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Abstract

Background Prolonged sitting induces fatigue in deep trunk muscles, thereby decreasing spinal support

and increasing stress on the spine. Core exercises effectively facilitate recovery from trunk muscle fatigue based

on evidence from subjective outcomes; however, there is a lack of systematic investigation into localized muscle
activity specifically related to prolonged sitting. Therefore, this scoping review summarizes the evidence on the effects
of core exercises in alleviating trunk muscular fatigue induced by prolonged sitting, focusing on objective outcomes
such as electromyography (EMG) and tensiomyography.

Methods Articles published between January 2010 and February 2024 were sought in PubMed, Scopus, Web
of Science, MEDLINE, and Cochrane Library, as well as Elsevier, SpringerLink, and Google Scholar. The findings were
reported following the guidelines provided by the PRISMA-ScR checklist.

Results Out of 106 papers initially identified, eight met the inclusion criteria. During core exercises, fatigued trunk
muscles exhibit an increase in EMG root mean square (RMS) values. In the post-intervention (from 9 days to 8 weeks),
tensiomyography outcomes of the erector spinae muscles significantly improved, whilst EMG results were insignifi-
cant. The contraction times of both the left and right erector spinae balanced out, indicating a harmonizing effect

of the exercise. Regarding the recovery of other trunk muscles, only the transversus abdominis and internal oblique
muscles exhibited a significant increase in the EMG median frequency that decreased over prolonged sitting.

Conclusions Core exercises are effective in alleviating muscular fatigue caused by prolonged sitting. This can be
observed from significant changes in EMG and tensiomyography parameters during exercise and after the training
protocol. Intervention studies have primarily targeted the recovery of the erector spinae muscles, with less attention
on other trunk muscles. Although significant improvements in tensiomyography results for the erector spinae can be
observed after core exercise intervention, the impact on EMG remains uncertain.

Key Points

1. Core exercises have an acute effect on reducing muscle fatigue caused by prolonged sitting.
2. Core exercise intervention studies, primarily targeting the erector spinae muscles, significantly improve tensiomy-
ography outcomes, but evidence for electromyography outcomes is lacking. In addition, few studies have ana-
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lyzed the electromyography mean frequency and root mean square values, which are crucial in assessing muscle

fatigue and recovery.

3. Only a few studies have investigated the effectiveness of core exercises in restoring other trunk muscles, such
as the transversus abdominis and multifidus, following prolonged sitting fatigue.

Keywords Electromyography, Muscle activity, Sedentary, Tensiomyography, Workplace

Background

Sedentary behavior refers to activities that are performed
at or just above the resting metabolic rate (1-1.5 METYS)
[1]. In 28 European countries, an estimated one-third of
adults under the age of 65 are characterized as inactive
[2]. A major factor in adults’ sedentary behavior is their
daily employment [3]. Technological advancement has
had a global impact on occupational sedentariness, which
has increased over time [4, 5]. The growing reliance on
computers in the workplace has led to extended periods
of sitting for employees, with fewer breaks [6]. On aver-
age, office workers sit for 6.6—-10.0 h per day [3]. Because
of the lower center of gravity and a wider base, sitting is
a comfortable posture that consumes little energy [7].
The prevalence of this condition increased during the
COVID-19 pandemic, with remote work from home
leading to prolonged sitting [8, 9].

During prolonged sitting, continuous contraction of
the core muscles can lead to deep trunk muscle fatigue
[10]. Under fatigue, increased activity in superficial trunk
muscle reduces support to the spine and increases stress
on ligaments and intervertebral discs [10]. The reduction
of disc height increases the amount of compression on
sensitive spinal structures. This may stimulate nocicep-
tor activity, which could contribute to the development
of pain [10]. Research indicates that 34 to 51% of office
workers experienced low back pain in the past year, with
approximately 20 to 23% reporting new episodes during
a one-year monitoring period [12]. The COVID-19 pan-
demic has significantly increased the occurrence of lower
back pain as the most prevalent population problem [13].
Low back pain has been identified as the leading cause of
disability worldwide, measured in years lived with dis-
ability, and ranks sixth in terms of overall burden, based
on disability-adjusted life years [11].

Due to the strong correlation between low back pain
and weak or imbalanced trunk muscle corsets [14],
researchers investigated various interventions aimed at
reducing trunk muscle fatigue [15]. In particular, exercise
programs conducted in workplace settings are benefi-
cial in this regard [16—-18]. Among them, core exercises
have achieved substantial popularity in recent years
[10, 16, 17, 19-24]. The purpose of these exercises is to

restore normal muscle function to increase spinal stabil-
ity, improve neuromuscular control within the lumbopel-
vic region, increase intersegmental stiffness, and prevent
injury to the lumbar spine [11]. These exercises play a
crucial role in reducing muscle fatigue induced by pro-
longed sitting [10, 16, 19-24].

Muscle fatigue from prolonged sitting is commonly
assessed using surface electromyography (EMG) [25-28].
Various indexes have been proposed to analyze EMG
signals and quantify the degree of muscle fatigue, such
as median frequency (MDF), root mean square (RMS),
fractal dimension, and average rectified value [29-32].
These indexes aim to capture different aspects of mus-
cle fatigue related to physiological changes within the
muscle [15]. Fractal dimension, for instance, has been
found to be highly sensitive to detecting the synchroni-
zation of recruited motor units, reflecting central fatigue
[33]. On the other hand, frequency domain indexes like
MDF or mean frequency (MNF) are associated with the
nerve conduction velocity of motor unit action poten-
tials, mainly reflecting peripheral fatigue [30, 34]. Evalu-
ating the effects of various physical exercises on reducing
muscle fatigue using different EMG indexes can provide
insights into the potential benefits of each intervention
and shed light on the underlying physiological mecha-
nisms [15].

Tensiomyography is another widely-used noninva-
sive method for assessing muscle fatigue in a static pos-
ture [22]. It assesses muscle state changes by examining
the displacement and contraction time of muscle fibers
induced by a 1 ms electrical stimulation (ranging from
0 to 100 mA) of a single muscle fiber bundle [22]. The
advantage of tensiomyography is its lower sensitivity to
external noise and also the fact that it is not affected by
skin resistance or sweating [22]. It is considered a valid
technique for evaluating muscle fiber composition [22].

In recent systematic reviews, researchers investigated
the effect of exercise interventions on reducing neu-
romuscular fatigue [15, 35, 36]. However, two review
studies primarily relied on subjective measures, such
as perceived fatigue and soreness [35, 36], which may
not accurately reflect localized muscle fatigue. Only
one review study employed objective measures, such as
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EMG [15]. Additionally, all three systematic reviews pri-
marily focused on post-exercise fatigue and did not con-
sider fatigue resulting from prolonged sitting [15, 35, 36].
Furthermore, while several studies discussed interven-
tions such as active recovery, compression, massage, and
stretching, a significant gap remains in research regard-
ing the effectiveness of core exercises for alleviating
fatigue [37-41].

Objectives

This scoping review aims (i) to summarize the evidence
on the effects of core exercises in alleviating trunk mus-
cular fatigue induced by prolonged sitting, focusing on
objective outcomes such as EMG and tensiomyography
and (ii) to identify gaps in the existing literature and sug-
gest recommendations for future studies on this topic.

Methods

Protocol and Registration

This study was drafted using the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses Extension for Scoping Reviews) checklist [42]. The
process was based on the ‘Population—Concept—Con-
text (PCC) framework recommended by the Joanna
Briggs Institute for Scoping Reviews [43]. Moreover, the
protocol was preregistered on 3 April 2024 using the
Open Science Framework (OSF) Registries (https://doi.
org/https://doi.org/10.17605/OSEIO/7VEZ6).

Eligibility Criteria
The inclusion criteria comprised peer-reviewed English-
language articles published from January 2010 to Febru-
ary 2024. Grey literature was excluded, including books,
theses, case reports, abstracts, and conference papers.
According to the PCC framework, as delineated in
Table 1, the population encompassed individuals who
were sedentary or experienced prolonged periods of
sitting, without restrictions based on age, sex, or spe-
cific health conditions (e.g., low back pain sedentary,
or healthy sedentary). Prolonged sitting was typically
defined as sitting for at least two hours on any working
day [25]. The concept involves the studies assessing the

Table 1 ‘Population-Concept-Context (PCC) framework
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impact of core exercises on trunk muscle fatigue induced
by prolonged sitting through objective methods. Studies
from diverse workstation settings, such as community,
workplace, residential, and hospital settings, were eli-
gible for inclusion. The context is international, with no
restrictions on location, time frame, or environment.

Information Sources

The search was conducted with PubMed, Scopus, Web
of Science, MEDLINE, and Cochrane Library, as well as
Elsevier, SpringerLink, and Google Scholar. Moreover,
manual searches were conducted on the references cited
within the reviews to identify any additional pertinent
studies.

Search Strategy

The search strategy included combinations of the fol-
lowing terms related to sedentary behavior, core exer-
cises, evaluation of muscle fatigue and activity, and core
muscles:

1. Sedentary behavior:

"Sedentary behavior" AND "prolonged sitting" AND
"workplace" AND "office worker" AND "employees” AND
"workstation";

2. Core exercises:

"Core stabilization exercise" AND "abdominal draw-
ing-in maneuver technique" AND "lumbar stabilization
exercises” AND "Pilates” AND "yoga" AND "stability ball
exercises” AND "medicine ball exercises" AND "TRX sus-
pension training” AND "diaphragmatic breathing";

3. Evaluation of muscle activity:

"Electromyography OR ’EMG™ AND "muscle activa-
tion pattern" AND "tensiomyography OR "'TMG " AND
"muscle activity” AND "muscle fatigue" AND "neuromus-
cular activity";

4. Core muscles:

“Core muscle” AND 'rectus abdominis” AND "erec-
tor spinae” AND "transverse abdominis" AND "inter-
nal oblique” AND "external oblique" AND "latissimus
dorsi" AND "iliocostalis lumborum pars thoracis" AND
"multifidus".

PCCelement Description

Population Individuals who were sedentary or experienced prolonged periods of sitting, without restrictions based on age, sex, or specific health
conditions (e.g., low back pain sedentary, or healthy sedentary). Prolonged sitting was typically defined as sitting for at least two hours
on any working day [25]

Concept The studies assessed the impact of core exercises on trunk muscle fatigue induced by prolonged sitting through objective methods

Context Studies from diverse workstation settings, such as community, workplace, residential, and hospital settings, were eligible for inclusion.

International, with no restrictions on location, time frame, or environment
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Fig. 1 PRISMA diagram

Results

Selection of Sources of Evidence

A total of 106 articles were identified during the ini-
tial database search. Twenty-eight (28) duplicates were
removed resulting in 78 sources to be screened. After a
preliminary review and evaluation for eligibility, 52 stud-
ies that did not meet the inclusion criteria were excluded.
Among the 26 remaining articles, 8 were included in this
scoping review (Fig. 1: PRISMA diagram).

Data Items and Charting Process

Data extraction for the chosen articles was carried out
using a standard Excel spreadsheet. One reviewer, BA,
was in charge of data extraction, while another reviewer,
EZ, conducted a thorough review to ensure the accu-
racy of the extracted data. The data extracted encom-
passed publication information (such as study location,
study design, and publication year), the primary health
outcome under investigation, participant demographics

(including sample size, age, sex, sport, and spine-related
issues), the research methodology employed, and the key
findings related to health outcomes.

Temporal Precursor Variables

Tables 2, 3, 4 present summaries and frequency of the
basic characteristics of the selected articles. The partici-
pants in all studies were young adults aged 20—40 years.

Acute Effects of Core Exercise on Muscle Activity

The acute effects of core exercises on muscle activity
were investigated in three studies [16, 19, 20]. All of them
utilized an EMG system for evaluating muscle activ-
ity. Within this subset of studies, two studies measured
root mean square [16, 19], and another reported both
maximum and average muscle activity [20]. Two studies
incorporated the abdominal drawing-in technique (also
known in other studies as the hollowing technique) [16,
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19], with one of them combining it with dynamic lum-
bar extension [16]. Additionally, one study evaluated the
effectiveness of a dynamic office chair in activating trunk
muscles during core exercises compared to a stability ball
[20]. Table 3 summarizes the acute effects of core exer-
cises on muscle activity.

Effects of Core Exercise Interventions on Muscle Activity
Five out of nine studies examined the impact of core exer-
cise interventions on muscle activity [10, 21-24]. Among
these, three studies utilized tensiomyography [21-23]
and reported parameters such as contraction time (Tc)
[21-23] and maximal displacement (Dm) [21-23]. Two
studies employed EMG [10, 24], one measuring median
frequency [10], and the other reported the mean muscle
activation level [24]. All five studies focused on core sta-
bility exercises [10, 21-24], with only one also assessing
the impact of the abdominal drawing-in technique on
muscle activity [10]. Table 4 offers an overview of studies
investigating the effects of core exercise interventions on
muscle activity.

Discussion

Back pain is a common problem among sedentary
employees who spend long periods sitting at work [44].
This prolonged sitting causes fatigue in the trunk mus-
cles [10]. Under fatigue, muscular support to the spine
decreases and increases stress on its passive structures
[10]. This circumstance has become more prevalent due
to the COVID-19 pandemic [8, 9]. To overcome this con-
cern, one can employ recovery modalities in the work-
place. Given the potential of core exercises to facilitate
recovery from trunk muscle fatigue, this study sum-
marized the evidence on the effects of core exercises in
alleviating trunk muscular fatigue induced by prolonged
sitting, focusing on objective outcomes such as electro-
myography and tensiomyography.

This scoping review examined eight studies: three
focused on the muscle activity response to the core exer-
cises [16, 19, 20], and five on the effects of core exercise
interventions [10, 21-24].

During core exercises, fatigued trunk muscles exhibited
an increase in EMG root mean square amplitude values.
More specifically, two studies revealed that the abdomi-
nal drawing-in maneuver [16, 19] and a combination
of the abdominal drawing-in maneuver and supported
dynamic lumbar extension [16] enhanced the activation
of the transversus abdominis and internal oblique mus-
cles. The abdominal drawing-in technique also resulted
in higher activation ratios of the transversus abdominis
and internal oblique muscles compared to the rectus
abdominis, indicating effective engagement of these
crucial muscles for spinal support [19]. This maneuver
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reduced the activation of the lumbar multifidus muscle,
particularly during its initial application [16]. This reduc-
tion may lead to decreased spinal compression forces,
which is beneficial for individuals with chronic low back
pain. Furthermore, in the intervention condition of the
Saiklang et al. [16] study, no fatigue of the transversus
abdominis and internal oblique muscles was observed
throughout the 41-min testing period, while in the con-
trol condition, muscle fatigue occurred earlier, between
the 15th and 25th minute of the sitting. This combination
can improve muscle activity, and reduce muscle fatigue
during prolonged sitting in people with chronic low back
pain. However, these studies did not investigate the sex-
specific tailoring of exercises to optimize outcomes. In
a study conducted by Salim et al. [17], McKenzie’s exer-
cises, including the Seated Lumbar Exercise and Standing
Lumbar Extension Exercise, were found to reveal sex-
specific differences in muscle activity. This was evident
from EMG analysis of the erector spinae, latissimus dorsi,
and internal and external oblique muscles. Following the
Seated Lumbar Exercise, males showed reduced RMS
values, whereas females exhibited increased values. After
the Standing Lumbar Extension Exercise, males experi-
enced a decline in RMS values across all muscles except
the internal oblique, while females exhibited an increase
in all muscles except the external oblique. This suggests
that exercise interventions may need sex-specific tailor-
ing to effectively prevent low back discomfort.

Furthermore, the choice of equipment, such as a sta-
bility ball or dynamic office chair, can influence muscle
activation during core exercises. Across various core
exercises, such as forward-backward pelvic rotation,
side-to-side pelvic rotation, circular hip rotation, alter-
nating leg lifts, and isometric side plank, muscle activity
was comparable whether performed seated on a dynamic
office chair or a stability ball [20]. The forward—backward
pelvic rotation and circular hip rotation exercises gener-
ally showed the highest muscle activity levels. Notably,
the stability ball induced greater peak activity in the right
external oblique muscle, while the dynamic chair led to
higher average activity in the left thoracic erector spinae.
However, for most other muscles, activation levels were
similar between the two conditions. This suggests that
using a dynamic office chair in the workplace can help
reduce the adverse effects of prolonged sitting, such as
lower back pain.

In summary, diverse core exercises reveal specific pat-
terns of muscle activation. The abdominal drawing-in
maneuver enhances the activation of key trunk muscles
such as the transversus abdominis, internal oblique, and
erector spinae. These exercises may offer effective strate-
gies for reducing muscle fatigue and preventing low back
discomfort.
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While the studies provide valuable insights into the
acute effects of core exercises on muscle activity, future
research should address several key areas. Firstly, there
is a need to involve older office workers, as the current
studies focused on young participants. Additionally,
the current studies are mostly limited to those with low
back pain, and it is crucial to include a group of healthy
individuals to understand how exercises impact muscle
response in those without a history of back pain. More-
over, the studies were conducted in laboratory settings,
which may not fully reflect real workplace environments.
Therefore, future research should explore the efficacy
of interventions in actual settings. Furthermore, assess-
ing the long-term sustainability of intervention benefits
beyond their acute effects is essential for understanding
their overall effectiveness (Table 5).

In the intervention studies, four reported signifi-
cant improvements in outcome measures with targeted
exercises [10, 21-23]. Specifically, an 8-week 3D mov-
ing platform program, incorporating stretching and
strengthening exercises for core and paraspinal muscles,
revealed increased activation of the paraspinal muscles,
as evidenced by tensiomyography analysis [21]. Addi-
tionally, the intervention significantly improved static
muscle contractions of the erector spinae and balanced
the contraction times between the left and right sides
of this muscle. A 5-week core stabilization exercise pro-
gram targeted deep trunk muscles with the abdominal
drawing-in maneuver technique during prolonged sitting
[10]. Significant increases in MDF values were observed
bilaterally for the transversus abdominis and internal
oblique muscles after the 5-week intervention compared
to baseline levels. This may be linked to the earlier onset
of fatigue in these muscles during prolonged sitting. Both
a 7-week lumbar stabilization exercise program [22] and
a 7-week core stabilization exercise program [23] dem-
onstrated significant increases in muscle stiffness (Dm)
and contraction velocity of the erector spinae muscle.
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The increase in velocity of contraction at 90% (Vc90)
suggested improved neuromuscular control, which is
crucial for spine stability. The increase in Dm indicated
enhanced muscle stiffness, potentially contributing to
better spinal support. These findings were particularly
relevant for sedentary workers who spend long hours sit-
ting. However, a 9-day accommodation protocol resulted
in no significant changes in targeted muscle activation
levels, including the erector spinae, and internal, and
external oblique muscles EMG [24]. In this protocol, par-
ticipants engaged in two-hour sessions sitting on a stabil-
ity ball with a four-point plastic base on casters.

Despite the valuable insights provided by these studies,
there remains a notable gap in the literature. Research on
long-term core exercise effects primarily targets the erec-
tor spinae muscle. However, it neglects the transversus
abdominis and multifidus muscles, which are crucial for
spinal stability during prolonged sitting [45]. While core
exercises showed significant improvements in tensio-
myography outcomes for the erector spinae, their effect
on EMG remains uncertain, emphasizing the need for
future evaluations. Similarly, studies examining the rec-
tus abdominis using EMG and tensiomyography did not
yield significant changes, indicating a need for further
investigation. Conflicting outcomes have been observed
regarding the effects of core exercise interventions on
muscle parameters such as Dm, Vc90, and Tc for the
erector spinae, highlighting the necessity for additional
research. Two studies, one on core stabilization exercises
and the other on lumbar stabilization exercises, dem-
onstrated a significant increase in Dm and Vc90 for the
erector spinae after core exercise interventions, but not
in Tc. Conversely, a study involving a 3D Moving Plat-
form with stretching and strengthening core and par-
aspinal muscles showed improvement in Tc but not in
Dm and Vc90. This conflicting outcome emphasizes the
necessity for further investigation. Additionally, there
is insufficient attention given to assessing EMG mean

Table 5 Identified knowledge gaps in the muscle activity response to core exercises literature and recommendations for future

studies

Identified knowledge gaps

Implications for future research

Inclusion of young sedentary individuals;

Future studies should involve older office workers to understand the effects of core exercises

on muscle activity in this demographic

Predominant focus on individuals with low back pain;

[tis crucial to include a group of healthy individuals in future research to examine how exercises

impact muscle response in those without a history of back pain

Conducting studies in laboratory settings;

Future research should explore the efficacy of core exercise interventions in real workplace

environments to ensure their practical applicability and relevance

Lack of assessment of long-term sustainability;

Evaluating the long-term sustainability of intervention benefits beyond acute effects is neces-

sary to determine the overall effectiveness and durability of core exercises

Sex-specific tailoring of exercise interventions;

Future research should investigate the need for sex-specific tailoring of exercise interventions

to effectively prevent low back discomfort and optimize outcomes
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Table 6 Identified knowledge gaps in the literature related to the effect of core exercise interventions on muscle activity and

recommendations for future studies

Identified knowledge gaps

Implications for future research

More focused on the erector spinae, neglecting transversus abdominis
and multifidus;

Core exercise interventions show significant improvements in tensiomyo-
graphy outcomes for the erector spinae, uncertain for electromyography;

No significant changes in rectus abdominis with electromyography
and tensiomyography

Conflicting outcomes are observed regarding the effects of core exercise
interventions on muscle parameters such as Dm, Vc90, and Tc for the erec-
tor spinae

Insufficient attention is given to assessing the mean frequency and root
mean square values of electromyography signals

Future studies should investigate the effects of core exercise interventions
on the transversus abdominis and multifidus muscles, which are crucial
for spinal stability during prolonged sitting;

Further research is needed to clarify the impact of core exercise interven-
tions on electromyography values, providing a comprehensive under-
standing of their effects on muscle activity

There is a need for additional investigation into the effects of core exercise
interventions on the rectus abdominis muscle, utilizing both electromyo-
graphy and tensiomyography methods to obtain a more comprehensive
understanding of muscle activity changes

Future studies should aim to reconcile conflicting outcomes and provide
clarity on the effects of core exercise interventions on muscle parameters,
such as Dm, Vc90, and Tc, for the erector spinae muscle

There is a need for future research to incorporate assessments of mean fre-
quency and root mean square values of electromyography signals, which
are essential for evaluating muscle fatigue and recovery

Dm, Maximal Displacement; Vc90, Velocity of Contraction at 90%; Tc, Contraction Time

frequency and root mean square values, which are essen-
tial for evaluating muscle fatigue and recovery. More
emphasis should be placed on evaluating these values of
electromyography signals to enhance the assessment of
muscle fatigue and recovery (Table 6).

Conclusion

Core exercises are effective in alleviating muscular
fatigue caused by prolonged sitting. This can be observed
from significant changes in EMG and tensiomyography
parameters during exercise and after the training proto-
col. Future research should include older office workers,
and real workplace settings to understand the efficacy of
exercises in practical environments. While current stud-
ies predominantly focus on the recovery of the erector
spinae muscles, overlooking other trunk muscles like the
transversus abdominis and multifidus indicates a criti-
cal gap in research. Despite observed improvements in
tensiomyography outcomes of erector spinae muscles,
uncertainties persist regarding EMG post-core exercise
interventions. The neglect of the transversus abdominis
and multifidus muscles in long-term core exercise
research further underscores the need for more inclusive
investigation. Furthermore, conflicting findings regarding
muscle parameters highlight the necessity for additional
studies. Addressing these gaps would provide a clearer
understanding of effective core exercise intervention
for mitigating muscular fatigue in sedentary individuals
engaged in prolonged sitting.

Abbreviations

%sub-MVIC  Percentage of Sub-Maximal Voluntary Isometric Contraction
BMI Body Mass Index

CLBP Chronic Low Back Pain

Dm Maximal Displacement

EMG Electromyography

MDF Median Frequency

MvC Maximal Voluntary Contraction
MVE Maximal Voluntary Excitations
MVIC Maximal Voluntary Isometric Contraction
NA Not Applicable

Pt Peak Torque

PSIS Posterior Superior lliac Spine
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