) 0.012
Mean amplitude (SD) 0 1.3(04) 1.2(0.3)
(* vertebral height C3) 3 1.2(04) 1.0(0.3)
6 1.1(0.4) 1.000.3)
9 1.2(04) 1.0(0.3)
12 1.2(0.5)  1.1(0.3)

'For the difference between patients and controls, Student t-test for two
groups, one-tailed. P-values for differences in amplitude are > 0.05.
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Figure 1A: Graph shows the normal movement of the hyoid during
swallowing in lateral projection. A: hyoid moves craniodorsally. B:
hyoid moves cranioventrally. C: hyoid moves dorsocaudally.
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Figure 1B: Definitions of movement characteristics of the hyoid bone
in lateral view.
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Vertical Hyoid Displacement in Relation to the Bolus
Volume (Table 1)

With a dry swallow the starting position of the hyoid was
approximately equal to that at the end of the swallowing move-
ment (resting position) in both patients and controls. With vol-
umes larger than 0 ml the starting position of the hyoid bone of
controls consistently tended to be lower than the resting position.
By contrast, the starting position of the hyoid bone of patients
did not change with increasing bolus volumes. It should be
noted that variations of displacement were considerable. A regu-
lar pattern emerged, however, after calculation of mean values.

Vertical Amplitude of the Hyoid Movement in Relation to
the Bolus Volume (Table 1)

Swallows with increasing bolus volumes showed no evident
variation in amplitude, neither in patients nor in controls. The
average amplitude for patients and controls at all volumes was
similar.

Amplitude of Hesitations in Relation to the Amplitude of
Complete Swallowing Movements

We counted a total number of 57 hesitations of the hyoid in
patients vs. 11 in controls.

The magnitude of the amplitudes of complete swallowing
movements was significantly correlated with the magnitude of
amplitudes of hesitations (n = 68, r = 0.67, p < 0.01). The aver-
age amplitude of a hesitation was about half the magnitude of
the superior excursion of the hyoid (mean [SD], 50.6% [14.3]).

DISCUSSION

In “dry” swallows, the hyoid returned to its starting point,
underlining the cyclic nature of this movement. In controls, the
starting point was lowered proportionally to the bolus volume.
We assume that this displacement represents one of the adaptive
mechanisms to create space in the oral cavity, being the result of
lowering the floor of the mouth. This bolus volume-related dis-
placement has been observed by others,*® although it was inter-
preted in a somewhat different way. Surprisingly, this adaptive
descent of the hyoid was not seen in the group of Parkinson
patients. This lack of adaptation to larger boluses was interpreted
as a form of hypokinesia. This leaves us with the question how
Parkinson patients enlarge their oral cavity to accommodate
larger volumes. Alternative ways are lowering of the mandible
and filling the cheek-pouches. The first possibility was excluded
by asking the subjects to close their teeth. The second possibility,
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filling the cheek-pouches, is suspected in some subjects, but has
not been investigated systematically.

Another finding was the normal amplitude of the hyoid
movement in Parkinson patients. Thus, hypokinesia does not
seem to be expressed in this aspect of movement.

A third observation was the increased frequency of hesitations
in Parkinson patients. The amplitude of these abortive move-
ments was similar to that of controls: about 50% of the “com-
pleted” movements. An increased proportion of hesitations has
been described as an age-related phenomenon.'’ This cannot be
the explanation in our patients, as the controls had a similar age-
distribution. Therefore, we suppose that the high rate of hesita-
tions in PD reflects the increased difficulty in switching from
the voluntary initiation of the swallow to the automatic continu-
ation, resembling the well known problem of switching to the
automatism of walking in PD.
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