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Objective: The present study evaluated the changes in trunk-stabilizer electromyography (EMG) activities during manual
lifting with and without a back belt in experienced back belt users.
Material and Method: Eighteen participants from a warehouse and distribution center in Thailand, aged 22 to 44 years, were
assessed for trunk stabilizer muscle EMG activity, including the rectus abdominis (RA), external abdominal oblique (EO),
transversus abdominis (TrA), internal abdominal oblique (IO), erector spinae (ES), and multifidus (MF). The EMG data
were recorded during (1) rest and (2) the initial phase of manual lifting in a dynamic semi-squat posture. For both conditions,
the data were compared with and without wearing a back belt.
Results: The results showed that wearing a back belt significantly decreased TrA/IO activity during rest (p<0.01) and
significantly increased RA activity during the lifting period (p<0.05) as compared with the condition of no back belt.
Conclusion: The present study does not recommend healthy workers wear a back belt as a protective device for lower back
injury, particularly without any lifting activity. However, the back belt can be applied during lifting as it can enhance RA
activity, which may help improve abdominal pressure and is less likely cause weakness of the TrA.
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Workers commonly apply a back belt during
lifting to prevent lower back pain (LBP). It was
previously believed that using a back belt can help to
reduce back muscle activity, enabling a worker to
improve stability and lifting capacity(1). Nonetheless,
the reduction of muscle work may affect trunk-stabilizer,
muscle performance in a way that subsequently
increases the risk of back injury. The transversus
abdominis (TrA) is an important trunk-stabilizer muscle
that primarily attributes stability to the spinal column
through the elevation of intra-abdominal pressure
(IAP)(2) and a feed forward mechanism(3). Many studies
have also found a decrease in or absence of TrA activity
in patients with chronic LBP(4,5). Back belt users
may change their lifting style to cope with the different
weight of lift that may result in using different

abdominal and back muscles recruitment pattern, and
TrA may be the one of those changes. However, the
target of previous research was to determine the effects
of using a back belt reported by non-experienced back
belt users(1,6-8), for which the data may differ from
experienced back belt users. Therefore, the present
study investigated the changes in trunk stabilizer EMG
activities, especially the TrA muscle, during manual
lifting and a resting period with and without back belt
use among experienced back belt users.

Material and Method
The present study employed a quasi-

experimental design. The subjects were all the workers
from one section of a warehouse and distribution center
in Thailand, where workers were involved only in
repetitive manual lifting tasks and had been wearing
back belts for at least six months. All subjects provided
written informed consent before participating in the
present study. The protocol for the present study was
approved by the Mahidol University Institutional
Review Board (COA. No. MU-IRB 2010/003.0501).
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Materials and apparatus
Back belt
The back belt used in this study was a typical

industrial elastic belt with four semi-rigid bars aligned
on the back with anterior fastening with Velcro. It had a
posterior height of 20 cm and an anterior height of 12
cm (Fig. 1).

Work simulator and EMG
A Primus RS system (BTE Technologies, Inc.

USA) was used to simulate lifting work tasks. A lifting
box was made from wood, 25 x 32 x 29 cm3 (W x L x H),
and was placed on a wooden stand 24 cm high. The
base of the box was attached with the cable system of
Primus RS. The two parameters of the lifting task, torque
(T), velocity (V) were synchronized with an EMG unit
(Telemyo 2400 G2, Noraxon, USA, Inc) using the
Noraxon Program on an EMG monitor (Fig. 1).

Experimental procedure
All participants were prepared to reduce skin

impedance for EMG electrode placement on the right
trunk muscles, including the transversus abdominis/
internal abdominal oblique (TrA/IO), rectus abdominis
(RA), external abdominal oblique (EO), erector spinae
(ES), and multifidus (MF)(9). Each pair of electrodes
was fixed with elastic tape to prevent them from sliding
during trunk movement and because of direct pressure
from the belt. Then, participants performed three sets
of tasks, including the maximum voluntary contraction
(MVC) test, maximum acceptable weight limited
(MAWL) test, and lifting task test.

1) The MVC test was performed three times
for abdominal and back muscles according to the
guidelines from the Noraxon educational booklet(10).

2) The MAWL test was performed by using
the Primus RS device, which already included the
standardized protocol for testing in the squat lifting
posture. The value of this test was used for setting the
lifted weight for each participant but was limited to 20
kg to prevent overexertion.

3) The lifting task test involved dynamic semi-
squat lifting from the mid shank to knuckle height with
and without a back belt. Participants were instructed to
lift three times with 20 s of rest between each lift. The
lifting condition order was randomized with 5 min of
rest between conditions. Lifting speed was controlled
by a metronome preset at a frequency of 48 beats/min.

Data processing
EMG signals were recorded at a sampling rate

of 2 kHz and processed using MyoResearch XP EMG
Application Protocols v. 1.06.54 (Noraxon Inc., USA)
to reduce the electrocardiogram (ECG) signal and
smooth data using the root mean square (RMS) while
moving the processing window every 20 ms. All average
RMS values of the ‘resting’ and ‘lifting’ periods from
lifting task test (Fig. 2) were calculated to determine the
percentage of the MVC (% MVC) in order to normalize
all EMG values (NEMG).

Statistical analysis
The SPSS program for Windows, version 17,

was used to analyze all data. Descriptive statistics was
applied to explain baseline demographics and the
findings of the present study. The differences of the
findings between with and without back belt condition
of the quiet standing and squat lifting conditions were
compared using the dependent samples t-test. An alpha
level of less than 0.05 was established for statistical
significance.

Results
In all, 18 experienced manual lifting workers

were included in the present study. They had no

Fig. 1 Starting position at the “lifting period”. (A) EMG,
(B) typical industrial elastic back belt, (C) wooden
box.
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musculoskeletal disorders or other disorders that might
affect participation in the present study. Their mean
age, height, weight, and body mass index (BMI) were
30.17+6.15 yrs, 170.5+6.05 cm, 62.08+8.4 kg, and
21.29+2.02 kg/m2, respectively. The most common
amount of experience of back belt use was 6-12 months
(70.6%), the highest frequency of back belt use was
“every working day” (55.6%), the longest duration of
back belt use in one day was “more than eight hours”,
and the most frequent lifting task was “lifting all day
for six days per week” (94.4%).

Dependent t-test results revealed a significant
difference of NEMG between without and with back
belt wearing for the TrA/IO and RA muscles (Table 1).
During resting, back belt use significantly decreased
the NEMG of the TrA/IO as compared to lifting without

a back belt (p<0.01). On the contrary, for the lifting
period, back belt use significantly increased the NEMG
of the RA when compared with lifting without a back
belt (p<0.05).

Discussion
The NEMG of the trunk muscles in the resting

period was used to represent the work load of the
trunk muscles in a real situation of industrial work that
included a time of no lifting activity or merely performing
a light job. The belt may have helped stabilize the spine,
as the TrA did not have to work significantly, which
explains the results showing that the TrA/IO muscles
worked less when wearing a back belt. Thus, for  long-
term use of back belts, lifting workers, who do not
engage in continuous lifting activity but still wear a
belt all day, may tend to decrease TrA muscle
performance. When the TrA muscle does not function
properly, the feed forward mechanism to protect the
spine from any injury also cannot occur, resulting in an
increased back injury rate among back belt users when
not wearing the back belt after use over a certain time.
During lifting, RA muscle activity significantly
increased while wearing a belt. The pressure from the
belt pushing against the abdominal wall may facilitate
a more superficial layer of the abdominal muscle. This
increase in RA activity during lifting may help improve
IAP to assist in the stability of the spinal column for
back injury prevention. However, from this point of
view, using the belt while lifting for some time may
cause an imbalance in the trunk muscles. In addition,
the increased RA activity during lifting with a belt may
not provide a proper benefit for spinal control because
the RA generates a greater flexor moment to counteract
extensor moment from the IAP(2). Thus, workers would

Trunk muscles     % MVC during resting p-value a      % MVC during lifting p-value a

Without belt With belt Without belt With belt

RA 0.94 (0.48) 0.81 (0.52) 0.053   3.64 ( 2.22)   4.09 (2.09) 0.021*
TrA/IO 4.55 (3.07) 3.18 (2.49) 0.006** 13.92 (9.49) 15.14 (13.81) 0.412
EO 1.16 (0.57) 0.92 (0.68) 0.078   4.36 (2.48)   3.91 (2.48) 0.071
ES 3.87 (2.68) 4.27 (2.55) 0.395 56.69 (12.27) 55.77 (15.43) 0.583
M F 5.05 (5.96) 5.86 (6.24) 0.222 56.56 (15.98) 56.63 (20.72) 0.977

RA = rectus abdominis; TrA/IO = transversus abdominis/internal abdominal oblique; EO = external abdominal oblique; ES =
erector spinae; MF = multifidus
* = significant difference at p-value <0.05, ** = significant difference at p-value <0.01, a = p-value from the dependent t-test

Table 1. Comparison of NEMG (%MVC) of trunk muscle activities during resting and lifting periods between without and
with back belt wearing conditions (n=18), mean(SD)

Fig. 2 The EMG activity of transversus abdominis/
internal oblique (TrA/IO) at resting and lifting
period in one lift condition.
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benefit if they could generate more activity in the TrA
during lifting, as this muscle generates more stability
because of the direction of the TrA fiber is in a transverse
plane. However, the present study did not find any
significant difference in TrA activity during lifting
between with and without a back belt.

Conclusion
The present study does not recommend

healthy workers wear back belts as protective devices,
particularly without any lifting activity. The back belt
can be applied during lifting, as it can enhance RA
activity, which may help improve abdominal pressure
and is less likely to cause weakness in the TrA muscle.
To confirm the findings of the present study, future
studies should focus on trunk muscle performance,
especially the endurance of experienced back belt users.
However, back belt users should always exercise all
trunk muscles to prevent an imbalance in the abdominal
and back muscles, as suggested by the findings of the
present study.

What is already known on this topic?
The TrA is an important trunk stabilizer muscle

that primarily attributes stability to the spinal column
through the elevation of IAP and a feed forward
mechanism. It was found that back injury rates increased
among lifting workers who stopped using a back belt
after wearing it for a certain period of time.

What this study adds?
While wearing a back belt, TrA muscle activity

decreases when there is no lifting activity. Therefore,
for long-term use of back belts, TrA muscle performance
tends to decrease in lifting workers who do not engage
in continuous lifting activity with a belt on all day.
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⌫
⌫⌫

 ⌫ ⌫     

 ⌦⌫⌫⌫
 ⌫⌫
⌫       ⌫   ⌦
       ⌧
             
           ⌫⌫
  
⌦   ⌫  
  ⌦⌫⌫⌫ 
 ⌦⌫⌫ 
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