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Abstract
Objectives: The objective of this study was to assess the postures that were commonly used in automobile chassis repair operations, and to evaluate 
shoulder girdle muscle fatigue for different combinations of the weight of hand-tools. Material and Methods: Two right muscles, including upper 
trapezius (UT) and middle deltoid (MD), were selected. Surface electromyography (SEMG) and a perceived level of discomfort (PLD) were used to 
assess the degree of shoulder girdle fatigue. Fifteen healthy young male subjects from the Northwestern Polytechnical University participated in the 
test. The test consisted of assuming 4 different postures and maintaining each of them for 60 s. The 4 postures varied in terms of dumbbell weights, 
standing for the hand-tools weight: W1 was 0.48 kg and W2 was 0.75 kg; the 4 shoulder postures were shoulder flexions of 150°, 120°, 90°, and 60°, 
combined with an included elbow angle of 180°, 150°, 120° and 90°, respectively. The experimental sequences were randomly selected. The signals 
of SEMG and the values of PLD in the shoulder girdle were recorded in 60 s. All subjects completed the whole test. The repeated measure analysis 
of variance (ANOVA) was performed to ascertain differences between dumbbell weight (0.48 kg and 0.75 kg) and shoulder postures (150°/180°, 
120°/150°, 90°/120° and 60°/90°). The Friedman test was utilized to determine the significant differences for UT(PLD) and MD(PLD) on shoulder 
postures. Spearman’s correlation was used to analyze the relationship between the subjective and objective measurements. Results: Significant corre-
lational relationships existed between the UT percentage of the maximal voluntary electrical activation (%MVE) and UT(PLD) (r = 0.459, p < 0.01), 
between MD(%MVE) and MD(PLD) (r = 0.821, p < 0.01). The results showed that SEMG and PLD of the 4 postures under analysis differed sig-
nificantly (p < 0.05). Conclusions: It was indicated that posture T4 (shoulder forward flexion 60° and included elbow angle 90°) resulted in the lowest 
fatigue, both in terms of the objective measure and the subjective perception, which meant that this posture was more ergonomic. Int J Occup Med 
Environ Health. 2019;32(4):537 – 52
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INTRODUCTION
Although mass production in the automobile industry has 
been automated, repair work must be tailored to custom-
ers’ requirements, and manual tasks in some assignments 
are still essential. It is necessary for automobile workers 
to adopt different working postures during a typical day. 

There are many poor working postures which involve 
a  substantial static load. Work-related musculoskeletal 
disorders (MSDs) in the shoulder girdle are common 
among automobile mechanics. It is said that overhead 
work is a dangerous factor, contributing to shoulder dis-
orders. However, eliminating overhead work tasks is not 
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Assuming a stationary and constrained working posture 
is considered an important risk factor for work-related 
musculoskeletal disorders [8]. Muscle imbalance, de-
fined as the predominance of one of the synergist pairs 
of muscles during a  movement [14], has become an 
important topic in the etiology of many musculoskel-
etal disorders [15]. This study analyzed the problem of 
shoulder fatigue from a static perspective. The authors’ 
objective was to investigate shoulder muscle fatigue 
in the automobile chassis repair process by simulat-
ing various working postures, and to evaluate shoulder 
girdle fatigue for different experimental combinations, 
with the aim to provide some guidance for automobile 
chassis repair operations. Experimental combinations 
included various weights of hand-tools and shoulder 
postures that are commonly found in automobile chas-
sis repair operations. Both the objective (SEMG) and 
subjective measures (the perceived level of discomfort – 
PLD) were used to assess the degree of shoulder girdle 
muscle activity and fatigue.

MATERIAL AND METHODS
Subjects
The characteristic of automobile repair workers is pre-
dominantly male workforce [16]. Fifteen healthy males 
(aged [M±SD] 29.3±2.8 years [range: 23–31 years], 
weight [M±SD] 76.2±13.4 kg [range: 56–95 kg]) were 
recruited from the Northwestern Polytechnical Univer-
sity. Their associated descriptive statistics values were 
recorded as mean ± standard deviations. All the sub-
jects were required to wear waistcoats for the test in 
order to get the accurate data and to facilitate fixing 
the surface electrodes. The anthropometric character-
istics are listed in Table 1, along with the following in-
formation: the subjects’ metrics, including height, body 
mass, body mass index (BMI), shoulder height, upper 
arm length, lower arm length, hand length (from the 
wrist to the center of hand grip), the active shoulder 

always possible [1]. It was reported that in an automotive 
plant, shoulder injuries were the most frequently treated 
disorder among those working injuries [2].
Musculoskeletal disorders are an umbrella term used to 
describe different kinds of inflammatory and degenerative 
diseases and disorders which can lead to pain and func-
tional impairments of the shoulders, elbows and so on [3].  
As regards maintenance workers, MSDs weaken their 
ability to work and cut down their overall working life ex-
pectancy [4]. Due to static tension, a work posture involv-
ing elevated tools may expedite degeneration of shoul-
der tendons through circulation impairment [5]. Their 
constrained working postures, occupational trauma and 
a point of mild fatigue are prevalent.
Research has shown that fatigue increases the risk of inju-
ry to the joint because it creates an increased muscle acti-
vation and variations in kinematics that result in increased 
joint loading [6,7]. In car assembly, ergonomics problems 
were 3 times the quality deficiencies as common for the 
work tasks compared with the other tasks [8]. Precautions 
for various kinds of MSDs are fundamental in ergonomics. 
However, the way to reduce the harmful effects relating 
to the height to which the arms may be elevated, the time 
range and weights of the hands in a theoretical result still 
remain unclear [9]. The muscle load has been measured 
by several investigators using surface electromyography 
(SEMG) for analyzing muscular activity of the shoulder 
[1,2,10].
Some previous studies have examined shoulder postures. 
Garg et al. [1] studied the arm up and down for different 
exertion times. Mehta and Agnew [11] studied the muscle 
fatigability between the mental workload and the physical 
workload during repetitive shoulder work. Luger et al. [12] 
suggested that task variation could be a potential interven-
tion for MSDs. Corben et al. [13] examined muscle fatigue 
after fast-pitch softball performances to provide an assess-
ment of performance demand. These studies, however, 
were all focused on dynamic aspects.
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Surface electromyography
Surface electromyography, as a  method non-invasive to 
the subjects during the test, was suitable for performing 
measurements in the occupational setting, enabling the 
recording of myoelectrical signals and a minimal restraint 
of the subjects. The electromyographic activity could be 
considered a  neuromuscular response to match the bio-
mechanical requirements [16]. It is one of the most effec-
tive tools and provides distinct feasibilities to get season-
able information, highly relevant from several ergonomic 
perspectives [17]. In addition, SEMG is one of the reli-
able methods applied to quantify muscle fatigue levels 
and physical exposure [18–20]. Surface electromyography 
signal information can be used in several ways, depending 
on the analyzed questions. Both biomechanics (forces and 
torques) and physiology (muscle activation and fatigue) 
had some ergonomic relevance.

flexion range of motion, and grip strength. All the sub-
jects were right-side dominant. They all claimed to be 
in good physical health, and none of them had any pre-
vious history of upper-limb pain or any cardiovascular 
disorder. They were asked not to perform any exercise 
24 h prior to the measurement. The subjects performed 
their tasks in a  standing position. All the subjects had 
previously completed a  training phase, and thus were 
not unaccustomed to lifting tasks.

Ethics
All the subjects signed informed consent forms and ob-
tained a  verbal interpretation of the research protocol. 
After the test, they received some presents as compensa-
tion. This study was approved by the local Research Ethics 
Committee and was implemented according to the Decla-
ration of Helsinki, as revised in 2013.

Table 1. Demographic and anthropometric data for the 15 male subjects from the Northwestern Polytechnical University, Xian, 
China, taking part in the study on shoulder girdle muscle activity and fatigue during automobile chassis repair in 13 July 2017 –  
9 August 2017

Variable M±SD Range

Age [years] 29.3±2.8 23–35
Body mass [kg] 72.6±12.4 56–95
Body mass index (BMI) 23.7±3.9 18.8–31.4
Height [mm] 1 750±49.9 1 660–1 860
Shoulder height [mm] 1 472±55.4 1 410–1 620
Arm length [mm]

upper 304±18.0 280–340
lower 286±17.2 250–310

Hand length (wrist to the center of grip) [mm] 108±6.8 100–120
Shoulder flexion range of motion

HR = 0°, IEA = 180° 154.1±4.1 148–162
HR = 0°, IEA = 150° 148.8±5.9 137–157
HR = 45°, IEA = 180° 143.5±7.3 124–150
HR = 90°, IEA = 180° 142.9±5.2 135–150

Grip strength [kg] 41.1±8.1 30–58.8

HR – shoulder horizontal rotation; IEA – included elbow angle.
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instructed to touch the bottom of the printed automo-
bile chassis plastic board with a  dumbbell in his right 
hand, and the plastic board was adjusted up and down to 
match the subject’s desired posture. A manual goniom-
eter was used to measure the shoulder and elbow angles. 
The subject was also verbally encouraged to maintain 
an upright posture and to keep the shoulder and elbow 
angles steady. Grip strength was measured with a  grip 
dynamometer.

Test procedure
Muscle fatigue needs to be executed several times through-
out the work. Such a procedure should not be applied un-
der actual repair conditions, as the measuring strongly ob-
structs the work routine and reduces the performance ca-
pacity. Therefore, in occupational studies indirect fatigue 
measurements using electromyography are preferred [16]. 
It is obviously possible to control the posture under labo-
ratory conditions. The postures can be kept stationary at 
a decided level, and a change in each SEMG can be attrib-
uted to a change in the fatigue posture of the muscle. Un-
der the actual working conditions, however, the posture is 
determined by the practical conditions of the performed 
operation and cannot be decided by the researchers.  
In general, it is not feasible to determine whether a given 
SEMG variation results from a change in the posture or 
the fatigue state.
The experiment was performed in a controlled laboratory 
at the Northwestern Polytechnical University. The indoor 
temperature was 23±2°C, and the relative humidity was 
45–60%. During the test, a repeated-measure design was 
used for the effects of muscle activity (i.e., SEMG mea-
sures). However, SEMG of the trapezius has often been 
applied to assess total shoulder muscle load [2,10,27–29]. 
At the same time, the deltoid muscle has been widely used 
to study shoulder muscle load [30–33]. Muscle activity was 
monitored for the upper trapezius (UT) and the middle 
deltoid (MD), as overhead work is reportedly primarily 

The myoelectric signals, containing important information 
with regard to the timing of muscles, recorded as electro-
myogram SEMG, could explain the force/SEMG signal 
relationship and represent the SEMG signal as the fatigue 
index [21]. The frequency of the SEMG signal includes 
information about the muscle fiber activation patterns 
[22–24]. In order to analyze the amplitude, the currently 
rectified signals or root mean squared (RMS) values were 
used [25]. The root mean squared values and electrical ac-
tivity, or spectral parameters such as mean power frequen-
cy (MPF), were calculated on the basis of the raw SEMG 
data. The RMS were used as an integrative measure of 
the  SEMG amplitude, and its dependence on muscular 
force and fatigue [16,23]. It was reported that increasing 
RMS values were accompanied with an advancing fatigue 
[26]. The RMS and MPF values were calculated separate-
ly for each record and subject.

Experimental design
Apparatus
A MP150 16 multi-channel physiological recorder 
(BIOPAC MP150 systems, USA), along with disposable 
surface electrodes, silver/silver-chloride and software (Acq- 
Knowledge 4.2.1), were used for recording the measure-
ments and processing the SEMG signals amplified, band-
pass filtered (10–500 Hz). Data were acquired at a sam-
pling frequency of 1000 Hz.

Subject positioning
A 1.2×2.4 m plastic board printed automotive chassis 
was hung over the head, to be used to simulate the au-
tomobile chassis and the posture of automobile repair 
operators working underneath an automobile and us-
ing a vehicle lift. Performing work under an automobile 
standing on the floor was excluded from this study. The 
subjects stood on the ground. Two different weights and 
dumbbells were used to exert an upward force of either 
0.48 kg/190 mm or 0.75 kg/150 mm. Each subject was 
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Figure 1. The shoulder postures (degrees) tested in the study on shoulder girdle muscle activity and fatigue during automobile 
chassis repair in 2017: a) actual operation in automobile chassis repair, b) 4 operation posture

used by automobile repair workers, to emulate plausible 
work tasks, and to avoid generating muscle strain during 
the experimental session.
Before the experiment, the subjects were asked to main-
tain the postures until they were no longer able to keep 
their arms up, and the individual times were recorded. 
The tests indicated that the trial was terminated at 1 min 
to provide more consistent data for the statistical analysis. 
Prior to the trials, the subjects accomplished 6 standard-
ized muscle-specific maximum voluntary isometric con-
tractions (MVC) measurements.
For the UT muscle, the subjects were asked to lay prone, 
with their arms abducted to 90° and their thumbs facing 
their head, while they were pushing in the same direc-
tion against resistance [30]. For the MD muscle, the sub-
jects, with their arms abducted to 90° and thumbs facing 
forwards, were pushing upwards against resistance [30]. 
For each muscle, a  minimum of 3 MVCs were used for 
collecting the MVCs, and each test lasted 5 s. Mathias-
sen et al.  [34] suggested that the highest peak value ob-
tained from 3 successive MVCs should be chosen as the 
maximum. Another paper [35] reported that researchers 

supported by these muscles [1]. In this study, the right UT 
and MD muscles were selected to be tested.
Before electrode positioning, the skin should be shaved 
and cleaned with alcohol so as to reduce resistance and 
ensure good signal transmission. The electrode on the UT 
muscle was placed at the mid-point between the C7 spi-
nous process and the posterior aspect of the acromion 
process [1]. The MD electrode was placed over the belly 
of the muscle, which is approximately one-fourth of the 
distance down from the acromion to the lateral epicondyle 
of the humerus [2].
During automobile chassis repair, several different pos-
tures were assumed. The common maintenance posture 
of the automobile chassis is shown in Figure 1a. Four 
shoulder postures were selected in this test, i.e., 150°/180° 
(T1) (shoulder forward flexion 150° and included elbow 
angle 180°), 120°/150° (T2), 90°/120° (T3), and 60°/90° (T4) 
(Figure 1b). Two weights (0.48 kg and 0.75 kg), represent-
ing hand-tool weights, were used several times for carry-
ing and attaching in the automotive disassembly overhead 
postures. The 2 different dumbbell weights were chosen in 
order to simulate hand-tool weights which are commonly 

a)

b)

T4 = 60°/90°T3 = 90°/120°T2 = 120°/150°T1 = 150°/180°
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Perceived level of discomfort
Hagberg et al. [35,36] believed that it was insufficient 
to merely apply the surface EMG technique to measure 
shoulder muscle load. The previous research focused on 
MSD evolution or ergonomic interventions has empha-
sized the interactions between the objective and subjec-
tive fatigue in connection with occupational activities 
[1,37,38]. In addition, the posture fatigue is influenced by 
subjective and objective methods. In order to compare the 
signs of the objective and subjective fatigue, by means of 
the root mean square, the mean power frequencies and 
the perceived level of discomfort in the trapezius muscle 
were tested at different load levels. The perceived level 
of discomfort was assessed using a modified Borg’s per-
ceived level of exertion scale, where 0 stands for no dis-
comfort perceived, and 10 stands for extremely high dis-
comfort [39]. Table 2 shows the scores. The subjects were 
asked to provide a verbal description of the score on PLD 
for 2 regions of their shoulders. A PLD poster was hung 
on the wall in front of the subjects.

Study variables
Independent variables
The study included 2 variables: dumbbell weights and 
shoulder postures. There were 2 dumbbell weights: 0.48 kg 
and 0.75 kg, and 4 shoulder postures: 150°/180° (shoulder 

also commonly applied an average of the peaks obtained 
from each successive MVC. The numerous normalization 
procedures reflect the lack of conformity, which makes 
comparisons between various research studies challenging 
[36]. The highest peak value recorded for each muscle was 
used for normalization procedures in this study.
The study used a  test-rest-test protocol, which means 
1 min of work at 1 work setting, 5 min of rest, 1 min of 
work at the other work setting. The subjects were told to 
hold up the dumbbell (0.48 kg and 0.75 kg, respectively) 
with their right hand, in a posture of 150°/180° for 1 min, 
and the rest could be done in the same manner. A minute 
later, the subjects were asked to rest for 5 min. A 5-min 
rest period has been proven to be a sufficient rest period, 
following a  localized muscle fatiguing contraction [37]. 
The test order was subject to block randomization. At the 
beginning and after each minute of the test, the subjects 
were asked to rate their PLD on the 2 muscles. Figure 2 
shows one of the postures.

Figure 2. One of the postures tested in the study on shoulder 
girdle muscle activity and fatigue during automobile chassis 
repair in 2017

Table 2. The perceived level of discomfort (PLD) scale [38]

Scale Description 

0 pts not noticeable discomfort
0.5 pt extremely light discomfort (just noticeable)
1 pt very light discomfort
2 pts light discomfort
3 pts moderate discomfort
4 pts somewhat high discomfort
5–6 pts high discomfort
7–9 pts very high discomfort
10 pts extremely high discomfort
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The most common approach is to refer all muscle activity to 
an %MVE [36], which is a percentage of the maximal vol-
untary electrical activation [34]. It should be noted that this 
is only a linear conversion of the original SEMG amplitude 
parameter (RMS) [29]. The %MVE value was calculated for 
each record and subject: 2 muscles and 8 times. The raw sig-
nal was differentially amplified at a sampling rate of 1000 Hz, 
and band-pass filtered (10–500 Hz). All SEMG data were 
processed off-line with MATLAB, and the RMS and MPF 
values and subjective data were calculated. Correlations be-
tween dependent variables (i.e., UT(%MVE), MD(%MVE), 
and UT(PLD), MD(PLD)) were further investigated using 
Spearman’s analysis in this study. All the %MVE and MPF 
values, and PLD data were transferred to SPSS software 
(version 20). Two (dumbbell weights) × 2 (muscle type) 
× 4 (posture) factorial repeated-measure ANOVA was used. 
Data normality was tested using the Shapiro-Wilk test [10].

RESULTS
The mean and standard deviations of %MVE can be found 
in Table 3. Mauchly’s test of sphericity was performed for 
all normally-distributed data, and the Greenhouse-Geiss-
er correction was used if this assumption was violated. The 

forward flexion 150° and included elbow angle 180°) (T1), 
120°/150° (T2), 90°/120° (T3), and 60°/90° (T4) (Figure 2).

Dependent variables
This study took muscle activation and the perceived level 
of discomfort as dependent variables. Muscle activation 
included the root mean square and mean power frequen-
cies. Following the normalization procedure, RMS was re-
placed by a percentage of the maximal voluntary electrical 
activation (%MVE).

Statistical analysis
Due to major SEMG differences occurring between in-
dividual subjects and muscles, each data type requires 
SEMG to be calibrated or normalized, in order to be 
compared and analyzed. The root mean square is the ap-
plied integrative measure of the SEMG amplitude, and 
its dependence on muscular force and fatigue. In order to 
compare the levels of activity in different recording loca-
tions, and between individuals, selected RMS of the trial 
for each muscle was computed and normalized to the peak 
magnitude obtained during the muscle specific MVC exer-
tions to comparisons [40].

Table 3. The mean and standard deviations of dependent variables (the percentage of the maximal voluntary electrical activation, %MVE) 
in the study on shoulder girdle muscle activity and fatigue during automobile chassis repair in 2017

DV/DW
%MVE

(M±SD)
T1 T2 T3 T4

UT
W1 53.07±15.88 43.96±10.11 35.93±7.28 33.99±6.72
W2 57.08±17.56 49.34±15.51 44.18±11.53 40.26±8.83

MD
W1 53.14±12.37 38.58±8.04 31.11±7.10 17.53±5.12
W2 58.13±12.78 42.46±9.31 35.79±9.78 24.60±7.33

DV – dependent variable; DW – dumbbell weight; MD – middle deltoid; UT – upper trapezius.
W1 – 0.48 kg; W2 – 0.75 kg.
T1 – 150°/180°; T2 – 120°/150°; T3 – 90°/120°; T4 – 60°/90°.
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Table 8 shows that some significant differences for the 
muscle activation were found across the shoulder pos-
tures. Among these values, for UT(%MVE), there were 
significant differences on posture T1; for MD(%MVE), 
the shoulder postures showed significant differences 
except T2 vs. T3 (p < 0.05). However, for UT(MPF), 
there was no difference except T2 vs. T3 and T2 vs. T4. 
For MD(MPF), T1 vs. T4, T2 vs. T4 showed a  signifi-
cant difference (p = 0.006 and p = 0.005). For PLD, 
shoulder postures showed a  significant difference ex-
cept T1 vs. T2, T2 vs. T3 and T3 vs. T4 on UT(PLD) 
and MD(PLD).
The results (Table 8) showed that %MVE and PLD of 
the shoulder postures differed significantly (p < 0.05). 
Most values of MPF (p > 0.05) implied that it had no 
statistical significance, and the results for MPF meant 
that fatigue was not observed in most of the postures, 
which could not work as a valid estimator of shoulder 
muscle fatigue at the low load levels, as indicated in this 
study.

significance level was set as 5%. When a significant inter-
action was found, the simple effects were calculated using 
the Bonferroni correction for multiple comparisons.
Muscle activity was significantly different between the UT 
and MD muscles. The mean value of %MVE showed that 
posture T1 was the highest among the 4 postures, both as 
regards UT and MD. The effects of dumbbell weights and 
shoulder postures on %MVE were significant (p < 0.05), 
while the interaction effects between dumbbell weights and 
shoulder postures were not (p > 0.05) (Tables 3 and 4).
The mean and standard deviations of MPF can be found 
in Table 5. The results of the repeated ANOVA showed 
no significant differences in the 4 postures and 2 weights 
(p > 0.05). Also as regards the interaction effects between 
dumbbell weights and shoulder postures, no significant 
differences were observed (p > 0.05) (Table 6).
For non-normal data of PLD, non-parametric tests were 
employed to analyze the mean PLD. The Friedman test 
was utilized to determine the significant differences for 
UT(PLD) and MD(PLD).

Table 4. The main and interaction effects of weight and shoulder postures on the percentage of the maximal voluntary electrical 
activation (%MVE) by the repeated measure ANOVA in the study on shoulder girdle muscle activity and fatigue during automobile 
chassis repair in 2017

Effect
%MVE

UT MD
df F p df F p

Main effect
dumbbell weight 1 25.812 0.000 1 223.541 0.000

error 14 n.d. n.d. 14 n.d. n.d. 
shoulder postures 1 13.144 0.003 1 104.419 0.000

error 14 n.d. n.d. 14 n.d. n.d. 
Interaction effect

weight* shoulder postures 1 3.559 0.08 1 0.370 0.553
error 14 n.d. n.d. 14 n.d. n.d. 

MD – middle deltoid; UT – upper trapezius.
df – degree of freedom; F – Fisher statistics.
Error – error component in the ANOVA table.
* Interaction effects.
n.d. – no data.
Bolded – these values indicate significant differences (p<0.05).



AUTOMOBILE CHASSIS REPAIR AND MUSCULAR ACTIVITY        O R I G I N A L  P A P E R

IJOMEH 2019;32(4) 545

Table 5. Dependent variables (mean power frequency, MPF) in the study on shoulder girdle muscle activity and fatigue during 
automobile chassis repair in 2017

DV/DW

MPF
[Hz]

(M±SD)
T1 T2 T3 T4

UT
W1 104.60±23.16 112.61±18.37 97.45±13.61 96.44±18.94
W2 106.25±31.58 118.05±22.57 110.76±17.11 103.44±17.39

MD
W1 125.27±21.61 125.81±22.75 114.19±20.07 90.41±15.08
W2 114.12±14.50 111.49±13.31 114.49±27.90 111.74±16.64

T1 – 150°/180°; T2 – 120°/150°; T3 – 90°/120°; T4 – 60°/90°.
Abbreviations as in Table 3.

Table 6. The main and interaction effects of weight and shoulder postures on MPF by the repeated measure ANOVA in the study 
on shoulder girdle muscle activity and fatigue during automobile chassis repair in 2017

Effect
MPF

UT MD
df F p df F p

Main effect
dumbbell weight 1 2.946 0.108 1 0.054 0.819

error 14 n.d. n.d. 14 n.d. n.d. 
shoulder postures 1 1.687 0.215 1 24.945 0.000

error 14 n.d. n.d. 14 n.d. n.d. 
Interaction effect

weight*shoulder postures 1 1.076 0.317 1 11.442 0.004
error 14 n.d. n.d. 14 n.d. n.d. 

Explanations as in Table 4.

Table 7. The perceived level of discomfort (PLD) in the study on shoulder girdle muscle activity and fatigue during automobile 
chassis repair in 2017

DV/DW

PLD
[pts]

(M±SD)
T1 T2 T3 T4

UT
W1 4.13±0.64 4.47±0.51 3.53±0.52 2.20±0.77
W2 5.27±0.70 5.13±0.64 4.07±0.70 2.73±0.70
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poor posture, lightening tool weight and taking ergonomic 
postures should be taken into consideration with a view to 
eliminating the influence of poor typical working postures.
The present work focused on muscle activity in 4 shoulder 
postures and 2 kinds of hand-tool weights simulating the 
operation of automobile chassis repair during 60 s. The 
aim was to determine the influence of shoulder girdle ac-
tivation on the posture, and to better understand which 
posture and which muscle were the most tiring during 
automobile chassis repair, by referring to SEMG and the 
perceived level of discomfort. In this study, shoulder mus-

DISCUSSION
Operational posture is one of the interventions that has 
been proven to exert a positive impact on the health of au-
tomobile mechanics [41]. Because of the complex operat-
ing conditions, some activities still force workers to adopt 
working postures that are harmful to their musculoskeletal 
system. For the convenience of the study, the authors se-
lected some common postures and hand-tool weights as the 
objects of analysis. Typical working postures were always 
selected to be improved or changed as the optimal work 
handling effect. Reducing the amount of time spent in each 

DV/DW

PLD
[pts]

(M±SD)
T1 T2 T3 T4

MD
W1 5.67±0.72 3.4±0.51 2.4±0.63 1.0±0.33
W2 6.8±0.68 4.2±0.68 3.13±0.64 2.0±0.53

T1 – 150°/180°; T2 – 120°/150°; T3 – 90°/120°; T4 – 60°/90°
Abbreviations as in Table 3.

Table 8. A comparison between the different shoulder postures in the study on shoulder girdle muscle activity and fatigue during 
automobile chassis repair in 2017

Items T1 vs. T2 T1 vs. T3 T1 vs. T4 T2 vs. T3 T2 vs. T4 T3 vs. T4

Repeated-measures ANOVA
UT(%MVE) (B) 0.047 0.019 0.015 0.083 0.100 0.677
MD(%MVE) (B) 0.000 0.000 0.000 0.164 0.000 0.000
UT(MPF) (B) 0.943 1.000 1.000 0.020 0.018 1.000
MD(MPF) (B) 1.000 1.000 0.006 1.000 0.005 0.386

Friedman test
UT(PLD) 0.463 0.001 0.000 0.286 0.000 0.118
MD(PLD) 0.170 0.000 0.000 0.286 0.000 0.170

%MVE – a percentage of the maximal voluntary electrical activation; B – Bonferroni;  MD – middle deltoid; MPF – mean power frequencies; PLD –  
the perceived level of discomfort;  UT – upper trapezius.
T1 – 150°/180°; T2 – 120°/150°; T3 – 90°/120°; T4 – 60°/90°.
Bolded – significant differences (p < 0.05).

Table 7. The perceived level of discomfort (PLD) in the study on shoulder girdle muscle activity and fatigue during automobile 
chassis repair in 2017 – cont.
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shoulder muscle appeared to be the most affected in the 
automobile chassis repair process. The fatigue evoked an 
increase in the activation of the muscle. This meant that in 
posture T1, fatigue was easy to be produced on MD under 
the same hand-tool weight, while in the other 3 postures, 
fatigue was easy to be produced on UT (Figure 3).
The dumbbell weight affected the SEMG amplitude, and 
the heavier the weight, the higher the SEMG amplitude 
of the muscles. However, it had a  little impact on MPF. 
This result was in agreement with previous research [42]. 
The dumbbell weight was mainly used to simulate the 
hand-tool weight at a  low load level. Thus, at the lower 
load levels and static postures, MPF was unfit to act as an 
estimator of localized muscle fatigue. An explanation for 
the low level of muscle activity in posture T4 could be the 
possible condition of a decreased shoulder muscle activity, 
and this posture was more ergonomic. Briefly speaking, 
comprehensive measures of the SEMG amplitude, such as 
RMS, can be employed to explain changes in the SEMG 
signal caused by muscular fatigue; but not vice versa, that is 
to say, they were not appropriate to decide whether the in-
crease in the SEMG amplitude had resulted from fatigue 
or other factors [16].
Figure 4 showed that posture T4 resulted in the lowest 
PLD values. The shoulder postures included in this inves-
tigation confirmed the above measurement results. For ex-
ample, the highest fatigue for posture T1 was significantly 
greater than those for postures of T2, T3 and T4. One of 
the reasons was that the first posture would produce high-
er torque in the shoulder joint than the other 3 postures. 
The result was identical to %MVE, with some differences 
between %MVE and PLD (Figures 3 and 4). Figure 3 
shows that in posture T1, the UT muscle was only a  lit-
tle higher than for the MD muscle. However, as regards  
the  PLD value, the heavier tool exhibited higher values  
of PLD, both for the UT and MD muscle.
As regards the subjective and objective measure of fatigue, 
literature [33] shows that the subjective ratings are more 

cle fatigue was at low load levels in terms of the relevant 
objective and subjective measures, and they were not con-
tradictory. It was important to find correlations between 
the objective and subjective variables to develop a founda-
tion of the objective correlates when muscle fatigue mea-
surements were performed. This influence was significant 
in all the tested muscles (Figure 3).
The amplitude increase attributable to fatigue can be un-
derstood as an increased muscle activation even though 
a small part of it can be due to the action potential velocity 
decrease and the psychological factors related muscular 
activity [29]. The obtained results demonstrated that, in 
the 2 tested muscles and 2 kinds of hand-tool weights, the 
mean value of %MVE in posture T1 (shoulder forward 
flexion 150° and included elbow angle 180°) was higher 
than in other postures (Figure 3). As to posture T1, the 
SEMG amplitude of MD was a  little higher than that 
of UT. As to the other 3 postures, the SEMG amplitude 
of UT was higher than that of MD. This indicated that the 
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Figure 3. The surface electromyography amplitude  
on hand-tool weight and shoulder postures in the study  
on shoulder girdle muscle activity and fatigue during 
automobile chassis repair in 2017
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which means that PLD could be used to evaluate some 
postures when using SEMG does not seem convenient. To 
analyze the correlations between the objective and subjec-
tive variables, Spearman’s correlation analysis was used, 
and the results are shown in Table 9.
It was indicated that there were significant correlations 
between the subjective ratings and the objective variables. 
Significant correlation relationships were found to exist 
between UT(%MVE) and UT(PLD) (r = 0.459, p < 0.01), 
and between MD(%MVE) and MD(PLD) (r  =  0.821, 
p < 0.01). Identifying certain correlations between the 
objective and subjective variables enabled the research-
ers to develop a  foundation for objective correlates that 
might be later used as an objective tool for indirect fatigue 
predictions.

Limitations
There are several limitations of this study that should 
be illustrated. First of all, no force, except the dumbbell 
weight, was applied in the experiment, which is a  limi-
tation as it makes the study conditions and the actual 
working conditions dissimilar. Another limitation was 
the small sample size, which might impair the results gen-
eralization, and require the experiment to be repeated 
using a larger sample. Finally, the postures studied were 
dynamic in nature, and ever minor changes in the sub-

informative than the objective ones. This study also found 
that the perceived level of discomfort contained more in-
formation than surface electromyography. The subjective 
fatigue degree is shown in Figure 4. However, it was hard 
to acquire similar information from SEMG. The reason 
for this inconsistency could be most likely attributable to 
different experiment designs or the different characteris-
tics of the two muscles. However, most of the results were 
consistent between the subjective and objective measures, 
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Figure 4. The perceived level of discomfort (PLD) on hand-tool 
weight and shoulder postures in the study on shoulder girdle 
muscle activity and fatigue during automobile chassis repair 
in 2017

Table 9. Spearman’s correlation coefficients for the variables in the study on shoulder girdle muscle activity and fatigue during 
automobile chassis repair in 2017

Variable
Spearman’s correlation

UT(%MVE) MD(%MVE) UT(PLD) MD(PLD)
ρ ς ρ ς ρ ς ρ ς

UT(%MVE) 1.000 0.607** 0.000 0.459** 0.000 0.581** 0.000
MD(%MVE) 1 0.617** 0.000 0.821** 0.000
UT(PLD) 1 0.690** 0.000
MD(PLD) 1

Abbreviations as in Table 8.
** The correlation is significant at a 0.01 level (2-tailed).
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T1 had a  higher shoulder forward flexion and a  higher 
elevation in the scapular plane, as compared to the oth-
er 3 postures. Therefore, the different shoulder muscles 
had different fatigue contractions.
8. This study showed that during automobile chassis re-
pair, it would be better to recommend more favorable pos-
tures (such as T4 = 60°/90° or T3 = 90°/120°) to keep the 
hands close to the body, in order to reduce torque on the 
shoulder joint. This objective could be achieved with the 
following measures: 1) designing more ergonomic hand 
tools; 2) adding assistive facilities (such as a workbench or 
a shoulder support) and shifting the unfavorable posture 
to favorable postures; 3) improving working methods and 
working routines.
9. This study revealed that postures and hand-tool 
weights could affect the shoulder girdle muscle activity. 
As for the automobile repair workers, they had to adopt 
many poor postures, and MSDs in the shoulder girdle 
were common, which could lead to pain and functional 
impairments of the shoulders, elbows and so on [3]. The 
results confirmed the risk of cumulative trauma disor-
ders in automobile repair workers. Finally, as regards the 
statement in the references [43,44], it was recommended 
to be incorporated within periodical medical check-ups 
of this group of workers (or other workers with similar 
working conditions). They also contributed to the evalu-
ation of the dynamics of pathological changes and were 
particularly helpful in early detection of occupational 
diseases.

ACKNOWLEDGMENTS
The authors would like to express their gratitude to the subjects 
involved in the tests for their time and effort.

REFERENCES

1.	Garg  A, Hegmann  K, Kapellusch  J. Short-cycle overhead 
work and shoulder girdle muscle fatigue. Int J Ind Ergon. 
2006;36(6):581–97, https://doi.org/10.1016/j.ergon.2006.02.002.

jects’ postures or psychological factors might have influ-
enced the testing results. So, the results may exhibit some 
errors.

CONCLUSIONS
1. The research simulated some of the postures assumed 
in the automobile chassis repair process. The dependent 
variables included SEMG signals from the MD and UT 
muscles, and PLD in the shoulder girdle muscle.
2. All the subjects completed all the tests, assuming 4 dif-
ferent postures and maintaining each of them for 60 s. 
The  4 postures varied in terms of dumbbell weight, sig-
nifying the hand-tools weight: W1 was 0.48 kg and W2  
was 0.75 kg; the 4 shoulder postures were: shoulder flexions,  
of 150°, 120°, 90° and 60°, combined with an included el-
bow angle of 180°, 150°, 120° and 90°, respectively.
3. The analysis of the MPF results revealed that fatigue 
was not observed either in the trapezius or deltoid muscles 
in most of the postures, which could not work as a valid 
estimator of shoulder muscle fatigue at low load levels in 
this study.
4. The weight of the hand-tool had a significant influence 
on the subjective perception. A weight of 0.75 kg resulted 
in a significantly higher perceived level of discomfort.
5. The overhead tasks test (including combinations of 
hand-tool weights and shoulder postures) revealed that 
all the subjects could perform work for 60 s without any 
excessive perceived fatigue or pain in the shoulder girdle.
6. The results of this study suggested that these postures 
could affect the shoulder girdle muscle activity. As to pos-
ture T1, with the same hand-tool weight, the SEMG am-
plitude and PLD on MD were higher than those of UT. 
Therefore, in order to avoid altered joint mechanics, 
which can potentially lead to certain pathologies, careful 
consideration must be given to MD to avoid over-fatigue 
while assuming posture T1 in the work process.
7. There were some differences between posture T1 and 
the other 3 postures as regards muscle activation. Posture 

https://doi.org/10.1016/j.ergon.2006.02.002


O R I G I N A L  P A P E R         B. TIAN ET AL.

IJOMEH 2019;32(4)550

11.	Mehta RK, Agnew MJ. Effects of physical and mental de-
mands on shoulder muscle fatigue. Work. 2012;41 Suppl 
1:2897–901, https://doi.org/10.3233/WOR-2012-0541-2897.

12.	Luger T, Bosch T, Hoozemans M, de Looze M, Veeger D. 
Task variation during simulated, repetitive, low-intensity 
work – influence on manifestation of shoulder muscle fa-
tigue, perceived discomfort and upper-body postures. Ergo-
nomics. 2015;58(11):1851–67, https://doi.org/10.1080/001401
39.2015.1043356.

13.	Corben JS, Cerrone SA, Soviero JE, Kwiecien SY, Nicho-
las  SJ, McHugh  MP. Performance Demands in Softball 
Pitching: A Comprehensive Muscle Fatigue Study. Am J 
Sports Med. 2015;43(8):2035–41, https://doi.org/10.1177/036 
3546515588179.

14.	Warner  JJP, Micheli  LJ, Arslanian  LE, Kennedy  J, Ken-
nedy  R. Patterns of flexibility, laxity, and strength in nor-
mal shoulders and shoulders with instability and impinge-
ment. Am J Sports Med. 1990;18(4):366–75, https://doi.
org/10.1177/036354659001800406.

15.	Novak  CB. Upper extremity work-related musculoskeletal 
disorders: A treatment perspective. J Orthop Sports Phys 
Ther. 2004;34(10):628–37, https://doi.org/10.2519/jospt.2004. 
34.10.628.

16.	Vyas H, Das S, Mehta S. Occupational injuries in automo-
bile repair workers. Ind Health. 2011;49(5):642–51, https://
doi.org/10.2486/indhealth.MS1294.

17.	Luttmann  A, Jäger  M, Laurig  W. Electromyographical in-
dication of muscular fatigue in occupational field studies. 
Int J Ind Ergon. 2000;25(6):645–60, https://doi.org/10.1016/
S0169-8141(99)00053-0.

18.	Ellegast RP, Kraft K, Groenesteijn L, Krause F, Berger H, 
Vink  P. Comparison of four specific dynamic office chairs  
with a conventional office chair: Impact upon muscle acti
vation, physical activity and posture. Appl Ergon. 2012;43(2): 
296–307, https://doi.org/10.1016/j.apergo.2011.06.005.

19.	Silva L, Vaz JR, Castro MA, Serranho P, Cabri J, Pezarat-
Correia  P. Recurrence quantification analysis and support 
vector machines for golf handicap and low back pain EMG 

2.	Ferguson SA, Allread WG, Le P, Rose J, Marras WS. Shoul-
der muscle fatigue during repetitive tasks as measured by 
electromyography and near-infrared spectroscopy. Hum 
Factors J Hum Factors Ergon Soc. 2013;55(6):1077–87, 
https://doi.org/10.1177/0018720813482328.

3.	Buckle PW, Devereux JJ. The nature of work-related neck and 
upper limb musculoskeletal disorders. Appl Ergon. 2002;33(3): 
207–17, https://doi.org/10.1016/s0003-6870(02)00014-5.

4.	Park D, Cho KJ. Development and evaluation of a soft wear-
able weight support device for reducing muscle fatigue on 
shoulder. PLoS One. 2017;12(3), https://doi.org/10.1371/
journal.pone.0173730.

5.	Hagberg M. Occupational musculoskeletal stress and disor-
ders of the neck and shoulder: a review of possible patho-
physiology. Int Arch Occup Environ Health. 1984;53(3):269–
78, https://doi.org/10.1007/bf00398820.

6.	Marras WS, Parakkat J, Chany AM, Yang G, Burr D, Laven-
der SA. Spine loading as a function of lift frequency, exposure 
duration, and work experience. Clin Biomech. 2006;21(4): 
345–52, https://doi.org/10.1016/j.clinbiomech.2005.10.004.

7.	Potvin  JR, O’Brien  PR. Trunk muscle co-contraction in-
creases during fatiguing, isometric, lateral bend exertions: 
Possible implications for spine stability. Spine (Phila. Pa.  
1976). 1998;23(7):774–81, https://doi.org/10.1097/00007632-
199804010-00006.

8.	Eklund JAE. Relationships between ergonomics and quality 
in assembly work. Appl Ergon. 1995;26(1):15–20, https://doi.
org/10.1016/0003-6870(95)95747-n.

9.	Svendsen SW, Bonde JP, Mathiassen SE, Stengaard-Peder-
sen  K, Frich  LH. Work related shoulder disorders: Quan-
titative exposure-response relations with reference to arm 
posture. Occup Environ Med. 2004;61(10):844–53, https://
doi.org/10.1136/oem.2003.010637.

10.	Allahyari  T, Mortazavi  N, Khalkhali  HR, Sanjari  MA. 
Shoulder girdle muscle activity and fatigue in traditional 
and improved design carpet weaving workstations. Int J Oc-
cup Med Environ Health. 2016;27(2):345–54, https://doi.
org/10.13075/ijomeh.1896.00589.

https://doi.org/10.3233/WOR-2012-0541-2897
https://doi.org/10.1080/00140139.2015.1043356
https://doi.org/10.1080/00140139.2015.1043356
https://doi.org/10.1177/0363546515588179
https://doi.org/10.1177/0363546515588179
https://doi.org/10.1177/036354659001800406
https://doi.org/10.1177/036354659001800406
https://doi.org/10.2519/jospt.2004.34.10.628
https://doi.org/10.2519/jospt.2004.34.10.628
https://doi.org/10.1016/S0169-8141(99)00053-0
https://doi.org/10.1016/S0169-8141(99)00053-0
https://doi.org/10.1016/j.apergo.2011.06.005
https://doi.org/10.1177/0018720813482328
https://doi.org/10.1016/s0003-6870(02)00014-5
https://doi.org/10.1371/journal.pone.0173730
https://doi.org/10.1371/journal.pone.0173730
https://doi.org/10.1007/bf00398820
https://doi.org/10.1016/j.clinbiomech.2005.10.004
https://doi.org/10.1097/00007632-199804010-00006
https://doi.org/10.1097/00007632-199804010-00006
https://doi.org/10.1016/0003-6870(95)95747-n
https://doi.org/10.1016/0003-6870(95)95747-n
https://doi.org/10.1136/oem.2003.010637
https://doi.org/10.1136/oem.2003.010637
https://doi.org/10.13075/ijomeh.1896.00589
https://doi.org/10.13075/ijomeh.1896.00589


AUTOMOBILE CHASSIS REPAIR AND MUSCULAR ACTIVITY        O R I G I N A L  P A P E R

IJOMEH 2019;32(4) 551

28.	Samani  A, Fernández-Carnero  J, Arendt-Nielsen  L, Mad-
eleine  P. Interactive effects of acute experimental pain in 
trapezius and sored wrist extensor on the electromyogra-
phy of the forearm muscles during computer work. Appl 
Ergon. 2011;42(5):735–40, https://doi.org/10.1016/j.apergo. 
2010.11.008.

29.	Hägg GM, Luttmann A, Jäger M. Methodologies for evalu-
ating electromyographic field data in ergonomics. J Electro-
myogr Kinesiol. 2000;10(5):301–12, https://doi.org/10.1016/
s1050-6411(00)00022-5.

30.	Maciukiewicz  JM, Cudlip  AC, Chopp-Hurley  JN, Dick-
erson  CR. Effects of overhead work configuration on 
muscle activity during a simulated drilling task. Appl Er-
gon. 2016;53:10–6, https://doi.org/10.1016/j.apergo.2015. 
08.005.

31.	Phelan D, O’Sullivan L. Shoulder muscle loading and task 
performance for overhead work on ladders versus Mobile 
Elevated Work Platforms. Appl Ergon. 2014;45(6):1384–91, 
https://doi.org/10.1016/j.apergo.2014.03.007.

32.	Alizadehkhaiyat O, Fisher AC, Kemp GJ, Vishwanathan K, 
Frostick SP. Shoulder muscle activation and fatigue during 
a controlled forceful hand grip task. J Electromyogr Kinesi-
ol. 2011;21(3):478–82, https://doi.org/10.1016/j.jelekin.2011. 
03.002.

33.	Garg A, Hegmann KT, Schwoerer BJ, Kapellusch JM. The 
effect of maximum voluntary contraction on endurance times 
for the shoulder girdle. Int J Ind Ergon. 2002;30(2):103–13, 
https://doi.org/10.1016/s0169-8141(02)00078-1.

34.	Mathiassen  SE, Winkel  J, Hägg  GM. Normalization of 
surface EMG amplitude from the upper trapezius muscle 
in ergonomic studies – a review. J Electromyogr Kinesiol. 
1995;5(4):197–226, https://doi.org/10.1016/1050-6411(94)00 
014-x.

35.	Soderberg GL, Knutson LM. A guide for use and interpre-
tation of kinesiologic electromyographic data. Phys Ther. 
2000;80(5):485–98, https://doi.org/10.1093/ptj/80.5.485.

36.	Fischer SL, Belbeck AL, Dickerson CR. The influence of pro-
viding feedback on force production and within-participant 

classification. J Electromyogr Kinesiol. 2015;25(4):637–47, 
https://doi.org/10.1016/j.jelekin.2015.04.008.

20.	Gowland  C, DeBruin  H, Basmajian  JV, Plews  N, Bur-
cea  I. Agonist and antagonist activity during voluntary 
upper-limb movement in patients with stroke. Phys Ther. 
1992;72(9):624–33, https://doi.org/10.1093/ptj/72.9.624.

21.	De Luca  CJ. The use of surface electromyography in bio-
mechanics. J Appl Biomech. 1997;13(2):135–63, https://doi.
org/10.1123/jab.13.2.135.

22.	Solomonow  M, Baten  C, Smit  J, Baratta  R, Hermens  H, 
D’Ambrosia  R, et al. Electromyogram power spectra fre-
quencies associated with motor unit recruitment strategies. 
J Appl Physiol. 1990;68:1177–85, https://doi.org/10.1152/
jappl.1990.68.3.1177.

23.	Karlsson S, Gerdle B. Mean frequency and signal amplitude 
of the surface EMG of the quadriceps muscles increase with 
increasing torque – A study using the continuous wavelet 
transform. J Electromyogr Kinesiol. 2001;11(2):131–40, 
https://doi.org/10.1016/s1050-6411(00)00046-8.

24.	Gerdle B, Karlsson S, Crenshaw G, Elert  J, Fridén J. The 
influences of muscle fibre proportions and areas upon EMG 
during maximal dynamic knee extensions. Eur J Appl Physi-
ol. 2000;81(1–2):2–10, https://doi.org/10.1007/pl00013792.

25.	Von Tscharner V. Intensity analysis in time-frequency space 
of surface myoelectric signals by wavelets of specified reso-
lution. J Electromyogr Kinesiol. 2000;10(6):433–45, https://
doi.org/10.1016/s1050-6411(00)00030-4.

26.	Krogh-Lund  C, Jørgensen  K. Myo-electric fatigue mani-
festations revisited: power spectrum, conduction velocity, 
and amplitude of human elbow flexor muscles during iso-
lated and repetitive endurance contractions at 30% maximal 
voluntary contraction. Eur J Appl Physiol Occup. Physiol. 
1993;66(2):161–73, https://doi.org/10.1007/bf01427058.

27.	Qi L, Wakeling J, Grange S, Ferguson-Pell M. Changes in 
surface electromyography signals and kinetics associated 
with progression of fatigue at two speeds during wheelchair 
propulsion. J Rehabil Res Dev. 2012;49(1):23–34, https://
doi.org/10.1682/jrrd.2011.01.0009.

https://doi.org/10.1016/j.apergo.2010.11.008
https://doi.org/10.1016/j.apergo.2010.11.008
https://doi.org/10.1016/s1050-6411(00)00022-5
https://doi.org/10.1016/s1050-6411(00)00022-5
https://doi.org/10.1016/j.apergo.2015.08.005
https://doi.org/10.1016/j.apergo.2015.08.005
https://doi.org/10.1016/j.apergo.2014.03.007
https://doi.org/10.1016/j.jelekin.2011.03.002
https://doi.org/10.1016/j.jelekin.2011.03.002
https://doi.org/10.1016/s0169-8141(02)00078-1
https://doi.org/10.1016/1050-6411(94)00014-x
https://doi.org/10.1016/1050-6411(94)00014-x
https://doi.org/10.1093/ptj/80.5.485
https://doi.org/10.1016/j.jelekin.2015.04.008
https://doi.org/10.1093/ptj/72.9.624
https://doi.org/10.1123/jab.13.2.135
https://doi.org/10.1123/jab.13.2.135
https://doi.org/10.1152/jappl.1990.68.3.1177
https://doi.org/10.1152/jappl.1990.68.3.1177
https://doi.org/10.1016/s1050-6411(00)00046-8
https://doi.org/10.1007/pl00013792
https://doi.org/10.1016/s1050-6411(00)00030-4
https://doi.org/10.1016/s1050-6411(00)00030-4
https://doi.org/10.1007/bf01427058
https://doi.org/10.1682/jrrd.2011.01.0009
https://doi.org/10.1682/jrrd.2011.01.0009


O R I G I N A L  P A P E R         B. TIAN ET AL.

IJOMEH 2019;32(4)552

Ergon Soc. 1999;41(4):670–6, https://doi.org/10.1518/00187 
2099779656662.

41.	Kant I, Noterman JHV, Borm PJA. Observations of working 
postures in garages using the ovako working posture analys-
ing system (OVVAS) and consequent workload reduction 
recommendations. Ergonomics. 1990;33(2):209–20, http://
doi.org/ 10.1080/00140139008927111.

42.	Öberg  T, Sandsjö  L, Kadefors  R. Subjective and objec-
tive evaluation of shoulder muscle fatigue. Ergonomics. 
1994;37(8):1323–33, https://doi.org/10.1080/0014013940896 
4911.

43.	Dawydzik L, Izycki J, Kopias J. Present principles of workers’ 
health care organization in Poland and directions of future 
changes. Pol J Occup Med Environ Health. 1993;6(4):341–5.

44.	Raffi GB, Lodi V, Missere M, Naldi M, Tabanelli S, Violan-
te F, et al. Cumulative trauma disorders of the upper limbs 
in workers on an agricultural farm. Arh Hig Rada Toksikol. 
1996;47(1):19–23.

reproducibility during maximal voluntary exertions for 
the anterior deltoid, middle deltoid, and infraspinatus.  
J Electromyogr Kinesiol. 2010;20(1):68–75, https://doi.org/ 
10.1016/j.jelekin.2009.01.007.

37.	Minning S, Eliot CA, Uhl TL, Malone TR. EMG analysis 
of shoulder muscle fatigue during resisted isometric shoul-
der elevation. J Electromyogr Kinesiol. 2007;17(2):153–9, 
https://doi.org/10.1016/j.jelekin.2006.01.008.

38.	Pei H, Yu S, Babski-Reeves K, Chu J, Qu M, Tian B, et al. 
Quantification of lower extremity physical exposures in vari-
ous combinations of sit/stand time duration associated with 
sit-stand workstation. Med Pr. 2017;68(3):315–27, https://
doi.org/10.13075/mp.5893.00613

39.	Borg G. Perceived exertion: a note on historyand method. 
Med Sci Sport. 1973;5(2):90–3.

40.	Thomas  JS, Lavender  SA, Corcos  DM, Andersson  GBJ. 
Effect of Lifting Belts on Trunk Muscle Activation during 
a Suddenly Applied Load. Hum. Factors J Hum Factors  

This work is available in Open Access model and licensed under a Creative Commons Attribution-NonCommercial 3.0 Poland License – http://creativecommons.org/
licenses/by-nc/3.0/pl/deed.en.

https://doi.org/10.1518/001872099779656662
https://doi.org/10.1518/001872099779656662
https://doi.org/10.1080/00140139408964911
https://doi.org/10.1080/00140139408964911
https://doi.org/10.1016/j.jelekin.2009.01.007
https://doi.org/10.1016/j.jelekin.2009.01.007
https://doi.org/10.1016/j.jelekin.2006.01.008
https://doi.org/10.13075/mp.5893.00613
https://doi.org/10.13075/mp.5893.00613
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

