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Abstract.	 [Purpose] To examine whether resistance training for elderly community-dwellers performed with an 
interocclusal splint resulted in greater lower extremity muscle strength and better balance than resistance training 
performed without an interocclusal splint. [Subjects and Methods] Eighty-eight elderly persons using Japanese 
community day centers were randomly divided into two groups: an intervention group (n=45), which performed 
resistance training with an interocclusal splint; and a control group (n=43), which performed resistance training 
without an interocclusal splint. The resistance training program comprised a 40-min session performed twice a 
week for 12 weeks. Outcome measures were the chair stand test (CST), timed up and go test (TUG), and one-leg 
standing test (OLST). Assessments were conducted before the intervention and every 2 weeks after the start of the 
intervention. [Results] There was a significant group × time interaction for the OLST, with the intervention group 
showing significant improvement from 8 to 12 weeks compared to the control group. For the CST and TUG, no 
significant differences were found between the two groups throughout the 12 weeks. [Conclusion] Resistance train-
ing with an interocclusal splint improved the balance ability of elderly community-dwellers more effectively than 
resistance training without an interocclusal splint.
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INTRODUCTION

Physical functions such as lower extremity muscle strength, balance and walking ability deteriorate with age. Deteriora-
tion of physical function appears to be associated with disability in activities of daily living and an increased risk of falls 
among the community-dwelling elderly1, 2). Various community exercise programs for improving physical function and 
activity levels are provided for the elderly who are at high risk of falls throughout Japan. Some systematic reviews have 
reported that resistance training programs effectively improve physical function parameters, such as lower extremity muscle 
strength and the gait speed of elderly persons3–5). Moreover, a systematic review by Valenzuela5) showed that resistance train-
ing programs are feasible and safe for elderly institutionalized subjects, because no study-related adverse events occurred and 
the attendance rate of the exercise group was high. Consequently, resistance training programs for improving the physical 
function of the elderly are both effective and feasible.
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The maintenance of teeth and oral health plays an important role in the maintenance of the overall health of the elderly6, 7). 
Most individuals lose their teeth as they age, and occlusal imbalance due to tooth loss in older adults is reportedly associated 
with deterioration in physical function, and influences both disabilities in activities of daily living and the occurrence of 
falls8, 9). These findings suggest that reduction of occlusal imbalance may be effective for the improvement of the physical 
function of the elderly.

Sport medicine research has shown that fitting an interocclusal splint over individuals’ teeth can improve motor perfor-
mance10, 11). Interocclusal splints lead to stable occlusal contact and reduce occlusal imbalance11, 12), and several studies have 
investigated the effects of an interocclusal splint on physical function13–15). Researchers have reported that individuals with 
an interocclusal splint show greater lower extremity muscle strength and balance ability than those without an interocclusal 
splint13, 14). These positive effects of an interocclusal splint on physical function may be related to an increase in the afferent 
impulses from periodontal mechanoreceptors and muscle spindles, facilitated by teeth clenching with stable occlusal contact. 
Previous studies have reported that the increase in these afferent inputs due to teeth clenching influences whole body muscles, 
and head and neck muscles, via the central nervous system, and results in improvement of physical function, because of more 
effective regulation of motor outputs9, 15).

The findings of these previous studies suggest that resistance training performed with an interocclusal splint may ef-
fectively improve physical function. However, the effectiveness of resistance training for the elderly, performed with an 
interocclusal splint compared with training without one, has not been fully investigated and remains unclear. Thus, we 
hypothesized that resistance training for elderly community-dwellers performed with an interocclusal splint would result in 
greater lower extremity muscle strength and better balance than resistance training performed without an interocclusal splint. 
The aim of this study was to test this hypothesis.

SUBJECTS AND METHODS

Elderly persons using community day centers twice per week in the Japanese city of Nagasaki were enrolled in this study. 
Nine day centers where physical therapists worked together with community care staff were selected. The physical therapists 
were asked to choose potential participants over the age of 65 years who were living at home, able to walk with or without 
a cane, and had at least four risk factors, as identified using the fall assessment questionnaire designed by Suzuki16). This 
questionnaire has 15 items, and predicted falls with a sensitivity and specificity of 59.4% and 83.1%, respectively, when the 
cutoff points of the four risk factors were used17). Therefore, this questionnaire has been widely adopted by community care 
staff for the assessment of the fall risk of elderly Japanese18).

Participants who had participated in exercise at least four times a month prior to the intervention, and who had musculo-
skeletal, neurological or cardiovascular disorders that might have been aggravated by exercise, were excluded. Participants 
who were unable to respond to interview questions because of cognitive impairment were also excluded.

Written informed consent was obtained from each participant in accordance with the guidelines approved by the Nagasaki 
University Graduate School of Medicine and the Declaration of Human Rights, Helsinki, 2008.

This study had a randomized controlled trial design and was performed between April 2010 and September 2014. Par-
ticipants who met the inclusion and exclusion criteria were randomly divided into two groups using the sealed envelope 
method19). The two groups were an intervention group, which performed resistance training with an interocclusal splint 
(27HA5900, Mizuno Corporation, Osaka, Japan), and a control group, which performed resistance training without an in-
terocclusal splint. The division into groups was done after the baseline assessment. Physical therapists working in the day 
centers assessed the participants and implemented the intervention program.

The resistance training program comprised a 40-min session performed twice a week for 12 weeks using machines in-
tended to increase lower extremity muscle strength. Three types of machines were used: a leg press machine, a hip abduction/
adduction machine, and a leg extension machine.

The exercise program comprised 10 min of warm-up, 20 min of resistance training, and 10 min of cool-down. The inten-
sity of the resistance training was subjectively evaluated using the Borg Scale and was gradually increased20). The intensity 
in the period from 0 to 2 weeks after the start of the intervention was “fairly light”, based on a score of 11 points on the Borg 
Scale; and in the period from 2 to 12 weeks after the start of the intervention was “somewhat difficult”, based on a score of 
13 points on the Borg Scale. Resistance training comprised four sets of 10 repetitions and was conducted using a training 
manual. The above training protocol was described in our previous study which measured its effects on physical function21).

The interocclusal splint used in the intervention group becomes soft when it is soaked in hot water. The participants in the 
intervention group fitted these splints over their teeth and performed the above resistance training program while voluntarily 
clenching their teeth. The participants in the control group did not use these splints and performed the above resistance 
training program while voluntarily clenching their teeth.

Outcome measures were assessed using the following physical function performance tests: the chair stand test (CST)22), 
the timed up and go test (TUG)23), and the one-leg standing test (OLST)24). Before commencing the study, the physical 
therapists received training from one of the authors (TH) on the assessment protocols. These tests were conducted twice, and 
the best score was recorded. Physical function performance tests were conducted before the intervention and every 2 weeks 
after the start of the intervention.
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Psychological status was evaluated before the intervention using the 15-item version of the Geriatric Depression Scale 
(GDS-15)25) and the modified Falls Efficacy Scale (FES)18), translated into Japanese, to identify whether psychological status 
was associated with physical function performance. These assessments were self-administered, with guidance from the care 
staff at the day centers when needed.

Statistical analyses were performed using SPSS 22.0 for Windows (SPSS Inc., Armonk, NY, USA). The effect of the 
intervention over time on outcome measures was investigated using an intention-to-treat analysis. The unpaired t-test was 
used to evaluate significant differences in age, height, body weight, and physical function performance tests between the two 
groups prior to the intervention. The χ2 test was used to compare the gender distributions and the proportion of participants 
who dropped out between the two groups. The Mann–Whitney U test was used to assess differences between the two groups 
in terms of the GDS-15 and FES scores prior to the intervention.

The effect of exercise on each physical function performance test was analyzed using a 2 (group: intervention group and 
control group) × 7 (time: baseline, and 2, 4, 6, 8, 10, and 12 weeks after the start of the intervention) analysis of variance. 
Post hoc, the Bonferroni test was used to assess which group or time periods showed significant differences. A two-sided p 
value of <0.05 was considered significant.

RESULTS

A flowchart outlining study participation is shown in Fig. 1. In total, 178 individuals were screened as potential partici-
pants. Ninety of these 178 potential participants were excluded because they refused to participate in the study (n=24) or 
failed to meet the inclusion criteria (n=66). The remaining individuals (n=88) were enrolled in the study and were randomly 
allocated to either the intervention group (n=45) or the control group (n=43). Seven participants (8.0%) withdrew from 
the trial. One participant in the intervention group was admitted to hospital because of a serious illness (pneumonia), and 
another three participants withdrew because of social problems. One participant in the control group was admitted to hospital 
because of a serious illness (pneumonia), and another two participants withdrew because of social problems. There were no 
significant differences between the two groups in terms of withdrawal from the study (p=0.636). No participants dropped out 
as a result of the resistance training program itself. In short, 81 of 88 participants completed the 12-week intervention: 41 in 
the intervention group and 40 in the control group.

During the intervention, participants in the intervention and control groups who completed the study attended 91.3% and 
90.8% of the training sessions, respectively. There was no significant difference between the two groups in terms of program 
attendance (p=0.901).

The baseline characteristics of the participants are summarized in Table 1. There were no significant differences between 
the two groups in terms of age, gender, physical function performance, or psychological status (p>0.333).

Table 2 shows the changes in physical function performance of the two groups over the 12 weeks. There was a significant 
group × time interaction for the OLST (p=0.045), but, there were no significant group × time interactions for the CST or TUG 
(p=0.217 and p=0.342, respectively).

The mean values of the OLST from 8 to 12 weeks in the intervention group were significantly better than those in the 
control group (p<0.05). Within the intervention group, the mean values from 8 to 12 weeks showed significant improvement 
over those before the intervention (p<0.002). Within the control group, there was no significant difference in the mean values 
between before and at any time during the intervention.

There were no significant differences in the CST or TUG during the 12 weeks between the two groups. Within both 
groups, the mean values at 6 to 12 weeks showed significant improvement compared with before the intervention (p<0.002).

DISCUSSION

The main finding of this randomized controlled trial is that resistance training effectively improved the physical function 
of elderly persons using community day centers. Specifically, the OLST, which is considered a marker of balance ability24), 
exhibited a significant group × time interaction, whereas, the CST and TUG, markers of lower extremity muscle strength and 
walking ability22, 23), exhibited no significant group × time interactions.

The mean values of the OLST from 8 to 12 weeks after the start of the intervention were significantly better in the 
intervention group than in the control group. Within the intervention group, the mean values from 8 to 12 weeks after the 
start of the intervention were significantly better than those before the intervention. However, within the control group, there 
was no significant difference in the mean values between before and at any time during the intervention. Similarly, there were 
no significant differences in the CST or TUG during the 12 weeks between the two groups. Within both groups, however, 
the mean values from 6 to 12 weeks after the start of the intervention were significantly better than those before the start of 
the intervention. These results suggest that resistance training is effective at enhancing lower extremity muscle strength and 
walking ability, and that resistance training with an interocclusal splint is more effective at improving balance ability than 
resistance training without an interocclusal splint.

Interocclusal splints improve occlusal imbalance and facilitate teeth clenching because of stable occlusal contact11, 12). 
Regarding the mechanism behind the improvement in balance ability in the intervention group, several studies have reported 
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that teeth clenching influences contracture of the neck and trunk muscles, and that these muscles co-contracted with the 
masseter muscle during teeth clenching26–28). Miyahara et al.29) investigated the effect of teeth clenching on lower extremity 
muscle activity by measuring the modulation of the Hoffmann reflex (H-reflex) amplitude. They reported that the soleus 
H-reflex was facilitated by voluntary teeth clenching, and suggested that peripheral factors, including afferent sensory inputs 
from periodontal mechanoreceptors and central commands for teeth clenching, play an important role in the facilitation of 
the soleus H-reflex. Kawakubo et al.30) investigated the cortical activations of the enhancement of handgrip force during 
teeth clenching using functional magnetic resonance imaging (fMRI). They reported that activation in the supraspinal motor 
cortices, including the hand region in the primary motor cortex, anterior cerebellum and cingulate motor area/supplementary 
motor area, was enhanced by teeth clenching. Thus, previous research suggests that both central motor commands and affer-
ent impulses from periodontal mechanoreceptors and muscle spindles are facilitated by teeth clenching29, 30). This suggests 
that these mechanisms influence contracture of the neck and trunk muscles in a way that increases neck and trunk muscle 
strength and improves neck and trunk stability, and that balance ability in the intervention group improved because of the 
above-described mechanisms. However, investigating the possible underlying mechanisms is beyond the scope of this paper.

Previous studies have reported that resistance training effectively improves the muscle strength and walking ability of the 
elderly3–5). However, whether resistance training effectively improves balance ability remains unclear31, 32). This change in 
physical function among the participants in the control group is similar to these previous studies.

Four (8.8%) participants withdrew from the intervention group, and three (7.0%) participants withdrew from the control 
group for the previously noted reasons. Of the participants who did not withdraw from the study, 91.3% and 90.8% of the 
intervention and control group subjects, respectively, completed all the study exercises. There were no significant differences 
between the two groups in terms of study withdrawal or program attendance. Based on these results, it appears that the 

Table 1.  Baseline characteristics of the study participants

Characteristics Intervention 
group (n=45)

Control group 
(n=43)

Age (years) 79.9 ± 6.9 78.4 ± 7.0
Female, n (%) 24 (53.3) 26 (60.0)
Height (cm) 153.9 ± 10.4 153.2 ± 10.3
Weight (kg) 56.5 ± 12.4 53.8 ± 8.6
GDS-15 score (points) 3.5 ± 3.1 2.8 ± 2.9
FES score (points) 31.8 ± 5.4 33.3 ± 6.2
CST (sec) 13.4 ± 6.3 12.9 ± 4.7
TUG (sec) 11.2 ± 5.0 11.6 ± 4.5
OLST (sec) 5.9 ± 3.4 5.8 ± 5.7
Values are expressed as mean ± standard deviation (SD).
GDS-15: 15-item version of Geriatric Depression Scale; FES: 
Falls Efficacy Scale; CST: Chair Stand Test; TUG: Timed Up 
and Go test; OLST: One-Leg Standing Test

Table 2.  Comparison of physical function performances of the two groups during the intervention period

Item Baseline After  
2 weeks

After  
4 weeks

After  
6 weeks

After  
8 weeks

After  
10 weeks

After  
12 weeks

CST (sec)
Intervention group 13.4 ± 6.3 12.0 ± 5.6 10.8 ± 3.9 11.0 ± 4.3b 11.4 ± 5.4b 10.4 ± 4.5b 10.1 ± 4.4b

Control group 12.9 ± 4.7 12.1 ± 4.8 11.6 ± 4.2 11.7 ± 4.5b 11.2 ± 4.2b 10.9 ± 4.2b 10.7 ± 4.8b

TUG (sec)
Intervention group 11.2 ± 5.0 10.9 ± 5.1 10.5 ± 5.1 10.4 ± 4.8b 10.2 ± 4.7b 9.8 ± 4.1b 9.9 ± 4.2b

Control group 11.6 ± 5.8 10.7 ± 5.0 10.6 ± 4.8 10.4 ± 4.4b 10.5 ± 4.8b 10.5 ± 5.7b 9.9 ± 4.8b

OLST (sec)*
Intervention group 5.9 ± 3.4 7.2 ± 5.4 9.0 ± 8.9 9.6 ± 10.1 9.8 ± 6.5ab 10.7 ± 10.7ab 12.0 ± 10.5ab

Control group 5.8 ± 4.4 5.7 ± 3.8 5.8 ± 4.2 6.6 ± 4.2 7.1 ± 5.0 7.0 ± 6.9 7.5 ± 8.9
Values are expressed as mean ± standard deviation (SD).
CST: Chair Stand Test; TUG: Timed Up and Go test; OLST: One-Leg Standing Test
* Significant group × time interaction (p<0.05).
a Significant differences between the two groups, b Significant differences from baseline

Fig. 1.	 Flowchart outlining the number of participants in each 
phase of the study
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resistance training was widely accepted by the participants and is safe and feasible as a service provided at day centers.
This study had some limitations. First, the same physical therapists assessed the participants and also conducted the inter-

vention programs. Therefore, there is a possibility that our results were influenced by the physical therapists’ expertise and/
or reporting bias at each day center. However, the physical therapists who participated in the study received the same level of 
training from a senior physical therapist before initiating the trial, and the exercise program was conducted using a training 
manual. Therefore, we propose that the physical therapists’ expertise had a minimal effect on the study results. A second 
limitation is that the number of falls during the intervention period was not recorded. Thus, the effect of the resistance training 
program with an interocclusal splint on fall occurrence could not be determined. Nevertheless, improved physical function is 
associated with fewer falls in older adults33). A third limitation is that the intensity of the resistance training was determined 
using the Borg Scale. Therefore, the differences in outcome measures in both groups may have been caused by the resistance 
intensity of the machines. A fourth limitation is that neither the neck and trunk muscle strength nor body sway was assessed. 
Additionally, occlusal conditions, such as tooth loss and the patterns of occlusal contact of the participants, were not assessed 
in the present study. Therefore, as mentioned above, the mechanisms behind the improvement in balance ability could not be 
investigated in the intervention group. Further studies are needed to assess neck, trunk, masseter muscle strength, and body 
sway using appropriate equipment, such as a hand-held dynamometer, phagodynamometer, and a stabilograph, in addition to 
evaluating the occlusal conditions in detail.

In conclusion, resistance training for elderly persons attending community day centers is effective at enhancing the lower 
extremity muscle strength and walking ability, and resistance training with an interocclusal splint is more effective at improv-
ing balance ability than resistance training without an interocclusal splint. Moreover, resistance training was widely accepted 
by the day-center clients, suggesting that resistance training performed with an interocclusal splint is effective and feasible 
as a service provided at day centers.
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