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Abstract

:

This study aimed to investigate the effect of core stabilization exercises on the contractile properties and isokinetic muscle function of adult females with a sedentary lifestyle. We enrolled 105 adult females. Tensiomyography was performed on the erector spinae, and the isokinetic muscular functional test was performed on the trunk at an angular velocity of 60°/s and 90°/s. All participants performed the exercise for 60 min per day, 3 times a week, for 7 weeks. A Wilcoxon signed-rank test was performed at a significance level of 0.05. Tensiomyography (TMG) of the erector spinae revealed no significant post-exercise change in the contraction time; however, there was a significant post-exercise increase in the maximum radial displacement and mean velocity until 90% of the TMG was displaced. Additionally, the isokinetic muscular functional test of the trunk revealed a significant post-exercise increase in almost all variables. Our findings demonstrated that the core stabilization exercise reduced stiffness in the erector spinae, increased the velocity of erector spinae contraction, and effectively improved the isokinetic muscular function of the trunk.
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1. Introduction


There have been rapid changes in the physical, economic, and social environment in which modern-day people perform activities, which has contributed to a distinct decrease in physical activities [1]. The World Health Organization (WHO) recommends at least either 150 or 75 min of moderate- or high-intensity physical activity, respectively, or both to prevent reductions in physical activity levels [2]. The COVID-19 pandemic has caused many changes in our daily life, one of those is that physical activity level has decreased, whereas sedentary lifestyles have increased [3]. The resulting lack of physical activity and increasingly sedentary lifestyle can cause numerous physical problems; further, maintaining a sedentary lifestyle for >4 h a day can threaten health [4,5].



Functional decline caused by decreased physical activity, including muscle imbalance, muscle weakness, and loss of flexibility, can cause chronic musculoskeletal disorders [6]. Low-back pain is strongly associated with a sedentary lifestyle [7]; specifically, a more sedentary lifestyle is an independent risk factor for musculoskeletal disorders [8]. Further, a sedentary lifestyle is a risk factor for low-back pain since it can cause muscle fatigue, due to continued core muscle contractions, increased intradiscal loads, and the weakening of the posterior lumbar structure [9,10]. Kett et al. [8,11] reported increased lumbar muscle stiffness, as measured by an indentometer, after 4.5 h of sedentary work. Moreover, musculoskeletal disorders in the lower back may be caused by increased sedentary patterns since they increase muscle tension and sustain a shortened state in the lumbar region [8,11]. Additionally, a decreased spinal stabilization function due to the lumbar muscle weakening is a major cause of low-back pain [12,13]. Patients with low-back pain due to spinal instability have muscle tissue tension and damage due to the weakening of their lumbar extensors; accordingly, >85% of the total population experiences chronic low-back pain [14,15,16]. Previous studies have reported that women are more likely to be exposed to risk factors such as improper static posture [17], and the prevalence of low-back pain was higher in women than in men [18]. In women, it has been reported that there is a tendency to present worse and more persistent pain symptoms [19]. As aforementioned, increased tension and weakness in the trunk extensor resulting from a sedentary lifestyle can result in an increased incidence of low-back pain. Therefore, trunk-strengthening exercises are essential for reducing the incidence of low-back pain [9,11,14].



Patil and Mahajan [20] recently reported a significant improvement in core stability after prescribing a regular plank exercise for 6 weeks to 50 dentists who performed sedentary work for long hours. In a study on patients with non-specific low-back pain, Narouei et al. [21] reported that regular core stabilization exercise for 4 weeks could effectively increase muscle contractile thickness and reduce pain. Moreover, a study using a Swiss ball for 8 weeks reported a significant increase in core muscle activity after core stabilization exercises [22]. This broad range of benefits resulting from core stabilization can enhance exercise ability, prevent injuries, and alleviate low-back pain, which facilitates proper load balancing within the kinetic chain involving the spine and pelvis [23]. Therefore, systematic exercises for ensuring core stability are paramount for preventing a deterioration in trunk muscle function and low-back pain. However, previous studies on sedentary lifestyles have mostly focused on the physiological effects, including cardiovascular and metabolic effects, of lacking physical activities [24,25,26,27]. Moreover, few studies have applied systematic trunk exercise interventions for alleviating deteriorations in trunk muscle functions due to a sedentary lifestyle, with a concomitant assessment of the mechanical and neuromuscular properties of trunk muscles and the isokinetic muscle functions of the lumbar spine. Given the increasing amount of time spent sitting by modern-day people, there is a need for studies on appropriate exercise interventions for trunk stabilization that analyze the isokinetic muscle function of the lumbar spine and the mechanical and neuromuscular properties of trunk muscles.



Based on previous studies, muscle fatigue tends to decrease the time it takes to contract 10 to 90% of the maximum contractile displacement (contraction time (Tc)) [28]. With the strengthening of the trunk muscles through exercise, Tc is expected to increase due to the reduction in muscle fatigue. The results of a previous study analyzing the effect of the 3D moving platform exercise for 8 weeks did not show statistical significance, but based on the study results showing an increase in the maximum radial displacement (Dm) of the muscle, Dm is expected to increase through exercise [29]. In addition, based on previous studies, core stabilization exercise increases neuromuscular control by improving the sensory receptors and motor control of the core muscle [23]. Therefore, Vc90 is expected to increase through core stabilization exercise. Additionally, based on a previous study where the isokinetic muscle function of the lumbar region improved after 12 weeks of lumbar stabilization exercise [30], the isokinetic muscle function of the trunk will be improved through core stabilization exercise.



Therefore, the central purpose of this study is to propose basic data for facilitating the development of an effective core stabilization exercise program for preventing musculoskeletal disorders caused by a lengthy sedentary lifestyle. Specifically, we aimed to determine the effects of a 7-week core stabilization exercise program on the mechanical and neuromuscular properties of the erector spinae, including muscle stiffness, contraction velocity, contractile response, maximum displacement, and the isokinetic muscle function of the trunk in adult females with sedentary work patterns.




2. Materials and Methods


2.1. Design and Participants


A single group crossover design was employed for this study. We included 105 female office workers aged ≥ 20 years who did not perform regular exercise for the past 6 months, did not meet the WHO-recommended physical activity levels, and performed at least 7 h of sedentary work per day. We excluded participants with a history of surgery or any musculoskeletal or neurological disorder within the past 3 months. To ensure we included participants without problems performing physical activities, we only selected participants who reported lacking limitations in activities of daily living due to a current health problem or physical or mental disability. This study was approved by the Institutional Review Board of the Incheon National University (INUIRB No. 7007971-202012-003A). The participants provided informed consent after receiving sufficient explanations regarding the study contents and procedures. The specific demographic information and physical activity are shown in Table 1.




2.2. Procedures


2.2.1. Tensiomyography


A tensiomyography (TMG-100 System electrostimulator, Slovenia), which is a device used to analyze the contractile properties of muscles, was used to assess the mechanical and neuromuscular properties of the erector spinae (Figure 1). Since Domaszewski et al. [31] reported that caffeine intake may affect muscle contraction time and displacement, the participants were asked to refrain from caffeine intake for 24 h before the measurement. Moreover, the participants were requested to avoid exercise and fascia treatment that could cause fatigue for 48 h before the measurement. Measurements were performed after enough rest to ensure that the erector spinae muscle was maintained in a relaxed state. Further, measurements were performed in a static position to minimize variability of the TMG sensor position. To ensure accurate measurement with minimal lumbar lordosis, a wedge cushion was placed on the ankles and the anterior superior iliac spine (ASIS) in a prone position; moreover, a pad was placed on the ankles to maintain knee flexion at approximately 5°. Subsequently, we examined the proximal region of the erector spinae muscle. The digital displacement sensor (GK40, Ljubljana, Slovenia) was vertically placed 5 cm above the posterior superior iliac spine (PSIS), with a maximum radial displacement (Dm) of 15 mm. The distance between the electrode pads was maintained at 5 cm. A single electrical stimulus was started at 20 mA, followed by 20-mA increments. Measurements were gradually obtained until maximum displacement appeared. A 15 s rest period was allowed between measurements to minimize muscle fatigue; further, all measurements were conducted from right to left.




2.2.2. Isokinetic Muscle–Joint Function Test


We performed isokinetic muscle–joint function tests (Humac Norm Testing and Rehabilitation, CSMi Medical & Solution, Stoughton, MA, USA) on the trunk (Figure 2). The participants performed sufficient warm-up exercises, such as dynamic stretching for trunk flexion and extension, before the measurements to prevent injury. A trunk adapter was connected to the dynamometer of the test equipment; additionally, the footpad was adjusted by aligning the anatomical vertical axis with the equipment axis. To generate maximum muscle strength during trunk flexion and extension, the lower extremities were fixed using popliteal, femoral, tibial, and pelvic belts. To minimize interference from nearby joint movements, the upper extremities were fixed using a shoulder pad at the inferior scapular angle. The joint range of motion (ROM) was restricted by setting the ROM to the maximum flexion and extension possible without pain, to prevent injury resulting from excessive flexion or extension. Subsequently, a preliminary exercise was performed to ensure familiarity with the measurement equipment. A 2-min rest period was allowed to minimize muscle fatigue between measurements; further, measurements were performed 5 and 15 times at an angular velocity of 60°/s and 90°/s, respectively.





2.3. Core Stabilization Exercise Program


The exercise program comprised warm-up, main, and cool-down exercises. Warm-up and cool-down exercises were performed for 10 min each using a foam roller to allow self-fascia relaxation as well as static and dynamic stretching, with the intensity set at a pain-free range. The workout mostly comprised core stabilization exercises involving 3 60-min exercise sessions per week. The main exercise focused on muscles around the lower back and hips that contribute to core stabilization, for improved trunk muscle strength and endurance, coordination, proprioceptive function, and stability. Based on previous studies, the core stabilization exercise programs comprised traditional core exercises, including bracing, hollowing to activate the abdominal wall musculature, bird dog, plank, back extensions, and hip bridge, as well as the trunk twist hip bridge to activate the lumbar paraspinals [23,32] (Table 2). Thabet et al. [32] prescribed an exercise intervention to postpartum women that comprised 3 sets of 20 repetitions, with 5 s of contraction and 10 s of relaxation. Since we included healthy adult females, they were requested to perform 5 s of contraction and 5 s of relaxation for more intense exercise.




2.4. Data Analysis


2.4.1. Analysis of Mechanical and Neuromuscular Properties of Muscle


To analyze the mechanical and neuromuscular properties, we applied a range of 0.91–0.99 for Dm, which indicates the maximum contractile displacement as the variable with the highest measure-remeasure and intra-rater reliability indices, and a range of 0.70–0.98 for contraction time (Tc), which is the time required for contraction to reach 10–90% of the maximum contractile displacement [33,34]. Since Tc could be influenced by the Dm magnitude, we calculated the mean velocity until 90% Dm (Vc90), using the equation   Vc 90 =   Dm ∗ 0.9   Tc + Td     to assess muscle contraction velocity [35,36]. Bilateral values of all measured variables were summed, and the mean values were calculated.




2.4.2. Analysis of Isokinetic Muscle Function of Trunk


The maximum muscle strength of the flexor and extensor muscles at all angular velocities was analyzed. The absolute muscle strength was divided by the bodyweight of each participant to derive relative muscle strength. Additionally, to assess the flexor and extensor muscle balance in the trunk, we used the muscle strength ratio to analyze the isokinetic muscle function of the trunk.





2.5. Statistical Processing


All statistical analyses were performed using SPSS 26.0 (IBM, Chicago, IL, USA). The mean and standard deviation of each variable was calculated. The Kolmogorov-Smirnov test showed that the data was not normally distributed. The Wilcoxon signed-rank test was used for within-group comparisons of pre- and post-intervention measurements. Statistical significance was set at p < 0.05.





3. Results


3.1. Analysis of Mechanical and Neuromuscular Properties of the Erector Spinae


There was a significant post-exercise change in Dm (z = −3.998; p < 0.001) and Vc90 (z = −3.889; p < 0.001), but not Tc (z = −1.143; p = 0.253) (Table 3).




3.2. Analysis of Isokinetic Muscle Function of Trunk


At an angular velocity of 60°/s, there was a significant post-exercise change in the maximum (z = −6.605; p < 0.001) and relative muscle strength per bodyweight of the extensor (z = −6.681; p < 0.001), but there was not a significant post-exercise change for the flexor (z = −0.686; p = 0.493, z = −0.887; p = 0.375) (Table 4).



At an angular velocity of 90°/s, there was no significant post-exercise change in the maximum and relative muscle strength (z = −1.461; p = 0.144, z = −1.950; p = 0.051) of the flexor muscle (Table 4). However, there was a significant post-exercise change in the maximum and relative muscle strength per bodyweight of the extensor muscle (z = −7.218; p < 0.001, z = −7.232; p < 0.001).



Regarding the muscle strength ratio, measurements at an angular velocity of 60°/s (z = −5.424; p < 0.001) and 90°/s (z = −6.285; p < 0.001) showed significant differences (Table 4).





4. Discussion and Limitation


This study presented basic data for facilitating the development of an effective exercise intervention program for preventing musculoskeletal disorders caused by a lengthy sedentary lifestyle. We determined the effects of a 7-week core stabilization exercise program on the mechanical and neuromuscular properties of the erector spinae and the isokinetic muscle function of the trunk in adult females who perform ≥ 7 h of sedentary work per day.



Regarding the mechanical and neuromuscular properties of the erector spinae muscle, there was a significant post-exercise increase in the Dm and Vc90, but not Tc, values. Tc showed higher and lower values in type I and II muscle fibers, respectively; specifically, Tc has a strong correlation with type I muscle fibers [37,38]. Given the nature of the erector spinae muscle, type I muscle fibers, which have strong fatigue resistance, are more dominant than type IIa or IIx muscle fibers in maintaining lumbar stability through continued contraction [39,40]. Furthermore, it is difficult to convert type I muscle fibers into type IIa and type IIx muscle fibers through training [41]. Consistent with this evidence, we observed no significant post-exercise change in the Tc of the erector spinae muscle.



Consistent with our hypothesis, there was a significant post-exercise increase in Dm. Dm is considered a scale for muscle stiffness; specifically, it is negatively correlated with muscle stiffness [42,43,44]. A lengthy sedentary lifestyle causes microdamage and spasms in muscle connective tissue, which increases muscle stiffness by restricting muscle tissue microcirculation [45,46]. Moreover, muscle stiffness showed a strong positive correlation with isometric contraction [47]. Kett et al. [8] reported a significant increase in lumbar muscle stiffness after 4–5 h of sedentary work and a significantly reduced muscle stiffness after an 8 min roller massage. Because roller massages break down the cross-bridges between the actin and myosin filaments that were previously formed by the prolonged sitting period, muscle stiffness is significantly reduced. Moreover, the effect of relaxing muscle tension and reducing muscle stiffness owing to self-fascial relaxation using a foam roller is known to have long-term effects [48]. Muscle stiffness increases immediately after exercise, which is relieved with repeated exercise [49]. Accordingly, erector spinae stiffness was reduced in participants through repeated exercise and self-fascial relaxation using a foam roller. As a result, there was a post-exercise increase in Dm.



Consistent with our hypothesis, Vc90 showed a significant post-intervention increase. This suggests a post-exercise increase in the contraction velocity of the erector spinae muscle. Core stabilization exercise can effectively stimulate the sensory receptors and motor control of core muscles and increase neuromuscular control and stability [23], with a concomitant increase in the core muscle activation [21,50]. Specifically, Mannion et al. [51] reported that stabilization exercise for ≥3 weeks is required to activate the erector spinae muscle in patients with non-specific chronic low-back pain. Accordingly, there was a post-exercise increase in core muscle activation and neuromuscular control; specifically, TMG measurement revealed an increased contraction velocity through the activation of the erector spinae muscle. This indicated that core stabilization was achieved through enhanced muscle function, which allowed lumbar stabilization during activities of daily living and sports activities, while changing appropriately to maintain proper postural control [40,52].



Regarding the isokinetic muscle function of the trunk, there was no significant post-exercise change in maximum and relative flexor muscle strength at an angular velocity of 60°/s, as well as maximum and relative flexor muscle strength at an angular velocity of 90°/s. However, there was a significant post-exercise increase in other variables, including maximum and relative extensor muscle strength at an angular velocity of 60°/s and 90°/s. Moreover, there was a significant decrease in the muscle ratio (ratio of the flexor and extensor muscles of the trunk) at an angular velocity of 60°/s and 90°/s.



Our findings demonstrated that the core stabilization exercise program strengthens core muscles, which improves the balanced development of flexor and extensor muscles, as well as enhances the isokinetic muscle functions of the trunk, including muscle strength and endurance. Accordingly, core stabilization exercises could effectively increase muscle strength in the trunk and improve neuromuscular imbalance. Moreover, a 12-week core stabilization exercise program was found to improve the strength of the lumbar flexor and extensor muscles in primary school students with scoliosis [53]. Additionally, an 8-week core stabilization exercise program was found to significantly increase flexor and extensor muscle strength at an angular velocity of 60°/s and 90°/s in women with a sedentary lifestyle [54]. Furthermore, Sipaviciene et al. [30] reported a 12-week lumbar stabilization exercise program improved isokinetic muscle function of the trunk in patients with non-specific chronic low-back pain. As aforementioned, most studies have demonstrated that core stabilization exercise enhances core muscle strength. In addition, core stabilization exercise increases lumbar stability by strengthening the core flexor and extensor muscles, as well as the contractile and neuromuscular control functions [55]. Consistent with these previous findings, we observed a significant post-exercise decrease in the muscle strength ratio, which was effective for the balanced development of core muscles.



The core muscles represent the anatomical and functional center of the body and play a corset-like role in stabilizing the body and spine [56]. Weakened lumbar muscles cause deterioration of the spinal stabilization function, which can be a primary cause of low-back pain [12,13]. Conversely, strengthening core muscles enhances core stability and is crucially involved in performing activities of daily living or various other activities, as well as maintaining posture and balance [57,58]. Our core stabilization exercise program enhanced lumbar muscle function and strength, which can enhance core stability and prevent musculoskeletal disorders caused by a lengthy sedentary lifestyle.



This study suggests that the core stabilization exercise program may have a positive effect on muscle stiffness and contraction rates in the group with long-term sedentary lifestyles. In addition, tensiomyography can be used to clinically evaluate muscle contraction characteristics. Limitations of this study were that there was no control group and only healthy subjects were recruited. In future studies, it is necessary to further study the effect of the core stabilization exercise program by composing a control group and a low-back-pain group.




5. Conclusions


This study presented basic data for facilitating the development of an exercise program for preventing musculoskeletal disorders caused by a sedentary lifestyle, by analyzing the effects of core stabilization exercise on the muscle contraction properties of the erector spinae and changes in the isokinetic muscle function in adult females with a sedentary lifestyle. We found that the 7-week core stabilization exercise program could effectively reduce muscle stiffness in the erector spinae muscle; moreover, it increased contraction velocity through activation of the neuromuscular control of the erector spinae muscle, and effectively enhanced isokinetic muscle function of the trunk.
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Figure 1. Tensiomyography device and appropriate prone position. 
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Figure 2. Humac Norm Testing and Rehabilitation device with trunk adapt. 
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Table 1. Demographic information and physical activity of participants.
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Variables

	
Values






	
Participants

	
N

	
105




	
Age (years)

	
30.99 ± 10.85




	
Weight (kg)

	
57.79 ± 10.44




	
Height (cm)

	
159.99 ± 15.03




	
Physical Activity

	
Vigorous intensity (day/week)

	
0.29 ± 15.03




	
Vigorous intensity (min/day)

	
10.19 ± 19.65




	
Moderate intensity (day/week)

	
0.66 ± 0.90




	
Moderate intensity (min/day)

	
18.35 ± 29.80




	
Sedentary time (min/day)

	
469.71 ± 45.16








Note. Data are mean ± standard deviation.
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Table 2. Core stabilization intervention program.






Table 2. Core stabilization intervention program.





	
Classification

	
Exercise Type

	
Exercise

	
Intensity

	
Time






	
Warm-up

	
Self-myofascial release

(Foam roller)

	
Quadriceps rolling

Hamstring rolling

Gluteus rolling

Back (lower and upper) rolling

	
Pain-free range

20 s/1 set

Total 3 sets

	
10 min




	
Stretching

(Static and Dynamic)

	
Quadriceps stretching

Hamstring stretching

Gluteus stretching

Erector spinae stretching

Cat-camel stretching

Hip flexion and extension




	
Main Exercise

	
Core

stabilization

exercise

	
Bracing and Hollowing

Plank (side and prone)

Hip Bridge

Back Extension

Bird dog

Trunk Twist

	
1 rep

(5 s contraction

5 s relaxation)

20 reps/1 set

Total 3 sets

	
40 min




	
Cool-down

	
Self-myofascial release

(Foam roller)

	
Quadriceps rolling

Hamstring rolling

Gluteus rolling

Back (lower and upper) rolling

	
Pain-free range

20 s/1 set

Total 3 sets

	
10 min




	
Stretching

(Static and Dynamic)

	
Quadriceps stretching

Hamstring stretching

Gluteus stretching

Erector spinae stretching

Cat-camel stretching

Hip flexion and extension
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Table 3. Results of tensiomyography of erector spinae of the participants.
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	Variables
	Pre
	Post
	z
	p





	Tc (ms)
	16.37 ± 3.98
	16.38 ± 3.44
	−1.143
	0.253



	Dm (mm)
	2.49 ± 1.32
	2.87 ± 1.14
	−3.998
	<0.001 ***



	Vc90 (mm/ms)
	0.06 ± 0.04
	0.07 ± 0.03
	−3.889
	<0.001 ***







Note. Data are mean ± standard deviation, *** p < 0.001. Abbreviations: Tc, contraction time; Dm, Maximum radial displacement; Vc90, Mean velocity until 90%.
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Table 4. Results for isokinetic muscle function of trunk.
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Variables

	
Pre

	
Post

	
z

	
p






	
60°/s

	
Flexor

	
PT (Nm)

	
132.19 ± 35.39

	
135.61 ± 29.74

	
−0.686

	
0.493




	
PT (%BW)

	
227.52 ± 49.23

	
235.01 ± 37.99

	
−0.887

	
0.375




	
Extensor

	
PT (Nm)

	
101.54 ± 37.79

	
118.92 ± 34.66

	
−6.605

	
<0.001 ***




	
PT (%BW)

	
174.21 ± 57.58

	
206.11 ± 55.59

	
−6.681

	
<0.001 ***




	
Ratio

	
139.43 ± 38.16

	
120.72 ± 31.86

	
−5.424

	
<0.001 ***




	
90°/s

	
Flexor

	
PT (Nm)

	
130.25 ± 34.65

	
133.55 ± 31.24

	
−1.461

	
0.144




	
PT (%BW)

	
224.20 ± 46.92

	
232.03 ± 41.68

	
−1.950

	
0.051




	
Extensor

	
PT (Nm)

	
88.55 ± 31.71

	
106.83 ± 30.75

	
−7.218

	
<0.001 ***




	
PT (%BW)

	
152.30 ± 48.66

	
183.65 ± 46.55

	
−7.232

	
<0.001 ***




	
Ratio

	
159.21 ± 52.48

	
132.07 ± 31.52

	
−6.285

	
<0.001 ***








Note. Data are mean ± standard deviation, *** p < 0.001. Abbreviations: PT, Peak torque; BW, Body weight.
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