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Objective: Elderly people with dementia experience not only cognitive dysfunction but also motor function deficits, such as bal-
ance and gait impairments. Recently, transcutaneous electrical nerve stimulation (TENS) has been used to reduce pain as well as to
control muscle spasm, spasticity and motor performance in various types of subjects. The purpose of this study determined the ef-
fect of a single trial TENS on balance and gait function in elderly people with dementia.

Design: A randomized controlled trial.

Methods: Twenty-two subjects with dementia were assigned to the TENS group (n=12) and ten subjects were assigned to the
control group (n=10) randomly. Subjects were classified into two groups: the TENS group (n=12) and the placebo-TENS group
(n=10). The TENS group had electrical stimulation applied on the calf muscle for 15 minutes, while the placebo-TENS group had
not received real electrical stimulation. The timed up and go test (TUG) and functional reach test (FRT) were used to measure the
balance function, and the 10 meters walk test (MWT) and 6MWT were used to assess gait ability. All tests were performed before
and after intervention under a single-blinded condition.

Results: After intervention, there were significant improvements in TUG, FRT, 10MWT, and 6MWT results in the TENS group
(»<0.05), while the placebo-TENS group did not show significant changes in all outcome measurements. There were also differ-
ences in all tests between the two groups at post-measurements (p<0.05).

Conclusions: This study demonstrated that a single trial TENS application on the calf may be used to improve balance and gait
function in elderly people with dementia.

Key Words: Balance, Dementia, Gait, Transcutaneous electric nerve stimulation

Introduction Because of the rapidly aging society and progressively
Westernized lifestyle, elderly people with dementia are in-
The Korean society is moving towards an aged society. creasing and have been emerged as a big social and econom-
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ic problem [1]. Besides, elderly patients with dementia bring
stress, depression and severe socio-economical burdens to
their family and people around them [2]. Moreover, there is
a high-risk of severe accidents or death for elderly people
with dementia compared to ordinary elderly people due to
decreased balance and gait abilities [3]. Elderly patients get
hurt from a fall, which is often caused by lack of confidence.
This reduces physical activity levels and decreases the qual-
ity of life [4]. To decrease the risk of falls and fall incidents
of elderly patients with dementia and to increase their qual-
ity of life, interventions that increase balance and gait per-
formance are in need. Researchers have used com-
puter-based cognitive rehabilitational interventions [5] or
nootropic drugs [6] to increase cognitive function of the pa-
tients with dementia, but the effectiveness of the treatment
has not been clear.

When a treatment method was applied to family members
of the patients with dementia to deal with their recent func-
tional problems, balance was not changed while capacity for
actual daily living and gait performances were increased sig-
nificantly [7]. Recently, when gait training with an electrical
treatment was applied to stroke patients, their balance and
gait performances were increased [8]. Moreover, the strength
of patients with multiple sclerosis was increased when func-
tional electrical stimulation was applied to them [9].
According to these results, it appears that therapeutic inter-
ventions using electrical stimulation on elderly patients with
dementia have an effect on their gait and balance abilities.
Among many electrical treatments, transcutaneous elec-
trical nerve stimulation (TENS) not only decreases pain ac-
cording to gait control theory, but also decreases pain sensi-
tivity by activating the descending inhibitory system [10].
Both sides of the anterior cingulated cortex of the ipsilateral
supplementary motor area are activated by activating the pa-
rietal lobe of the cerebrum and the first and second somatic
sensory cortices when TENS is applied [11]. When TENS is
applied on the peripheral region, not only are the sensory
nerves affected, but motor function can also be positively af-
fected by activating the central nervous system. Further-
more, recent studies show that TENS is effective for not only
pain reduction, but also may have many effects in improving
movements. Imbalance due to fatigue is improved when
TENS is applied to healthy adults [12] and studies showing
that TENS is effective for balance and gait function im-
provement on subjects have increased [13]. However, there
are only a few studies about the effect of TENS on elderly
patients with dementia. Thus, this study aimed to investigate

the effects of applying TENS on calf muscles in elderly peo-
ple with dementia on balance and gait based on previous
studies about the effect of TENS and extended usage of
TENS.

Methods
Subjects

The study was conducted for 4 months as a controlled be-
fore-after pilot study. Thirty subjects that were from com-
munity centers and dementia centers in Seoul and Incheon
were recruited under the agreement of the caregivers and
staff. Among the 30 participants, only 25 of them had met
the criteria. The subjects were randomly assigned to either
the TENS group or the control group. Thirteen subjects were
assigned to the TENS group and the rest of the participants
were assigned to the placebo-TENS group. During the ex-
periment, one subject from the TENS group and two from
the placebo-TENS group were excluded due to refusal or un-
intended behavior. Thus, 12 participants in the TENS group
and 10 subjects in the controlled group participated the
experiment. The subjects who had mild dementia, had a
score of 4 or above in the Korean mini mental state examina-
tion and were able to walk longer than 10 meter were
selected. Also, the patients with other diseases such as can-
cer, severe cardiopulmonary symptoms, musculoskeletal
problems, or received artificial joint replacements were ex-
cluded to minimize variability. The present study was ap-
proved by the Institutional Review Board of Gachon
University (IRB No. 1044396-201511-HR-053-003).

Procedures

The study assigned 22 subjects with dementia to the
TENS group (n=12) and control group (n=10) randomly.
The researchers performed the evaluations after explaining
or demonstrating to the subjects the evaluations 1 to 2 times.
The subjects received assistance from their family or care-
givers in understanding the evaluation procedures. There
were 3-minutes rest periods between the evaluations to min-
imize fatigue after each evaluation. Every evaluation was
conducted by blinded examiners. The TENS parameters
were a frequency of 4 Hz and duration of 200 « s and set at
burst mode for 15 minutes on both calf muscles to provoke
muscle contraction. The placebo-TENS was applied as the
same as the TENS group without stimulation. The timed up
and go test (TUG), functional reach test (FRT), 10 meters
walk test (MWT), and 6MWT scores were used to measure
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balance and gait performance of the elderly patients with
dementia. The measurements were performed before and
right after the intervention.

Outcome measurements

Balance measurements

The TUG was used to measure functional mobility. The
TUG is a quick method used to measure basic mobility and
balance. It measures the distance from sitting on a chair with
an armrest to standing, and then walking a 3 meters distance
after the start sign has been initiated by the inspector. Test-
retest reliability of the TUG was reported as intra-class cor-
relation coefficient=0.96 [14]. The less time it takes for a
subject to perform the TUG indicates that the subject has
good balance. The FRT has the subject stand right beside the
wall until one’s shoulder touches the wall and has to raise the
right shoulder to 90 degrees and after leaning forward as
possible as can distance from baseline is measured at the
third metacarpal bone [15]. The FRT is precise, stable, is as-
sociated with the center of pressure excursion and is re-
ported to have a reliability of r=0.71-0.81 [16]. Every test
was performed three times with the mean values obtained.

Gait measurements

The 10MWT and 6MWT were used to measure gait. The
10MWT calculates subject’s speed by measuring the time
that one can walk as fast as possible. The subjects walked 4
meters more before and after the starting and the 10 meters
mark to exclude the effects of acceleration and deceleration
when measuring the time it took for the subject to walk 10
meters [17]. This tool has a high reliability of r=0.89-1.00)
[18] and every test used the mean values obtained from three
trials. The method of 6MWT was the same as 10MWT, but
the length was set at 6 meters only. The method showed an
inter-rater reliability of 0.88 and an intra-rater reliability of

Table 1. General characteristics of participants (N=22)
. TENS group  Placebo-TENS
Characteristic (n=12) aroup (n=10) P
Age (y) 79.03 (5.67) 78.33 (9.32) 0.830
Sex (male/female) 6/6 4/6 0.658
Height (cm) 165.42 (8.23)  162.78 (6.85) 0.823
Weight (kg) 62.49 (10.22)  61.69 (9.07) 0.904
K-MMSE 17.03 (5.24) 16.91 (6.83) 0.820

0.86 when elderly people with dementia were measured and
was considered to be reliable when applied to them [19].

Statistical analysis

General characteristics were analyzed by frequency anal-
ysis using IBM SPSS Statistics ver. 23.0 (IBM Co., Armonk,
NY, USA) and test of normality was done by the Shapiro-
wilk test. An independent t-test was used to compare the
changes of pre- and post-test and the paired t-test was used
to compare before and after intervention. The significance
level was set lower than 0.5.

Results
Demographic characteristics

There was no significant difference in general character-
istics of subjects such as sex, age, height, and weight for de-
mentia between the groups (p>0.05; Table 1).

Balance

In the TENS group, there was a significant difference in
TUG scores from 13.48+4.28 seconds before the inter-
vention to 11.94+3.41 seconds after the intervention (p<
0.05). Meanwhile, there was no significant difference in the
placebo-TENS group. In comparison of the changes, the
TENS group showed significant improvement compared to
the placebo-TENS group (p<0.05; Table 2).

In FRT test, while the TENS group showed significant
difference of a total change of 1.92+2.50 cm from 17.87+
6.66 cm before the intervention to 19.79+7.37 cm after the
intervention 1.9242.50 cm (p<0.05), the placebo-TENS

Table 2. The changes in TUG and FRT scores (N=22)
. TENS grou Placebo-TENS

Variable (n= 1g 2) b group (n=10) p

TUG (s)
Pre-test 13.48 (4.28) 12.04 (4.11) 0.434
Post-test 11.94 (3.41) 12.08 (3.88)
Post-Pre 1.54 (1.94) 0.04 (0.65) 0.019
p 0.016 0.850

FRT (cm)
Pre-test 17.87 (6.66)  20.07(3.76)  0.383
Post-test 19.79 (7.37) 18.65 (4.43)
Post-Pre 1.92 (2.50) 1.42 (2.52) 0.007
P 0.026 0.123

Values are presented as mean (SD).
TENS: transcutaneous electrical nerve stimulation, K-MMSE: Korean
mini mental state examination.

Values are presented as mean (SD).
TUG: timed up and go test, FRT: functional reach test, TENS: trans-
cutaneous electrical nerve stimulation.
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Table 3. The changes of the IOMWT and 6MWT scores (N=22)

. TENS grou Placebo-TENS

Variable (n=igZ) P group (n=10)

10MWT (s)
Pre-test 11.43 (3.20) 10.34 (3.07) 0.399
Post-test 9.71 (2.52) 10.83 (3.02)
Post-Pre 1.72 (1.24) 0.49 (1.50) 0.001
P 0.001 0.281

6MWT (s)
Pre-test 7.58 (2.00) 6.93 (2.26) 0.479
Post-test 6.42 (1.70) 6.76 (2.37)
Post-Pre 1.16 (0.58) 0.17 (0.52) <0.001
P <0.001 0.390

Values are presented as mean (SD).
MWT: meter walk test, TENS: transcutaneous electrical nerve stim-
ulation.

group showed a decline from 20.07£3.76 cm before the in-
tervention to 18.65+4.43 cm after the intervention, although
the decline was not significant (p>0.05). In comparison of
the changes, the TENS group showed significant improve-
ment compared to the placebo-TENS group (p<0.05; Table
2).

Gait

In the IOMWT test, while the TENS group showed sig-
nificant improvement of approximately 1.7 seconds from
11.43+3.20 seconds before the intervention to 9.71+2.52
seconds after the intervention (p<0.05), the placebo-TENS
group showed no significant difference from 10.34+3.07
seconds before the intervention to 10.83+3.02 seconds after
the intervention (p>0.05). The changes in the TENS group
showed a significant improvement in gait function com-
pared to the placebo-TENS group (p<0.05; Table 3). More-
over, there was a similar change in the 6MWT scores as for
the IOMWT. The TENS group had shown significant im-
provement (p<0.05), but the placebo-TENS group showed
no significant difference (p>0.05). The changes of the TENS
group showed significant improvements in gait function
compared to the placebo-TENS group (p<0.05; Table 3).

Discussion

Gait and balance functions of elderly patients with de-
mentia are decreased due to reduction of cognition and mus-
cle weakness. Decrease of gait speed is a leading index of
gait disorders of patients with dementia and was reported to
be highly correlated with executive function disorder [20].

The study proved that the application of TENS improved the
gait speeds of elderly patients with dementia. The results of
this study were similar to previous studiesin which dynamic
balance, such as gait, was improved when active-TENS was
applied to stroke patients [21]. Balance was improved in the
TENS group as demonstrated by the TUG and FRT tests.
This appears to be because TENS increased the activation of
the somatic sensory system that was engaged in the main-
tenance and control of the standing position [22]. Similar to
the previous studies, TENS on stroke patients showed that
balance and gait performance was improved [21] as well as
standing balance because perturbation was decreased when
TENS was applied to young healthy adults [23]. Balance im-
provement allows elderly people with dementia to be able to
perform ADLs and live an independent life safely by de-
creasing the risk of falls [24]. Meanwhile, there was no sig-
nificant improvement in not only the 1I0MWT, but also in
TUG and FRT scores in the placebo-TENS group. This
clearly means that TENS without electronic charge does not
have much of an effect on patients with dementia.
Apparently, elderly people with dementia avoid activities
because they are hypoactive. This leads to muscle weakness
and decreased muscular activation. It is assumed that apply-
ing TENS increases gait performance in the study with a few
reasons. First of all, the electrical stimulation on the periph-
eral nerves activates the brain’s motor area. According to
previous studies, cerebral activity was activated due to elec-
trical stimulation on the peripheral nerves [25]. Second, it is
assumed that the muscular activation of elderly patients was
increased because TENS stimulation on the calf muscle pro-
duced repeated muscle contractions passively. Based on the
previous studies, applying TENS increases muscular activa-
tion and strength, and therefore, motor function related with
them is also increased [26]. TENS activates slow-twitch and
fast-twitch muscles fibers, such as the Ia and II fibers [27].
Applying TENS increased muscle activation through repeated
passive muscular contractions, which overcame the limi-
tation of lack of activity many elderly patient with dementia
suffer from. Lastly, continuous stimulation on the nerves
may have activated the motor and sensory integration area.
The 10MWT and the 6SMWT were used to measure gait
performance in the study. These two methods are the same
except the distance of 10 meters and 6 meters. The 6MWT
had used to measure gait performance of elderly people with
dementia while the I0MWT had been used in several studies
about neurological deficits [19]. It seems that these methods
reduce the burdens associated with measuring elderly peo-
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ple with dementia, and are effective. In the results of the
study, both methods showed significant improvement in the
TENS group. However, there was, interestingly, a difference
in improvement between the 6SMWT and the lOMWT. The
subjects were enhanced by 15.8% in the 6 MWT and 22% in
the IOMWT. It is assumed that the IOMWT is more effective
for measuring gait performance of the elderly with dementia
even though it is difficult to be generalized due to the small
number of subjects. Long distances require more time to re-
act after by patients compared to short distances. Nevertheless,
it is assumed that both methods are effective for measuring
gait performances of the elderly with dementia and there
will be studies comparing the advantages and disadvantages
of them in the future.

This study has some limitations. First, it is difficult to as-
certain long-term effect of TENS because TENS was ap-
plied one time on each subject. Also, it is difficult to know
how long the effects had been sustained after the inter-
vention due to no follow-up study. Thus, further studies need
to investigate the effect of applying TENS for an extended
period of time and to ascertain how long effects have been
sustained in the future and neurological-physiological stud-
ies about how TENS affects gait, balance, and strength and
pain sensory should be warranted as well.

The study proved that applying TENS on the elderly with
dementia is effective for improvement of balance and gait
performance. It is assumed that using TENS in the field im-
proves motor function as well as reduces pain through the
study result. There is advantages, especially, that TENS is
easy to use because it is not invasive and safe and few
disadvantages. Furthermore, it also induces continuous
muscle contraction passively. Which make the elderly with
dementia overcome hypoactivity. Thus, TENS is considered
as an useful equipment to improve motor function of elderly
patients with dementia.
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