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Effect of isometric exercises 
on the masseter muscle in older 
adults with missing dentition: 
a randomized controlled trial
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Takuma Okumura & Haruka Tohara

Maintaining oral function in older individuals with missing teeth is important for leading a healthy 
and independent life. This study aimed to evaluate whether simple isometric exercises can maintain 
and improve the oral function [maximum occlusal force (MOF) and masticatory ability (MA)] and 
the masticatory muscle properties [masseter muscle thickness (MMT) and echo intensity (MMEI)] in 
older adults during the maintenance phase of removable prosthetic treatment. Participants were 
randomly categorized into the intervention and control groups. The mouthpieces were distributed, 
and participants were instructed to use them for exercising. The intervention group was instructed to 
perform maximum clenching for 10 s, whereas the control group was instructed to tap the teeth at 
an arbitrary speed for 10 s. Both were repeated five times at an interval of 5 s between each activity 
and twice daily for 4 weeks. The outcomes were measured after a month of exercise. The intervention 
group showed a significant improvement in the MOF, MMT during contraction, MMT at rest and MMEI 
during contraction. There were no significant differences in the MA and MMEI at rest. In the control 
group, no improvement was observed in any of the parameters. When the isometric exercises were 
performed using a mouthpiece, there was an improvement in the oral function and masseter muscle 
properties in older individuals with Eichner B status who used dentures.

Background and objective. A decrease in the oral function, represented by the maximum occlusal force 
(MOF) and the masticatory ability (MA), is a risk factor for adverse events such as sarcopenia and  death1. MOF 
and MA greatly influence dietary  choices2; a reduced bite force quotient leads to protein, fiber, mineral, and 
vitamin  deficiencies3–5, resulting in a risk of  undernutrition6. Maintaining the oral function is important for 
maintaining a healthy and independent life in older individuals. Aging and tooth loss are mainly considered 
to be responsible for a decrease in the MA and  MOF7; however, these are reportedly related to the properties 
of masticatory muscles, especially of the masseter (for e.g., quantity and quality). Masseter muscle thickness 
(MMT) is reportedly associated with  MOF8, and masseter muscle echo intensity (MMEI) is negatively correlated 
with MOF and  MMT9. Muscle echo intensity can be evaluated by an ultrasonic diagnostic device that identifies 
non-contractile tissues (such as fat and fibrous tissues) in the muscle, and indicates muscle  quality10. Several 
previous studies have reported that the MA, MOF, and MMT are greatly improved with dental prosthetic treat-
ments such as implants and  dentures11–13. In addition to prosthetic treatment, isometric exercise is also used as 
a modality for maintaining oral function. A retrospective comparative study of 28 young people showed that a 
simple isometric exercise using a mouthpiece resulted in an improvement in the  MOF14. However, there are no 
reports on an effective training for maintaining the oral function in older adults with a missing dentition. There-
fore, the purpose of this study was to clarify whether simple isometric exercises can maintain and improve the 
oral function (MOF and MA) and masticatory muscle properties (MMT and MMEI) in older adults during the 
maintenance phase of removable prosthetic treatment.
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Methods
Trial design. This study was a multi-center, double-blinded, randomized, controlled, parallel clinical trial. 
Figure 1 shows the flow diagram of this randomized, controlled trial. This study was performed with the approval 
of the Clinical Research Ethics Committee of the Tokyo Medical and Dental University (D2018-021), and was 
registered in the UMIN clinical trial registration system on August 08, 2018 (UMIN000032933). This study was 
also conducted in accordance with the latest revision of the Declaration of Helsinki.

Participants. Participants were adults who were aged 65 years and above and had removable dentures as 
prostheses for partial edentulism. They were recruited at an outpatient clinic (Tokyo, Japan) and at the dental 
hospital of the Tokyo Medical and Dental University.

The state of tooth-loss was categorized using the Eichner  classification15. The inclusion criteria were as fol-
lows: (1) Eichner B-1 to B-3 groups that have occlusal support areas, which are the upper, lower, left, and right 
premolars and molars, and one to three of these are lost and (2) patients in the maintenance phase who had 
already completed denture adjustment. Patients excluded from the study were those who: (1) had difficulty in 
following instructions, (2) had progressive neuromuscular disease, (3) had severe temporomandibular joint 
symptoms (for e.g., trismus and pain during jaw movement), (4) required denture adjustment (for e.g., pain due 
to the denture), (5) had mobile teeth due to severe periodontal disease, and (6) had parafunctional findings. All 
participants had used the current dentures for at least 4 weeks. Written informed consent was obtained from all 
participants after a detailed explanation of the procedure.

Intervention. At the beginning of the study, the baseline outcomes were measured, and the impression of 
the upper jaw was obtained for the mouthpiece. The mouthpiece was fabricated by softening a 1.0-mm-thick 
thermoplastic sheet (for soft splint), which was then adapted on a plaster model with the help of a vacuum 
adapter (Yamahachi Dental Industry, Aichi, Japan), as described in a previous  study14. On the next visit, the par-
ticipants received the mouthpieces after proper adjustment and were randomly divided into two groups (Fig. 2). 
Thereafter, one of the dentists (who is not the doctor who measured the baseline outcomes) explained the inter-
vention method to the participants.

Assessed for eligibility (n=82)

Excluded
Did not meet inclusion 

criteria (n=11)
Declined to par�cipate 

(n=5)

Baseline evalua�on (n=56)

Randomized (n=56)

Allocated to control 
group (n=28)

Received allocated light 
tapping exercise

Allocated to 
interven�on group (n=28)

Received allocated 
isometric exercise

Lost to follow-up (n=1)
Fear of coronavirus

Lost to follow-up (n=2)
Fear of coronavirus

Analyzed (n=27) Analyzed (n=26)

Figure 1.  Flow diagram of this randomized-controlled trial.
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Intervention group. In the intervention group, a denture was provided to replace missing teeth in either 
the upper or lower jaw, and then a mouthpiece was fabricated for the upper jaw. If there was a denture in the 
upper jaw, the mouthpiece was worn over the denture. Subsequently, the participant was instructed to perform 
maximum clenching for 10 s. The training was repeated five times at an interval of 5 s between each clenching 
activity.

Control group. In the control group, a denture was provided to replace missing teeth in either the upper or 
lower jaw, and a mouthpiece was then fabricated for the upper jaw. If there was a denture in the upper jaw, the 
mouthpiece was worn over the denture. However, unlike in the intervention group, participants in the control 
group were instructed to tap their teeth at an arbitrary speed for 10 s, and this was repeated five times at an 
interval of 5 s.

Both groups performed their respective exercises twice a day, in the morning and evening, for a period of 
4 weeks.

Measurement of the MOF, MA, MMT, and MMEI. The MOF, MA, MMT, and MMEI were measured 
using appropriate diagnostic devices. Participants were instructed to be seated on chairs in a relaxed position 
with their backs stretched, feet firmly touching the floor, and the Frankfurt horizontal plane parallel to the floor.

To measure the MOF, a pressure-sensitive film (Dental Prescale II, GC, Tokyo, Japan) was aligned with the 
dentition, and the participant was instructed to bite with maximum force. The scanner was  calibrated16, the 
pressure-sensitive film was fitted to the template, and analysis was performed using an analysis software (Bite 
Force Analyzer GC, Tokyo, Japan).

For the measurement of MA, participants were instructed to freely chew a cylindrical-shaped gummy jelly 
(GC, Tokyo, Japan) composed of 40% maltose, 10% sorbitol, and 5% glucose, for 20 s. After chewing, the partici-
pants were asked to hold 10 mL of distilled water in their mouth and to spit the gummy jelly, distilled water, and 
saliva into a cup with a filter. The glucose concentration in the filtrate was measured using a glucose measuring 
device (Glucosensor GS-II, GC, Tokyo, Japan)17.

An ultrasonic diagnostic device (fST9600 Lequio Power Technology, Naha, Japan) was used to measure the 
MMT and MMEI. A linear probe was used with a broadband frequency ranging from 6.7 to 8.0 MHz. Scanning 
was performed in the B mode. The scanning depth was 38 mm and the gain was 80 dB, and these values were 
constant during the measurement. The measurements were performed by a dentist with 12 years of clinical 
experience.

As described in a previous  study18, the probe was placed parallel to the mandibular margin, approximately 
midway between the zygomatic arch and the mandibular angle, and perpendicular to the skin surface. In accord-
ance with existing literature, the probe was applied  lightly19.

While measuring the thickness of the masseter muscle and its echo intensity, the patients were instructed to 
maintain the mandibular rest position for at least 20 min before ultrasonography in order to reduce the effects 
of muscle contraction on the blood flow and interstitial  fluid20.

Ultrasound images were analyzed using the Image-J software version 1.49 (National Institutes of Health, 
Bethesda, MD), and the maximum distance from the exterior portion of the ramus to the masseteric fascia was 
measured as MMT (Fig. 3). When measuring the MMEI, the region of interest was set to include the entire 
masseter muscle (Fig. 3). Echo intensity is attenuated due to the influence of subcutaneous fat; therefore, the 
following correction calculation was performed:

The corrected masseter muscle echo intensity was used as the measured  value10,21. Subcutaneous fat thickness 
was measured at three locations and the average of the three measurements was used for calculations.

Corrected echo intensity = uncorrected echo intensity+ subcutaneous fat thickness [cm]× 40.5278.

Figure 2.  Mouthpiece and its placement in the oral cavity.
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Sample size. G * Power software version 3.1 (Kiel University) was used to calculate the sample size. The 
effect size was set to 0.8 in accordance with previous  studies11,14 (d = 0.65, 0.88)22. When the α value was set to 
0.05, the detection power was set to 0.8 and the effect size d to 0.8, and the required number of samples was 52. 
The number of dropouts was expected to be 8% for a total of 56 subjects.

Randomization. The sampling followed a randomized stratified block method that combined a stratified 
method (gender) and a block method (intervention, control). One dentist was in charge of the outcome meas-
urement, while the participants who received the dentures and mouthpieces were trained by another dentist. In 
other words, the dentist who measured the outcome and the dentists who explained the allocation and inter-
vention methods were different. Therefore, both the research participants and the dentists who measured the 
outcomes were blinded.

Statistical method. The Shapiro–Wilk test was performed for each measured value to confirm its normal-
ity.

Parametric (MA, rMMT, cMMT, rMMEI, cMMEI) and nonparametric (MOF) items were compared between 
the two groups using the two-sampled t test and the Mann–Whitney U test, respectively, before and after the 
intervention.

For each group comparison before and after the intervention, a paired t-test was used for parametric items 
and the Wilcoxon signed-rank test was used for nonparametric items.

A p value of <0.05 was considered statistically significant.

Results
Participants. Research participants were recruited from January 2019 to September 2020. Fifty-six partici-
pants were randomly assigned to two groups. Three dropped out of the study due to anxiety regarding hospital 
visits during the ongoing COVID-19 pandemic, and the final number of participants was 53 (Fig. 1). Table 1 
shows the participants’ background characteristics in both groups.

Outcomes. At the baseline measurement stage, no significant differences were observed in any items, except 
for the body weight (Table  1). After the intervention, the intervention group showed a significantly greater 
improvement in the MOF (P = 0.001), MMT during contraction (cMMT) (P = 0.017), MMT at rest (rMMT) (P 
= 0.017), and MMEI during contraction (cMMEI) (P = 0.042) as compared to the control group. There was no 
significant difference in the MA and MMEI at rest (rMMEI) between the two groups (Table 2).

Significant improvements in the MOF (P < 0.001), cMMT (P = 0.003), cMMEI (P = 0.007), and MA (P = 
0.007) were observed in the intervention group following intervention. In the control group, no improvement 
was observed in any of the measured values (Table 3).

Discussion
In this intervention study, the following observations were made: On performing isometric exercises using a 
mouthpiece, there was (1) an improvement in the oral function and (2) an improvement in the masseter muscle 
properties in older individuals with an Eichner B status who used dentures.

(b)(a)

Figure 3.  Masseter muscle evaluation by ultrasound diagnostic apparatus. (a) Masseter muscle thickness 
(MMT). (b) Masseter muscle echo intensity (MMEI) measurement. (A) Masseter muscle surface (B) 
Mandibular ramus (C) Masseter muscle thickness (D) subcutaneous fat thickness. ROI : region of interest.
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Table 1.  Baseline characteristics of the participants (n = 53). IQR interquartile range, SD standard deviation, 
BMI body mass index, MA masticatory ability, MOF maximum occlusal force, rMMT masseter muscle 
thickness at rest, cMMT masseter muscle thickness during contraction, rMMEI masseter muscle echo intensity 
at rest, cMMEI masseter muscle echo intensity during contraction. *p-value < 0.05. a Mann–whitney U test. 
b Pearson’s χ2 test. c Two sample t test.

Group

P valueControl (n = 27) Intervention (n = 26)

Age, years, median(IQR) 76.00 (10) 73.27 (8)

Gender 0.908b

Male 16 15

Female 11 11

Body height, cm, mean(SD) 156.52 (± 6.45) 159.15 (± 7.51) 0.176c

Body weight, kg, mean(SD) 53.98 (± 9.85) 59.10 (± 8.87) 0.048*,c

BMI, kg/m2, mean(SD) 21.93 (± 3.23) 23.33 (± 2.82) 0.099c

Eichner 0.280b

B1 6 6

B2 6 10

B3 15 10

MA, mg/dL, mean (SD) 181.19 (± 54.87) 178.54 (± 62.81) 0.871c

MOF, N, median (IQR) 539.00 (553.1) 608.45 (434.5) 0.176a

rMMT, mm, mean (SD) 7.87 (± 1.73) 8.89 (± 2.16) 0.064c

cMMT, mm (SD) 10.33 (± 2.46) 11.53 (± 2.61) 0.088c

rMMEI, mean (SD) 158.25 (± 17.89) 149.09 (± 17.20) 0.063c

cMMEI, mean (SD) 135.39 (± 20.93) 131.49 (± 16.16) 0.452c

Table 2.  Comparison between the control (n = 27) and intervention (n = 26) groups before and after 
intervention. SD standard deviation, IQR interquartile range, MA masticatory ability, MOF maximum 
occlusal force, rMMT masseter muscle thickness at rest, cMMT masseter muscle thickness during contraction, 
rMMEI masseter muscle echo intensity at rest, cMMEI masseter muscle echo intensity during contraction. 
*p-value < 0.05. a Two-sampled t test. b Mann–Whitney U test.

Baseline

p value

At 4 weeks post intervention

p valueControl (n = 27) Intervention (n = 26) Control (n = 27) Intervention (n = 26)

MA, mg/dL, mean (SD) 181.19 (± 54.87) 178.54 (± 62.81) 0.871a 185.19 (± 60.92) 197.92(± 52.89) 0.421a

MOF, N, median (IQR) 539.00 (553.1) 608.45 (434.5) 0.176b 564.80(511.6) 905.15(525.4) 0.001*,b

rMMT, mm, mean (SD) 7.87 (± 1.73) 8.89 (± 2.16) 0.064a 7.69 (± 1.92) 9.07 (± 2.16) 0.017*,a

cMMT, mm, mean (SD) 10.33 (± 2.46) 11.53 (± 2.61) 0.088a 10.42 (± 2.68) 12.65 (± 2.76) 0.017*,a

rMMEI, mean (SD) 158.25(± 17.89) 149.09(± 17.20) 0.063a 156.30(± 17.62) 149.28(± 18.02) 0.158a

cMMEI, mean (SD) 135.39(± 20.93) 131.49(± 16.16) 0.452a 134.59(± 18.23) 124.72(± 16.04) 0.042*,a

Table 3.  Intra-group comparison in the control (n = 27) intervention (n = 26) groups before and after 
intervention. SD standard deviation, IQR interquartile range, MA masticatory ability, MOF maximum 
occlusal force, rMMT masseter muscle thickness at rest, cMMT masseter muscle thickness during contraction, 
rMMEI masseter muscle echo intensity at rest, cMMEI masseter muscle echo intensity during contraction. 
*p-value < 0.05. a Paired t test. b Wilcoxon signed-rank test.

Control

p value

Intervention

p valueBaseline Post intervention Baseline Post intervention

MA, mg/dL, mean(SD) 181.19 (± 54.87) 185.19 (± 60.92) 0.549a 178.54 (± 62.81) 197.92 (± 52.89) 0.007*,a

MOF, N, median(IQR) 539.00 (553.1) 564.80 (511.6) 0.683b 608.45 (434.5) 905.15 (525.4) 0.000*,b

rMMT, mm, mean(SD) 7.87 (± 1.73) 7.69 (± 1.92) 0.280a 8.89 (± 2.16) 9.07 (± 2.16) 0.220a

cMMT, mm, mean(SD) 10.33 (± 2.46) 10.42 (± 2.68) 0.673a 11.53 (± 2.61) 12.65 (± 2.76) 0.003*,a

rMMEI, mean(SD) 158.25 (± 17.89) 156.30 (± 17.62) 0.373a 149.09(± 17.20) 149.28(± 18.02) 0.940a

cMMEI, mean(SD) 135.39 (± 20.93) 134.59 (± 18.23) 0.789a 131.49(± 16.16) 124.72(± 16.04) 0.007*,a
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First, as a result of training, the oral function, especially MOF, improved. There are many reports on resist-
ance training for limb muscles, which increases the muscle mass and  strength23,24. It has been reported that a 
significant improvement in the MOF was achieved by resistance training in adults without missing  teeth14. The 
masseter tissue is dominated by Type 1 muscle fibers and has a composition different from that of the quadriceps 
femoris, which has a large number of Type 2 muscle  fibers25. Type 1 muscle fibers are more susceptible to disuse 
than to  aging26. Tooth loss is also an independent factor associated with the  MMT27. Furthermore, it has been 
reported that chewing exercises for older people with 24 or more remaining teeth improved the  MOF28. In this 
study, we targeted older adults with missing teeth and found an improvement in the MOF, which was consistent 
with the findings of previous  studies14,28.

The pre- and post-intervention MA differed significantly in the intervention group, but not in the control 
group. Since the masticatory ability and occlusal force are  related29, improvement of occlusal force by isometric 
exercise may contribute to the improvement of the masticatory ability. However, the masticatory ability is also an 
important factor associated with the tongue  function30, therefore the lack of significant difference in MA could 
be probably due to the target muscle of the training being the masseter, and not the tongue.

Second, an improvement in the masseter muscle properties was also observed. Significant improvements 
were observed in both the rMMT and the cMMT. It has been found that age-related changes strongly affect the 
muscle strength and muscle  mass31. Muscle weakness is a risk factor for subsequent hospitalization and  death32. 
Muscle strengthening is known to occur before muscle mass  gain33. While muscle hypertrophy was said to occur 
after 6  weeks34, it has recently been reported to occur in the skeletal muscle (for e.g., the thigh muscle) from 
about 4  weeks35. In this study as well, a significant improvement in masseter muscle hypertrophy was observed 
at 4 weeks. One of the factors that causes muscle hypertrophy at a relatively early stage is the high sensitivity of 
the masseter muscle to testosterone. Testosterone promotes protein synthesis in the  muscle36. In a study of rats, 
injection of testosterone increased the masseter muscle mass by 38%, which was reportedly more sensitive than 
other  muscles37. Isometric exercise has been shown to significantly increase the testosterone  levels38,39. The mas-
seter may be a muscle that is more affected by isometric exercise as compared to the other muscles.

In this study, the cMMEI was also significantly improved. The higher the number, the more non-contractile 
tissues in the muscle, indicating a decrease in muscle quality. Previous studies in healthy older adults have 
shown a strong negative correlation between the cMMT and  cMMEI9. It is considered that an improvement in 
the cMMT by isometric exercise also led to an improvement in the cMMEI.

This study has several limitations. First, it targeted older people in the Eichner B group with a limited num-
ber of missing teeth. In order to clarify the usefulness of isometric exercises for the masseter muscle, it will be 
necessary to conduct studies on patients with multiple missing teeth, including the Eichner C group. Second, the 
training period for this study was 1 month, and long-term effects were not considered. Tracking the long-term 
effects of isometric exercises is warranted in future research. Third, echo is used for muscle mass evaluation. It has 
been reported that there is a strong correlation between the muscle cross section in magnetic resonance imaging 
and the muscle thickness estimated in the B mode of echo at the same location; however, the gold standard for 
muscle mass evaluation is magnetic resonance imaging and computed tomography.

Significance and future implications
In this study, isometric exercise using a mouthpiece was shown to significantly improve occlusal force and 
masseter muscle properties (quantity and quality) in older people using Eichner B dentures. Masseter muscle 
hypertrophy was confirmed in a short span of 1 month. Therefore, it is possible to sufficiently improve and 
maintain oral function even in older individuals who are in the maintenance phase after the completion of 
prosthetic treatment. The possibility of self-management of oral function and masticatory muscle properties has 
been demonstrated in this study. This time, we have achieved good results in the research targeting the Eichner 
B group, and we would like to perform further studies targeting the C group in the future.

Received: 26 December 2020; Accepted: 16 March 2021
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