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Abstract. [Purpose] We aimed to investigate the changes in the swallowing sounds of healthy adults during neu-
romuscular joint facilitation treatment using neck patterns. [Participants and Methods] A total of 20 healthy adults
(10 males and 10 females; mean age, 29.2 + 6.3 years) swallowed 10 mL of water four times under three conditions
(after the neuromuscular joint facilitation neck-flexion resistance pattern, after the Shaker-type exercise, and during
relaxed sitting without prior exercise [control]), randomly ordered with an interval greater than 3 days. Swallowing
sounds for each water swallow were recorded using cervical auscultation. [Results] The mean amplitude of swal-
lowing sound intensity and the mean spectral frequency were significantly higher after the neuromuscular joint
facilitation neck-flexion resistance pattern and the Shaker-type exercise, in comparison with those in the control
group. [Conclusion] Neuromuscular joint facilitation training with the neck-flexion resistance pattern influenced
swallowing sounds to the same degree as the Shaker-type exercise, implying that this resistance pattern may en-
hance suprahyoid muscle contraction.
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INTRODUCTION

The Shaker exercise, a series of sustained and repetitive head lifting with isometric and isotonic tasks, is frequently used
in rehabilitation for swallowing disorders to enhance suprahyoid and infrahyoid muscle strength! 2, resulting in improved
superior-anterior movement of the hyoid and a wider upper esophageal sphincter (UES) opening? . Furthermore, strength-
ening the pharyngeal muscle activity can decrease the amount of residue in the piriform sinus and prevent aspiration> ©). In
the Shaker exercise, the isometric tasks were performed by three repetitions of raising the head for 1 minute followed by a
1-min rest, and the isotonic tasks were performed by 30 repetitions of alternate up-and-down movement of the head.

Despite the above-mentioned benefits, the Shaker exercise has been considered physically challenging, especially for the
elderly and those with motor dysfunction”>®), affecting compliance. Therefore, modifications, such as the modified Shaker
exercise by Babu et al., chin tuck posture against resistance (CTAR) by Yoon et al., and recline and head-lift exercises by
Fujiki et al. have been proposed® % 19, These Shaker-type neck flexion exercises are known to effectively strengthen the
suprahyoid and infrahyoid muscles.
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Neuromuscular joint facilitation (NJF) is a new therapeutic exercise based on the kinesiology that integrates propriocep-
tive neuromuscular facilitation (PNF) with joint composition movement, through passive, active, and resistance exercises. It
aims to improve joint movement and increase strength, flexibility, and range of motion (ROM). NJF is a dynamic approach
for simultaneously evaluating and treating the nerve, muscle, and joint. The NJF neck pattern treatment, which includes neck
forward flexion, lateral flexion, and head rotation resistance training, is used to improve the neck muscle proprioception,
increasing muscle force and active ROM!'D.

To our knowledge, there has been no study showing the effects of NJF on swallowing function. The NJF technique has
similar or better effects on swallowing, as compared with Shaker-type exercises was hypothesized. We aimed to compare
the effects of a Shaker-type exercise and NJF neck flexion resistance pattern (NJF-NFRP) on swallowing sounds in healthy
adults.

PARTICIPANTS AND METHODS

A total of 20 healthy adults (10 males and 10 females) aged 22 to 35 years (mean, 29.2 + 6.3 years) were recruited from
the International University of Health and Welfare. The detailed characteristics of the participants are shown in Table 1.

The study objectives and contents were explained to all participants prior to recruitment, and informed consent was
obtained. All experimental procedures in this study were reviewed and approved by the Ethical Review Committee of the
International University of Health and Welfare (IRB No. 18-I0-108). All the procedures performed were in accordance with
the ethical standards of the institution.

Participants were randomly assigned to groups with one of three different experimental conditions (NJF, Shaker-type exer-
cise, and during relaxed sitting without prior exercise [control]). After intervals of >3 days, they were re-assigned randomly,
until each participant was tested under all three different conditions.

The NJF neck pattern treatment is commonly applied five times continuously on each side!D. The interventions were per-
formed by the same qualified physical therapist to avoid individual variations in treatment. Five repetitions were performed
on each side of the neck using the NFRP, one of two NJF neck pattern treatments (namely, flexion and extension) (Fig. 1).

To ensure consistency in duration and intensity between the Shaker-type and NJF interventions, the intensity of the
traditional Shaker exercise was modified. Participants in the supine position were instructed to raise their head high enough
to observe their toes, without raising their shoulders, for 5 seconds, instead of 1 min as generally done, followed by a 5-s rest.
The task was repeated for nine times.

This study design considers the sitting position as the most common eating position for humans. During the whole mea-
surement process, all three groups adopted comfortable sitting positions while swallowing. Before recording the swallowing
sound, the assistant injected 10 mL of distilled water into the floor of the participants’ mouths using a syringe, and asked them
to hold it until the command to swallow was given.

Before the interventions, the auscultation positions were marked on the left and right sides of the neck, above the cricoid
cartilage, in front of the sternocleidomastoid muscle and the large vessels!?>'¥. The examiner gently placed the electronic
stethoscope (Littmann Model 3200; 3M, MN, USA) on the marked positions on the neck to collect the swallowing sounds.
In the NJF-NFRP condition, the swallowing sound was recorded during resistance in the isometric contraction of the middle
limb. In the Shaker-type exercise condition, the swallowing sound was recorded during isometric neck flexion®. In the
control condition, the swallowing sound was recorded during relaxed sitting in a chair.

The swallowing sounds were recorded four times (twice on each side of the neck) for each condition, using a stethoscope.
Sound analysis was performed and the mean intensity and spectral frequency was obtained.

In this study, 240 single swallowing sounds collected from 20 participants were analyzed by using WaveSurfer (V1.8.8p5;
KTH, Stockholm, Sweden). All swallowing sounds consisted of three waves, namely, the first, second, and third swallowing

Table 1. Characteristics of the participants

Measured item Mean + SD
Age (years) 29.2+6.3
Height (cm) 169.0 + 10.6
Weight (kg) 652+ 164

Values are mean + SD, n=20.
SD: standard deviation.

Fig. 1. The neck flexion-lateral flexion-rotation resistance training in NJF neck
flexion resistance pattern (NFRP).
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sound wave (SSW), as reported by Honda et al'>. A representative normal SSW after swallowing 10 mL of water is shown
in Fig. 2. The duration between the beginning of the first SSW and the end of the third SSW was defined as the swallowing
sound duration. The mean swallowing sound amplitude and spectral frequency from four trials under three different condi-
tions were analyzed. Afterward, the data were tabulated and analyzed using SPSS (Version 24; IBM, NY, USA). One-way
analysis of variance (ANOVA) and Bonferroni multiple comparison test were performed to determine statistical significance.

RESULTS

This study compared the characteristics of swallowing sounds between NJF-NFRP and Shaker-type exercise through the
analysis of swallowing sounds. The results of the one-way ANOVA and Bonferroni multiple comparison test are shown in
Table 2.

The mean swallowing sound amplitude in the NJF-NFRP and Shaker-type conditions was significantly higher than that of
the control (p<0.01 and p<0.05, respectively). Although the mean amplitude of NJF-NFRP is slightly higher than Shaker-type
exercise, there is no significant difference between the two conditions. The mean spectral frequency in the NJF-NFRP and
Shaker-type conditions was also significantly higher than that of the control (p<0.05 and p<0.01, respectively). The mean
spectral frequency amplitude of NJF-NFRP is slightly lower than Shaker-type exercise, but there is no significant difference
between the two conditions too. Moreover, no significant differences were observed in the mean swallowing sound duration
among the three conditions.

DISCUSSION

Cervical auscultation is a commonly used method for evaluation in dysphagia. Although there are some shortcomings,
this method is simple, non-invasive and can be measured repeatedly, so it has relatively high clinical application value. In
addition, in research related to swallowing sound analysis, Shibamoto et al. reported that in a comparison of healthy adults,
there is a significant difference in the mean spectral frequency of swallowing sounds between usual swallow and forced
swallow!®). Babu et al. reported that the amplitude of swallow sound increased significantly with a Shaker-type exercises
when compared to usual swallow®).

The changes in acoustic characteristics such as the frequency and amplitude of swallowing sounds are correlated with
changes in swallowing movements. The increase in amplitude and frequency is probably due to the increased contraction of
the muscles related to swallowing movement in the neck flexion exercise such as NFRP and Shaker-type exercises compared
to normal swallowing.

Takahashi et al. reported that no significant differences were found for any parameters in both time and frequency domain
analyses between swallowing sounds detected bilaterally. Symmetry of the swallowing sounds was verified in the study,
and supports the use of “unilateral” site for the detection of swallowing sounds. In addition, the study also suggest that one
should evaluate the acoustic characteristics of swallowing sounds from repeated swallows rather than from one swallow!?.
Therefore, the number of swallowing sound measurements may affect the reliability of this study. Considering that NFRP is
a spiral-diagonal resistance training, and the left and right is performed one after the other. Therefore, in the present study in
order to ensure the repeatability and reliability of the trial, the swallowing sounds were recorded twice on each side of the
neck, and the average value of these 4 swallowing sounds was used for statistical analysis.

The Shaker exercise is known to effectively strengthen the suprahyoid and infrahyoid musclesl), thereby improving supe-
rior and anterior laryngeal movement and widening the UES opening. These effects explain why strengthening the muscles
is particularly important in dysphagia rehabilitation.

Table 2. Swallowing sound characteristics

The mean amplitude (dB)

NJF 440+23 —

Shaker 43.6+2.7 —

- NI : * - control 422+18 —1 |
The mean frequency (Hz)

¢ I NJF 241.5+£37.8 —

= Shaker 25334£293—— *

1st SSW  2nd SSW 3rd SSW control 217.6 £22.1 — |
. . The mean duration (ms)
Duration of the swallowing sound NIF 709.6 - 44.2
Shaker 705.8 +36.7
control 719.6 £29.4

Fig. 2. Normal swallowing sound waveform after swallowing 10 mL of water.
Values are mean + SD, *p<0.05, **p<0.01.

NJF: neuromuscular joint facilitation; Shaker:
Shaker-type exercise; SD: standard deviation.
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However, patients with insufficient motor function, such as hemiplegia, may have difficulty in completing the Shaker
exercise by themselves. The intensity of the exercise has been known to be physically challenging for elderly individuals?.

We tried to better adapt to the patients’ physical motor function, in collaboration with a physical therapist, to accommodate
those with difficulties in performing the exercise for various reasons, including aging. We hypothesized that the use of manual
therapy techniques for neck flexion resistance exercise training (i.e., NJF) can effectively stimulate the suprahyoid and
infrahyoid muscles in such individuals.

The effectiveness of head rotation as a compensatory technique for safe swallowing has also been reported!”. In addition,
swallowing exercises, such as neck flexion, rotation, and lateral flexion, can improve dysphagia symptoms and prevent
complications'®. Pre-prandial swallowing exercises, which include a series of neck movements to effectively strengthen
related muscles and slow down degenerative changes, can help reduce the risk of dysphagia'®. Moreover, a study conducted
in Japan reported that kyphotic patients also have difficulties in maintaining a supine position®). Thus, these factors should
also be considered.

NIJF is a relatively new therapeutic technique. It has shown relatively good therapeutic effects in recent clinical applica-
tions, especially in the improvement of physical motor function, balance, and pain!®2D. It has a relatively wide range of
applications in terms of target populations. Training is based on spiral-diagonal movement patterns. In NJF-NFRP training,
elements of neck flexion, lateral flexion, and rotation with resistance are combined. Therefore, we hypothesized that the train-
ing method is more conducive in stimulating suprahyoid, infrahyoid, and/or pharyngeal muscle contraction, subsequently
improving swallowing functions.

To our knowledge, there have been no studies on the effect of NJF treatment on swallowing function. In cooperation with a
team of physical therapists, the authors examined whether NJF-NFRP can effectively help people with swallowing problems.
We expected that the technique would benefit individuals with insufficient UES opening due to suprahyoid muscle weakness,
and insufficient laryngeal movement, as well as those who have difficulty completing the Shaker exercise.

The effect of PNF technique on swallowing functions has also been reported. Kim et al. reported that PNF-based short
neck flexion exercises as treatment for swallowing disorders in stroke patients were as effective as the Shaker exercise??.
Sayaca et al. reported that the PNF isotonic neck flexion treatment increased the peak contraction amplitude of suprahyoid
muscles more than the Shaker exercise?®). Compared with the PNF neck pattern, the NJF-NFRP exerts resistance not only on
the forehead, but also on the proximal joints of the cervical spine simultaneously. Currently, the differences of the two tech-
niques in terms of axis and torque influence on the force applied to the suprahyoid and infrahyoid muscles remain unclear.
Further studies on the differences between the neck patterns of PNF-based and the NJF-based treatment methods are needed.

Compared to the Shaker exercise, the NJF-NFRP is a combination of neck flexion, lateral flexion, and rotation with
resistance, with similar characteristics on acoustic analysis. Therefore, our results imply that the NJF-NFRP would be a
promising rehabilitation technique in managing issues related to the pharyngeal and suprahyoid muscle contraction.

Our study has some limitations. First, the swallowing sound of healthy individuals was evaluated. Further studies includ-
ing individuals with swallowing disorders are recommended. Second, although the limb posture and intervention intensity
have been revised to minimize the errors caused by the difference in limb posture and intensity between the two methods,
there is indeed a difference in the posture of the two methods during the measurement. Therefore, this measurement error still
exists in the present study. In order to improve this shortcoming, it is necessary to compare before and after the intervention
in further studies. Third, only the immediate effects of the NJF-NFRP had been examined. Long-term effects of NJF-NFRP
intervention on swallowing functions need to be investigated in the future. Fourth, the swallow sound contained audible
cues; therefore, it was possible to find some characteristics of swallowing movements through acoustic analysis. Reliability
of cervical auscultation is insufficient when used as a stand-alone diagnostic tool?* 2%); thus, it is necessary that further
studies combine cervical auscultation with other assessment methods, such as electromyography and video fluoroscopy, for
verification of the sound characteristics.

We analyzed the effect of NJF-NFRP treatment on the swallowing sounds of healthy adults using cervical auscultation.
Though this is a preliminary study, the results indicated that NJF-NFRP training exhibited remarkable influences on the
swallowing sounds in healthy adults. The acoustic characteristics obtained during NJF-NFRP treatment were similar to those
of the Shaker-type exercises, indicating that NJF-NFRP may be as helpful as Shaker-type exercises in enhancing pharyngeal
and suprahyoid muscle contraction.
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