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Abstract - The present study was performed to investigate the effect of aging on muscular activity of older subjects 

under the condition of fixed load muscle contraction. SEMG signals were recorded from old (46 women) and young (45 

women) groups performing sustained isometric elbow flexion contraction with a fixed load during 30 seconds. Linear 

regression and mean square error (MSE) analysis with four characteristic variables (ARV, RMS, MDF, MNF) were used 

to compare the age-related difference (of local muscle fatigue and fluctuation of the amplitude and frequency) in the 

SEMG signal. The main results can be summarized as follows: During sustained muscle contraction with a fixed load: i) 

the MSE values of amplitude (ARV, RMS) and frequency (MDF, MNF) variables were more than 30% higher for the 

young than for the old adults; ii) the measures of local muscle fatigue (slope of the MDF and MNF) indicated greater 

fatigue in the old; and iii) the rate of increase of the SEMG amplitude was higher for the young than the old. 
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1. Introduction

Population statistics suggest a remarkable demographic 

change in many developed countries. In 2000, for instance, 

7% of the entire Korean population was over 60 years 

and, while in 2018, that number is to rise to 14% [1]. 

The trend in aging baby boomers suggests that older 

workers are a growing percentage of the workforce and 

that they may aid the meeting labor demands of the 

future.

The physical work capacity of the individual worker, 

which can be determined by muscular capacity including 

muscle strength, fatigue, and recovery, declines with age 

[2], [3]. The decline has been associated with changes in 

the neuromuscular system of the individual indicating that 

age influences the physiological characteristics of human 

neuromuscular system. Age-related changes in the 

neuromuscular system were gradual decreases in neuronal 

cells and dendrites, neuronal sprouting, and cerebral 

metabolism, including cerebral circulation and 

neurotransmitters [4]-[6]. Specifically, a severe reduction 

of giant pyramidal Betz cells within the motor cortex, a 

reduction of dopamine neurotransmitters within the basal 

ganglia, and alterations in spinal motor neurons were 

associated with advanced aging [7].

Recently, empirical evidences from EMG 

(electromyography) analyses suggest that age-related 

differences in the neuromuscular system exist between 

young and older adults [8]-[14]. Age-related alterations 

characterize the difference of the rate of amplitude and 

frequency change of EMG signal during sustained % 

maximum voluntary contraction (%MVC) [8]-[10], [15], 

the difference of the motor unit firing rate in needle and 

wire EMG signals [11]-[13], and the difference of the 

fatigability of surface EMG (SEMG) signals during 

normalized voluntary contractions [9], [10], [14], [16], [17].

While the majority of the studies have indicated the 

age-related differences in neuromuscular system by 

analyzing the EMG signal under relative load contraction 

(% maximum contraction) of the subjects, only a few 

have investigated the effects of age for the EMG signal 

under fixed load contraction [18]. They have used the 

relative load contraction in their experiments because the 

differences in muscular strength among individuals make 

the interpretation of the results difficult. However, many 

industrial jobs (e.g., most of the jobs that require lifting 

and carrying an object) represent the fixed load work 

demand [19] and the absolute comparison of the physical 
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work capacity between young and old workers is needed 

to provide proper ergonomic interventions and prevent the 

work-related musculoskeletal disorders.

Herein we describe a trial for investigating the 

age-related difference in biceps brachii activation patterns 

using SEMG analysis with a fixed load contraction and a 

new criterion, the mean squared error (MSE). In brief, 

we compared the slope (rate of change over time) and 

MSE (fluctuation) of SEMG signals from the young and 

old adult groups under isometric elbow flexion contraction 

with a fixed load (4kg dumbbell) during 30 seconds. 

Although, as mentioned above, many previous studies 

examined the differences of amplitude and frequency 

variations between age groups with SEMG signals during 

either sustained constant %MVC [9], [20], constant task 

voluntary contraction (target %MVC) [8], [10], [14], % 

maximal concentric and eccentric contractions [21], 

intermittent % submaximal voluntary contractions [22], or 

incremental % maximal contractions [16], none have 

explored the differences of amplitude and frequency 

variations between age groups for SEMG signal under 

fixed load conditions. 

In this study, the four characteristic variables (ARV: 

average rectified value, RMS: root mean square value, 

MDF: median frequency, MNF: mean frequency) that 

have been the most commonly used for the EMG 

analysis in various practical applications [23]-[27] were 

extracted from the SEMG signals in time and frequency 

domain. To estimate the rates of change over time of the 

characteristic variables, each set of the extracted 

variables was fitted with a first-order polynomial using 

least mean squares fit. The MSE values between the 

extracted variables and the y-values of the linear 

regression line were calculated to investigate amplitude 

and frequency fluctuations in the SEMG signals. The 

slope of the linear regression line and the MSE were 

examined and differences between two groups were 

evaluated by statistical analysis.

2. Materials and methods

2.1 Experimental design

2.1.1. Subjects

Data were collected from a total of 91 female subjects 

of which 45 were young (20-33 years) and 46 old (63-88 

years). We recruited only woman in order to eliminate 

any uncertainty due to the gender difference. All subjects 

volunteered to participate in this study. The young 

volunteers were recruited from the university population 

and the old from several local communities located in 

nearby area. All subjects were right handed, healthy and 

reported no neuromuscular disorders. Before participation 

in the study, each subject provided informed consent, and 

the local and institutional review board approved the 

experimental protocol.

The mean ± SD(standard deviation) and 25%-75% 

percentile range of the age of the subjects, shown in 

Table1.

Table 1 Age, height and weight data for the two groups (45 

young and 46 old women) of  participants. Values 

are mean ± SD and, inparenthesis, 25%-75% 

percentile. 

 Young group Old group

Age(yr)

Height(cm)

Weight(kg)

22.23±2.23(21-23)

163.93±4.61(161-168)

53.86±5.27(50-57)

73.28±6.33(69-79)

151.64±6.98(147-156)

58.08±8.87(51-63)

2.1.2 Protocol

  The task consisted of a constant voluntary contraction 

of the right arm elbow flexors while lifting a fixed load 

(4kg dumbbell) for 30 seconds. The 4kg dumbbell was 

selected for moderate load on both young and old subject. 

Each subject sat in a chair with her arms laying flat on 

a desk in front of her. To adjust to constant elbow 

level(with  flexion of hip joint, upright position of 

trunk and ∼  flexion of shoulder) against varying 

height of the subjects, the elevation controllable chair and 

scaffolding were provided. After an introductory session 

for familiarization with the equipment and the prescribed 

elbow flexion movement, the subject was asked to 

perform the sustained contraction of the biceps brachii 

muscle with a fixed posture during 30 seconds. In order 

to make sure the fixed posture of the wrist(neutral 

position) and  flexion at the elbow during the 

sustained contraction throughout all the experiments, we 

designed and made a splint at the laboratory of physical 

therapy and all subjects were helped to keep the same 

contraction with wearing the splint. The subject was 

required to sustain the fixed load contraction for 30 

seconds and also verbally encouraged to maintain the 

constant posture of the elbow flexion during the test 

period. 

2.1.3 EMG Recording

The Delsys Bagnoli-2(Delsys Inc., USA) EMG 

amplifier was used to record the SEMG signal from the 

biceps brachii muscle. The bipolar surface electrode(bar 
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type, 1cm inter-electrode distance) was placed over the 

middle of the muscle surface at a location between the 

innervation zone and the tendon-muscle interface [28]. 

The skin surface was cleaned and abraded to minimize 

the impedance of the electrical contact of the electrodes. 

The common reference electrode was positioned on the 

dorsal surface of the hand. The EMG signals were 

amplified(x1000), band-pass filtered(20-450Hz) and stored 

to the personal computer by using DT9804 A/D 

converter(Data Translation Inc.) at 1024Hz sampling 

frequency.

2.2 Data analysis

2.2.1. Signal processing for SEMG variables.

For each 1-second epoch of the SEMG recording 

during 30 seconds, the following 4 characteristic variables 

were calculated in time and frequency domain. The two 

estimators of amplitude features were the average 

rectified value(ARV) and the root mean square 

value(RMS). They are defined by the following equations 

in the numerical domain and usually computed without 

any pre-processing of the data:

 
 
  



  



 
  



     

where   are the signal samples, and N the number 
of samples in the epoch considered(N=1024 in this study).

The two estimators of frequency features were the 

MDF(median frequency : ) and MNF(mean 

frequency :  , defined by the following equations 

in the numerical domain:

  
  



  
 



  
 
 



 

    
 




  



  

where   is the nth line of the power spectrum 
and M is the highest harmonic considered. 

After being estimated the characteristic variables from 

the SEMG signals, linear regression analysis [29] was 

applied to find the representative line for each variable. 

Then, the slope of the regression line was measured 

for subsequent analysis.

In order to evaluate the amplitude and frequency 

fluctuations in the SEMG signals, the MSE between the 

linear regression line and the estimated value itself was 

computed for each characteristic variable. The signal 

processing was performed by using the Matlab 6.5 

software (The Mathworks Inc., USA).

2.2.2. Statistical analysis

The mean slope of the linear regression line and mean 

MSE were statistically compared the young group with 

old group. The independent t-test used to verify the 

statistical significance of the difference between two 

groups based on a confidence level of 95% (p<0.05). The 

descriptive statistics (including the mean and standard 

deviation, confidence interval, standard error, coefficient of 

variation, and percentile range) for each variable were 

computed to investigate the statistical characteristics of 

the difference. The statistical analysis was performed by 

using the SPSS 12.0 software ( SPSS Inc.).    

3. Results

A total of 91 SEMG recordings during 30 seconds 

from the 91 women subjects was analyzed for the four 

characteristic variables (ARV, RMS, MDF, MNF). 

3.1 Example SEMG signals

Fig. 1 shows sample plots of a segment of the raw 

SEMG signal, the corresponding power spectrum, and the 

time courses overlapped with the linear regression lines 

for each representative subject from the two groups, 

respectively. The graphs are the 5th windowed epoch of 

the whole SEMG record from the young(21 years, 50kg 

and 163cm) and old subject(81 years, 65kg and 149cm.) 

respectively.

For a parallel comparison of the change over time, 

each set of values for each characteristic variable was 

normalized by its maximum value and the normalized 

values were fitted with a first-order polynomial using a 

least mean squares fit. The ARV values in the figure 

indicate that the SEMG amplitude from the old subject is 

a little bigger than the one of the young (0.11 and 0.07). 

In the power spectra corresponding to the SEMG signal 

segments, the MDF and MNF of the old subject are 

about 10 Hz lower than those of the young. The time 

courses of the variables and corresponding linear 

regression lines are shown in third and fourth rows of 

the graph respectively. As shown in the plots, both the 

ARV and RMS are to increase but for both MDF and 

MNF to decrease gradually with time, and the rates of 

change over time (the slope of the regression line) for 

the old were about 3 times more rapid than for the 

young, and there were little differences between the 

young and old with respect to MSE values. 

3.2 Differences between the young and old group

Table 2 summarizes the mean and standard deviation 
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 Young group

(Mean±SD)

Old group

(Mean±SD)

Difference of   two groups

(Mean difference ± SDdifference)

ARV[a.u.]

    Slope

    MSE

RMS[a.u.]

    Slope

    MSE

MDF[a.u.] 

    Slope

    MSE

MNF[a.u.]

    Slope

    MSE

 

2.44±3.04

0.0051±0.0022
 

2.18±3.00

0.0057±0.0027

 
-0.65±2.51

0.0059±0.0068

 
-0.53±2.45

0.0031±0.0036

 

1.39±3.49

0.0035±0.0019
 

1.36±3.54

0.0038±0.0025

 
-0.92±1.77

0.0042±0.0040

 
-0.82±1.71

0.0022±0.0025

 
1.05(y>o)±0.45(y<o)

0.0016(y>o)±0.0003(y>o) *

 

0.82(y>o)±0.54(y<o)

0.0019(y>o)±0.0002(y>o) *
 
-0.27(y<o)±0.74(y>o)

0.0017(y>o)±0.0028(y>o)
 

-0.29(y<o)±0.74(y>o)

0.0009(y>o)±0.0011(y>o)

* indicate significant difference verified by independent t-test(P<0.05), and y and o indicate the young and old, 

respectively.

Table 2 Mean±standard deviation, together with difference of the two groups for the 4 variables, analyzed by the slope of the 

linear regression line and MSE.

Fig. 1 Time signal (1st row), power spectrum (2nd row) and linear regression (3rd and 4th row) plots of a young (1st column) 

and an old (2nd column) subject during a fixed load muscle contraction.

for each group and the difference between two groups, 

analyzed for the 4 variables estimated from all the 91 

subjects. 

For the parallel comparison of the slope and MSE 

between the variables, each variable was normalized by 

its maximum value and then the slope and MSE for each 

variable were measured. 

The mean and SD values obtained from the all 91 

subjects are reflected in this table.

In the point of the rate of change for each variable, 
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the results shown in table 2 illustrated that : i) most of 

the slopes of the amplitude variables were positive values 

but the slopes of the frequency variables were negative, 

ii) mean slopes of the amplitude variables measured from 

the young group (ARV=2.44, RMS=2.18) were bigger than 

the mean slopes from the old group (ARV=1.05, 

RMS=0.82), but the relation of the mean slopes of the 

frequency variables between two groups (MDF=-0.65, 

MNF=-0.53 for the young and MDF=-0.92, MNF=-0.82 

for the old, respectively) were vice versa, iii) the 

difference of the standard deviation showed opposite 

relation to the mean difference between age groups.

From the MSE between the regression line and 

estimated values, the mean and SD of MSE values for 

the young group were always bigger than for the old 

group, and the differences of the amplitude variables 

(ARV, RMS) were significant verified by the t-test at 

5% significance level.

 

3.3 Descriptive statistics for the variables

Table 3 tabulates the descriptive statistics for each 

variable, which are helpful to characterize the differences 

between two groups. Examining the statistical results in 

Table 3, the following observations can be made: i) in 

the 95% confidence interval of the mean, the slopes and 

MSEs of the ARV and RMS for the young group were 

distinctly bigger than the ones for the old group, the 

MDF and MNF for the old group showed more consistent 

negative slopes than those for the young, and the MSEs 

of the MDF and MNF for the old were smaller the ones 

for the young; ii) in the range of the slope and MSE, the 

amplitude variables showed the relations between two 

groups as young<old, and the frequency variables as 

young>old, respectively.

The percentiles shown in Table 3 present the slope 

and MSE ranges, excluding the extreme outliers in the 

distribution of the all values estimated from all the 91 

subjects. The 25%-75% percentiles of the slope indicated 

both the slightly wider ranges of the amplitude variables 

(andARV=-1.67-3.83,RMS=-1.25-4.09 for the old) and the 

narrower ranges of the frequency variables (MDF, MNF), 

for the old than for the young, respectively. The ranges 

of the MSE in the table, on the other hand, showed 

always wider ranges of all four variables for the young 

when compared to those of the old.

The coefficient of variation (CV = standard deviation / 

absolute mean) quantifies the dispersion of the estimated 

values around mean for each variable. For the observed 

difference of the CV between the old and young : i) the 

CV values for the slope estimation of the young (old), 

ARV=1.24(=2.51), RMS=1.37(=2.59), MDF=3.83(=1.91), and 

MNF= 4.62(=2.07) were always bigger than the ones for 

the MSE estimation, ARV=0.43(=0.54), RMS=0.47(=0.65), 

MDF=1.15(=0.95), and MNF= 1.16(=1.13), respectively. ii) 

the magnitude differences of the CVs for the slope and 

MSE presented the relationships, young<old for the 

amplitude variables, and young>old for the frequency 

variables, respectively.

4. Discussion

The current study is the first to assess age-related 

differences in the amplitude and frequency variations of 

SEMG signals recorded during constant elbow flexion 

contraction with a fixed load. The MSE between the 

estimated variables and the y-intercepts of linear 

regression line was also used as a new criterion for the 

comparison. This section discusses the findings from this 

new investigation and compares them to the findings of 

previous studies.

4.1 The slope difference between the old and young

During a sustained constant force contraction, the 

electrophysiological properties of the muscle undergo 

changes that are reflected in the EMG signal [30]. The 

noninvasive characterization of the changes can be 

achieved by monitoring the time course of characteristic 

variables of the surface EMG signal. The linear 

regression slope of the time course provides quantified 

information for the changes [25], [31].

Several studies on the effect of aging on muscle have 

indicated that the EMG amplitude during sustained, 

%MVC force contraction increased over time and the rate 

of the increase was bigger in the young EMG signal 

than in the old one. The studies have mentioned the 

following points as the reasons for the rate difference 

between the old and young: i) varying thickness and 

conductivity of the subcutaneous layer of the skin [9], 

[15], ii) shrinking muscle mass and cross-section [9], 

[32], [33] and shortening muscle fiber [17], iii) decreasing 

MU numbers, MU recruitment [1], [15], [34], and type II 

muscle fiber [9], [35]. In line with those studies, the 

increase over time of the amplitude variables (ARV, 

RMS) and the bigger increasing rate of the variables for 

the young were found in the result of this study (See 

Table 2). 

The results of this study indicate that the activation 

pattern of the biceps brachii muscle of the young is 

different from the old one in the amplitude change with 

time. 
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         Young group

    MSE           slope

           Old group

    MSE             slope

ARV[a.u.]

95% CI of the mean 

SE of the mean 

CV

Range

Interquartile range

25%-75% percentile

5%-95% percentile

 

0.0044-0.0058     1.50-3.38

0.0017           2.43

0.43             1.24

0.0095           11.16

0.0020           3.96

0.0038-0.0058     0.67-4.64

0.0024-0.0094     -3.50-6.63

 

0.0029-0.0041    0.25-2.52

0.0014           3.03

0.54             2.51

0.0098           12.89

0.0019           5.50

0.0023-0.0042    -1.67-3.83

0.0019-0.0062    -4.11-5.50

RMS[a.u.] 

95% CI of the mean 

SE of the mean 

CV

Range

Interquartile range

25%-75% percentile

5%-95% percentile

 

0.0049-0.0066     1.26-3.11

0.0020            2.43

0.47              1.37

0.0115            11.68

0.0031            3.71

0.0038-0.0069     0.38-4.10

0.0026-0.0108     -3.89-5.74

 

0.0030-0.0046    0.21-2.51

0.0017           3.03

0.65             2.59

0.0125           13.49

0.0021           5.35

0.0022-0.0043    -1.25-4.09

0.0018-0.0080    -4.35-5.54

MDF[a.u.] 

95% CI of the mean 

SE of the mean 

CV

Range

Interquartile range

25%-75% percentile

5%-95% percentile

 

0.0037-0.0079     -1.43-0.11

0.0040            1.88

1.15              3.83

0.0396            13.94

0.0036            2.90

0.0026-0.0062     -2.26-0.64

0.0019-0.0145     -3.67-3.22

 

0.0029-0.0055    -1.50-(-0.35)

0.0024           1.37

0.95             1.91

0.0211           7.43

0.0020           1.87

0.0022-0.0042    -1.88-(-0.01)

0.0018-0.0127    -3.82-1.96

MNF[a.u.]

95% CI of the mean 

SE of the mean 

CV

Range

Interquartile range

25%-75% percentile

5%-95% percentile

 

0.0020-0.0042     -1.28-0.22

0.0022            1.81

1.16              4.62

0.0199            13.56

0.0025            2.63

0.0011-0.0036     -1.99-0.63

0.0008-0.0076     -3.80-3.49

 

0.0014-0.0030    -1.38-(-0.27)

0.0015           2.67

1.13             2.07

0.0123           7.82

0.0010           1.93

0.0010-0.0020    -1.77-0.15

0.0007-0.0072    -3.61-1.30

CI : confidence interval; SE : standard error; CV : coefficient of variation.

Table 3 Descriptive statistics for each SEMG variable.

The results also suggest that the amplitude change 

during sustained fixed load contraction is most like the 

change during the sustained relative load contraction.

It is well known that the frequency decrement of 

SEMG signals during sustained isometric constant force 

contraction can be referred to as the local muscle fatigue. 

The myoelectric manifestation of the fatigue can be 

quantified by monitoring the change over time of the 

frequency variables (MDF, MNF) of the SEMG signal 

[31], [35], [36]. The results in Table 2 and Table 3 of 

this study showed the decrement (negative slope) of the 

frequency variables for both the young and old subjects.

Numerous studies have pointed out the trend of the 

fatigability between the young and old but with limited 

statistical support. Hunter and co-wokers [10], Yassierli 

and co-wokers [14]have reported that the muscle 

fatigability during sustained constant %MVC contraction 

was greater in the young subject and it was why the old 

adults should be able to sustain a relative submaximal 

force for a longer duration than the young adults. 

Rubinstein and Kamen [12], Erim and co-wokers [11], 

and Vaillancourt and co-wokers [13] have compared the 

motor unit firing rate of the invasive (needle and wire 

electrode) EMG signals between young and old adults 

during constant % MVC contractions. These studies 

indicated the lower fatigability in old adults with the 

results of the firing rate difference between the old and 

young. For the most possible reasons of the lower 

fatigability in old subjects, the above studies have 

mentioned two points that: i) the decline in the motor 
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unit firing rate during fatiguing contraction was greater 

in young adults than in old adults and ii) the proportion 

of slow and fatigue-resistant (type I) muscle fibers [37] 

was greater in old adults (the different proportion of type 

I and II fibers with age).

A different relation to the fatigability between young 

and old persons was found in this study. The results of 

the Table 2 about frequency variables (MDF, MNF) 

showed a trend that mean slope decrements of the 

variables were apt to be greater for the old group than 

for the young group. And it indicates that the fatigability 

of the biceps brachii muscle during the sustained fixed 

load contraction was greater in old adults. The finding of 

this study may be a demonstration that old workers are 

more prone to fatigue than young workers during the 

sustained same work load.

A recent study [21] reported that the fatigability of the 

ankle dorsiflexor muscle during repeated % maximal 

concentric and eccentric contractions was greater in old 

subjects. The study indicated that the impaired 

neuromuscular propagation in old adults may cause the 

relation. Another study [22] reported that there was no 

difference in fatigability between age groups during 

intermittent % submaximal voluntary contractions. 

Finally, it should be noted that as the issue of different 

fatigability between two groups has been discussed often 

but with limited statistical support, so the result of this 

study about the issue were classified as non-significant 

for all four variables. As one of the possible reason of 

the result, the fact has to be noted that the standard 

deviations and errors, CVs, and ranges for the whole 

estimated data were quite large in comparison with their 

95% confidence interval of the mean values (See Table 2 

and 3, especially total range and interquartile range). This 

indicates that there exist quite extreme outliers inside 5% 

tail region of the distribution curve for the estimated 

slope data. The extreme outliers, which may be caused 

by extraordinary differences in physical muscle capacity 

among individuals participated in this experiment, must 

be one of the most important factors to make the results 

non-significant. The individual differences could also be a 

cause of the discrepancies between findings by the 

previous studies [10], [21], [22] on the aging effect on the 

muscle fatigability.

 Therefore the effects of aging on the local muscle 

fatigue appear still to be equivocal and further research is 

needed to clarify the criteria of acceptability [39] of 

voluntary contractions under various experimental 

conditions, such as type of muscle contraction, type of 

muscle, and force level of the contraction, among others.

4.2 The MSE difference between the old and young

The time course of the characteristic variables 

estimated from SEMG signals during sustained 

contraction provides non-invasive way of examining the 

change over time of the physiological muscle activity. 

Therefore, the MSE investigated in this study can be 

used to provide a way of extracting the quantified 

information about the amplitude and frequency fluctuation 

of reflecting the muscle activity. The current study 

appears to be the first trial of the MSE investigation 

between age groups.

  The results presented in Table 2 revealed that the 

differences of amplitude variables were classified as 

significant by t-test at P<0.05. The finding indicates that 

the magnitude of amplitude fluctuation in the SEMG 

signals was higher in young adults than in old adults. 

The frequency fluctuation also tended toward the same 

relation between age groups.

  Although a few studies have investigated the 

difference of the force fluctuation [8], [10] and firing rate 

fluctuation [11] between age groups, no study so far has 

compared the amplitude and frequency fluctuation using 

the MSE criterion. Bilodeau and co-wokers [8] compared 

the force fluctuations of young and old subjects (10 

young and 9 old) who performed a sustained submaximal 

fatigue contraction. They reported that the magnitude of 

force fluctuations increased with fatigue in both groups, 

with older subjects showing a greater relative increase in 

fluctuations compared with young subjects. But Hunter 

and co-wokers [10] reported the opposite relation about 

the force fluctuation that the rate of magnitude increase 

in fluctuation was bigger for the young (27 subjects) 

than for the old (18 subjects) adults, examined with 

SEMG signals from elbow flexor muscles during 

sustained isometric contraction at a submaximal intensity. 

Both studies offered the same explanations as to the 

reason of the difference. They concluded that the 

age-related difference in motor unit contraction speed can 

be explained not only by a change in fiber-type 

distribution but also by alteration in motor unit 

recruitment. 

The results of this study partly support the work of 

Hunter et al. because it can be explained that the bigger 

amplitude fluctuation in the young indicates more 

population of type II muscle fiber and frequent MU 

recruitment in the muscle of the young during the 

sustained fixed load contraction. 

Erim and co-workers [11] reported less motor unit 

firing rate fluctuations during sustained constant 

constractions for the old than for the young adults and 

other studies [3], [38] reported a general decrease in 

motor unit firing rate in older subjects. The smaller 
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magnitude of the frequency fluctuation for the old than 

for the young subjects, known in this study, could be 

partly related to the relationships of the firing rate 

fluctuation and decrease.

Finally, the MSE differences, which indicated the 

smaller magnitude in SEMG signal for old adults than 

young adults, revealed that the fluctuation pattern of the 

muscle activity during sustained contraction with a fixed 

load had some analogy to the pattern of the contraction 

with the relative load. And, therefore, we suggest that 

the MSE criterion could be used as a new way to 

evaluate the amplitude and frequency fluctuations in the 

SEMG signal during sustained contractions, instead of the 

investigation of the force and firing rate fluctuation, 

which are more difficult to measure than MSE.

5. Conclusions

The aim of this work was to assess age-related 

differences in the SEMG signals, recorded from the 

biceps brachii muscle generated under sustained isometric 

elbow flexion contraction with a fixed load during 30 

seconds. Four characteristic variables of the SEMG 

(ARV, RMS, MDF, MNF) were investigated and their 

rate of change over time parameterized using linear 

regression analysis. The findings can be summarized as 

follows: i) The rate of increase in the SEMG amplitude 

during the contraction was higher for the young than for 

the old adults; ii) the rate of decrease of the spectral 

parameters (MDF, MNF) was higher for the old than for 

the young subject; and iii) the amplitude and frequency 

fluctuations were more than 30% higher in the young 

than in the old adults. The findings and the 

methodological approaches of this study can be 

particularly helpful to prevent work-related 

musculoskeletal disorders of the older workers working 

under the various fixed load work demand.
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