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Influence of aging on isometric muscle strength, fat-free
mass and electromyographic signal power of the upper
and lower limbs in women

Josaria F. Amaral’, Felipe C. Alvim?, Eliane A. Castro?®,
Leonice A. Doimo?, Marcus V. Silva! José M. Novo Junior®

ABSTRACT | Background: Aging is a multifactorial process that leads to changes in the quantity and quality of skeletal
muscle and contributes to decreased levels of muscle strength. Objective: This study sought to investigate whether the
isometric muscle strength, fat-free mass (FFM) and power of the electromyographic (EMG) signal of the upper and lower
limbs of women are similarly affected by aging. Method: The sample consisted of 63 women, who were subdivided
into three groups (young (YO) n=33, 24.7+3.5 years; middle age (MA) n=15, 58.6+4.2 years; and older adults (OA).
n=15, 72.0+4.2 years). Isometric strength was recorded simultaneously with the capture of the electrical activity of the
flexor muscles of the fingers and the vastus lateralis during handgrip and knee extension tests, respectively. FFM was
assessed using dual-energy X-ray absorptiometry. Results: The handgrip strength measurements were similar among
groups (p=0.523), whereas the FFM of the upper limbs was lower in group OA compared to group YO (p=0.108). The
RMSn values of the hand flexors were similar among groups (p=0.754). However, the strength of the knee extensors,
the FFM of the lower limbs and the RMSn values of the vastus lateralis were lower in groups MA (p=0.014, p=0.006
and p=0.013, respectively) and OA (p=0.000, p=0.000 and p<0.000, respectively) compared to group YO. Conclusions:
The results of this study demonstrate that changes in isometric muscle strength in MLG and electromyographic activity
of the lower limbs are more pronounced with the aging process of the upper limb.
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Introduction

Aging is a multifactorial process that causes
changes in the quantity and quality of skeletal muscles
and leads to a reduction in their strength'. Muscle
atrophy and functional impairment affect the overall
state of health of older adults by inducing significant
personal losses, such as physical weakness?, an
increased risk of falls and fractures®, an impaired
ability to perform activities of daily life*, poorer
quality of life and an increased risk of death.

The changes in muscle strength associated with
aging are not homogeneous among the muscle groups
of the upper and lower limbs. According to previous
studies, the knee extensors and flexors exhibit greater
strength reduction with age compared to the elbow

flexors and extensors, particularly among women®’.
Similarly, hand grip strength seems better preserved
compared to that of the knee extensors in older
adults®’.

These differences between the upper and lower
limbs may be due to the greater muscle mass
reduction that occurs in the lower limbs compared
to the upper limbs”!®!'". However, Hughes et al.
and Goodpaster et al."' reported a weak association
between reductions in muscle strength and muscle
mass in older adults. In addition, Goodpaster et al."!
analyzed changes in knee extensor strength and fat-
free mass (FFM) as measured by dual-energy X-ray
absorptiometry (DXA) in 1,880 volunteers aged 70 to
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79 years. After a 3-year follow-up period, the muscle
strength reduction was three times greater than the
FFM reduction in both males and females. These
results indicate that FFM alone does not explain the
reduction in muscle strength that occurs in older
adults. Thus, other factors, such as alterations in the
intrinsic ability of muscles to produce force and/or in
neuromuscular activation, are also involved'2.

Neuromuscular activation can be assessed by
measuring the electromyographic (EMG) signals
produced during muscle contraction'®. Surface EMG
is a noninvasive and easy-to-perform technique that
detects the myoelectric activity associated with a
contracting muscle. For these reasons, EMG has
been used to investigate the neural changes associated
with aging and physical function'*!*. Regarding
muscle strength modulation, a relationship between
an increase in EMG signal power and an increase in
the number of active motor units has been reported.
The activation level of previously recruited fibers as
a function of the length of activation has also been
established!®. Although changes in muscle strength
and mass have been investigated by several authors®?,
few studies have sought to analyze muscle strength,
muscle mass and neuromuscular activation in a single
population, particularly in females, as they exhibit the
greatest age-related differences in muscle strength
between the upper and lower limbs®. Thus, the aim of
the present study was to investigate whether isometric
muscle strength, FFM and EMG signal power are
similarly affected in the upper and lower limbs of
women as a function of aging.

Method

Sample

The present study used a non-probabilistic
intentional sample comprising 63 women who were
distributed into the following age groups: young
(YO; 33 women; age range, 20 to 39 years; mean
age, 24.7+3.5 years); middle age (MA; 15 women;
40 to 64 years; 58.6+2 years) and older adults
(OA; 15 women; 265 years; 72.0+4.2 years). The
volunteers in groups MA and OA were recruited
from participants in a socialization group of a project
conducted at the Department of Physical Education,
Federal University of Vicosa (Universidade Federal
de Vicosa - UFV), Vicosa, MG, Brazil, while the
students in group YO attended various courses at
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that institution. All groups included white, black and
brown-skinned women.

Women with musculoskeletal diseases, injuries, or
trauma or those subjected to surgery in the assessed
limbs were excluded from this study. The volunteers
were requested to sign an informed consent form
in compliance with the ethical norms stipulated in
Resolution 196/96. The study was approved by the
human research ethics committee of the Federal
University of Juiz de Fora (Universidade Federal
de Juiz de Fora - UFJF), Juiz de Fora, MG, Brazil,
protocol CEP/UFJF 2451.191.2011, ruling no.
201/2011.

Assessment of isometric muscle strength and
EMG

The isometric muscle strength of the upper and
lower limbs was indirectly assessed using hand
grip and knee extension tests. For hand grip tests,
a strength transducer was coupled to a handle
configuration designed by Novo Jr."7, and knee
extension tests used a (tensiometer) load cell; both
devices were manufactured by EMG System of
Brasil. The instruments were connected to a signal
conditioner with a sampling frequency of 1,024
Hz per channel, which was equipped with an anti-
aliasing band-pass filter with a cutoff frequency of 20
to 500 Hz. The signal conditioner was connected to
a LI-ION battery (11.1V, 2.2 mA/h). The computers
were not connected to a power source to avoid
electrical interference with the data collection.

The muscle electric activity in both isometric
muscle strength tests was captured simultaneously
with the recording of muscle strength. For these
measurements, active bipolar Ag/AgCl electrodes
with a 2-cm interelectrode distance were applied.

To avoid possible interference with the acquisition
of EMG signals, the volunteers’ skin was prepared
by removing the hair and cleaning the skin with
70% alcohol. The electrodes were then placed on
the target muscles and fixed in place with adhesive
stripes to avoid displacement during the procedures.
In the knee extension test, the electrodes were placed
on the quadriceps femoris vastus lateralis muscle,
following the standards established by the European
Recommendations for Surface Electromyography's.
For the hand grip test, the electrodes were placed
on the flexor carpi radialis muscle, which is located
above the flexor digitorum superficialis muscle!’
and was identified with the palpation method®. The
monopolar reference electrode was placed on the



ulnar olecranon in the hand grip test and on the fibular
malleolus in the knee extension test.

Each assessment comprised three maximum
isometric effort attempts, each lasting 6 seconds
for 2-minute intervals to avoid the occurrence of
cumulative fatigue*'*2. Muscle strength in both tests
was assessed on the dominant side, as informed by
the volunteers.

The body position in the hand grip test was
determined according to the recommendations of the
American Society of Hand Therapists®, which state
that the volunteer should be comfortably seated, with
the shoulder adducted and non-rotated, the elbow
flexed to 90 degrees in the neuter position and the
wrist in 0- to 30-degree extension. The volunteers
were requested to wrap the handle with their hand,
while the examiner held the dynamometer. The
dynamometer handle size was selected to allow
for the action of the distal joint of the fifth finger
and to inhibit the thumb action, as described by
Amaral et al.?!,

In the knee extension test, the volunteers were
requested to sit with their hands placed on the lateral
chair supports and their trunk straight; the chair back
was adjusted to allow for 90-degree flexion of the hip.
The dominant knee was placed in 90-degree flexion®.
The tensiometer load cell was fixated on a bar and
placed parallel to the floor by means of a steel wire,
while its other end was coupled to a shinguard fixated
to the volunteers’ dominant ankle. The volunteers
were provided time to acquaint themselves with the
equipment and test protocol before each assessment.

In both tests, the examiner provided verbal
encouraging orientations to the volunteers. All
volunteers were instructed to apply the maximum
strength in the minimum possible time following the
verbal command to start the test and to maintain that
level until told to relax.

Isometric muscle strength data processing

To establish the maximum isometric muscle
strength achieved by the volunteers, the strength
signal curve was divided into 1,024 sample windows
(1 second) with 1,023 overlapping samples. The
largest average value of all windows corresponding
to a single muscle contraction was considered the
greatest isometric muscle strength achieved during
that contraction. This procedure was selected to
dismiss strength peaks achieved at the onset of muscle
contraction. Finally, the highest value among three
attempts was considered as the maximum isometric

Strength, fat-free mass and EMG in women

muscle strength achieved by the volunteers. The hand
grip and knee extensor peak strength measurements
were calculated for the upper and lower limbs,
respectively.

EMG data processing

The EMG signal time segment corresponding to
the strength curve window that exhibited the greatest
production of isometric muscle strength was used
to calculate the variable root mean square (RMS)
of the upper and lower limbs. The EMG signal of
the finger flexor muscles was used to calculate the
RMS corresponding to the upper limbs, and that of
the vastus lateralis muscle was used to calculate the
RMS of the lower limbs. The RMS values normalized
according to the FFM of the dominant extremity
(RMSn) were used for analysis.

Body composition

Body mass and height were measured using a scale
(Filizola) with 100-g accuracy and a stadiometer
(Sanny) with I-mm accuracy. At the time of
assessment, the volunteers were requested to wear as
little clothing as possible, and all instruments were
in perfect condition and calibration. Body mass and
height were measured according to the method of
Lohman®. Body mass index (BMI) was calculated
by dividing the body mass by the square of the height
(kg/m2).

Body composition was assessed by means of
DXA* using a Lunar Prodigy Advance DXA System
densitometer, version 13.31. The tests were performed
by a specialized technician from the Division of
X-Ray and Bone Densitometry, Division of Health,
UFV. During the tests, the volunteers placed the
dorsal decubitus on the equipment scanning area to
occupy the center of the table. The volunteers were
also requested to remove any metallic objects that
could interfere with the data collection.

DXA data processing

Following analysis of the total body area, the
relative body fat (%), fat mass and FFM of the
following areas were calculated: total body, upper
limbs, lower limbs and trunk. The limbs were
separated from the head and the trunk and included
in specific anatomical frames according to software-
generated lines. As a result, the FFM of the upper
limbs corresponded to all fat-free tissue from the
humeral head to the hand phalanges, and the FFM
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of the lower limbs corresponded to all fat-free tissue
from the femoral neck to the foot phalanges®. The
appendicular FFM (AFFM) was calculated by adding
the FFM of the right and left upper and lower limbs.

Data analysis

The descriptive characteristics of the sample were
analyzed according to measures of central tendency
(mean) and dispersion (standard deviation). The
normality of the data distribution was assessed
by means of the Shapiro-Wilk test. Age-related
differences were analyzed through analysis of
variance (ANOVA) with one factor (variable) and
three levels (age-based groups), followed by Tukey’s
post hoc test (for variables with a normal distribution)
or the Kruskal-Wallis test (for variables with a
non-normal distribution). Statistical analysis was
performed using Statistica software (version 7.0).
The significance level was established as p<0.05.

Results

Table 1 describes the age and body composition of
the volunteers distributed in groups YO, MA and OA.

Tables 2 and 3 show the comparisons among age-
based groups in terms of isometric muscle strength
levels, FFM and EMG signal power corresponding
to the upper and lower limbs.

Discussion

The present study investigated age-associated
changes in isometric muscle strength, FFM and
EMG signal power in the upper and lower limbs
among young, middle-aged and elderly women.
The anthropometric characteristics of the volunteers
in each group reflected the typical changes in body
height?, mass and percentage of body fat that occur
with age*”. The muscle strength level achieved by the
volunteers did not appear to be affected by differences
in anthropometric variables, as the total FFM and
AFFM normalized to body height were similar in all
three groups. In addition, none of the volunteers was
classified as sarcopenic according to the cutoff point
suggested by Baumgartner et al. %,

FFM measurements exhibited a differential
reduction between the upper and lower limbs as a
function of age. In particular, the upper-limb FFM
decreased only in group OA compared to YO, while
the lower-limb FFM was decreased in groups MA and
OA. These findings are in agreement with reports by
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other authors, who also observed greater and more
rapid muscle mass reduction in the lower compared
to the upper limbs!®*3, Tanké et al.* analyzed the
FFM in the limbs of healthy Danish women aged 18
to 85 years and found a linear decrease in the lower-
limb FFM starting at 39 years of age. In addition,
the upper-limb FFM did not exhibit any differences
between the ages of 18 and 50 years, although a
significant reduction was observed between the ages
of 50 and 70 years. Narici and Maffulli*! suggested
that sedentary behavior may play a significant role in
the reduction of lower-limb muscle mass, while the
upper-limb muscle mass is preserved as a function
of use in activities of daily living.

Corroborating the results of previous studies®310°,
we observed differences in isometric muscle
strength reduction in the upper and lower limbs.
Specifically, the muscle strength of the lower limbs
was significantly decreased in all groups evaluated,
whereas no significant changes were seen for the
upper limbs. This age-associated difference in the
reduction of muscle strength between the upper and
lower limbs has been attributed to changes in the
patterns of the physical activities performed. As a
consequence, the musculoskeletal system adapts to
differences in physical activity demand associated
with aging. Ferreira et al.** compared the physical
activity level and intensity of the upper and lower
limbs in active, functionally independent young and
elderly Brazilian women living in a medium-sized
city. The results suggested that the activity level
of the upper limbs increased, while the activity of
the lower limbs decreased, with age. Kern et al.*
quantified the activity of the upper and lower limbs
in healthy men and women during a 10-hour period
of normal use and found that the upper-limb muscles
were activated 67% more often than the lower-
limb muscles, although the latter exhibited greater
amplitude. In addition, Theou et al.** measured the
activity and quiescence of the biceps brachii, triceps
brachii, vastus lateralis, and biceps femoris muscles
in women aged 68 to 90 years by means of surface
EMG over a 9-hour period in a typical day, and the
results showed greater muscle activity in the arm
compared to the thigh muscles.

The results of the abovementioned studies show
that the pattern of limb muscle activity changes
with age, whereby the upper limbs become more
frequently used in the activities of daily life compared
to the lower limbs. These changes may explain the
greater preservation of muscle strength and mass in



Table 1. Volunteer characteristics.

Strength, fat-free mass and EMG in women

Variables YO (n=33) MA (n=15) OA (n=15) p value

Age (years) 24.7+3.5 58.6+4.2% 72.0+4.2%* <0.001
Body Mass (kg) 58.6£7.7 66.7+£10.6* 62.4+7.1 0.006
Height (cm) 161.8+5.4 152.9+4.9% 153.4+6.0* <0.001
BMI (kg/m?) 22.4+2.9 28.5+4.3* 26.4+2.4% <0.001
Body Fat (%) 29.9+5.7 38.6+5.6* 38.4+5.3*% <0.001
FFM total (kg) 39.1+3.7 39.3+4.3 37.0£3.0 0.211
AFFM/height? (kg/m?) 7.4+0.6 7.5+0.7 7.0£0.4 0.080

Mean =+ standard deviation; n = number of participants; * vs. group YO; YO = young; MA = middle age; OA = older adults; BMI = body mass

index; FFM = fat-free mass; AFFM = appendicular fat-free mass.

Table 2. A comparison of isometric muscle strength, FFM and EMG signal power for the dominant upper limb.

Variables YO (n=33) MA (n=15) OA (n=15) p value

HS (kgf) 27.0+4.6 26.6+4.7 25.4£3.9 0.523
FFM UP (kg) 1.9+0.2 1.8+0.3 1.7+0.2% 0.027
RMSs FF (uV) 101.9+£37.5 94.6+43.4 137.7+124.4 0.754

Mean + standard deviation; n = number of participants; * vs. group YO; YO = young; MA= middle age; OA = older adults; HS = handgrip
strength; FFM = fat-free mass; RMSs = root mean square standardized; FF = finger flexors; UP = upper limb.

Table 3. A comparison of isometric muscle strength, FFM and EMG signal power for the dominant lower limb.

Variables YO (n=33) MA (n=15) OA (n=15) p value
KES (kgf) 43.2+10.7 35.1+7.0% 27.7+5.8% <0.001
FFM LL (kg) 7.8+0.8 7.0£1.0* 6.5+0.7* <0.001
RMSs VL (uV) 29.2+21.5 18.5+£12.9* 13.9+8.6* 0.001

Mean + standard deviation; n = number of participants; * vs. group YO; YO = young; MA = middle age; OA = older adults; KES = knee
extensors strength; FEM = fat-free mass; RMSs = root mean square standardized; VL = vastus lateralis; LL = lower limb.

the upper limbs compared to the lower limbs®. In
addition, impairments in the activation mechanisms
of muscles or muscle groups during a maximal
voluntary isometric contraction (MVIC) have been
significantly associated with the muscle strength
reduction that occurs with age®.

In comparison to the vastus lateralis muscle,
which exhibited a reduction in RMSn together with
age, the RMSn of the finger flexor muscles did not
exhibit significant differences among the groups,
although this level was slightly increased in group
OA. Bazzucchi et al.*® reported a reduction in EMG
signal power for the vastus lateralis and biceps
brachii muscles during MVIC of the knee extensors
and elbow flexors, respectively, in elderly compared
to young women. Moreover, other studies have
reported a reduction in EMG signal power during
MVIC of the elbow flexors" and knee extensors'*
in older adults compared to youths. However,

no studies have assessed the EMG signal power
of the finger flexor muscles in youths and older
adults using isometric hand grip tests. In addition,
none of the abovementioned studies described the
method used to normalize the EMG signals, which
makes the comparison of our findings difficult. The
characteristics of the EMG signal can be influenced
by several individual factors, such as muscle volume
and thickness of the adipose tissue interposed
between the electrodes and assessed muscles.
Therefore, as the subcutaneous adipose tissue
increases and the muscle mass decreases with age,
comparisons of raw EMG signals between youths
and older adults are not recommended'2. To compare
the EMG signal power among different groups of
individuals, it is recommended to normalize the signal
to the power achieved by each individual®” during a
MVIC. However, as in the present study, because
the EMG signal power during a MVIC was selected
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as an outcome variable, this measurement could not
be used for normalization. For this reason, we chose
to normalize the RMS variable to the FFM of the
limbs to represent the EMG signal power developed
per FFM unit.

The maintenance of absolute isometric muscle
strength associated with the (non-significant) increase
in RMSn in the upper limbs in group OA and the
reduction of isometric muscle strength and RMSn in
the lower limbs in groups MA and OA compared to
group YO indicate that the adaptation of the upper and
lower limbs to the physiological changes associated
with aging occurs in a differential manner. Thus, one
might assume that an increase in muscle activation
and/or active motor unit firing frequency represents
an efficient mechanism for increasing muscle strength
in the upper limbs, particularly in older adults.

The results of the present study bear significant
clinical implications, as they emphasize the relevance
of preventive interventions for muscle strength
preservation, particularly for the lower limbs in
middle-aged and elderly women. This type of
intervention is extremely relevant, as it could
influence modifiable risk factors for weakness,
mobility loss and falls in older adults. In addition, an
understanding of the adaptive mechanisms developed
to compensate for the physiological changes
associated with age may help elucidate the process
of aging and thus provide sounder foundations for the
development of interventions at various healthcare
levels, including rehabilitation. Based on the patterns
of muscle activation most closely associated with
adaptations due to aging, one might assume that
exercises resulting in frequent, but not necessarily
more intense, activation of the lower-limb muscles
could produce satisfactory outcomes.

One of the limitations of the present study was
its cross-sectional nature, and longitudinal studies
are therefore needed to confirm these results.
Additionally, studies assessing modifications in the
coactivation of antagonist muscles and the changes
in the proportion of the muscle fiber composition
associated with aging are needed. Finally, studies
including the control of global physical activity, as
well as that of the limbs separately, are also needed.

Conclusions

To summarize, the results of the present study
indicate that the lower limbs are more affected by
aging than the upper limbs, as demonstrated by
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a greater reduction in isometric muscle strength,
FFM and EMG signal power. Based on the results
of previous studies that assessed changes in limb
activity patterns in older adults, one might suggest
that differences between the upper and lower limbs
are related to neuromuscular adaptations derived from
greater activation of the upper limbs compared to the
lower limbs. Therefore, exercise practices demanding
more frequent activation of lower-limb muscles may
be beneficial.
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