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Abstract

:

This study is aimed at investigating the effects of synchronized neuromuscular electrical stimulation (NMES) and chewing exercises on bite force and the masseter muscle thickness in community-dwelling older adults. Material and methods: Forty older adults were enrolled in South Korea and randomly assigned to either an experimental or control group. The experimental group performed chewing exercises using the No-Sick Exerciser equipment synchronized with NMES applied to the bilateral masseter muscles, while the control group performed only chewing exercises. Both groups received interventions for 20 min/day, 5 days/week, for 6 weeks. Bite force was measured using the OCCLUZER device, and masseter muscle thickness was measured using a portable ultrasound. Results: Both groups showed a significant increase in bite force and masseter muscle thickness compared to baseline measurements (p < 0.05). The experimental group showed a significantly higher increase in bite force and masseter muscle thickness than the control group after combined intervention (p < 0.05). Conclusion: This study demonstrates that NMES synchronized with chewing exercises is more efficient in increasing bite force and masseter muscle thickness than chewing exercises alone in community-dwelling older adults.
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1. Introduction


The masticatory muscles are involved in chewing food and forming a bolus in the oral phase of the swallowing process [1,2]. They consist of four muscles: the masseter, temporalis, and lateral and medial pterygoid muscles. Of these, the masseter is the primary chewing muscle that produces the most powerful force [3,4].



Sarcopenia is a common problem in aging individuals, characterized by atrophy of the skeletal muscles and weakness [5]. This may include weakness and atrophy of the masseter muscle, which can cause difficulties in the oral phase of swallowing. Reduced chewing function decreases the pleasure of food and may negatively affect nutritional intake, which can lead to various complications, such as dehydration, malnutrition, weight loss, and aspiration pneumonia [6,7,8]. Therefore, chewing exercises are important to ensure safe swallowing in older individuals who are prone to masseter atrophy.



Chewing exercises help to improve masticatory function. As a standard part of the method, resistance training induces myophysiological changes, such as activation and thickness gain of muscles [9,10,11]. Several studies have reported that chewing exercises improve motor function during chewing and increase the maximum occlusal force in children, older adults, and patients with neurological disorders [2,12,13]. It is hypothesized that the increased activation of the masticatory muscles through resistance training contributes positively to the physiological changes, such as increased muscle thickness and to the maximum occlusal force of the masseter muscle as a result of its repeated use.



Neuromuscular electrical stimulation (NMES) is known as a treatment modality for neuromuscular training that delivers stimulation to the muscles through a surface electrode. It is used in facilitation techniques to increase muscle strength and sensory awareness and to prevent muscle atrophy, thereby improving motor function [14,15]. Recently, several studies have demonstrated that NMES does not only induce the activation of the masticatory muscle [16,17] but is also effective for improving oral functions, including masticatory functions in the oral phase of the swallowing process [18,19], which might be due to cortical excitability and physiological changes induced by NMES.



Other studies reported synergistic effects of NMES combined with voluntary exercise in improving the motor function of skeletal muscle and inducing physiological changes [20,21,22]. The masseter muscle, as a skeletal muscle, is largely composed of two different muscle fiber types that need to be exercised to the same extent [23]. Voluntary exercise primarily stimulates type 1 fibers, whereas NMES stimulates type 2 fibers [21]. Therefore, NMES applied simultaneously with chewing exercises may prove to be more effective in improving masseter muscle motor function than employing voluntary exercise alone. However, there is currently no clinical evidence on the effects of simultaneous chewing exercises and NMES of the masseter muscle in improving bite force and masseter muscle thickness. Therefore, the purpose of this study is to investigate whether NMES synchronized with chewing exercises is more efficient at improving masseter muscle thickness and occlusal force than chewing exercises alone.




2. Materials and Methods


2.1. Participants


The sample size was calculated using G-Power 3.1 software (University of Dusseldorf, Dusseldorf, Germany). The power and alpha levels were set to 0.80 and 0.05, respectively, and the effect size was set to 0.85 based on the results of the pilot study. As a result, at least 18 people were required for each group, and a total of 40 participants were recruited for this study, considering potential drop-out. Inclusion and exclusion criteria were based on previous studies [24] and are shown in Table 1. Table 2 shows the general characteristics of the participants. Prior to the initiation of this study, written consent was obtained from all participants, and all procedures were approved by the Seoul Medical Center Institutional Review Board (SEOUL 2019-05-005).




2.2. Study Design and Setting


This study was conducted using a prospective, two-group, randomized, controlled trial design. The experiment was performed at the Sasnag-Gu Seniors Welfare Center in Busan, South Korea.




2.3. Study Procedures


All participants were randomly assigned to either the experimental or the control group. The experimental group underwent NMES synchronized with chewing exercises. NMES was applied using STIMPLUS DP200® (Cybermedic Corp, Iksan, South Korea). The NMES unit provided two channels of bipolar electrical stimulation at a 60 Hz pulse frequency and pulse interval of 500 μs. Two pairs of electrodes were attached to the masseter muscles (on both sides) by an occupational therapist. The intensity of the NMES was gradually increased by 0.5 mA in intervals and, finally, the intensity was increased until the motor level was reached. The intensity of the NMES applied to the experimental group was applied differently according to the participant’s compliance and was set to an average of 7.3 ± 2.5 mA.



The chewing exercises used the No-Sick Exerciser (No-Sick Exerciser, HiFeelWorld Inc., Seoul, South Korea) as a chewing exercise device. The No-Sick Exerciser has a U-shaped frame with small springs that are mounted on both sides and in the center of the unit, which exert resistance to movements during chewing (Figure 2). The device is inserted into the mouth to fit between the upper and lower teeth. In our study, the training was divided into isometric and isotonic exercises. The isotonic training consisted of repeated concentric and eccentric contractions against the resistance of the springs at 2-s intervals. Isometric training consisted of biting down the device and sustaining the bite for 10 s, which was repeated after about 5 s of rest. In the experimental group, simultaneous chewing exercises with the application of NMES were performed 20 min/day, 5 days/week, for 6 weeks (Figure 3).



The control group performed chewing exercises without NMES. The chewing exercises were performed following the same protocol and intervention period as that of the experimental group. A new No-Sick Exerciser was provided to all participants and was washed with water immediately before and after use.




2.4. Outcome Measurements


Masseter muscle thickness was measured by an experienced radiologic technician using an ultrasound device (Sonon, Healcerion, Seoul, South Korea). The participants were instructed to sit in contraction during the scan of the left and right masseter muscles. The linear probe was set to a frequency of 10 MHz, 66 dB, and was aligned using the acanthiomeatal line as the baseline for all participants. Subsequently, it was moved caudally by 2–3 cm to correspond with the mouth tail and the midpoint of the zygomatic arch and mandibular angle. Further, the probe was moved cranially by 2–3 cm to correspond with the outer canthus and masseter muscle level. The thickness of the masseter muscle was determined as the thickest part of the image.



Bite force was measured by an experienced radiologic technician using an Occluzer device (ACCURA, Demetec, Gyeonggi-do, South Korea). Measurements were obtained by orienting the Frankfort horizontal plane parallel to the floor. The participants’ mouths were opened slightly and a pressure-sensitive film (disposable pressure film, Gyeonggi-do, South Korea) was inserted into the oral cavity, and the participants were instructed to bite the pressure-sensitive film with as much force as possible. While maintaining a sitting position, the participants were instructed to place their incisors at the midpoint of the bite sensor. Bite force was measured for 5 s, and an average of three measurements was recorded for further analysis. The maximum occlusal force was calculated in Newtons (N). All parameters were blinded to the investigator who performed the assessment of the muscle thickness and measurement of bite force using ultrasound and pressure sensing devices.




2.5. Statistical Analysis


All statistical analyses were performed using SPSS version 15.0 (IBM Corporation, Chicago, IL, USA), with the level of significance set at p < 0.05. Descriptive statistics are presented as means with standard deviations. A Shapiro–Wilk test was used to verify the normality of the outcome variables. A paired t-test was used for intragroup comparison, and an independent t-test was used for comparison between groups. In addition, this study calculated and interpreted effect sizes (Cohen’s d).





3. Results


3.1. Participants


Out of the 40 enrolled participants, five were excluded from the study. We analyzed the data of 35 participants. The flowchart of the study is shown in Figure 3.




3.2. Effect on Masseter Thickness


Both groups showed a significant improvement in masseter thickness from before to after the intervention (p < 0.05). When comparing the results between the two groups after the intervention, the experimental group showed significantly higher values for the masseter thickness than the control group (p < 0.001) (Table 3). The amount of change in the experimental group was significantly larger than that in the control group (p < 0.001) (Table 4).




3.3. Effect on Occlusal Force


Both groups showed a significant improvement in the occlusal force after as compared to before the intervention (p < 0.05). When comparing the two groups after the intervention, the experimental group showed significantly higher values for occlusal force than the control group (p < 0.001) (Table 3). The amount of change in the experimental group was significantly larger than that in the control group (p < 0.001) (Table 4).



Chewing exercises are commonly used in clinical practice as a therapeutic exercise method that can lead to an increase in masseter muscle thickness and bite force through voluntary muscle contraction. Additionally, NMES is a modality that can improve muscle physiology and motor function by evoking contraction of the skeletal muscle. Therefore, these two methods may have the advantage of being applied at the same time, and it is possible to expect a synergistic effect. To the best of our knowledge, this is the first study to investigate the effects of chewing exercises synchronized with NMES on occlusal force and masseter muscle thickness. We demonstrated that chewing exercises synchronized with NMES were more effective than chewing exercises alone for increasing muscle thickness and occlusal force.



The results of this study may be explained by the synergistic effects of chewing exercises and NMES in stimulating the two types of muscle fibers contained in the masseter. Skeletal muscle fibers are divided into type 1 (red muscle, slow-twitch, and long-duration motor unit) and type 2 (white muscle and fast-twitch motor unit) [25]. All skeletal muscles have both type 1 and type 2 fibers, but the proportion of each of type differs between individual muscles. In the masseter muscle, the exact ratio varies depending on a person’s craniofacial form [23].



Chewing is a traditional method of resistance training that causes voluntary muscle contractions in the masseter through exercise, resulting in myophysiological changes, such as muscle thickness and strength. Previous studies have shown that chewing activates the masseter muscle [26], which increases motor unit recruitment to peripheral nerves and consequently contributes to increased muscle thickness and strength [27,28]. Voluntary exercise, such as chewing, recruits predominantly type 1 muscle fibers, which are typically activated by less force than type 2 fibers [29,30], meaning that this exercise is more suitable for stimulating type 1 than type 2 fibers. However, sarcopenia observed with aging affects type 2 fibers more than type 1 [30]; therefore, it is important to stimulate both type 1 and type 2 muscle fibers in older adults.



Conversely, NMES stimulates forceful contractions, especially in type 2 muscle fibers [30,31,32,33,34]. The primary mechanism underlying NMES is that it induces muscle contractions by depolarizing nerve fibers, which helps not only to increase muscle strength and prevent muscle atrophy but also to re-educate the muscle on certain movements and improve circulation [32,33]. During normal muscle contraction, type 1 fibers are recruited before type 2 fibers. Recruitment patterns during NMES are reversed, with type 2 fibers being recruited first [34]. Therefore, theoretically, synchronous recruitment of type 1 and 2 fibers by NMES combined with chewing exercises might provide more effective masseter muscle activation, thereby leading to a more significant therapeutic effect than chewing exercises alone [35,36].



Physiological changes in muscle tissue are closely related to muscle strength and motor function. Increasing muscle thickness suggests an increase in the force that can be generated. In this study, we measured the occlusal force, which depends on the teeth and masseter muscle. We tried to ensure homogeneity of the dental condition of patients through the selection and exclusion criteria. Chewing exercises increase the thickness of the masseter muscle, which directly affects occlusal force. However, our findings suggest that synchronized NMES and chewing exercises induced more myophysiological changes in the masseter, which may have a direct effect on occlusal force.



This study confirmed the synergistic effect of synchronized NMES and chewing exercises, but there may be several factors to consider. The high intensity of chewing and NMES causes sufficient muscle contraction, but the compliance is low in performance because it causes discomfort, temporary pain, and muscle fatigue. However, the low intensity of chewing and NMES makes it difficult to induce sufficient muscle contraction, but, because of higher compliance, it can be performed repeatedly and for a long time. Therefore, it may be necessary to determine these factors based on the patient’s overall medical information, such as physical condition and cooperation.



This study has some limitations. First, the number of participants was small, and the results, hence, cannot be generalized. Second, while the degree of resistance is an important factor in chewing exercise, our equipment did not allow for different degrees of resistance. Third, long-term effects cannot be confirmed because we did not follow patients beyond the end of the intervention period.





4. Conclusions


The present study’s results demonstrate that NMES synchronized with chewing exercises effectively improve masseter muscle thickness and occlusal force to a greater extent than chewing exercises alone, but further studies with larger study groups would be necessary to validate our results.
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Figure 1. Universal numbering system of teeth. 
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Figure 2. No-Sick Exerciser. 
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Figure 3. Flowchart of the trial. 
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Table 1. Inclusion and exclusion criteria.






Table 1. Inclusion and exclusion criteria.





	Inclusion Criteria
	Exclusion Criteria





	-No reported history of neurological diseases (e.g., stroke, dementia)
	-Significant malocclusion or facial asymmetry



	-Normal speech and swallowing function
	-Orofacial pain (e.g., trigeminal neuropathy and toothache)



	-Normal oral structure
	-Periodontal disease



	-No periodontal disease
	-Parafunctional oral habits (e.g., finger sucking, lip-, cheek- and object-biting, bruxism, and nail-biting)



	-Ability to perform activities of daily living without the help of a caregiver
	-Parafunctional oral habits (e.g., finger sucking, lip-, cheek- and object-biting, bruxism, and nail-biting)



	-Ability to communicate and cooperate
	-Diagnosis of obesity



	-At least 20 teeth remaining (depending on the universal numbering system, at least five teeth remaining from 1, 2, 3, 4, 5, 6, 7, 8; at least five teeth remaining from 9, 10, 11, 12, 13, 14, 15, 16; at least five teeth remaining from 17, 18, 19, 20, 21, 22, 23, 24; or at least five teeth remaining from 25, 26, 27, 28, 29, 30, 31, 32)

(Figure 1)
	-Regular gym visits within six months prior to enrollment
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Table 2. A summary of the clinical and demographic features of the subjects.
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	Experimental Group
	Control Group





	Number of subjects
	18
	17



	Gender (male/female)
	8/10
	8/9



	Age (year)
	74.1 ± 3.3
	72.2 ± 3.5



	Height (cm)
	166.5 ± 8.3
	164.2 ± 5.9



	Weight (kg)
	65.1 ± 15.4
	63.7 ± 11.8



	Total number of teeth remaining
	23.1 ± 1.5
	23.9 ± 1.7



	Masseter muscle thickness
	6.78 ± 0.56
	7.09 ± 0.62



	Maximum occlusal force
	254.85 ± 6.32
	260.17 ± 9.72



	Stimulation intensity (mA)
	7.3 ± 2.5
	NA
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Table 3. Changes of masseter muscle thickness and maximum occlusal force in parameters before and after treatment.






Table 3. Changes of masseter muscle thickness and maximum occlusal force in parameters before and after treatment.





	

	
Experimental Group

	
Control Group

	
Intergroup




	
Before

	
After

	
p-Value

	
Before

	
After

	
p-Value

	
p-Values






	
MMT (mm)

	
6.78 ± 0.56

	
8.76 ± 0.60

	
<0.001 *

	
7.09 ± 0.62

	
7.34 ± 0.71

	
0.009 *

	
<0.001 †




	
MOF (Newton)

	
254.85 ± 6.32

	
287.62 ± 8.11

	
<0.001 *

	
260.17 ± 9.72

	
277.33 ± 6.84

	
0.002 *

	
0.008 †








Mean ± standard deviation, MMT: Masseter muscle thickness, MOF: Maximum occlusal force * p < 0.05 by paired t-test, † p < 0.05 by independent t-test.
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Table 4. Comparison of amount of change in each group.
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	Experimental Group
	Control Group
	p-Value
	Cohen’s D (Interpretation)





	Δ MMT (mm)
	1.97 ± 0.85
	0.25 ± 0.29
	<0.001
	0.6 (moderate effect)



	Δ MOF (Newton)
	32.77 ± 8.02
	17.17 ± 11.01
	<0.001
	0.8 (large effect)







Mean ± standard deviation, MMT: Masseter muscle thickness, MOF: Maximum occlusal force.














© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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