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Abstract. The effects of a low intensity training programme for 12 months on motor functions and
mobility of institutionalized elderly women were investigated. The subjects comprised 28 elderly women
aged 80.4 £ 5.4 years, who were assigned to either the control group (CG) (n=15) or the training group (TG)
(n=13). Training 4 to 6 days a week with each session for about 20 minutes a day was performed. After
training, a significant increase in quadriceps strength was observed in TG (P<0.05), but not in CG (mean
SD.% =222+ 14.1 v.s. -9.8 = 19.4). Ability of balance tested by functional reach was decreased in CG
(P<0.05), whereas there was no change in TG (mean + S.D.% =-15.3+£23.4 v.s. -2.1 £ 15.3). Ambulatory
status was reduced in CG, whereas there was no change in TG. These results suggest that low intensity
training is effective for increasing strength and maintaining balance and mobility in frail elderly persons.
Key words: Elderly, Resistance training, Long-term effects
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INTRODUCTION

Human muscle strength reaches its peak between
the second and third decades, and begins to decline
thereafter at a rate of approximately 12% to 15%
per decade with more rapid losses above the age of
65'-3). Muscle weakness in the elderly contributes
greatly to gait disturbances and other functional
restrictions on daily living activities*”). In
addition, loss of muscle strength is associated with
an increased risk of falls, and adverse physiological
changes such as loss of bone mineral density, which
may result in a predisposition to osteoporosis-
related fractures®19, ‘

Since the end of the 1980s, a number of studies
have been published each year to document the
benefits of progressive strength training not only for

young and middle-aged adults but also for older
men and women!!-!3), The trainability of the
muscles of healthy elderly subjects has been
established, but the effectiveness of exercise
training for more severely impaired, frail elderly
persons, as might be found in long-term care
settings or nursing homes, has remained unclear.
Our study focused on the residents of a nursing
home because of the high prevalence of physical
frailty, functional dependency, muscle weakness,
and recurrent falls among nursing home residents as
the result of physical inactivity and acceptance of a
sedentary lifestyle!?. Although several authors
have recommended that frail adults use lower-
intensity for training, there is little information
about whether a low-intensity stimulus with
minimal progression leads in fact to a consistent
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increase in strength'in the frail institutionalized
elderly population.

We therefore examined the effects of a low-
intensity training programme on the motor
functions and mobility of frail elderly persons.

METHODS

Subjects

The subjects comprised 28 elderly women, aged
80.4 £ 5.4 (range, 70~92) who were residents in the
same nursing elderly home in Kyoto, Japan. None
of the residents had any serious dementia or
physical dysfunction that would affect activities of
daily living. All were capable of ambulating with or
without assistive devices and could follow simple
directions. Subjects were excluded if they had an
acute neurological impairment (acute stroke,
Parkinson’s disease, paresis of lower limbs), severe
cardio-vascular disease (acute myocardial
infarction, congestive heart failure, uncontrolled
hypertension), unstable chronic or terminal illness
(uncontrolled diabetes mellitus, malignancies),
major depression, severe cognitive impairment
(inability to follow training instructions), or severe
musculoskeletal impairment (inability to participate
in the training regimen).

After baseline assessment, thirteen women
agreed to participate in the training programme for
12 months. Fifteen women who declined to join the
training session composed the control group. They
were instructed to continue their daily routines.

Measurements (Outcome Measures)

Quadriceps muscle strength, balance, grip
strength, and mobility were assessed in all subjects
at the beginning and the end of the 12-month
intervention period. Functional Independence

Measure (FIM)!® and ambulatory status were used -

for measuring mobility. Ambulatory status of the
subjects were categorized into 3 stages as stated
below.

1) Quadriceps strength

Quadriceps strength was measured by isometric
dynamometer (GT-10, OG GIKEN Co.) during
isometric contraction of the knee extensor. With the
patient in a sitting position, the hip and knee were at
angles of 90°, and the strap was placed 10 cm above
the ankle. The maximal isometric strength was
determined as the larger value of two repeated

measurements after pre-measurement trials with
manual resistance. The measurements were
performed bilaterally, and the average maximal
strength of both sides was calculated. Torque was
calculated by multiplying strength by the lever arm
(distance between the lateral joint line and the point
of force application), and expressed as the
percentage of body weight (Nmv/kg).

2) Balance

Balance was measured by using the functional
reach test. Functional reach, the distance that subjects
are able to reach forward while maintaining a fixed
base, has been described by Duncan et al.!6 17, who
reported that it had good predictive validity for
recurrent falls'® and high test-retest and
interobserver reliability!”. The position of the tip
of the first metacarpophalangeal joint was
determined, with the shoulder of the subject flexed
at 90° along a wall. Then the subjects were
instructed to reach as far forward as possible
without moving her feet, thus moving the center of
gravity forwards over a fixed base. Functional
reach was defined as the difference between arm’s
length and maximal forward reach.

3) Grip strength :

Grip strength was measured using a handgrip
dynamometer (Takei Co.). The subject, holding a
handgrip dynamometer with her arm by her side,
squeezed with maximum force. The score used was
the best of two trials. Both hands were tested, and
the averages of both sides were used for analysis.

4) FIM

The FIM includes 18 items, each with a 7-point
scale from 1 (minimal score: complete dependence)
to 7 (maximal score: complete independence). In
this study, five items in the areas of transfer and
locomotion (moving to and from a chair or bed,
toilet transfer, tub transfer, walking, stairs) were
examined to evaluate mobility (possible total score
range from 5 to 35).

5) Ambulatory status
Ambulatory status was evaluated with the
following three-stage classification:
1. Indoor independence: can do basic living
activities without help, but cannot go out alone.
2. Proximal outdoor independence: can go out into
the neighbourhood without help, but cannot use



public means of transportation.
3. Distal outdoor independence: can go out alone
using public means of transportation.

Training (Intervention)

The training components were selected
specifically to target physical impairments that are
associated with frailty. The specific key muscle
groups we chose for training are the hip flexors
(HF), hip abductors (HAB), knee extensors (KE),
and ankle plantar flexors (PF), because strength in
these muscles of this population is closely related to
functional capabilities such as gait speed, stair-
climbing ability, and rising from a chair!® ), In
addition, it has been demonstrated that a reduction
in the strength of these muscles has been implicated
as a factor contributing to an increase in the risk of
falling?® 21, One set of the training of HF, HAB,
KE, and PF consisted of 10 lifts with or without
ankle cuff weights of 0.5 to 3.0 kg. The exercises
were performed as follows:

1. Hip flexors. With ankle weights in place, the
subject stands sideways next to a chair. Without
bending at the waist, one knee at a time is
brought up as close to the chest as possible.

2. Hip abductors. With ankle weights in place, the
subject stands erect holding onto the back of a
chair. Without bending the knee or waist, one
leg is brought out to the side with the toes kept
pointed forward.

3. Knee extensors. The subject sits erect with the
weights strapped around the ankles and the back
of the knees resting on the chair seat. One leg at
a time is raised until the knee is as straight as
possible

4. Plantar flexors. With ankle weights in place,
the subject stands erect holding onto the back of
a chair. The body is then elevated up on the toes
as high as possible.

The training intensity was chosen by determining
the rate effort during 10 lifts, using Borg’s Rating
Scale of Perceived Exertion (RPE). The weight of
the ankle cuff was controlled to adjust the exercise
at a rating of 13 (somewhat hard) which is
equivalent to 60% of maximum lifting capacity. If

a RPE score was less than 13, then the next higher

weight available was used, until thé appropriate
range was reached. The speed of movement during
the exercise was kept quite slow (4-6 s to lift and
lower the weight) through its entire pain-free range
of motion.
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Table 1. Base-line characteristics of the subjects
Training group Control group
n=13 n=15
Age (years) 813+£6.2 795+£5.1
Weight (kg) 469162 46.9+%53
Height (cm) 1444 %52 1434+ 6.0
BMI 225+2.8 23.1+£34

The progressive resistance training was
performed four to six times weekly and continued
for 12 months, lasting approximately 20 minutes
each time,

Statistical analysis

Unpaired t-tests were used to compare baseline
characteristics between the training group and the
control group. Quadriceps strength, balance, and
grip strength of the two groups before and after
intervention were compared using paired t-tests.
Within each group, the results were analyzed
similarly in the subgroups according to age (below
and above 80 years). Statistical significance was set
at p<0.05.

RESULTS

Table 1 shows the base-line characteristics of the
subjects. The anthropometric characteristics (age,
weight, height) of the two groups were not
significantly different. The training group
completed the exercise program four or more times
a week for the 12-month intervention period. No
major health problems, including cardiovascular or
musculoskeletal complications, occurred during
training sessions or testing.

Quadriceps strength, functional reach and grip
strength values at baseline and 1 year post-training
are presented in Table 2. There were no significant
differences in baseline values between the groups.
After training, quadriceps strength significantly
improved from 0.88 + 0.29 Nm/kg to 1.01 + 0.25
Nm/kg (22.2%, p<0.05) in the training group,
whereas that of the control group tended to decrease
from 1.01 £ 0.27 Nm/kg to 0.87 £ 0.20 Nm/kg
(-9.8%, p=0.075). When the results were analyzed
separately by age (below and above 80 years) in the
training group and control group subjects,
quadriceps strength improved significantly among
the below 80 years subjects, but not among the
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Table 2. Quadriceps strength, functional reach and grip strength values at baseline and 1 year post-training

Training group (n=13)

Control group (n=15)

" Baseline 1 Year % Change Baseline 1 Year % Change
Quadriceps strength (Nm/kg)  0.88+029  1.01£0.25 222+%14.1% 1.01£027 0.87+020 -98%194
Functional reach (cm) 222165 21.3+7.1 -2.1+153 234140 19.3+£5.1 -153%+234*
Grip strength (kg) 12.3£3.1 13.3+£2.3 249217 12.1£2.9 11625 0.81+24.8

Values are expressed as means ¥ the standard deviation (SD). %Change=(after-before)/before x 100. The symbol *; represents

significance at the 5% level between the baseline and 1 year.

Table 3. Comparison of motor function between below and above 80 years of age

Quadriceps strength (Nnvkg) Functional reach (cm) Grip strength (kg)
Baseline 1Year pValue  Baseline 1 Year pValue  Baseline 1 Year p Value
Training group ,
below 80 year (n=7) 098+026 1.15%£023 0.034 26.0+40 23962 0468 147+£2.03 15.18+2.61 0495
above 80 year (n=6) 0.76£0.24 0.84+0.17 0.383 17.8£68 183+77 0840 9.58+2.89 11.79+1.71 0.181
Control group
below 80 year (n=6) 1.01+0.17 0.78+0.07 0110 203+37 173+43 0355 13.0%x100 125%1.34 0563
above 80 year (n=9) 1.02+0.34 0941025 0414 254+27 20653 0093 116+3.85 11.1+3.10 0714
Table 4. FIM score at baseline subjects (13.3%) aged 71 years and 85 years,
Training group Control group Showed a reduction from “proximal outdoor
below 80 year M4t l8 313127 1nd§plendence to “indoor independence” in the
above 80 year 30.0+3.7 30.6+2.6 ambulatory status.
Total subject 31.8+2.8 309+2.7

above 80 years subjects in the training group (Table
3). Although the increase did not reach statistical
significance, the training group recorded an
increase from 12.3 £ 3.1 kg to 13.3 £ 2.3 kg (24.9%,
p=0.058) in hand-grip strength, whereas no such
increase was seen in the control group. Functional
reach, a parameter of balance, of the training group
showed no change, whereas that of the control
group decreased from 23.4 £+ 40 cm to 19.3 £ 5.1
cm (-15.3%, p<0.05). When the results were
separated by age, functional reach tended to
decrease among the above 80 years subjects, but
there was no change among the below 80 years
subjects in the control group (Table 3).

The initial FIM scores of the two groups were not
significantly different (Table 4). At the end of the
12-month study, the FIM scores for both groups had
not changed. Table 5 shows the ambulatory status
at baseline. After the 12-month intervention, all
subjects in the training group maintained their
ambulatory status at baseline. In contrast, 2 control

DISCUSSION

At the end of the 1980s, Frontera et al.!! reported
that a heavy-resistance training programme led to
an increase in the knee extensor strength of elderly
men, which was accompanied by muscle fibre
hypertrophy. Since then, an annually increasing
number of studies has continued to document the
benefits of muscle strengthening exercises for
elderly people, but most of these studies have
focused on “healthy, active elderly” subjects and on
their response to a programme of high-intensity
strength training. Previous works also show that
short-term effects of training can be observed in the
elderly in as little as 6 to 12 weeks'!: 2223 but Jess
is known about the long-term effects of resistance
training in physically frail elderly people.
Generally, physical fitness such as muscle strength
and balance in a group of nursing home residents is
lower than that in older people living at home. As
reported by other studies, for example, the mean
values of grip strength and functional reach among
community-dwelling older women was 25.4 kg*®
and 26.7 cm!?), respectively, which were higher



Table 5. Ambulatory status at baseline
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Training group (n=13)

Control group (n=15)

Indoor Proximal outdoor  Distal outdoor Indoor Proximal outdoor  Distal outdoor

independence independence independence independence independence independence
below 80 year 00 4 (57.1) 3(42.9) 0 (0) 3 (50.0) 3(50.0)
above 80 year 3(50.0) 3 (50.0) 0 1 (12.5) 4 (50.0) 3(37.5)
Total subject 3 (3.1 7 (53.8) 3(23.1) 1(6.7) 8(53.3) 6 (40.0)

than those of the population sample in this study.
This study focused on a group of frail nursing home
residents, and investigated whether long-term, low-
intensity exercise can lead to improvement in motor
function and mobility.

In the older adult, strength training programmes
should target the major muscles of the lower
extremities, the condition of which is a well-
established predictor of falls and functional
limitations in activities of daily living.
Furthermore, muscle strengthening exercises need
to be continued if exercise benefits are to be
maintained, which means that they must be simple
for participants to understand and perform, require
no special equipment and only minimal space. To
meet these requirements, we provided low-intensity
strengthening exercises using ankle cuff weights for
hip flexors, hip abductors, knee extensors, and
ankle plantar flexors. However, it has not been
well-documented whether low-intensity
strengthening exercises are sufficient for optimizing
improvements in strength and functioning of a frail,
institutionalized elderly population.

We were able to demonstrate that the training
group showed significant improvement in
quadriceps strength. Handgrip strength, though not
specifically trained, also tended to improve in the
training group. Following a 1-year exercise trial
involving 25 individuals aged between 61 and 78,
Pykaet al.?> measured increases in strength ranging
from 30 to 97% over the first 3 months, which then
maintained a plateau during the remaining months
of the experiment. In the case of our study
population, it is not clear whether muscle strength
gains were obtained during the early weeks of
training, but our results indicate that a prolonged
low-intensity training programme can lead to
improvements in muscle strength over the long
term, even in frail elderly persons. Progressive
resistance training appears to be an effective way of

number (%)

improving muscle strength in elderly people both
below!! 1) and above!? 80 years of age. Our
results of separate analysis by age group showed
that the increase in quadriceps strength was due
primarily to an increase seen among the below 80
years subjects rather than among the above 80 years
subjects. The efficacy of the intervention for above
80 years of age is limited by the fact that there is no
consensus on the appropriate quantity, quality, or
intensity of resistance exercise necessary to
promote improved strength, especially in this
population. Future studies will be need to evaluate
the long-term effects of resistance training in this
very elderly population with larger numbers, and to
clarify most effective intervention for improving
strength. As for balance, the functional reach of the
training group showed no change, possibly because
the applied task was not hard enough to improve
balance. However, we found that a reduction in
balance had occurred in the control group at the end
of the study. This was due to a decrease among the
above 80 years subjects (p<0.093); no decrease was
seen among the below 80 years subjects. This
finding suggests that an age-related decline of
balance becomes greater after the age of 80 years,
and that long-term resistance training may help to
prevent reductions in balance that are commonly
associated with aging.

Our results also indicate that the improvements
of strength in the training group and the reduction of
balance in the control group were not accompanied
by change in FIM score after intervention. To
change FIM score, it may be essential to obtain
greater muscle strength and to follow a long term
period. The ambulatory status was maintained in
the training group, whereas it showed decrease in
some of the control group subjects. Lack-of
strength and balance are well-known predictors of
severe walking disability?®. Furthermore, it has
been pointed out that poor balance may lead to a
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decrease in emotional stability, with a loss of
confidence in functional performance as one of its
symptoms?”. In the control group subjects, the
decline in balance contributed to gait disorders or
loss of confidence, which may lead to restrictions
on physical behavior.

None of the subjects showed any serious medical
problems, that is, of cardiac or orthopedic origin, or
any other adverse events during the progressive
resistance training or measurements. This is
remarkable because the study participants were all
geriatric, frail and multi-morbid. Our study
demonstrated that gradually-progressive, low-
resistance strength training is safe and effective for
improving or maintaining the strength, balance and
mobility of frail elderly people. In addition to
safety and effectiveness, it is also extremely
important that this kind of training regimen can be
reasonably expected to be complied with over the
long term, especially by older persons. Our
exercise programme using ankle weights requires
no special equipment, is easily implemented, and
does not need assistance by highly skilled
professional staff. Our results also show that such
simple and easy resistance training can be carried
out for a long term by the frail elderly with
reasonable compliance, and that prolonged training
leads to sustained improvements in motor function,
and thus to a reduction in functional limitations.

CONCLUSION

Progressive resistance training has been thought
of as a relatively risky form of exercise for
physically frail elderly individuals. Therefore, there
is little information on whether it is safe for
debilitated elderly persons to perform resistance
training and whether such training can result in
long-term improvements in strength, balance and
function for this population. Our findings indicate
that a sustained programme of progressive strength
training can be safely performed and can lead to
sustained improvement in muscle strength, balance,
and level of physical activity, even among frail
elderly people.
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