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Summary
Background. In the prevalent sedentary work environment, where administrative professionals spend 82% of their 
time seated, this study delves into the musculoskeletal impact of prolonged sitting. Focusing on electromyographic 
(EMG) muscle activity in various positions, the research explores discomfort disparities between administrative 
workers and a control group, offering insights for challenges associated with extended sitting.
Material and methods. Engaging 31 participants aged 30-40, the study investigates lateralization and discomfort 
in administrative workers versus a  control group. Employing EMG and a  Body Part Discomfort Assessment 
Checklist, the measurements adhere to ergonomic standards. Ethically approved, the study utilizes statistical 
analyses, uncovering the musculoskeletal effects of occupational postures.
Results. EMG muscle activity in left and right upper limb extensors and flexors during diverse postures revealed no 
significant differences within or between administrative workers and the control group. Discomfort assessments 
displayed a non-significant trend, with the control group reporting slightly higher discomfort than administrative 
workers.
Conclusions. The findings suggest short-term corrections minimally affect EMG activity, showcasing adaptability 
to adverse conditions. Administrative workers exhibit lower discomfort during uncorrected sitting, emphasizing 
adaptability. Although average EMG activity displays no significant difference, further investigations, including 
pressure algometry, are vital for nuanced insights into the relationship between EMG activity and subjective 
discomfort in ergonomic interventions.
Keywords: electromyography, ergonomics, computer, muscles, pain

Streszczenie
Wprowadzenie. W  kontekście powszechnie występującego siedzącego trybu pracy, w  którym pracownicy 
administracyjni spędzają 82% czasu w  pozycji siedzącej, niniejsze badania dotyczą wpływu długotrwałego 
siedzenia na układ mięśniowo-szkieletowy. Koncentrując się na elektromiograficznej (EMG) aktywności mięśni 
w różnych pozycjach, w badaniach analizowano różnice w dyskomforcie między pracownikami administracyjnymi 
a grupą kontrolną, oferując wgląd w wyzwania związane z długotrwałym siedzeniem.
Materiał i metody. Badania, w których wzięło udział 31 uczestników w wieku 30-40 lat, dotyczyły lateralizacji 
i dyskomfortu u pracowników administracyjnych w porównaniu z grupą kontrolną. Pomiary, przy prowadzeniu 
których posługiwano się EMG i listą kontrolną oceny dyskomfortu części ciała, są zgodne ze standardami ergonomii. 
W zatwierdzonych w kontekście etyki badaniach wykorzystano analizy statystyczne, odkrywając wpływ pozycji 
przyjmowanych w trakcie wykonywania obowiązków zawodowych na układ mięśniowo-szkieletowy.
Wyniki. Aktywność EMG mięśni prostowników i zginaczy lewej i prawej kończyny górnej podczas przyjmowania 
różnych pozycji nie wykazała istotnych różnic w obrębie lub między pracownikami administracyjnymi a grupą 
kontrolną. Oceny dyskomfortu wykazywały nieistotną tendencję, przy czym grupa kontrolna zgłaszała nieco 
wyższy dyskomfort niż pracownicy administracyjni.
Wnioski. Wyniki sugerują, że krótkoterminowe korekty minimalnie wpływają na aktywność EMG, pokazując 
zdolność adaptacji do niekorzystnych warunków. Pracownicy administracyjni wykazują mniejszy dyskomfort 
podczas siedzenia bez korekty, co  podkreśla ich zdolności adaptacyjne. Chociaż średnia aktywność EMG nie 
wykazuje istotnej różnicy, dalsze badania, w  tym algometria ciśnieniowa, są niezbędne do uzyskania bardziej 
szczegółowego wglądu w związek między aktywnością EMG a subiektywnym dyskomfortem podczas interwencji 
ergonomicznych.
Słowa kluczowe: elektromiografia, ergonomia, komputer, mięśnie, ból
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Introduction

Sitting, as a daily working posture and a way of spending leisure time, constitutes approximately 50-60% of 
the average adult’s daily routine [1]. In the present era, administrative professionals spend up to 82% of their 
working hours in a  seated position [2,3]. Initially, the emphasis on reducing the consequences of prolonged 
sitting during working hours was primarily due to its impact on the cardiovascular system and the prevalence 
of obesity. According to a systematic review [4], health guidelines for the general population focus on reducing 
overall sitting time throughout the day, whether at work or during leisure. However, beyond other systems, 
prolonged sitting is deemed hazardous to the musculoskeletal system [5], being a  source of discomfort or 
pain. This is explained by hypotheses suggesting that the cause lies in factors such as low activity levels and 
a predominance of passive structure loading [6]; postural changes, such as flattening or accentuation of spinal 
curvatures over the sitting interval [7]; chronic deconditioning associated with habitually lower activity levels, 
leading to fatigue and the potential occurrence of repetitive strain injuries [6].

Further studies comparing seated work with sit-stand desks found higher self-reported fatigue, feelings of 
low energy during sitting, as well as reduced concentration and productivity [8,9]. Verticalization has positive 
effects on other systems beyond the musculoskeletal system, as indicated by a study [1], whose authors argue 
that replacing sedentary behavior with standing or low-level physical activity can reduce the risk of lifestyle-
related diseases and mortality without achieving a  level of moderate to vigorous physical activity (MVPA). 
Musculoskeletal pain is highly prevalent among computer users, encompassing neck and shoulder pain, as well 
as pain in the arms and wrists, with a prevalence ranging from 20.3% to 56.1% [10]. Musculoskeletal discomfort 
associated with computer work manifests through physical strain, psychosocial stress, total time spent working 
with computers, workstation setup, and organizational factors [11].

In clinical practice, pain is the most common reason for seeking professional help [12]. Unfortunately, pain, 
as such, may only appear in response to the decompensation of chronic conditions, such as long-term soft tissue 
degeneration (also known as Repetitive Strain Injury), where one’s morphology changes over prolonged irritation, 
leading to fibrosis, atrophy, or infiltration by fat cells [12,13]. Lateral epicondylitis, a diagnosis associated with 
tendinopathy of the wrist and hand extensor group, is most linked to hypertonia of the extensor carpi radialis 
brevis and degeneration of its insertion, among other extensors. Given its frequent occurrence in a group with 
a  repetitive job nature and emphasis on precision, administrative workers may precisely constitute this set. 
There is a significant correlation between work style, lack of breaks, pain, and loss of productivity. All of these 
factors can, in turn, affect the individual and their environment and subsequently put them in a ‘spiral’ which 
is compounded by ill health which reduces their productivity, this in turn increases pressure on the psyche, for 
example, which compounds their current painful state [14].

Although pain should have a  signaling character, as suggested by its definition, unfortunately, in the case 
of prolonged exposure of the organism to nociceptive stimuli or dysfunctional neuromuscular adaptation in 
response to a  stimulus, disability may develop, transitioning into chronicity. Physiotherapy is commonly 
prescribed in response to these situations, as well as for the prevention of painful conditions (global physical 
activity, individually targeted exercise programs, training of specific motor skills, and functional tasks). 
Understanding the origin of nociceptive sensations and targeting therapy and prevention correctly can help 
restore or prevent subsequent long-term complications and financial expenditures [12].

Despite differing opinions regarding ergonomics and its practical application, a  study by Hoe et al. [15] 
suggests that computer ergonomics training should involve educating the target group about identifying 
risk factors, selecting and using appropriate work procedures, equipment, and individual settings that meet 
individual needs. According to a systematic review [16], ergonomic interventions aimed at reducing the negative 
impacts of sedentary employment include: optimizing the work environment – adapting the workspace to the 
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anatomical, anthropometric, physiological, and biomechanical requirements of the individual; organizational 
interventions – focusing on optimizing work and rest regimes and other socio-technological requirements; 
cognitive aspects – considering demands on perception, memory, thinking, and motor response. Żywień et al. 
[17] estimated the risk of low back pain by comparing the pressure pain threshold of soft tissue and the angles of 
the spine in young white-collar workers. The results indicated that pressure pain thresholds and the angle of the 
spine in the sitting position were associated with mild low back pain in female subjects. In addition, mild lower 
back pain was related to the following in the male participants: angles of the torso; the lumbosacral spine in the 
corrected sitting position; and body mass index.

Aim of the study

In our study, we delved into the dynamics of muscle activity and working postures among administrative 
workers. Our primary focus included comparing electromyographic (EMG) muscle activity during uncorrected 
sitting, corrected sitting, and corrected standing positions. We also explored differences in EMG activity between 
administrative workers and a control group in various seated and standing conditions. Lastly, we examined the 
disparities in perceived discomfort between administrative workers and the control group. These key inquiries 
form the nucleus of our research, offering valuable insights into the intricate relationships between working 
postures, muscle activity, and perceived discomfort in the workplace. It is difficult to clarify the correlation 
between specific posture and pain [18,19]. Therefore, we measured EMGs in different postures with the 
hypothesis that with the forward head posture and the extension of the lever arm that the neck musculature 
has to neutralize, higher demands are placed on the muscular system and, at the same time, the interosseous 
connections of the neck face higher loads, which may lead to repetitive strain injury. Considering the needs of the 
study, we were primarily concerned with local muscle strain in the upper limbs, with the hypothesis of whether 
EMG may have an influence on emerging upper limb pain conditions or whether the problems are caused by 
other influences.

Material and methods

Sample

The research cohort comprised 31 participants, evenly split into two groups, aged 30 to 40 years, with an 
average age of 32.7 years (SD 3.2), aligning with the standard sample size of 10-15 individuals recommended 
in the majority of EMG studies [6,11]. The sample size was determined by balancing statistical power with 
practical constraints, including costs and time demands for data collection and analysis. Group A  consisted 
of administrative workers routinely using computers, while control Group B was a randomly selected sample 
from the general population. Gender distribution in Group A was 8:8 (male:female), and in Group B, it was 9:6. 
Each group had only one individual with predominantly left-handed lateralization. Exclusion criteria included 
neurological disorders, documented musculoskeletal issues in the cervical spine and upper extremities, acute 
cardiorespiratory conditions, congenital abnormalities, or oncological symptoms. Additional exclusion criteria 
encompassed visual or auditory impairments without optimal correction, a  history of significant trauma, or 
surgery.
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Data collection methods

Participants completed a  laterality questionnaire [20] and provided basic anamnestic information at 
the measurement outset. Surface electromyography (EMG) was conducted using Shimmer 3 Ebio Consensys 
Development Kit devices, with two units affixed above the lateral epicondyles of the humerus. Placement of 
Kendall adhesive electrodes followed palpation guidance during muscle contraction. The distance between 
corresponding electrodes on a given muscle was consistently set at 1 cm. Electrode pairs were positioned on the 
extensor digitorum muscle of the index finger, the flexor digitorum superficialis muscle of the index finger, and 
the reference electrode above the olecranon fossa of the corresponding arm (Figure 1). Flexible mesh straps were 
used on the upper extremities to minimize electromagnetic interference. Post-measurement, each participant 
completed the Body Part Discomfort Assessment Checklist (BPDAC) questionnaire [21], rating discomfort on 
a scale of 0 to 10, supplemented with verbal comments for non-zero values. A physiotherapist also gathered 
a relevant medical history during the initial assessment.

Figure 1. Placement of electrodes on the upper limb

Measurement procedure

The measurement commenced with a  maximum grip strength test, repeated immediately after the third 
measurement series for subsequent maximal voluntary contraction (MVC) normalization. Testing was performed 
sequentially on both upper extremities, with participants standing upright, the tested arm adducted, and the 
elbow joint at a right angle. EMG measurements occurred in three five-minute series. The first series involved 
uncorrected sitting with individualized workstation adjustments. In the second series, participants were 
positioned in a corrected posture adhering to ergonomic standards. The third series took place with participants 
standing at a Sit-Stand desk with ergonomic corrections. 
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Data processing

Data preprocessing included ensuring data quality and noise removal from the Shimmer device. Resampling 
was performed to address Bluetooth-related fluctuations in sampling frequency, resulting in a consistent data 
file for simplified analysis. Statistical analyses were conducted using RStudio software (version 2023.12.1+402). 
Initial steps involved rectification and signal filtering (20-400 Hz). Maximal voluntary contraction (MVC) 
normalization utilized grip strength recordings and resistance tests. Statistical tests applied included the Mann-
Whitney-Wilcoxon test for two independent samples with continuity correction for comparing two medians [22] 
and Welch’s ANOVA for comparing three or more means [23].

Results

Muscle activity

The average activity of the left upper limb extensor during uncorrected sitting was 5.53 (SD=4.38) % Fmax 
(proportion of maximum voluntary contraction), during corrected sitting 4.18 (SD=3.52) % Fmax, and during 
corrected standing 3.71 (SD=3.58) % Fmax. For the left upper limb flexor, the averages during uncorrected 
sitting, corrected sitting, and corrected standing were 2.17 (SD=1.82) % Fmax, 1.94 (SD=1.15) % Fmax, and 
1.75 (SD=1.29) % Fmax, respectively. Similarly, the average activity of the right upper limb extensor during 
uncorrected sitting was 7.92 (SD=4.53) % Fmax, during corrected sitting 7.64 (SD=4.26) % Fmax, and during 
corrected standing 8.05 (SD=4.57) % Fmax. For the right upper limb flexor, the averages during uncorrected 
sitting, corrected sitting, and corrected standing were 3.29 (SD=2.82) % Fmax, 3.38 (SD=2.68) % Fmax, and 3.62 
(SD=2.61) % Fmax, respectively (Table 1).

Table 1. Descriptive statistics of muscle activity of the extensor digitorum and the flexor digitorum superficialis

Parameters N mean SD median min. max.

bt_max_r (kg) 31 36.92 10.73 35.5 19.3 54.2

bt_max_l (kg) 31 36.2 11.7 31.9 20.3 58.1

at_max_r (kg) 31 37.59 10.8 37.1 18.1 55.1

at_max_l (kg) 31 35.32 11.63 33.9 17.2 57.2

t1_wpm 31 39.29 10.56 36 22 69

t2_wpm 31 39.9 11.86 37 21 73

t3_wpm 31 39.87 11.47 38 22 74

t1le (% Fmax) 31 5.53 4.38 5.11 0.07 17.66

t1lf (% Fmax) 31 2.17 1.82 2.02 0.02 9.23

t1re (% Fmax) 31 7.92 4.53 8.29 0 18.72

t1rf (% Fmax) 31 3.29 2.82 1.97 0.04 11.86

t2le (% Fmax) 31 4.18 3.52 3.92 0.03 12.36

t2lf (% Fmax) 31 1.94 1.15 1.93 0.01 4.72



Health Prob Civil. 2024, Volume 18, Issue 4

- 445 -

Parameters N mean SD median min. max.

t2re (% Fmax) 31 7.64 4.26 7.61 0 18.16

t2rf (% Fmax) 31 3.38 2.68 2.64 0.03 11.23

t3le (% Fmax) 31 3.71 3.58 3 0.02 15.04

t3lf (% Fmax) 31 1.75 1.29 1.44 0.01 5.55

t3re (% Fmax) 31 8.05 4.57 8.23 0 18.07

t3rf (% Fmax) 31 3.62 2.61 2.79 0.04 10.52

Notes: bt_max_r – maximum voluntary contraction (MVC) of the right hand before the test; bt_max_l – MVC of the left hand be-
fore the test; at_max_r – MVC of the right hand after the test; at_max_l – MVC of the left hand after the test; t1_wpm – words per 
minute (WPM) in the first position (uncorrected sitting); t2_wpm – WPM in the second position (corrected sitting); t3_wpm – 
WPM in the third position (corrected standing); t1le – left extensor in the first position (uncorrected sitting); t1lf – left flexor in 
the first position (uncorrected sitting); t1re – right extensor in the first position (uncorrected sitting); t1rf – right flexor in the 
first position (uncorrected sitting); t2le – left extensor in the second position (corrected sitting); t2lf – left flexor in the second 
position (corrected sitting); t2re – right extensor in the second position (corrected sitting); t2rf – right flexor in the second 
position (corrected sitting); t3le – left extensor in the third position (corrected standing); t3lf – left flexor in the third position 
(corrected standing); t3re – right extensor in the third position (corrected standing); t3rf – right flexor in the third position 
(corrected standing); % Fmax – share of maximum voluntary contraction.

Comparison of EMG activity

Within the scope of this analysis, we aimed to investigate whether there is a difference in EMG muscle activity 
during uncorrected sitting, corrected sitting, and corrected standing. The Welch’s ANOVA results indicated 
no statistically significant difference in EMG activity for left finger extensors (p=0.20), right finger extensors 
(p=0.93), left finger flexors (p=0.57), and right finger flexors (p=0.88). All p-values exceeded the significance 
threshold (0.05), indicating no statistically significant difference (Figure 2).

Muscle activity in the context of ergonomic workspace optimalization...
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Figure 2. Comparison of muscle activity of finger flexors and extensors in three types of work positions (uncorrected sitting, 
corrected sitting, corrected standing)

Comparison of EMG activity between administrative workers and the control group

Within the framework of this investigation, our objective was to examine whether there exists a variance 
in EMG muscle activity between uncorrected sitting and corrected sitting among administrative workers in 
comparison to the control group. The Welch’s ANOVA results revealed no statistically significant difference 
in EMG activity between the muscle groups of administrative workers and the control group. For left finger 
extensors (p=0.81), right finger extensors (p=0.95), left finger flexors (p=0.82), and right finger flexors (p=0.94), 
all p-values exceeded the significance threshold (0.05), indicating no statistically significant difference (Figure 3).
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Figure 3. Comparison of finger flexor and extensor muscle activity between the group of administrative workers and the 
control group

Comparison of discomfort between administrative workers and the control group

Conclusively, we investigated whether there is a discernible difference in discomfort between administrative 
workers and the control group. The data is visually presented in Figure 3. The Mann-Whitney-Wilcoxon test, 
with a continuity correction yield of p=0.07, indicated no statistically significant difference. The control group 
reported, on average, higher discomfort (median 0.33) compared to administrative workers (median 0) (Figure 4).
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Figure 4. Comparison of reported discomfort between the group of administrative workers and the control group

Discussion

Within the scope of this study, no difference was observed in the EMG activity of extensors and flexors 
during uncorrected and corrected sitting or corrected standing. However, these results align with findings from 
other studies employing similar research methodologies. For instance, Christensen et al. [24] reported a lack of 
statistically significant differences across four positions, with testing lasting three times longer in a single phase 
compared to our research. This result might be explained by the theory suggesting that there is no perfect sitting 
position, emphasizing the importance of variably alternating postures [24]. Therefore, considering factors such 
as work organization and implementing a work-rest regimen, including frequent short breaks or longer breaks 
around 15 minutes, may enhance work variability, concentration, and efficiency [25]. Prolonged sitting periods, 
exceeding 120 minutes, as observed in the study by Baker et al. [5], are not recommended due to a sharp increase 
in discomfort and cognitive symptoms. In this research, discomfort correlated with fatigue in the musculus 
obliquus externus abdominis, evidenced by an increase in amplitude or a decrease in the median frequency of 
the EMG signal.

Another plausible explanation is the adaptation to a habitual sitting posture, disrupted by the correction, 
suggesting that even though ergonomically corrected sitting may be less energetically demanding, maintaining 
such an unusual posture requires a  higher level of musculoskeletal system activity. This data can also be 
interpreted through overall higher EMG activity in extensors, indicating their sustained activity during keyboard 
typing and shifting one’s gaze between the monitor and keyboard. The elevated activity in extensors may be 
related to the high prevalence of lateral epicondylitis among workers, who are associated with prolonged and 
strenuous work, forceful tasks, the combination of force and repeated upper limb movements, and activities in 
unusual settings [26]. However, it is essential not to overlook the synergistic activity of wrist and finger muscles, 
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which, according to Bernstein [27], plays a crucial role in organizing individual muscles or their parts to ensure 
dynamic stability under various external and internal conditions.

The goal of head ergonomics in sitting is to center all joints to normotone the muscle fibers around the joints 
in question. In this way, the muscles can stabilize the joints in question, and the muscles are also more able to 
perform their functions in the best possible way (phasic, postural) [28]. Thus, when sitting, there is more static 
load on the lumbar and pelvic region than when standing [29]. Sitting can also cause decentration of the hip joints 
or hyperlordosis (or hyperkyphosis) in the lumbar spine, where the thoracic and cervical spine also respond [30]. 
The result is decentration of the shoulder joints and altered muscle activation in the upper extremities [31]. When 
standing, the energy demand is greater than when sitting, mainly due to the activation of the muscles in the lower 
limbs. During standing, fatigue may cause hyperextension at the knee joints, a  tendency to pelvic anteversion, 
hyperlordosis of the lumbar spine, hyperkyphosis of the thoracic spine and hyperlordosis of the cervical spine. 
Another sign is a decentration of the shoulder joints and other changes in muscle activation [32,33].

Ergonomic correction should be viewed as a long-term adaptation to biomechanically less demanding settings, 
with variations introduced throughout computer work time, ideally within a  2-hour interval. Additionally, 
individuals should engage in nonspecific physical activity to minimize the likelihood of musculoskeletal 
disorders. The results prompt reflection on the method of verifying the effectiveness of ergonomic interventions. 
Testing a one-time correction among different groups may not capture its impact, as evidenced by inconclusive 
or conflicting results in several studies [24,34,35]. Therefore, future studies should consider transitioning the 
study structure to monitor the impact of ergonomic interventions over time rather than conducting one-time 
corrections.

This study has notable limitations that demand consideration. The primary constraint is the restricted sample, 
comprising solely administrative personnel, limiting the generalizability of results and conclusions to other 
professions or workgroups. Furthermore, the accuracy of EMG muscle activity measurements may be influenced 
by factors like electrode placement, muscle movements, and individual variability. Another limitation arises 
from the absence of long-term tracking of ergonomic intervention effects on muscle activity and discomfort 
perception. A valuable avenue for future research involves a  longitudinal study examining sustained impacts 
on the health of administrative personnel. Additionally, the measurement of surface muscles has inherent 
constraints, capturing only superficial muscle activity and excluding the monitoring of deep muscles — a notable 
methodology limitation. It is also important to mention that the body position was not controlled.

Despite these limitations, the study offers significant contributions. Focusing on administrative personnel, 
prone to prolonged sitting, it provides specific insights into muscle activity within this occupational profile. 
Comparing various work positions (sitting without correction, sitting with correction, standing with 
correction) and their impact on muscle activity and discomfort leads to information on practical ergonomic 
adjustments, ultimately enhancing the health of administrative workers. Moreover, the study contributes to 
literature addressing the relationship between sedentary employment and health, establishing a  foundation 
for further research in ergonomics and the prevention of ailments associated with prolonged sitting. Despite 
the acknowledged limitations, this study stands as a  valuable addition to ongoing discussions on workplace 
ergonomics and its broader implications for occupational health and well-being.

Conclusions

Our study concludes that short-term corrections exhibit no discernible impact on EMG activity. Although 
the investigation falls short of fully elucidating the adaptation dynamics to workstation adjustments and sitting 
postures in computer-related tasks, a significant correlation emerges. Administrative workers, as the adapted 
group, manifest lower discomfort levels compared to the control group. This finding underscores the remarkable 
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adaptability of the human body to adverse conditions, particularly evident in participants during the uncorrected 
sitting phase. It emphasizes the broader notion that adaptability extends across different settings, highlighting 
the significance of implementing biomechanically fewer demanding configurations. However, the average EMG 
activity shows no statistically significant difference between administrative workers and the control group. For 
a comprehensive exploration of the correlation between EMG activity and discomfort, further investigations, 
such as pressure algometry at different testing phases, are imperative. These efforts are crucial for a nuanced 
understanding of the intricate relationship between electromyography activity and subjective discomfort within 
the context of ergonomic interventions.

Disclosures and acknowledgements

The authors declare no conflicts of interest with respect to the research, authorship, and/or publication of 
this article. 

This work was supported by the project FW03010194 “Development of a  System for Monitoring and 
Evaluation of Selected Risk Factors of Physical Workload in the Context of Industry 4.0” of the Technology Agency 
of the Czech Republic. 

The methodological procedure and the entire project were approved by the Ethics Committee of the Faculty 
of Physical Culture, Palacký University Olomouc, under reference number 72/2016, on November 28, 2016.

Artificial intelligence (AI) was used by the authors in the creation of the manuscript for the English language 
proofreading. 

References:

1. 	 Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, et al. Sedentary time in adults and 
the association with diabetes, cardiovascular disease and death: Systematic review and meta-analysis. 
Diabetologia. 2012; 55(11). https://doi.org/10.1007/s00125-012-2677-z

2. 	 Bergman F, Wahlström V, Stomby A, Otten J, Lanthén E, Renklint R, et al. Treadmill workstations in office 
workers who are overweight or obese: a randomised controlled trial. Lancet Public Heal. 2018; 3(11): 
e523-35. https://doi.org/10.1016/S2468-2667(18)30163-4

3. 	 Parry S, Straker L. The contribution of office work to sedentary behaviour associated risk. BMC Public 
Health. 2013; 13(1). https://doi.org/10.1186/1471-2458-13-296

4. 	 Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary behaviors and subsequent health outcomes in 
adults: a systematic review of longitudinal studies, 1996-2011. American Journal of Preventive Medicine. 
2011; 41(2): 207-215. https://doi.org/10.1016/j.amepre.2011.05.004

5. 	 Baker R, Coenen P, Howie E, Williamson A, Straker L. The short term musculoskeletal and cognitive effects 
of prolonged sitting during office computer work. Int J Environ Res Public Health. 2018; 15(8). https://
doi.org/10.3390/ijerph15081678

6. 	 Mörl F, Bradl I. Lumbar posture and muscular activity while sitting during office work. J Electromyogr 
Kinesiol. 2013; 23(2): 362-368. https://doi.org/10.1016/j.jelekin.2012.10.002

7. 	 Le P, Marras WS. Evaluating the low back biomechanics of three different office workstations: Seated, 
standing, and perching. Appl Ergon. 2016; 56: 170-178. https://doi.org/10.1016/j.apergo.2016.04.001

8. 	 Dutta N, Koepp G, Stovitz S, Levine J, Pereira M. Using sit-stand workstations to decrease sedentary time 
in office workers: a randomized crossover trial. Int J Environ Res Public Health. 2014; 11(7): 6653-6665. 
https://doi.org/10.3390/ijerph110706653

Muscle activity in the context of ergonomic workspace optimalization...



Health Prob Civil. 2024, Volume 18, Issue 4

- 451 -

9. 	 Pronk NP, Katz AS, Lowry M, Payfer JR. Reducing occupational sitting time and improving worker 
health: the take-a-stand project, 2011. Prev Chronic Dis. 2012; 9: 110-323. https://doi.org/10.5888/
pcd9.110323

10. 	Kaliniene G, Ustinaviciene R, Skemiene L, Vaiciulis V, Vasilavicius P. Associations between musculoskeletal 
pain and work-related factors among public service sector computer workers in Kaunas County, Lithuania. 
BMC Musculoskelet Disord. 2016; 17(1): 1-12. https://doi.org/10.1186/s12891-016-1281-7

11.	 Robertson MM, Huang YH, Lee J. Improvements in musculoskeletal health and computing behaviors: 
effects of a macroergonomics office workplace and training intervention. Appl Ergon. 2017; 62: 182-196. 
https://doi.org/10.1016/j.apergo.2017.02.017

12. 	Merkle SL, Sluka KA, Frey-Law LA. The interaction between pain and movement. J Hand Ther. 2020; 
33(1): 60-66. https://doi.org/10.1016/j.jht.2018.05.001

13. 	Kolář P. [Rehabilitation in clinical practice]. Praha: Galén; 2009. p. 159-162 (in Czech).
14. 	Sharan D, Parijat P, Sasidharan AP, Ranganathan R, Mohandoss M, Jose J. Workstyle risk factors for work 

related musculoskeletal symptoms among computer professionals in India. J Occup Rehabil. 2011; 21(4). 
https://doi.org/10.1007/s10926-011-9294-4

15. 	Hoe VCW, Urquhart DM, Kelsall HL, Sim MR. Ergonomic design and training for preventing work-related 
musculoskeletal disorders of the upper limb and neck in adults. Cochrane Database of Systematic Reviews. 
2012. https://doi.org/10.1002/14651858.CD008570.pub2

16. 	Hoe VCW, Urquhart DM, Kelsall HL, Zamri EN, Sim MR. Ergonomic interventions for preventing work-
related musculoskeletal disorders of the upper limb and neck among office workers. Cochrane Database 
of Systematic Reviews. 2018. https://doi.org/10.1002/14651858.CD008570.pub3

17. 	Żywień U, Barczyk-Pawelec K, Sipko T. Associated risk factors with low back pain in white-collar workers 
– a cross-sectional study. J Clin Med. 2022; 11(5). https://doi.org/10.3390/jcm11051275

18. 	Park SY, Yoo WG. Effect of sustained typing work on changes in scapular position, pressure pain sensitivity 
and upper trapezius activity. J Occup Health. 2013; 55(3). https://doi.org/10.1539/joh.12-0254-OA

19. 	Wærsted M, Hanvold TN, Veiersted KB. Computer work and musculoskeletal disorders of the neck and upper 
extremity: a  systematic review. BMC Musculoskelet Disord. 2010; 11. https://doi.org/10.1186/1471-
2474-11-79

20. 	Nicholls MER, Thomas NA, Loetscher T, Grimshaw GM. The flinders handedness survey (FLANDERS):  
a brief measure of skilled hand preference. Cortex. 2013; 49(10): 2914-2926. https://doi.org/10.1016/j.
cortex.2013.02.002

21. 	Lin CC. Ergonomic assessment of excavator seat. Int J Appl Sci Eng. 2011; 9(2): 99-109.
22. 	Gibbons JD, Chakraborti S. Nonparametric statistical inference. 5th ed. New York: Chapman and Hall/

CRC; 2010. p. 263-324. https://doi.org/10.1201/9781439896129
23. 	Field A. Discovering statistics using IBM SPSS statistics. Thousand Oaks: Sage Publications Ltd; 2013.
24. 	Christensen SWMP, Palsson TS, Krebs HJ, Graven-Nielsen T, Hirata RP. Prolonged slumped sitting 

causes neck pain and increased axioscapular muscle activity during a  computer task in healthy 
participants – a randomized crossover study. Appl Ergon. 2023; 110: 104020. https://doi.org/10.1016/j.
apergo.2023.104020

25. 	Shrestha N, Kukkonen-Harjula KT, Verbeek JH, Ijaz S, Hermans V, Pedisic Z. Workplace interventions 
(methods) for reducing time spent sitting at work. Kazan Medical Journal. 2020; 101: 638-639. https://
doi.org/10.1002/14651858.CD010912.pub5

Muscle activity in the context of ergonomic workspace optimalization...



Health Prob Civil. 2024, Volume 18, Issue 4

- 452 -

26. 	Fan ZJ, Silverstein BA, Bao S, Bonauto DK, Howard NL, Spielholz PO, et al. Quantitative exposure-response 
relations between physical workload and prevalence of lateral epicondylitis in a working population. Am 
J Ind Med. 2009; 52(6): 479-490. https://doi.org/10.1002/ajim.20700

27. 	Bernstein NA. [On the construction of movements]. Moskva: Medgiz; 1947 (in Russian).
28. 	An KN. Muscle force and its role in joint dynamic stability. Clinical Orthopaedics and Related Research. 

2002; 403: S37-S42. https://doi.org/10.1097/00003086-200210001-00005
29. 	Zadoń H, Nowakowska-Lipiec K, Michnik R. A  sitting or standing position – which one exerts more 

loads on the musculoskeletal system of the lumbar spine? Comparative tests based on the methods of 
mathematical modelling. Acta Bioeng Biomech. 2021; 23(1). https://doi.org/10.37190/ABB-01762-
2020-01

30. 	Vialle R, Khouri N, Glorion C, Lechevallier J, Morin C. Lumbar hyperlordosis of neuromuscular origin: 
pathophysiology and surgical strategy for correction. Int Orthop. 2007; 31(4). https://doi.org/10.1007/
s00264-006-0218-4

31. 	Chang LR, Anand P, Varacallo M. Anatomy, shoulder and upper limb, glenohumeral joint. Tampa, Florida: 
StatPearls; 2022.

32. 	Bates AV, McGregor AH, Alexander CM. Prolonged standing behaviour in people with joint hypermobility 
syndrome. BMC Musculoskelet Disord. 2021; 22(1). https://doi.org/10.1186/s12891-021-04744-1

33. 	Lawrence A. Benign joint hypermobility syndrome. Indian Journal of Rheumatology. 2014; 9. https://doi.
org/10.1016/j.injr.2014.09.009

34. 	Korakakis V, O’Sullivan K, Whiteley R, O’Sullivan PB, Korakaki A, Kotsifaki A, et al. Notions of “optimal” 
posture are loaded with meaning. Perceptions of sitting posture among asymptomatic members of the 
community. Musculoskelet Sci Pract. 2021; 51: 102310. https://doi.org/10.1016/j.msksp.2020.102310

35. 	Palsson TS, Travers MJ, Rafn T, Ingemann-Molden S, Caneiro JP, Christensen SW. The use of posture-
correcting shirts for managing musculoskeletal pain is not supported by current evidence – a scoping 
review of the literature. Scand J Pain. 2019; 19(4): 659-670. https://doi.org/10.1515/sjpain-2019-0005

Muscle activity in the context of ergonomic workspace optimalization...


