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Objective To demonstrate the effects of chin-down maneuver on swallowing by using high-resolution manometry
(HRM).

Methods HRM data of 20 healthy subjects and 64 dysphagic patients were analyzed. Participants swallowed 5 mL of
thin and honey-like liquids in neutral and chin-down positions. HRM was used to evaluate maximal velopharyngeal
pressure/area, maximal tongue base pressure/area, maximal pharyngeal constrictor pressure, pre-/post-swallow upper
esophageal sphincter (UES) peak pressure, minimal UES pressure, UES activity time, and nadir duration.

Results Compared to the neutral position, the chin-down maneuver significantly increased tongue base pressure in
both normal and dysphagic groups as well as for both honey-like and thin viscosities, although the honey-like liquid did
not reach statistical significance in the dysphagic group. Regarding pharyngeal constrictors and pre-swallow peak UES
pressure, the healthy group showed a significant decrease in thin liquid swallowing and decreasing tendency in honey-
like liquid swallowing. UES nadir duration was significantly decreased for honey-like liquid swallowing in the dysphagic
group and for both thin and honey-like liquids in the healthy group. UES nadir duration of honey-like and thin flow
swallowing in the dysphagia group was 0.26 seconds after the chin-down maneuver, which was severely limited.
Conclusion This study showed a different kinetic effect of the chin-down maneuver between the healthy and dysphagic
groups, as well as between thin and honey-like viscosities. The chin-down maneuver increased tongue base pressure
and decreased UES nadir duration, which the latter was severely limited in dysphagic patients. Therefore, appropriate
application of the chin-down maneuver in clinical practice is required.
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INTRODUCTION

The chin-down maneuver has been applied widely to
reduce the risk of laryngeal penetration or aspiration [1,2].
Early videofluoroscopic swallowing study (VFSS) showed
that widening of the vallecular space allows for greater
capacity of holding pre-swallow spillage and pre-swallow
aspiration. Moreover, the maneuver induces narrowing
of the distance between the base of the tongue and the
posterior pharyngeal wall, improving airway protection
and increasing pressure on the bolus for descent [3].

Although the chin-down maneuver has had clinical
popularity, the protective mechanism has not been clear-
ly defined to date, and the clinical effect has not always
been dramatic. A recent study reported that only half of
the patients with neurologically involved dysphagia were
able to reduce aspiration via the chin-down maneuver
[4,5]. Another study suggested that using the maneuver
with thin liquids was not effective in preventing aspira-
tion compared with using thick liquids alone [6].

Nowadays, high-resolution manometry (HRM) is com-
monly used for the evaluation of oropharyngeal dyspha-
gia [7,8]. A few HRM studies reported negative (reduction)
effects on pharyngeal maximal pressure during the chin-
down maneuver, suggesting that the chin-down maneu-
ver would make swallowing worse for patients with weak
pharyngeal constrictor muscles [2,9]. However, the re-
sults are hard to generalize because the studies were per-
formed only with thin liquid on healthy subjects [2,10,11].
In addition, little is known about the influence of the
chin-down maneuver with various pharyngeal structures
and various viscosity diets. It is common for patients with
dysphagia to be on viscosity-controlled diets, such as
honey- or nectar-like diets. Thus, it is essential to clarify
the effects of the chin-down maneuver on viscosity for
better applicability in clinical practice.

The first objective of this study was to demonstrate the
effects of the chin-down maneuver on the generation of
pharyngeal pressure in both healthy subjects and dys-
phagic patients. The second objective was to determine
the effects of viscosity on the generation of pharyngeal
pressure during the chin-down maneuver. HRM was
used for the analysis.
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MATERIALS AND METHODS

Participants

A total of 20 healthy subjects and 64 dysphagic patients
were retrospectively reviewed and analyzed in this study.
The study included data from 20 healthy subjects and 20
dysphagic patients (IRB No. B-1507/306-002, BD2013-
155), which were prospectively collected. In addition, ret-
rospective data on 44 dysphagic patients were collected.

Table 1. Demographic characteristics of participants

Characteristic Dz’:l;l;‘glc Ig:::lzt:;)y
Sex
Male 37 12
Female 27 8
Age (yr) 65.05+12.14 40.45+15.08
Diagnosis -
Brain lesion (n=20)
Stroke 14 -
Brain tumor 2 -
Cerebral palsy 2 -
Neurodegenerative disease 2 -
Neuromuscular disease (n=27)
Motor neuron disease 24 -
Myopathy 1 -
SLE myopathy 1 -
Myasthenia gravis 1 -
Peripheral neuropathy (n=4)
ANCA-associated vasculitis 1 -
Herpes zoster 1 -
Guillain-Barré syndrome 1 -
Laryngeal neuropathy 1 -
Miscellaneous (n=13)
Cervical SCI 8 -
Deep neck abscess 1 -
Cervical dystonia 1 -
Deconditioning 4 -
Globus 4 -
Years after onset
Brain lesion 1.17+1.96 -
Neuromuscular disease 2.45+2.82 -
Peripheral neuropathy 0.33+0.39 -

Values are presented as meantstandard deviation.
SLE, systemic lupus erythematous; ANCA, antineutrophil
cytoplasmic antibody; SCI, spinal cord injury.



Chin-Down Maneuver and Pharyngeal Pressure Generation

All healthy subjects had no neurological deficits and
swallowing difficulties. For the dysphagic group, patients
who reported any kind of dysphagia symptoms and were
able to follow the instructions appropriately to perform
the chin-down maneuver were included, and those who
were uncooperative for any reason (e.g., severe cognitive
impairment, psychiatric disorder), with unstable vital
signs, or unable to perform the chin-down maneuver for
any reason were excluded.

The healthy group consisted of 12 men and 8 women,
with an average age of 40.45+15.08 years. The dysphagic
group consisted of 37 men and 27 women, with an aver-
age age of 65.05+12.14 years. Detailed characteristics
are presented in Table 1. This study was approved by the
Institutional Review Board at Seoul National University
Bundang Hospital (IRB No. B-1809-493-103).

Procedure

Twenty healthy subjects and 59 dysphagic patients
swallowed 5 mL of thin liquid (viscosity range, 1-50 cP)
[12] while in neutral position, followed by 5 mL of thin
liquid while in chin-down position. Among them, 10
healthy subjects and 15 dysphagic patients swallowed 5
mL of honey-like liquid (viscosity range, 351-1,750 cP)
[12] while in neutral position and performing chin-down
maneuver, consecutively (Fig. 1). Instruction for the
chin-down maneuver was “move your chin-down, com-
fortably’, which was adapted from the instruction used by
the literatures [1,13]. All swallows were performed twice,
and the average values were used for the analysis.

Before HRM assessment, a topical anesthetic spray (10%
lidocaine) was applied through the nasal cavity. To allow
the manometric catheter to pass easily through the phar-
ynx, it was lubricated using 2% lidocaine jelly. With the

catheter positioned at the pharynx, participants took rest
for 5-10 minutes for adaptation before swallowing [14].

Pressure and timing events were recorded with a 32-cir-
cumferential pressure sensor HRM catheter (INSIGHT
HRIM; Sandhill Scientific Inc., Highlands Ranch, CO,
USA). Each sensor was positioned along the entire phar-
ynx, post the nasal passage and had its own channel in
a spatiotemporal plot generated by a software. Pressure
and timing data were extracted using BioVIEW Analysis
software (Version 5.6.3.0; Sandhill Scientific Inc.).

The channels of interest were velopharynx (VP), tongue
base (TB), epiglottis, pharyngeal constrictors, and pre-
and post-swallow upper esophageal sphincter (UES).
These channels were defined manometrically in accor-
dance with previous reports [7,14-16]. Variables included
maximal pressure and area integral in regions of VP and
TB. The maximal pressure was measured in the pharyn-
geal constrictors [8,14]. In UES, pre-swallow maximal
pressure, post-swallow maximal pressure, minimal pres-
sure, activity time (the interval between pre-swallow peak
and post-swallow peak), and nadir duration (duration of
relaxation after pre-swallow UES constriction) were also
measured. Because some channels were not distinctly
defined, the pressure values were selected for the highest
and lowest values among the probable consecutive chan-
nels [8,14]. Recent articles provide a more detailed meth-
odology of HRM [14,17].

Statistical analysis

All statistical analyses were carried out using SPSS Sta-
tistics version 22.0 for Windows (IBM, Armonk, NY, USA).
Paired t-test was used to evaluate the effect of chin-down
maneuver compared with neutral position on swallow-
ing of thin liquid. For the evaluation of honey-like liq-

- Retrospectively collected data: patients (n=44)

Healthy subjects (n=20), dysphagic patients (n=64)
- IRB No. BD2013-155: healthy (n=10), patients (n=13)
- IRB No. B-1507/306-002: healthy (n=10), patients (n=7)

v v

v

Thin & Honey-like Only thin liquid
- Healthy subjects (n=10) - Healthy subjects (n=10)
- Dysphagic patients (n=10) - Dysphagic patients (n=49)

- Dysphagic patients (n=5)

Only honey-like liquid

v v

Thin liquid
- Healthy subjects (n=20)
- Dysphagic patients (n=59)

Honey-like liquid
- Healthy subjects (n=10)
- Dysphagic patients (n=15)

Fig. 1. Flow chart of the study.
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uid, Wilcoxon signed-rank test was used, because the
assumptions of parametric statistical analysis were not
satisfied when comparing the changes after chin-down
maneuver between the dysphagic group and the healthy
group. Moreover, Student t-test was used to evaluate thin
liquid, and Mann-Whitney U test was used to evaluate
honey-like liquid, since the assumptions of parametric
statistical analysis were not satisfied. Values of p<0.05
were considered statistically significant for all compari-
sons.

RESULTS

Compared with thin liquid swallowing in neutral posi-
tion in dysphagic patients (n=59), swallowing in chin-
down position was associated with significantly increased
maximal pressure and area of TB contraction by 14.6%,
from 92.6 to 106.1 mmHg (p<0.001), and 22.9% (p<0.01),
respectively. Swallowing in chin-down position was also
significantly associated with a 7% reduction in the mean
maximal VP pressure in thin liquid swallowing (p<0.05)
(Table 2, Fig. 2).

Table 2. The changes of pharyngeal pressure parameters after the chin-down maneuver in the dysphagic patients

Thin (n=59) Honey-like (n=15)
Neutral Chin-down p-value® Neutral Chin-down p-value”
Max. pressure of VP (mmHg) 166.3£70.1 154.0+73.5 0.036  150.0+96.0 149.5%+92.6  0.733
Area of VP contraction (mmHg/s) 39.7+23.6  38.9+26.2 0.708 43.6x45.3 47.0+42.8  0.363
Max. pressure of TB contraction (mmHg) 92.6+44.0 106.1+49.7 0.001 114.5+41.9 133.5%+62.5 0.078
Area of TB contraction (mmHg/s) 38.0+23.2 46.7+34.5 0.009 43.9+22.4  51.4429.5 0.088
Max. low pharyngeal peak pressure (mmHg) 329.3+131.6 324.3£141.7 0.636  365.8£103.7 355.6£109.6 0.999
Pre-swallow peak UES pressure (mmHg) 116.7+68.1 116.1+67.2  0.934  120.1+55.7 122.3+74.0  0.865
Post-swallow peak UES pressure (mmHg) 209.8+110.6 119.2+105.3 0.110  266.8+99.6 250.8+90.7  0.334
Min. UES pressure (mmHg) -9.246.7 -8.0+7.2 0.117 -0.1+£20.8  -4.6%5.0 0.842
UES activity time (s) 0.72+0.21  0.72+0.19 0.915 0.82+0.23  0.74+0.19  0.070
UES nadir duration (s) 0.26+0.13  0.26+0.12 0.669 0.30£0.14 0.26x0.14  0.016

Values are presented as meantstandard deviation.

VP, velopharynx; TB, tongue base; UES, upper esophageal sphincter.

“Paired t-test, "Wilcoxon signed-rank test.
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Swallowing honey-like liquid in chin-down position in
dysphagic patients (n=15) increased the mean maximal
pressure and the area of TB contraction by 16.6%, from
114.5 to 133.5 mmHg (p=0.078), and by 17.1% (p=0.088),
respectively. UES nadir duration was decreased by 0.04
seconds (p<0.05) while swallowing honey-like liquid in
chin-down position (Table 2, Fig. 2).

When swallowing thin liquid in healthy subjects, the
chin-down maneuver compared with the neutral posi-
tion increased the mean maximal pressure and area of
TB contraction significantly by 10.3%, from 144.4 to 159.3
mmHg (p<0.05), and by 15.7% (p<0.05), respectively. The
pre-swallow peak UES pressure and maximal pharyngeal
constrictors peak pressure decreased by 36.6%, from
223.0 to 141.3 mmHg (p<0.05), and by 13%, from 372.9 to
322.9 mmHg (p<0.05), respectively. UES nadir duration
also decreased from 0.35 to 0.30 seconds (p<0.05) in the
chin-down position. When swallowing honey-like lig-
uid in healthy subjects, as in the case of thin liquid, the
area of TB contraction increased by 14.5% (p<0.05), and
minimal UES pressure increased from -6.0 to -2.4 mmHg
(p<0.05) (Table 3).

When comparing the changes of swallowing of thin
liquid in chin-down position between the healthy and
dysphagia groups, the former showed a significant de-
crease in the post-swallow peak UES pressure (healthy vs.
patients, -31.1 mmHg vs. -10.7 mmHg; p<0.01) and UES
activity time (healthy vs. patients, -0.02 seconds vs. 0.00
seconds; p<0.05). There was no significant difference of

honey-like liquid swallowing between the two groups
(Table 4, Fig. 3).

DISCUSSION

Manometry has commonly been used for esophagus
physiology [18], and a few manometry studies evaluating
the chin-down effect focused on the pharyngeal structure
[2,10,11]. In addition, manometric catheters containing
three to five unidirectional sensors have traditionally
been used to measure pharyngeal pressures. Asymmetric
structure of the pharynx and its intricate skeletal muscle
contractions hindered accurate assessment [19,20].
Traditional manometry studies evaluating the chin-
down maneuver showed various results, such as reduc-
tion [2,11] and no changes of pharyngeal pressure [10].
Some suggested that patients with pharyngeal weakness
should be treated with caution when in the chin-down
position [2,10,11]. However, the effects of the chin-down
maneuver are not conclusive and require more detailed
research with diets of varying thicknesses. Moreover,
most of the previous studies were performed in healthy
subjects [2,10,11], and to the best of our knowledge, only
a few studies were performed incorporating only a small
number of dysphagic patients (7 or 8 patients) [21,22];
moreover, no study was performed to compare the pha-
ryngeal pressure generation between healthy subjects
and dysphagic patients.

HRM seems to be the most objective measure of the

Table 3. The changes of pharyngeal pressure parameters after the chin-down maneuver in the healthy subjects

Thin (n=20) Honey-like (n=10)

Neutral Chin-down p-value® Neutral Chin-down p-value”
Max. pressure of VP (mmHg) 208.9+94.4 213.0+91.8  0.600 221.9+87.3 230.5%70.6 0.878
Area of VP contraction (mmHg/s) 55.3+35.0 58.9+34.5 0.409 48.1+31.5  49.2+23.6 0.799
Max. pressure of TB contraction (mmHg) 144.4+28.6 159.3+32.8 0.023  143.5%29.9 147.5+23.6 0.721
Area of TB contraction (mmHg/s) 54.7+18.6  63.3+22.0 0.046 48.8+9.7 55.9+13.1 0.041
Max. low pharyngeal peak pressure (mmHg) 372.9+164.1 322.9+130.5 0.006  458.3+170.0 402.6+109.6 0.139
Pre-swallow peak UES pressure (mmHg) 223.0+151.8 141.3+73.0 0.019  209.3+53.5 202.8+88.5 0.575
Post-swallow peak UES pressure (mmHg)  388.2+137.2 358.1+108.1 0.127  386.4+107.6 358.3+82.4 0.333
Min. UES pressure (mmHg) -8.1+5.4 -5.716.8 0.102 -6.0£9.2 -2.4£7.0 0.017
UES activity time (s) 0.63+0.16  0.61+0.14  0.258 0.70£0.13  0.67+0.14 0.369
UES nadir duration (s) 0.35+0.11  0.30+0.09  0.024 0.38+0.10  0.32+0.11 0.033
Values are presented as meantstandard deviation.
VP, velopharynx; TB, tongue base; UES, upper esophageal sphincter.
“Paired t-test, "Wilcoxon signed-rank test.
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Fig. 3. Comparing the pharyngeal pressure parameters between healthy subjects and patients after performing the
chin-down maneuver, while swallowing (A) thin liquid and (B) honey-like liquid. Columns show values that were esti-
mated by averaging the post (chin-down) - pre (neutral) values. Bars indicate standard deviation. UES, upper esopha-

geal sphincter. *p<0.05.

duration of honey-like and thin flow swallowing in the
dysphagia group was 0.26 seconds after the chin-down
maneuver, which were severely limited (Table 2). How-
ever, UES nadir durations in the healthy group ranged
from 0.30 to 0.32 seconds (Table 3). These findings imply
that the chin-down maneuver limited prolonged UES re-
laxation in both groups and that the UES nadir duration
is severely limited in the dysphagia group. These findings
can be explained by the previous study performed with
VESS and HRM in patients receiving occiput and cervi-
cal (OC) fusion [27]. In this report, patients developed
dysphagia after receiving OC fusion in flexed posture,
which is similar to the chin-down maneuver. In addition,
dysphagia was recovered after the correction of OC angle.
The contraction of the suprahyoid muscles contributes to
the upward and forward movements of the larynx and hy-
oid bone, resulting in the opening of UES [28]. Thus, the
traction of the suprahyoid muscle group is known to fa-
cilitate the opening of UES. In the chin-down maneuver,
suprahyoid muscles are shortened, leading to a marked
reduction in hyoid excursion in the horizontal direction
[13]; therefore, the contractions of these muscles are re-
stricted due to the length tension relationship. As a con-
sequence, the pharyngeal constrictors’ contraction and
UES relaxation are also impaired [27]. As with our data,
previous manometric studies, which were conducted on
healthy subjects, also showed that the chin-down ma-

neuver decreased the pre-UES pressure [11,22].

The positive pressure arising from velopharynx, as well
as the TB region, is an important factor that contributes
to the safe movement of the bolus to the esophagus dur-
ing UES opening [29]. Our results indicate significantly
decreased velopharyngeal pressure and area in the dys-
phagic group when swallowing thin liquid with the chin-
down maneuver. However, there was minimal difference
of only 7%. Thus, although the pressure reduction of ve-
lopharynx is unlikely to adversely affect the movement of
the bolus, there is a risk of increasing nasal regurgitation
and pharyngeal residue in conditions with severe muscle
weakness, such as myopathy. Although studies that in-
cluded normal subjects, including the one by Hoffman
et al. [29], found that there was no significant difference
in the TB pressure when implementing effortful swallow,
it significantly increased the velopharyngeal pressure.
Therefore, if the chin-down maneuver is performed with
an effortful swallow, VP pressure and TB pressure may be
increased together. It can be expected that the expulsion
of the bolus to the esophagus can effectively be improved
and that the velopharyngeal pressure can be maintained
to reduce nasal regurgitation and pharyngeal residue by
performing the chin-down maneuver with effortful swal-
low. In a future study, it may be necessary to evaluate, us-
ing HRM and VESS, whether the actual pressure and area
increase when they are performed together and whether
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there is improvement in dysphagia.

This study has some limitations. Most of the significant
results in this study were related to thin liquid. The num-
ber of subjects included in the honey-like liquid analysis
was too small to reveal any statistical significance. More-
over, it is difficult to present any clinical applicability
because it was not implemented with VFSS. In addition,
the dysphagic group included various causes (Table 1);
hence, the applicability of our results to all dysphagic
patients may be limited. Since the type and severity of
oropharyngeal dysfunction may vary depending on the
cause of dysphagia, duration of the morbidity, and loca-
tion of the damaged lesions, a more detailed classifica-
tion will be necessary in future studies. The age differ-
ence between healthy subjects and dysphagic patients is
also limitation. However, the comparisons of manometry
parameters after the chin-down maneuver between the
two groups were made not using the absolute values, but
the changes of HRM parameters. Finally, because of the
retrospective nature of the study, there was a lack of de-
mographic data including current diet, modified Barthel
index, and functional ambulation category in the patient
group. In a future study, it will be necessary to consider
the functional status of a patient in the manometry pa-
rameter analysis.

In conclusion, this study showed a kinetic effect of the
chin-down maneuver using HRM and compared the dif-
ferences between the healthy and the dysphagic group,
as well as between the thin and honey-like liquids. Com-
pared with the neutral position, the chin-down position
increased the TB contraction but decreased the maximal
contraction of pharyngeal constrictors and pre-UES con-
traction. On UES relaxation, UES nadir duration was sig-
nificantly decreased in the swallowing of honey-like lig-
uid in the dysphagic group and in the swallowing of thin
and honey-like liquid in the healthy group. Moreover,
UES nadir duration was severely limited in the dysphagic
group. Given the various impacts of chin-down maneu-
ver, appropriate application of the chin-down maneuver
in clinical practice is required.
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