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Prolonged periods of sitting at work can increase trunk muscle fatigue from the continuous contraction of deep trunk muscles. Insufficient activity of these muscles can decrease muscular support to the spine and increases stress on its passive structures. This can lead to reduced spinal mobility and impaired postural stability. It may also stimulate nociceptor activity leading to pain. However, frequently used recovery modalities such as muscle strengthening and stretching exercises, can be time-consuming, impractical, and difficult to implement in the workplace. Diaphragmatic breathing exercises, which increase the activity of the deep trunk muscles by raising intra-abdominal pressure, seem to be a suitable alternative. However, little is known as to what extent diaphragmatic breathing exercises contribute to the reduction of fatigue induced by prolonged sitting. This paper presents a study protocol that aims to investigate the acute effect of diaphragmatic breathing exercises on recovery of fatigue-induced changes in spinal mobility and postural stability in sedentary middle-aged adults at risk of developing non-specific low back pain. Twenty sedentary adults aged between 25 and 44 years will perform Abt’s fatigue protocol, followed by 1) active recovery using diaphragmatic breathing exercises and 2) passive recovery in the form of lying on the bed, respectively. There will be 1 week of rest in-between. Pre-fatigue, post-fatigue, and after the active and passive recovery, spinal mobility and postural stability will be evaluated using the spinal mouse device and a posturography system, respectively. The electromyography will be used to determine the muscle-fatigue conditions. We hypothesize that active recovery in a form of diaphragmatic breathing exercises would be more effective in restoring spinal mobility and postural stability followed by the fatigue of back and hamstring muscles compared to passive recovery in sedentary adults. Increasing core and respiratory muscle strength via these exercises could be beneficial for overall mobility and stability of the spine. Reducing compressive stress on the passive structures of the spine may be also beneficial for lowering low back pain. Therefore, we believe that diaphragmatic breathing exercises have the possibility to be incorporated into the workplace and contribute to better back health in sedentary middle-aged adults.
Clinical Trial Registration: [https://www.irct.ir/trial/67015], identifier [IRCT20221126056606N1].
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1 INTRODUCTION
Modern life have resulted in sedentary behaviors among human societies (Egger et al., 2001; Jans et al., 2007). These behaviors are characterized by low levels of physical activity and an energy expenditure of at least 1.5 metabolic equivalents (Freire et al., 2022). The daily job is a major factor in adults’ sedentary behavior (Kett and Sichting, 2020). Office workers sit for 6.6–10.0 h per day on average (Kett and Sichting, 2020). Continuous contraction of the trunk muscles during prolonged sitting can lead to deep trunk muscle fatigue (Saiklang et al., 2022). Fatigability depends on both the contractile capability of the muscles involved in the task as well as the capacity of the nervous system to provide adequate activation signals to accomplish it (Zemková et al., 2021a). The decreased muscle contractile efficiency and limited capacity of the nervous system can increase articular structural stiffness, and delay muscle response time (Hamaoui et al., 2004). Thus, spinal loading decreases which plays an important role in the mobility of the spine (Yang et al., 2005).
Spinal mobility depends on two anatomical and physiological factors (Hamaoui et al., 2004). The anatomical factor corresponds to articular structural stiffness and determines the range of motion capacity (Hamaoui et al., 2004; Hamaoui et al., 2007). The physiological factor corresponds to muscular excitation (by delayed muscle response time) and determines dynamic mobility capacity (Hamaoui et al., 2004; Hamaoui et al., 2007). These features of the spine may be influenced by prolonged sitting (Hamaoui et al., 2004). While the first one is related to a decrease in the spine’s range of motion, the second one is related to a decrease in spine velocity (Hamaoui et al., 2004). Assessment using the spinal mouse suggests that spinal mobility may be impaired as a result of fatigue induced by prolonged sitting (Lenková and Vasilišinová, 2019). Decreased spinal mobility leads to abnormal lumbar vertebrae movement as a compensatory mechanism (Sung et al., 2014). This exacerbates facet joint instability and increases the risk of experiencing lower back pain (Sung et al., 2014).
Additionally, the combination of decreased muscle contractile efficiency (Tajali et al., 2022), and decreased capacity of the nervous system including insufficient integration of sensory information, and impaired neuromuscular functions under fatigue can alter feedforward and feedback control of postural sway (Akulwar and Mulgaonkar, 2017; Zemková et al., 2021a). For example, fatigued healthy subjects exposed to external perturbations have shown longer activation latencies, an increase in electromyographic amplitude, reduced muscle activity, and increased co-contraction (Zemková et al., 2021a; Zemková et al., 2021b). Also postural control strategies can be altered by acute back muscle fatigue (Johanson et al., 2011). These strategies are similar in healthy individuals when postural demands increased to those used by people with recurrent low back pain. The Zemkova (2021) study discovered that lumbar muscle fatigue can cause alterations in the lumbar spinal curvature, which may play a functional role in explaining the reduced ability to maintain balance when subjected to external perturbations. To measure spinal mobility, the study employed the spinal mouse, while the balance was evaluated using the posturography system (Zemková et al., 2021a). Such an altered postural stability can cause predisposing agents for musculoskeletal disorders, especially low back pain (Hanna et al., 2019; Zhang et al., 2020; Suresh et al., 2021). Due to the fact that low back pain strongly correlates with trunk muscle corset condition (Jabłońska et al., 2021), there is a need to control and recover trunk muscle fatigue.
The muscle fatigue recovery process refers to a return of the functional capacity of body tissues after the onset of fatigue (Yi et al., 2022). Physical exercises play a pivotal role in early intervention and are usually recommended at workplace (Kaeding et al., 2017). Two frequently employed recovery modality types are compensatory exercises and relaxation exercises, both of which can be beneficial for releasing tension and reducing fatigue in the musculoskeletal system (Soares et al., 2019). Compensatory exercises are referred to as short active breaks, involving the discontinuation of job tasks for exercising, and typically include muscle strengthening, flexibility, stretching, and breathing exercises (Soares et al., 2019). Conversely, relaxation exercises are typically performed at the end of the working day and include flexibility, stretching, breathing, and self-massage exercises (Soares et al., 2019). It might also be combined to complementary therapies representing mind-body interventions, such as acupuncture, yoga, Pilates, progressive muscle relaxation and meditation (Soares et al., 2019). Complementary therapies modality seeks to rehabilitate employees with work-related musculoskeletal disorders according to their individual complaints (Soares et al., 2019). Therefore, these exercises do not serve as a primary preventive measure (Soares et al., 2019). Furthermore, it is important to note that the success of a movement-related intervention is reliant on the motivation and adherence of participants (Kaeding et al., 2017). Therefore, short and sharp interventions are recommended as they have been found to achieve high levels of adherence, with an expected compliance rate of approximately 76% (Bell and Burnett, 2009). However, muscle strengthening, stretching, and flexibility exercises can be time-consuming, impractical, and difficult to implement in the workplace. Employers must provide appropriate locations for exercise at adequate intervals to address these issues. To avoid these shortcomings, one can use diaphragmatic breathing exercises during prolonged sitting periods at the workplace. Diaphragmatic breathing involves the contraction of the diaphragm muscle located between the chest and abdomen, which can improve breathing efficiency and oxygen delivery (Dhalla, 2022). Normal respiration, also known as tidal breathing, is driven by a group of muscles known as the “respiratory pump,” with the diaphragm being the major respiratory muscle (Russo et al., 2017). When the diaphragm contracts during normal inspiration, it pushes on the abdomen and causes the lower ribs to expand outwards, generating a trans-diaphragmatic pressure that allows for ventilation of the lungs and gas exchange (Russo et al., 2017). Expiration is generally passive, but the expiratory muscles become active during increased breathing effort. Studies Vostatek et al. (2013); Russo et al. (2017) have shown that optimal respiration requires active control of the diaphragm, with the lower ribs staying low and only expanding laterally during inspiration, while the abdomen expands instead of the chest. Diaphragmatic breathing has been found to facilitate slow respiration, with trained individuals achieving slower respiratory rates and greater diaphragm excursion during slow breathing (Russo et al., 2017). Correct and balanced diaphragm performance has been shown to help maintain abdominal pressure and smooth respiration (Russo et al., 2017; Hamasaki, 2020). Increasing intra-abdominal pressure in turn causes activation of the abdominal wall and pelvic floor muscles (Rasheed et al., 2021). This muscle activation provide posterior and anterolateral and inferior stability, thus increasing overall spinal stability (Rasheed et al., 2021). Kang et al. (2016) reported that intra-abdominal pressure that is produced by the connection of trunk stabilization and respiratory muscles affects waist stability and protects the trunk. Training of respiratory muscles increases muscle firing, proprioception of the diaphragm, low back musculature, deep core musculature, and respiratory muscle strength (Stephens et al., 2017). This can have a positive effect on spinal mobility and postural stability. For example, physiotherapeutic breathing exercises, like yoga and Pilates, have been found equally effective in improving spinal mobility in healthy young women (Csepregi et al., 2022). In addition, Stephens et al. (Stephens et al., 2017) demonstrated improvement of postural stability after 8-week diaphragmatic breathing exercises in healthy persons. The improvement of static and dynamic balance have been also reported in athletes with chronic low back pain (Otadi et al., 2021).
Breathing exercises are also effective in the treatment of musculoskeletal complaints, such as low back pain (Kang et al., 2016; Ahmadnezhad et al., 2020; Otadi et al., 2021). For instance, the activation patterns of trunk muscles change immediately during the lifting task after performing an abdominal drawing-in exercise in subjects with recurrent low back pain (Suehiro et al., 2021). A session of respiratory muscle training can also reduce the activity of some ankle joint muscles while performing overhead squats in athletes with chronic low back pain (Borujeni and Yalfani, 2020).
Although the effect of diaphragmatic, exhalation, and inspiratory breathing exercises on spinal mobility (Kang et al., 2018; Lenková and Vasilišinová, 2019) and postural stability (Tajali et al., 2022; Stephens et al., 2017; Armstrong et al., 2018; D’souza et al., 2021; Farzami and Anbarian, 2020; Roth et al., 2021; Ferraro et al., 2020) has been investigated, there are no studies dealing with their recovery following by prolonged sitting at the workplace. People exposed to repetitive, prolonged sitting at their work are prone of back problems, especially in late middle-age. There is also growing concern over the effects of sedentary lifestyles on the young people’s health. However, prevention programs for them are rare. This paper presents a study protocol that aims to investigate the acute effect of diaphragmatic breathing exercises on recovery of fatigue-induced changes in spinal mobility and postural stability in sedentary middle-aged adults at risk of developing non-specific low back pain.
2 MATERIALS AND METHODS
2.1 Study design
This experimental pre-post study is designed to investigate the acute effect of diaphragmatic breathing exercises on recovery of fatigue-induced changes in spinal mobility and postural stability in sedentary middle-aged adults at risk of developing non-specific low back pain. This is a study protocol that will be carried out and reported in accordance with the Standard Protocol Items: Recommendations for Interventional Trials statement (SPIRIT). Figure 1 illustrates the study design. The study has been approved by the ethics committee of the Faculty of Physical Education and Sport, Comenius University in Bratislava (No. 5/2022) and the Ethics Committee of Kerman University of Medical Sciences (IR.KMU.REC.1401.386). It also has been approved by Iranian Registry of Clinical Trials (registration reference: IRCT20221126056606N1).
[image: Figure 1]FIGURE 1 | Flow-diagram of the study protocol.
2.2 Participants and setting
This study will be performed on 20 sedentary individuals aged 25–44 years old, at risk of developing non-specific low back pain, who will mainly be employees of university. This effect size is sufficient to determine the significant effects of diaphragmatic breathing exercises on the recovery of spinal mobility and postural stability due to trunk muscles fatigue.
The present study will be performed at the Faculty of Physical Education and Sport, Comenius University in Bratislava, Slovakia.
2.2.1 Inclusion and exclusion criteria
Inclusion criteria for the participants were established as follows: The sedentary middle-aged adults (aged 25–44 years old) at a risk of developing non-specific low back pain, and self-reporting of sitting for at least 2 hours on any working day (Saiklang et al., 2022). Potential participants will be screened for the study using the international physical activity questionnaire (IPAQ) to recognize those who are sedentary and using the Acute LBP Screening Questionnaire (ALBPSQ) to identify those who are at risk of developing non-specific low back pain. The volunteers will be excluded if they meet any of the following criteria: pregnancy (Abboud et al., 2014); history of spinal, femoral, or intra-abdominal surgery in the previous 12 months (Sitthipornvorakul et al., 2015); have been diagnosed with a congenital anomaly of the spine, arthritis, rheumatoid, infection of the spine and discs, spondylolisthesis, ankylosing spondylitis, spondylosis, tumor, systemic lupus erythematosus, or osteoporosis (Sitthipornvorakul et al., 2015); receiving physiotherapy services 1 month before the beginning of the study (Fortun-Rabadan et al., 2021); having suffered any kind of mental health disorder, including anxiety and depression, during the past 3 years (Fortun-Rabadan et al., 2021).
2.2.2 Sample size estimation and sampling method
A prior sample size estimation was done using the G*Power software package (version 3.1.9.7) based on the study by Fonta et al. (2021). The input parameters were as follows: statistical test = repeated measures, within - between interaction; effect size F = 0.25; α err prob = 0.05; and power (1 − β err prob) = 0.80. As a result, the total sample size was calculated to be 11 subjects. In consideration of the possibility of dropouts, a slightly larger number of subjects will be recruited to participate in this study. The total sample size would be approximately 20 subjects.
A purposeful sampling strategy will be used and participants based on their age, sedentary behavior, and other relevant factors that are related to the study’s focus and have been explained in inclusion and exclusion criteria section will be selected.
2.3 Procedures
Each participant will take part in two phases of the experiment including familiarization and data collection.
2.3.1 Familiarization
In the first phase, all subjects will undergo a familiarization session, about 1–2 h before data collection. The study objectives and procedures will be explained to participants and informed consent will be taken from each participant before the study. In the second phase, participants will complete a questionnaire that includes personal and baseline characteristics. Body mass will be measured using a calibrated digital scale, and height will be measured using a single stadiometer. The weight plates used in the trunk muscles fatigue protocol for each participant will be chosen during the familiarization phase. The heaviest weight that participants can perform each exercise 20 times in 40 s in the correct form will be used (Askari and Esmaeili, 2021). During this phase, subjects will be asked to eat their normal meal while avoiding strenuous exercise and performance-enhancing energy drinks for the 48 h prior to data collection sessions (Armstrong et al., 2018).
2.3.1.1 Health and safety considerations
Participants will complete a “health and medical questionnaire” before the study and will be closely monitored by professionals to minimize injury risk. Participants will stop exercises if experience pain or discomfort. Adverse events will be documented and addressed, with modifications to the protocol if necessary.
2.3.2 Data collection
Data from all participants will be collected under three conditions:
1. Pre-fatigue assessment (at baseline),
2. Post-fatigue assessment (immediately after fatigue protocol),
3. Post-recovery modalities assessment (immediately, and 15-min after cessation of active and passive modality, respectively).
Assessing the effects of the intervention at the 15-min follow-up can provide insight into the potential duration of these effects.
All participants will be tested at the same time of day by the same examiners.
The study will involve gathering individual demographic information and outcome data. The study team will enter the questionnaire data into a database and verify its accuracy before using it. All information and outcome data will be kept on password-protected computers that only the authorized members of the study team will be able to access. Data management will outline the procedures for gathering, recording, storing, and archiving data.
2.3.2.1 Primary outcomes for screening
.2.3.2.1.1 International physical activity questionnaire
Potential participants will be screened for the study using the International Physical Activity Questionnaire [IPAQ] to recognize those who are sedentary. The IPAQ is a formal self-report tool used to measure physical activity in one’s normal daily routine (Mehta et al., 2018). This questionnaire is available in two versions, long and short (Demircioğlu et al., 2021). The IPAQ short form (IPAQ-SF) is used to screen physical activity levels in the population at large, while the IPAQ long form (IPAQ-LF) is used in research studies or clinical settings to assess physical activity levels (Mehta et al., 2018). In both versions of the questionnaire, the common objective is to assess the amount and intensity of physical activity an individual participates in per week (Mehta et al., 2018). Each version considers four domains: leisure-time physical activity work-related activities, domestic and gardening activities, and transport-related activities. The long interview administered version of the IPAQ, which contains 27 items in the four domains, will be used in the present study (Mehta et al., 2018). Using the long form, it will be possible to calculate domain-specific scores, activity-specific scores, and continuous scores. The continuous scores, expressed in metabolic equivalent minutes (MET), will be a measure of physical activity. According to these scores subjects will be categorized as engaging in low-, moderate-, or high-level physical activity (Mehta et al., 2018).
.2.3.2.1.2 Acute low back pain screening questionnaire
The Acute Low Back Pain Screening Questionnaire (ALBPSQ) identifies those who are at risk of developing non-specific low back pain. The questionnaire has been endorsed by guidelines from the New Zealand work health authority (Hanna et al., 2019). The level of back pain will be calculated based on the duration and intensity of the pain. A Likert rating scale from 0 (no pain) to 5 (pain as bad as it can get) will be used to assess perceived beliefs about the psychological impact of pain on the participant. Ratings on the scored items will be subsequently summed to determine a total score and domain sum score. A higher rating indicates a higher level of risk.
2.3.2.2 Secondary outcomes for intervention evaluation
.2.3.2.2.1 Assessment of the trunk muscle fatigue
The Delsys Trigno™ wireless EMG system, will be used to record electromyography signals from the trunk and hamstring muscles. These muscles will be the lumbar multifidus at the L5 level, and erector spinae muscles at the L1 level and hamstring muscles. Prior to electrode placement, the skin will be prepared by abrasion and cleaning with alcohol.
For the Multifidus Muscles
⁃ Electrode placement: on the line connecting the caudal tip of the posterior superior iliac spine (SIPS) to the space between L1 and L2, at the level of the spinous process of L5, 2–3 cm from the medial line,
⁃ Inter-electrode distance: 25 mm,
⁃ Clinical test: maximum isometric strength of the back extensor muscles.
For the Longissimus Muscles: erector spinae
⁃ Electrode placement: two fingers apart in a lateral direction from the spinous process L1,
⁃ Inter-electrode distance: 25 mm,
⁃ Clinical test: maximum isometric strength of the back extensor muscles.
For the Hamstring Muscles: medial hamstring
⁃ Electrode placement: The medial hamstring on both lower extremities: the electrode for the medial hamstring will be placed midway between the ischial tuberosity and the medial epicondyle of the tibia,
⁃ Clinical test: maximum isometric strength of the hamstring muscles.
The raw sEMG signals will be recorded at a sampling frequency of 2,000 Hz. Butterworth band-pass filters with a passband of 20 Hz and a stopband of 450 Hz will be applied to remove signals that will not be due to muscle activity. The features of muscle fatigue by EMG are amplitude increase and transformation from a high-frequency spectrum to a low-frequency spectrum. It is assumed that fatigue and recovery are mutually exclusive. Therefore, decrease amplitude and transformation from a low-frequency spectrum to a high-frequency spectrum are features of muscle recovery by EMG. In the present study, the mean amplitude (root mean square, RMS) and the frequency features (mean power frequency, MPF, and median frequency MDF) of the sEMG signals will be used to evaluate muscle fatigue and recovery. To accomplish this, the raw EMG signal will be processed with a fast Fourier transformation to determine the mentioned variables. The fast Fourier transform is a mathematical technique used to transform a time-domain signal into its frequency-domain representation (Mateo and Talavera, 2018).
.2.3.2.2.2 Assessment of the spinal mobility
Intersegmental mobility, overall and regional spinal range of motion will be measured in the sagittal plane in the standing position using a Spinal Mouse device (Csuhai et al., 2020). It is a wireless electronic, and non-invasive skin-surface tool for computer-assisted imaging and radiation-free examination (Post and Leferink, 2004). The Spinal Mouse’s reliability and validity have been established in populations that were healthy and symptomatic, including back pain (Topalidou et al., 2014). Before starting the examination, every subject will be registered in Spinal Mouse software with gender, age and randomly allocated study codes. Subjects will be asked to take three different standing positions: relaxed but erect (not corrected), maximal flexion and maximal extension of the spine. After undressing the upper body, spinous processes will be palpated, and C7 and S3 will be marked with a body-marker. Spinal Mouse will run paravertebrally along the spinous processes of marked segments. It makes the system capable of recording the contour of skin above the vertebral bodies in the sagittal plane. Positions include:
1. Neutral in standing: Subject will be asked to maintain a relaxed position with the feet shoulder width apart, with straight knees and arms by the side, looking and facing straight horizontally towards the wall.
2. Maximal flexion in standing: Subject will be asked to flex the trunk with straight knees as far as possible with slow motion from segment to segment, aiming to touch the ground with fingertips.
3. Maximal extension in standing: Subject will be asked to cross arms in front of the chest and extend the trunk as far as possible, keeping the knees straight, without extension of the cervical spine.
No warm-up will be performed before the examination and each test will be done once (Post and Leferink, 2004). The mobility values of the segments, including range of flexion from upright (U-F), range of extension from upright (U-E) and total range from extension to flexion (E-F), will be measured (Csuhai et al., 2020).
.2.3.3.2.3 Assessment of the postural stability
Participants will be asked to stand barefoot on a force plate with their arms relaxed comfortably at their sides. They will be instructed to stand in an upright position with their feet abducted at 10° and their heels separated mediolaterally by a distance of 6 cm. A series of trials will be conducted in a randomized order under varied conditions: tandem stance on a force plate with eyes open, tandem stance on a force plate with eyes closed, tandem stance on a foam mat (Airex Balance Pad) placed on the force plate with eyes open, tandem stance on a foam mat (Airex Balance Pad) placed on the force plate with eyes closed (Zemková et al., 2016). Subjects will perform one set of 30s under each condition. Short rest periods break will be allowed after every two trials (Zemková et al., 2021c).
Postural stability will be assessed using a FiTRO Sway Check (FiTRONiC, Bratislava, Slovakia). The system measures the actual force in the corners of the force plate and calculates an instant position of the CoP (sampling rate: 100Hz, 12-bit AD signal conversion, resolution of the CoP position: less than 0.1mm, measuring range: 0–1,000/s, non-linearity: ±0.02%FS, combined error: 0.03%, sensitivity: 2 mV/V ± 0.25%, overload capacity: 150%/sensor). FiTRO Sway Check has been shown to have good to excellent reliability of CoP variables, according to a recent study by Zemkova et al. (2021) (Zemková et al., 2021c). The Romberg quotient (eyes closed/eyes open (EC/EO) sway ratio) will also be calculated. Under unstable conditions, variables of postural stability will be registered by using the FiTRO Sway Check (FiTRONiC, Bratislava, Slovakia). The device consists of a square platform supported by four springs with an elasticity coefficient of 40N/mm. Shifting the CoP in the horizontal plane leads to changes of body weight distribution to the four corners of the platform. Force acting in each corner is calculated as a product of the coefficient of elasticity of the spring used and vertical distance measured by means of a fine sensor. The analogue signals are AD-converted and sampled by computer at the rate of 100Hz. Calculations of instant CoP position is based on force distribution to the four corners of the platform. Basic parameters of postural stability (i.e., mean CoP velocity and mean CoP displacements in medio-lateral and anterior-posterior directions) will be analyzed (Zemková et al., 2021c).
2.3.3 Fatigue protocol
The modified Abt protocol will be used in order to induce fatigue of trunk muscles (Abt et al., 2007). The protocol lasts 32 min and consists of four consecutive cycles of eight exercises. Each set consists of exercises in the following order:1) trunk rotation with a medicine ball in a sitting position, 2) prone static torso extension with a medicine ball, 3) lower torso rotation with a medicine ball in a supine position, 4) sit-ups on the incline bench with a weight plate, 5) lateral side binding with a weight plate, 6) lumbar extension rotation with weighted plate, 7) trunk rotation with weighted pulley resistance in standing position, and 8) supine isometric bridge hold. The selection of weight plates for each subject will be performed on a separate day before testing. The heaviest weight with which subjects can perform each exercise 20 times in 40 s in the correct form will be used. Prior to trunk muscle fatigue protocol, a 10- minutes warm-up will be performed including 5 min of insitu warming, and 5 min of aerobic stretching, with an emphasis on the hamstring and trunk muscles. Then fatigue protocol will be started. Subjects will perform 20 repetitions of each exercise in 40 s (each repetition in 2 seconds). A pause of 20 s will be between each exercise. The fatigue protocol will be terminated in two ways: 1) when subjects will be no longer able to continue the fourth set of exercises (the last set) with the correct form, and 2) when the subjects will be unable to perform each repetition in 2 seconds in the last set exercises. To ensure occurrence of fatigue, subjects will be rated on their perceived exertion at the end of each phase of the protocol using the 15-point Borg scale (rank 6–20) (Borg, 1970). The point of six represents the absence of fatigue and point of 17–20 indicates failure to perform exercises. If the subjects in the end of fourth round report number 17 or higher, it means the end of the fatigue protocol. If they will report fewer points, they should perform another round until they report the point 17 (Askari and Esmaeili, 2021).
2.3.4 Recovery modalities
2.3.4.1 Diaphragmatic breathing exercises
Subjects will be in crook lying position. They will be advised to deeply inhale through the nose so that they could see their abdomen expanding. They should hold this position for 5 s and then exhale through mouth. To ensure that the subjects are performing the exercise correctly, they will be instructed to place one hand on their chest and the other on their abdomen. They will be advised to breathe in so deeply that they should feel only the movement of the hand on their abdomen and not that of the hand on their chest. Each subject will perform the assigned exercise 10 times per session. They will take 1-min rest between each session (Rasheed et al., 2021).
2.3.4.2 Passive recovery
The subjects will be asked to lie on a bed in a darkened room and do nothing for 24 min after Abt’s trunk muscle fatigue protocol (Seidi et al., 2019).
2.4 Statistical analysis
Statistical analyses will be carried out using SPSS Statistics (SPSS Statistics Version 24; IBM Corporation©, United States). Prior to statistical comparisons, a Shapiro-Wilk test of normality will be performed for all variables. Not normally distributed data will be analyzed using nonparametric tests. Friedman’s test followed by Dunn’s post hoc test will be used for the comparison of the spinal mobility, postural stability and EMG variables at different assessment times (at baseline, immediately after Abt’s fatigue protocol, immediately after recovery modalities, 15-min after recovery modalities, 30-min after recovery modalities). The Kruskal–Walli’s test will be used for the inter-group comparisons (experimental group A vs. experimental group B) at each assessment. For the normally distributed data, a repeated measures Analysis of Variance (ANOVA) will be performed. Repeated measures ANOVA will be used to confirm if there are differences in each group (within-group comparisons), considering each group in isolation, between the five assessments in each of the spinal mobility variables (at baseline, immediately after Abt’s fatigue protocol, immediately after recovery modalities, 15-min after recovery modalities, 30-min after recovery modalities). To calculate between-group differences from baseline assessment to final follow up, a five-way repeated-measures ANOVA will be performed. With the spinal mobility and/or postural stability and/or EMG variables outcome as dependent factor, with five levels corresponding to every time of assessment (t1, t2, t3, t4, and t5), and the two groups (experimental group A vs. experimental group B) as independent factors. The Bonferroni correction will be applied to control for the increased probability of significant findings due to multiple testing. Between- and within-group effect sizes for all quantitative variables will be measured with the Cohen d coefficient: small effect (less than d = 0.2 and ηp2 = 0.01); moderate effect (approximately d = 0.5 and ηp2 = 0.06); and large effect (greater than d = 0.8 and ηp2 = 0.14) (Cohen, 2013). The α-level will be set to 0.05 for all statistical tests.
3 DISCUSSION
The present study will address the modeling of trunk muscle fatigue and recovery-related changes in spinal mobility and postural stability in sedentary middle-aged adults at risk of developing non-specific low back pain. People who spend most of their working hours seated, due to their work nature, are more susceptible to developing musculoskeletal disorders (Hanna et al., 2019). Low back pain is the most prevalent occupational musculoskeletal disorder (Csuhai et al., 2020; Zemková et al., 2021c). During prolonged sitting, the static loading of the lumbar spine can cause deep trunk muscles fatigue that may arise from continuous contraction of the muscles (Areeudomwong et al., 2012). Consequently, the neural control subsystem attempts to maintain spinal stability by increasing superficial trunk muscles activation in order to compensate for deep trunk muscles dysfunction (Saiklang et al., 2022). Under fatigue, there is an increased activity of superficial trunk muscles which can reduce the muscular support to the spine and increase stress on ligaments and intervertebral discs. Consequently, it reduces intervertebral disc height, leading to impaired spinal mobility. The reduction of disc height increases the amount of compression on sensitive spinal structures. This may stimulate nociceptor activity, which could be one of the reason for developing pain (Saiklang et al., 2022).
In addition to decrease trunk muscle activity under fatigue, proprioceptive sensitivity also decreases by muscle fatigue (Tajali et al., 2022). The combination of these two factors, can lead to impairment of postural stability (Larson and Brown, 2018). Adverse effect of trunk muscle fatigue on ability of maintain balance can be explained by alternation of neurophysiological mechanisms. Repeated muscular contractions caused by mechanical constraints reduce the activity of muscle spindles (Macefield et al., 1991). Motoneurons activation also reduces under fatigue, which results in decreasing of the discharge frequency of sensorial fibers in muscle spindles (Madigan et al., 2006). Thus, the integration of sensory inputs and the firing patterns of motoneurons are influenced, which leads to fewer motor units being recruited to control postural sway (Gribble and Hertel, 2004). Additionally, the central nervous system does not get accurate information about body location in space at any moment due to variations in proprioceptive input brought on by weariness (Martin et al., 2006). Under fatigue, inputs from group III and IV muscle afferents from antagonist or homonymous muscles decrease extensor motor neurons, whilst flexor motor neurons innervations are facilitated (Martin et al., 2006). Especially the fatigue of lumbar extensor muscles decreases the joint movement sense (Taimela et al., 1999), which initially increases larger lumbar motions and subsequently also postural sways (Pline et al., 2005).
The break is recommended to be applied during prolonged sitting at workplace (Waongenngarm et al., 2018). In particular, active breaks in the form of exercise have a positive effect on the recovery of musculoskeletal discomforts (Maciel et al., 2018), mainly low back pain symptoms in employees (Gobbo et al., 2019). The most frequently used are muscle strengthening and stretching exercises (Shariat et al., 2018; del Pozo-Cruz et al., 2013; Macedo et al., 2011; Sufreshtri and Puspitasari, 2020). However, there are some disadvantages when these exercises are performed at workplace. This includes insufficient time to exercise, financial situation and costs, difficult access to on-site gyms and/or exercise classes, fear of being injured, individualization of exercises, and boredom (Mayer et al., 2013; Skrebutėnaitė and Karanauskienė, 2019). Diaphragmatic breathing exercises seem to be a suitable alternative because they are feasible, effective, safe, affordable, and easy to implement. Due to their simplicity and attractivity, people are more motivated and interested to participate in the exercise program.
Breathing exercises are also beneficial for back health. These exercises have been shown to decrease spinal loading by raising intra-abdominal pressure (Shah et al., 2020). Increased intra-abdominal pressure reduces spine compression force (Kwon et al., 2021). This could play an important role in spinal mobility (Yang et al., 2005). Raising intra-abdominal pressure can also activate the pelvic floor and abdominal wall muscles that improve inferior stability and posterior and anterolateral stability (Rasheed et al., 2021). It helps to stabilize the lumbar spine during static (e.g., standing on tiptoes) and dynamic (e.g., walking with head turns) movements that challenge balance (Ferraro et al., 2020). Moreover, the breathing exercises may increase the strength of the diaphragm and deep core musculature. Muscle firing, and proprioception increase through the diaphragm breathing exercise (Stephens et al., 2017). Both an increase core muscle strength and an improvement in proprioceptive function may contribute to better postural stability. An improvement in diaphragmatic breathing pattern may also be considered as another factor associated with improved balance (Stephens et al., 2017). Despite of the fact that postural stability and spinal mobility are related to low back pain (Mellin, 1987; Mellin, 1990; Karimi and Saeidi, 2013; Thakkar and Kumar, 2015), there are no controlled studies that investigated the acute effect of breathing exercises on these abilities in sedentary middle-aged adults at risk of low back pain.
The management of musculoskeletal problems requires a multidisciplinary approach (Sabo et al., 2016). Starting at the earliest moment possible can increase its effectiveness. Prevention is the first step in the management of low back pain, and physical exercise has a primary effect on it (Schaafsma et al., 2015). However, despite all the efforts in studying the effectiveness of exercise based-break at the workplace on the prevention of musculoskeletal disorders, the focus on people at risk of low back pain is limited. In practice, most people who participate in exercise programs already suffer from some kind of back problem (Džubera et al., 2016). Therefore, focusing on prevention programs can avoid serious chronic musculoskeletal disorders in the future. In addition, more active employees are more productive, require less sick leave, and have overall lower healthcare costs (Taulaniemi et al., 2019). For example, Del Pozo-Cruz et al. (del Pozo-Cruz et al., 2012) found that a web-based exercise program could reduce the social cost of low back pain by €500.00 per episode.
Based on the narrative review by Hamasaki (2020), diaphragmatic breathing can potentially improve respiratory function, reduce stress, anxiety, and depression, and enhance cognitive performance (Hamasaki, 2020). It seems that if diaphragmatic breathing exercises are implemented as an active recovery in the workplace, they could ultimately lead to improved productivity and employee wellbeing. However, performing these exercises as a prevention program for low back pain in employees is rare. The results of our ongoing study will contribute to an understanding of the effects of this technique and its potential application in the prevention of low back pain in employees at the workplace.
We believe that the addition of a diaphragmatic breathing exercises as an active recovery can be successfully implemented in workplace conditions. The evidence allows us to propose that these exercises can help to restore postural stability and spinal mobility in sedentary adults following fatigue of the core muscles induced by prolonged sitting. Proposed recovery modalities could contribute to the improvement of back health by reducing trunk muscles fatigue. Due to the fact that these exercises require very few supplies and can be done almost anywhere, we believe that a large portion of the population could benefit from them.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/supplementary materials, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by the ethics committee of the Faculty of Physical Education and Sport, Comenius University in Bratislava (No. 5/2022) and the Ethics Committee of Kerman University of Medical Sciences (IR.KMU.REC.1401.386). It also has been approved by the Iranian Registry of Clinical Trials (registration reference: IRCT20221126056606N1). All methods will be carried out in accordance with relevant guidelines and regulations or the Declaration of Helsinki. Written consent will be obtained from all the study participants and/or their legal guardian(s) for the study.
AUTHOR CONTRIBUTIONS
BA Writing-Original draft preparation, and Editing. EZ Supervision, Reviewing, and Editing. All authors contributed to the article and approved the submitted version.
FUNDING
This work was supported by the Scientific Grant Agency of the Ministry of Education, Science, Research and Sport of the Slovak Republic and the Slovak Academy of Sciences (No. 1/0725/23).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abboud, J., Nougarou, F., Pagé, I., Cantin, V., Massicotte, D., and Descarreaux, M. (2014). Trunk motor variability in patients with non-specific chronic low back pain. Eur. J. Appl. physiology 114 (12), 2645–2654. doi:10.1007/s00421-014-2985-8
 Abt, J. P., Smoliga, J. M., Brick, M. J., Jolly, J. T., Lephart, S. M., and Fu, F. H. (2007). Relationship between cycling mechanics and core stability. J. Strength & Cond. Res. 21 (4), 1300–1304. doi:10.1519/R-21846.1
 Ahmadnezhad, L., Yalfani, A., and Borujeni, B. G. (2020). Inspiratory muscle training in rehabilitation of low back pain: A randomized controlled trial. J. sport rehabilitation 29 (8), 1151–1158. doi:10.1123/jsr.2019-0231
 Akulwar, I., and Mulgaonkar, S. (2017). Effect of trunk extensor muscle fatigue on postural stability in healthy young adults. Physiother. Rehabil. 2 (144), 2573–0312. doi:10.4172/2573-0312.1000144
 Areeudomwong, P., Puntumetakul, R., Kaber, D. B., Wanpen, S., Leelayuwat, N., and Chatchawan, U. (2012). Effects of handicraft sitting postures on lower trunk muscle fatigue. Ergonomics 55 (6), 693–703. doi:10.1080/00140139.2012.658086
 Armstrong, R., Brogden, C. M., Milner, D., Norris, D., and Greig, M. (2018). The influence of fatigue on star excursion balance test performance in dancers. J. Dance Med. Sci. 22 (3), 142–147. doi:10.12678/1089-313X.22.3.142
 Askari, Z., and Esmaeili, H. (2021). Effect of trunk muscles fatigue on plantar pressure distribution in novice runners. J. Biomechanics 122, 110487. doi:10.1016/j.jbiomech.2021.110487
 Bell, J. A., and Burnett, A. (2009). Exercise for the primary, secondary and tertiary prevention of low back pain in the workplace: a systematic review. J. Occup. Rehabil. 19, 8–24.
 Borg, G. (1970). Perceived exertion as an indicator of somatic stress. Scand. J. rehabilitation Med. 2, 92–98. doi:10.2340/1650197719702239298
 Borujeni, B. G., and Yalfani, A. (2020). Effect of respiratory muscle training session on ankle muscle activity in athletes with chronic low back pain performing overhead squats: A randomized controlled trial. JBI Evid. Implement. 18 (2), 256–264. doi:10.1097/XEB.0000000000000204
 Cohen, J. (2013). Statistical power analysis for the behavioral sciences. New York: Routledge. 
 Csepregi, É., Gyurcsik, Z., Veres-Balajti, I., Nagy, A. C., Szekanecz, Z., and Szántó, S. (2022). Effects of classical breathing exercises on posture, spinal and chest mobility among female university students compared to currently popular training programs. Int. J. Environ. Res. Public Health 19 (6), 3728. doi:10.3390/ijerph19063728
 Csuhai, É. A., Nagy, A. C., Váradi, Z., and Veres-Balajti, I. (2020). Functional analysis of the spine with the Idiag SpinalMouse System among sedentary workers affected by non-specific low back pain. Int. J. Environ. Res. Public Health 17 (24), 9259. doi:10.3390/ijerph17249259
 D’souza, C. J., Santhakumar, H., Bhandary, B., and Rokaya, A. (2021). Immediate effect of stabilization exercises versus conventional exercises of the trunk on dynamic balance among trained soccer players. Hong Kong Physiother. J. 42, 23–30. doi:10.1142/s1013702522500032
 del Pozo-Cruz, B., Adsuar, J. C., Parraca, J., del Pozo-Cruz, J., Moreno, A., and Gusi, N. (2012). A web-based intervention to improve and prevent low back pain among office workers: A randomized controlled trial. J. Orthop. sports Phys. Ther. 42 (10), 831–841. doi:10.2519/jospt.2012.3980
 del Pozo-Cruz, B., Gusi, N., del Pozo-Cruz, J., Adsuar, J. C., Hernandez-Mocholí, M., and Parraca, J. A. (2013). Clinical effects of a nine-month web-based intervention in subacute non-specific low back pain patients: A randomized controlled trial. Clin. Rehabil. 27 (1), 28–39. doi:10.1177/0269215512444632
 Demircioğlu, A., Osman, D., and Özkal, Ö. (2021). Yeni Fiziksel Aktivite Anketi'nin Türkçe versiyonunun geçerlik ve güvenirliği. Cukurova Med. J. 46 (2), 742–755. doi:10.17826/cumj.870655
 Dhalla, Z. (2022). Student sleep patterns when exposed to mindfulness reminders. 
 Džubera, A., Sabo, V., Chochol, J., and Illeš, R. (2016). Neck spine spondylosis – do we operate a patient or an image?Rehabil 53, 209–216. 
 Egger, G. J., Vogels, N., and Westerterp, K. R. (2001). Estimating historical changes in physical activity levels. Med. J. Aust. 175 (11-12), 635–636. doi:10.5694/j.1326-5377.2001.tb143758.x
 Farzami, A., and Anbarian, M. (2020). The effects of fatigue on plantar pressure and balance in adolescent volleyball players with and without history of unilateral ankle injury. Sci. Sports 35 (1), 29–36. doi:10.1016/j.scispo.2019.03.011
 Ferraro, F. V., Gavin, J. P., Wainwright, T. W., and McConnell, A. K. (2020). Comparison of balance changes after inspiratory muscle or Otago exercise training. PloS one 15 (1), e0227379. doi:10.1371/journal.pone.0227379
 Fonta, M., Tsepis, E., Fousekis, K., and Mandalidis, D. (2021). Acute effects of static self-stretching exercises and foam roller self-massaging on the trunk range of motions and strength of the trunk extensors. Sports 9, 159. s Note: MDPI stays neutral with regard to jurisdictional claims in published 2021. doi:10.3390/sports9120159
 Fortun-Rabadan, R., Jiménez-Sánchez, C., Flores-Yaben, O., and Bellosta-López, P. (2021). Workplace physiotherapy for musculoskeletal pain-relief in office workers: A pilot study. J. Educ. Health Promot. 10, 75. doi:10.4103/jehp.jehp_888_20
 Freire, A. P. C. F., de Oliveira, C. B. S., Christofaro, D. G. D., Shumate, S., Marques, L. B. F., and Pinto, R. Z. (2022). Isotemporal substitution of sedentary behavior by different physical activity intensities on pain and disability of patients with chronic low back pain: A cross-sectional study. Archives Phys. Med. Rehabilitation 103, 1944–1950. doi:10.1016/j.apmr.2022.03.017
 Gobbo, S., Bullo, V., Bergamo, M., Duregon, F., Vendramin, B., Battista, F., et al. (2019). Physical exercise is confirmed to reduce low back pain symptoms in office workers: A systematic review of the evidence to improve best practices in the workplace. J. Funct. Morphol. Kinesiol. 4 (3), 43. doi:10.3390/jfmk4030043
 Gribble, P. A., and Hertel, J. (2004). Effect of hip and ankle muscle fatigue on unipedal postural control. J. Electromyogr. Kinesiol. 14 (6), 641–646. doi:10.1016/j.jelekin.2004.05.001
 Hamaoui, A., Do, M-C., and Bouisset, S. (2004). Postural sway increase in low back pain subjects is not related to reduced spine range of motion. Neurosci. Lett. 357 (2), 135–138. doi:10.1016/j.neulet.2003.12.047
 Hamaoui, A., Le Bozec, S., Poupard, L., and Bouisset, S. (2007). Does postural chain muscular stiffness reduce postural steadiness in a sitting posture?Gait posture 25 (2), 199–204. doi:10.1016/j.gaitpost.2006.03.012
 Hamasaki, H. (2020). Effects of diaphragmatic breathing on health: A narrative review. Medicines 7 (10), 65. doi:10.3390/medicines7100065
 Hanna, F., Daas, R. N., El-Shareif, T. J., Al-Marridi, H. H., Al-Rojoub, Z. M., and Adegboye, O. A. (2019). The relationship between sedentary behavior, back pain, and psychosocial correlates among University employees. Front. public health 7, 80. doi:10.3389/fpubh.2019.00080
 Jabłońska, M., Mączyński, J., Fryzowicz, A., and Ogurkowska, M. B. (2021). Electromyographic assessment of muscle fatigue after the Biering-Sorensen test in subjects with low back pain who underwent the McKenzie treatment. Acta Bioeng. Biomechanics 23 (3). doi:10.37190/abb-01823-2021-03
 Jans, M. P., Proper, K. I., and Hildebrandt, V. H. (2007). Sedentary behavior in Dutch workers: Differences between occupations and business sectors. Am. J. Prev. Med. 33 (6), 450–454. doi:10.1016/j.amepre.2007.07.033
 Johanson, E., Brumagne, S., Janssens, L., Pijnenburg, M., Claeys, K., and Pääsuke, M. (2011). The effect of acute back muscle fatigue on postural control strategy in people with and without recurrent low back pain. Eur. Spine J. 20 (12), 2152–2159. doi:10.1007/s00586-011-1825-3
 Kaeding, T., Karch, A., Schwarz, R., Flor, T., Wittke, T. C., Kück, M., et al. (2017). Whole-body vibration training as a workplace-based sports activity for employees with chronic low-back pain. Scand. J. Med. Sci. sports 27 (12), 2027–2039. doi:10.1111/sms.12852
 Kang, J-I., Jeong, D-K., and Choi, H. (2016). Effect of exhalation exercise on trunk muscle activity and oswestry disability index of patients with chronic low back pain. J. Phys. Ther. Sci. 28 (6), 1738–1742. doi:10.1589/jpts.28.1738
 Kang, J-Y., Seo, D-K., Cho, J-C., and Lee, B-K. (2018). Effectiveness of breathing exercises on spinal posture, mobility and stabilization in patients with lumbar instability. J. Korean Soc. Phys. Med. 13 (3), 81–89. doi:10.13066/kspm.2018.13.3.81
 Karimi, A., and Saeidi, M. (2013). Review of relationship between fear avoidance beliefs and postural stability in non specific chronic low back pain. J. Spine 2 (4), 100. doi:10.4172/2165-7939.1000139
 Kett, A. R., and Sichting, F. (2020). Sedentary behaviour at work increases muscle stiffness of the back: Why roller massage has potential as an active break intervention. Appl. Ergon. 82, 102947. doi:10.1016/j.apergo.2019.102947
 Kwon, J. W., Park, S. Y., Baek, K. H., Youk, K., and Oh, S. (2021). Breathing exercise called the maximal abdominal contraction maneuver. Medicina 57 (2), 129. doi:10.3390/medicina57020129
 Larson, D. J., and Brown, S. H. (2018). The effects of trunk extensor and abdominal muscle fatigue on postural control and trunk proprioception in young, healthy individuals. Hum. Mov. Sci. 57, 13–20. doi:10.1016/j.humov.2017.10.019
 Lenková, R., and Vasilišinová, V. (2019). Spinal mobility in women with sedentary job. Acta Fac. Educ. Phys. Univ. Comen. 59 (2), 138–147. doi:10.2478/afepuc-2019-0012
 Macedo, A. C., Trindade, C. S., Brito, A. P., and Socorro Dantas, M. (2011). On the effects of a workplace fitness program upon pain perception: A case study encompassing office workers in a Portuguese context. J. Occup. rehabilitation 21 (2), 228–233. doi:10.1007/s10926-010-9264-2
 Macefield, G., Hagbarth, K-E., Gorman, R., Gandevia, S., and Burke, D. (1991). Decline in spindle support to alpha-motoneurones during sustained voluntary contractions. J. physiology 440 (1), 497–512. doi:10.1113/jphysiol.1991.sp018721
 Maciel, R. R. B. T., Dos Santos, N. C., Portella, D. D. A., Alves, P. G. J. M., and Martinez, B. P. (2018). Effects of physical exercise at the workplace for treatment of low back pain: A systematic review with meta-analysis. Rev. Bras. Med. do Trab. 16 (2), 225–235. doi:10.5327/Z1679443520180133
 Madigan, M. L., Davidson, B. S., and Nussbaum, M. A. (2006). Postural sway and joint kinematics during quiet standing are affected by lumbar extensor fatigue. Hum. Mov. Sci. 25 (6), 788–799. doi:10.1016/j.humov.2006.04.004
 Martin, P. G., Smith, J. L., Butler, J. E., Gandevia, S. C., and Taylor, J. L. (2006). Fatigue-sensitive afferents inhibit extensor but not flexor motoneurons in humans. J. Neurosci. 26 (18), 4796–4802. doi:10.1523/JNEUROSCI.5487-05.2006
 Mateo, C., and Talavera, J. A. (2018). Short-time Fourier transform with the window size fixed in the frequency domain. Digit. Signal Process. 77, 13–21. doi:10.1016/j.dsp.2017.11.003
 Mayer, J. M., Nuzzo, J. L., and Dagenais, S. (2013). Use of participant focus groups to identify barriers and facilitators to worksite exercise therapy adherence in randomized controlled trials involving firefighters. Patient Prefer. adherence 7, 207–215. doi:10.2147/PPA.S42507
 Mehta, S. P., Jarvis, A., Standifer, D., and Warnimont, C. (2018). International physical activity questionnaire. Crit. Reviews™ Phys. Rehabilitation Med. 30 (2), 125–127. doi:10.1615/critrevphysrehabilmed.2018026180
 Mellin, G. (1987). Correlations of spinal mobility with degree of chronic low back pain after correction for age and anthropometric factors. Spine 12 (5), 464–468. doi:10.1097/00007632-198706000-00008
 Mellin, G. (1990). Decreased joint and spinal mobility associated with low back pain in young adults. Clin. Spine Surg. 3 (3), 238–243. doi:10.1097/00002517-199009000-00007
 Otadi, K., Nakhostin Ansari, N., Sharify, S., Fakhari, Z., Sarafraz, H., Aria, A., et al. (2021). Effects of combining diaphragm training with electrical stimulation on pain, function, and balance in athletes with chronic low back pain: A randomized clinical trial. BMC Sports Sci. Med. Rehabilitation 13 (1), 20–10. doi:10.1186/s13102-021-00250-y
 Pline, K. M., Madigan, M. L., Nussbaum, M. A., and Grange, R. W. (2005). Lumbar extensor fatigue and circumferential ankle pressure impair ankle joint motion sense. Neurosci. Lett. 390 (1), 9–14. doi:10.1016/j.neulet.2005.07.047
 Post, R., and Leferink, V. (2004). Spinal mobility: Sagittal range of motion measured with the SpinalMouse, a new non-invasive device. Archives Orthop. Trauma Surg. 124 (3), 187–192. doi:10.1007/s00402-004-0641-1
 Rasheed, H., Ahmad, I., Javed, M. A., Rashid, J., and Javeed, R. S. (2021). Effects of diaphragmatic breathing maneuver and abdominal drawing-in maneuver on trunk stability in stroke patients. Phys. Occup. Ther. Geriatrics 39 (1), 1–10. doi:10.1080/02703181.2020.1770395
 Roth, R., Donath, L., Zahner, L., and Faude, O. (2021). Acute leg and trunk muscle fatigue differentially affect strength, sprint, agility, and balance in young adults. J. Strength & Cond. Res. 35 (8), 2158–2164. doi:10.1519/JSC.0000000000003112
 Russo, M. A., Santarelli, D. M., and O’Rourke, D. (2017). The physiological effects of slow breathing in the healthy human. Breathe 13 (4), 298–309. doi:10.1183/20734735.009817
 Sabo, V., Džubera, A., Gábor, M., and Sabo, J. (2016). When is FBSS really FBSS?Rehabil 53, 233–238. 
 Saiklang, P., Puntumetakul, R., and Chatprem, T. (2022). The effect of core stabilization exercise with the abdominal drawing-in maneuver technique on stature change during prolonged sitting in sedentary workers with chronic low back pain. Int. J. Environ. Res. Public Health 19 (3), 1904. doi:10.3390/ijerph19031904
 Schaafsma, F. G., Anema, J. R., and van der Beek, A. J. (2015). Back pain: Prevention and management in the workplace. Best Pract. Res. Clin. Rheumatology 29 (3), 483–494. doi:10.1016/j.berh.2015.04.028
 Seidi, F., Hamedani, P. D., Rajabi, R., Sheikhhoseini, R., and Khoshroo, F. (2019). A new fatigue protocol to assess postural sway in collegiate female athletes. Fatigue Biomed. Health & Behav. 7 (4), 218–228. doi:10.1080/21641846.2019.1699640
 Shah, S., Shirodkar, S., and Deo, M. (2020). Effectiveness of core stability and diaphragmatic breathing vs. core stability alone on pain and function in mechanical non-specific low back pain patients: A randomised control trial. Int. J. Health Sci. Res. 10 (2), 232–241. 
 Shariat, A., Cleland, J. A., Danaee, M., Kargarfard, M., Sangelaji, B., and Tamrin, S. B. M. (2018). Effects of stretching exercise training and ergonomic modifications on musculoskeletal discomforts of office workers: A randomized controlled trial. Braz. J. Phys. Ther. 22 (2), 144–153. doi:10.1016/j.bjpt.2017.09.003
 Sitthipornvorakul, E., Janwantanakul, P., and Lohsoonthorn, V. (2015). The effect of daily walking steps on preventing neck and low back pain in sedentary workers: A 1-year prospective cohort study. Eur. spine J. 24 (3), 417–424. doi:10.1007/s00586-014-3577-3
 Skrebutėnaitė, I. E., and Karanauskienė, D. (2019). Perceived physical activity benefits and barriers in sedentary adults. Baltic J. sport health Sci. 2 (113). doi:10.33607/bjshs.v2i113.788
 Soares, C. O., Pereira, B. F., Gomes, M. V. P., Marcondes, L. P., de Campos Gomes, F., and de Melo-Neto, J. S. (2019). Preventive factors against work-related musculoskeletal disorders: Narrative review. Rev. Bras. Med. do Trab. 17 (3), 415–430. doi:10.5327/Z1679443520190360
 Stephens, R. J., Haas, M., Moore, W. L., Emmil, J. R., Sipress, J. A., and Williams, A. (2017). Effects of diaphragmatic breathing patterns on balance: A preliminary clinical trial. J. Manip. physiological Ther. 40 (3), 169–175. doi:10.1016/j.jmpt.2017.01.005
 Suehiro, T., Ishida, H., Kobara, K., Osaka, H., Kurozumi, C., and Watanabe, S. (2021). Immediate changes in trunk muscle activation patterns during a lifting task following an abdominal drawing-in exercise in subjects with recurrent low back pain. J. Back Musculoskelet. Rehabilitation 34 (1), 77–85. doi:10.3233/BMR-191549
 Sufreshtri, H., and Puspitasari, N. (2020). Pengaruh workplace stretching active dynamic back exercise terhadap peningkatan aktivitas fungsional low back pain myogenic pada penjahit. Visikes J. Kesehat. Masy. 19 (01). doi:10.33633/visikes.v19i01.3779
 Sung, Y-B., Lee, J-H., and Park, Y-H. (2014). Effects of thoracic mobilization and manipulation on function and mental state in chronic lower back pain. J. Phys. Ther. Sci. 26 (11), 1711–1714. doi:10.1589/jpts.26.1711
 Suresh, A. K. D., Behera, T. P., Wilson, E., and Kumar, R. D. (2021). Comparison of isometric endurance of abdominal and back extensor muscles in manual and sedentary males in the age group of 20-40 years. J. Aging Sci. 9 (254), 1–7. doi:10.35248/2329-8847.21.9.254
 Taimela, S., Kankaanpää, M., and Luoto, S. (1999). The effect of lumbar fatigue on the ability to sense a change in lumbar position: A controlled study. Spine 24 (13), 1322–1327. doi:10.1097/00007632-199907010-00009
 Tajali, S., Roozbehfar, N., Mehravar, M., Goharpey, S., and Gayem, K. (2022). Effects of back extensor and hip abductor fatigue on dynamic postural stability in patients with nonspecific chronic low back pain: A case-control study. Physiother. Theory Pract. 38 (12), 1987–1995. doi:10.1080/09593985.2021.1913775
 Taulaniemi, A., Kankaanpää, M., Tokola, K., Parkkari, J., and Suni, J. H. (2019). Neuromuscular exercise reduces low back pain intensity and improves physical functioning in nursing duties among female healthcare workers; secondary analysis of a randomised controlled trial. BMC Musculoskelet. Disord. 20 (1), 1–15. doi:10.1186/s12891-019-2678-x
 Thakkar, H. H., and Kumar, S. (2015). Static and dynamic postural stability in subjects with and without chronic low back pain. Int. J. Res. Med. Sci. 3 (9), 2405–2409. doi:10.18203/2320-6012.ijrms20150639
 Topalidou, A., Tzagarakis, G., Souvatzis, X., Kontakis, G., and Katonis, P. (2014). Evaluation of the reliability of a new non-invasive method for assessing the functionality and mobility of the spine. Acta Bioeng. biomechanics 16 (1), 117–124. doi:10.5277/abb140114
 Vostatek, P., Novák, D., Rychnovský, T., and Wild, J. (2013). Diaphragm postural function analysis using magnetic resonance imaging. PloS one 8 (3), e56724. doi:10.1371/journal.pone.0056724
 Waongenngarm, P., Areerak, K., and Janwantanakul, P. (2018). The effects of breaks on low back pain, discomfort, and work productivity in office workers: A systematic review of randomized and non-randomized controlled trials. Appl. Ergon. 68, 230–239. doi:10.1016/j.apergo.2017.12.003
 G. Yang, R. Splittstoesser, G. Knapik, D. Trippany, S. V. Korkmaz, J. Hoyle, et al. (2005). “Comparison of spinal loads in kneeling and standing postures during manual materials handling,” Proceedings of the human factors and ergonomics society annual meeting (Los Angeles, CA: SAGE Publications Sage CA).
 Yi, C., Tang, F., Li, K-W., Hu, H., Zuo, H., and Zhao, C. (2022). Modeling and validation of fatigue and recovery of muscles for manual demolition tasks. Int. J. Environ. Res. Public Health 19 (2), 930. doi:10.3390/ijerph19020930
 Zemková, E., Štefániková, G., and Muyor, J. (2016). Load release balance test under unstable conditions effectively discriminates between physically active and sedentary young adults. Hum. Mov. Sci. 48, 142–152. doi:10.1016/j.humov.2016.05.002
 Zemková, E., Cepková, A., and Muyor, J. M. (2021a). The association of reactive balance control and spinal curvature under lumbar muscle fatigue. PeerJ 9, e11969. doi:10.7717/peerj.11969
 Zemková, E., Ďurinová, E., Džubera, A., Horníková, H., Chochol, J., Koišová, J., et al. (2021b). The relationship between reactive balance control and back and hamstring strength in physiotherapists with non-specific back pain: Protocol for a cross-sectional study. Int. J. Environ. Res. Public Health 18 (11), 5578. doi:10.3390/ijerph18115578
 Zemková, E., Ďurinová, E., Džubera, A., Chochol, J., Koišová, J., Šimonová, M., et al. (2021c). Simultaneous measurement of centre of pressure and centre of mass in assessing postural sway in healthcare workers with non-specific back pain: Protocol for a cross-sectional study. BMJ open 11 (8), e050014. doi:10.1136/bmjopen-2021-050014
 Zhang, C., Zhang, Z., Li, Y., Feng, C., Meng, H., Gao, Y., et al. (2020). Pain catastrophizing is related to static postural control impairment in patients with nonspecific chronic low back pain: A cross-sectional study. Pain Res. Manag. 2020, 9629526. doi:10.1155/2020/9629526
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Amiri and Zemková. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Contents

		Cover

		Diaphragmatic breathing exercises in recovery from fatigue-induced changes in spinal mobility and postural stability: a study protocol		1 Introduction

		2 Materials and methods		2.1 Study design

		2.2 Participants and setting

		2.3 Procedures

		2.4 Statistical analysis





		3 Discussion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
, frontiers ‘ Frontiers in Physiology

Diaphragmatic breathing
exercises in recovery from
fatigue-induced changes in
spinal mobility and postural
stability: a study protocol





OPS/images/fphys-14-1220464-g001.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
,frontiers ‘ Frontiers in Physiology





