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            Abstract

            
               
Control of posture is a task that requires the summation of auditory, visual and somatosensory signals. Trunk plays a vital
                  role in the loading of energy and connecting the lower and upper extremities. Nurses spent a lot of time on activities involving
                  frequent bending and turning movements. These postures and movements when used for prolonged duration place static and dynamic stability
                  demands and may increase the demands on the trunk muscle groups resulting in high risk for developing low back pain. The aim
                  of this study was to find a relation between trunk extensor muscle endurance and dynamic postural stability among Nurses.
                  103 female and male nurses were recruited for the study based on the selection criteria. The nurses were evaluated for the
                  trunk endurance using Bearing-Sorenson’s test. The Y-balance test and berg balance scale was used to know the dynamic postural
                  stability. The mean trunk extensor muscle endurance was found to be 83.26 
                     
                        ±
                     17.72 seconds. The ‘Y’ balance was 88.24 
                     
                        ±
                     11.73 on the right side and 89.16 
                     
                        ±
                     12.09 on the left side. The mean Berg balance score was 30.13 
                     
                        ±
                     3.59. There was no significant relationship was noted between trunk muscle endurance and Y balance (p=.57). No significant
                  association was observed for trunk muscle endurance with a Berg balance score (p= 0.727). We found no significant relationship
                  existing between trunk extensor muscle endurance on dynamic postural stability among nurses. Trunk extensor muscle endurance
                  may not be the major factor in maintaining dynamic postural stability. 
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               INTRODUCTION

            Control of posture is a function which undertakes the summation of auditory, visual, and somatosensory signals information
               to survey the position and movement of body in space and capacity to create force to control body position. 1 To maintain the body in stable position the important postural control strategies mainly focus around two major joints that
               is hip and ankle. 2 People with no disease condition can reposition their trunk with more clarity in an un-fatigued state. 3

            Balance can be dynamic or static in nature. Static balance is the ability to maintain postural stability and orientation with
               the mass center based on support and body at rest. The dynamic balance is the ability to maintain stability and postural orientations
               with the center of mass based on the support, while the body parts are moving. 4

            Balance involves a mixture of stability and postural orientation which is important for sustaining a posture, motion in a
               managed and organized way, and go through with daily living work and functional activities. 5

            Trunk function which also can be called as torso or core strength, is the combination of the coordination, strength, and endurance
               of trunk muscles. 6 
            

            There are two groups of muscle in the trunk which are splits into local muscle and global muscle groups. The local muscles
               are transverses abdominis, multifidus, and obliques internus abdominis and the global muscles are rectus abdominis, longissimus
               thoracis, and obliques externus abdominis, according to their work in stabilizing the torso. 7

            The trunk takes very important role in the loading of energy and associating the lower and upper extremities. 8 Group of muscles gathered within the trunk and maximum work of these group of muscles is necessary to fulfill the function
               and position of the torso during daily action. 9

            Nurses who work in different departments have daily activities that needs lifting loads in various uneven position. These
               types of work exposure may put them into risk of low back pain incorporated with physical load. 10

            A good amount of nurses’ work period is spent in forward lean postures. A study established that at least 22% of the geriatric
               nurses’ work was spent in stooped positions along with frequent twisting. 11  Another study stated that nurses’ aides bended forward more than 72 degrees every 3 seconds and were spending an average
               of 13 minutes per hour in a forward flexed posture of 36 degrees or more. 11 These postures placed excessive static and dynamic staying power demands at the trunk muscle groups putting nurses into a
               risk of developing low back pain (LBP). 11

            Managing position and the capability to hold the secure equilibrium is the basis for most of the activities of day-to-day
               life. Reduced stability may have a negative effect on quality of life and, which can ultimately lead to an increased risk
               of injury and falls. 12

            Dynamic postural stability can be described as one’s ability to hold the balance when transforming from an energetic to an
               inactive state. Both dynamic postural and static postural stability are the after effect of complex association of gathering
               from visual, auditory, and somatosensory pathways, simply as the resultant efferent reaction. 13

            The Y-balance test can be utilized to evaluate the dynamic limits of postural stability and non-symmetrical equilibrium in
               three different directions which are anterior, posterolateral and posteromedial. 14 Berg balance scale is an effective scale to check the dynamic stability which include 14 components with total score of 56.
               15 
            

            The fatigued state in the extensor muscle of the torso can decrease the capacity to hold a particular position at the trunk
               region. Postural control includes physiological and mental capacities, for example, vestibular, visual, and proprioceptive
               and exteroceptive criticism just as inspiration and focus. 16 The trunk muscular endurance or core muscle endurance tests, which calculate the holding duration of a particular pose is
               often used as an evaluation tool for the trunk function. Biering-Sorenson’s test is used to calculate endurance of trunk extensor
               muscles. 17, 18

            To ensure the line of gravity in the given base of support, the rapid and continuous change in the muscles is required which
               includes the activation of postural muscle in feed-forward manner. 19

            Daily activities need core muscle endurance for longer duration of use and to maintain different postures with longer duration
               of times and the ability to resist fatigue. Overall strength of the core is important for activities of day-to-day life and
               along with the strength, the endurance also contributes significantly in core stability during extended physical activity
               and prevents from damage. 20

            Adequate amount of endurance in abdominal muscles has an important function in maintaining balance, co-ordination and daily
               activities. Any injury or deterioration in torso muscles, such as poor trunk power or endurance, results in etiologic changes
               which impact stability and mobility of the body. 21, 22

            Nurses spend most of their time in physical efforts for their treatment purpose and work. 20 They have a multidimensional role in caregiving, decision making, subject advocator, communicator as well as a teacher. To
               ensure this they need to have a good dynamic postural stability. 21 Knowing the relation between trunk extensor muscle endurance and dynamic postural stability is necessary so as to design strategies
               to improve the endurance and thereby improve dynamic postural stability.
            

            Our study aims to find the relation between trunk muscle endurance and dynamic postural stability among nurses with the objectives
               to evaluate the trunk extensor muscle endurance among nurses, to evaluate the dynamic postural stability among nurses and
               to evaluate the co-relation between trunk extensor muscle endurance and the dynamic postural stability among nurses. 
            

         

         
               METHODOLOGY

            This study was a correlational study conducted from 20th April 2020 to 31st June 2021. 103 nurses were selected based on the selection criteria from the hospitals of south Bengaluru. Approval to continue
               with the research work was granted by the ethical board of our institution (Ethical ref. number: MPT/20/PHY/015). The study
               population was selected using disproportionate sampling technique. All subjects were given a brief introduction about the
               purpose of this research, the procedures to be undertaken, possible risks as well as the benefits. Upon the approval from
               the participants, a signed consent form was attained. 
            

            103 nurses between age of 25-35 years, and BMI of 18.5-25.5 kg/m2 were considered in the study using the following sample size calculation.
            

            SSUKP = z² p ( 1-p)

             e²

            z= 1.96

            p= power of confidence i.e. 10% e= 0.05 type 1 error

            SSUKP = (1.96)²×0.1(1-0.1)

             (0.05)²

            = 3.8416× 0.1 × 0.9

             0.0025

            = 0.3456

             0.0025

            = 138.24

            = 138 (sample size for unknown population) 

            SSKP = SSUKP

            1+ SSUKP/ N 

            = 138

            1+138/400

            = 138.24

            1.3455

            = 102.74

            = 103 (Sample size for known population)

            Nurses having back or lower limb pain, history of ankle, hip or knee injuries in past 2 years, history of musculoskeletal
               condition or neurological condition, vestibular pathologies, visual impairment, any back injury, ankle condition were not
               considered for the study. 
            

            All the 103 subjects then were assessed for their trunk muscle endurance using the Beiring’s Sorenson’s Test. After a rest
               period of 5 minutes, the subjects were made to perform the Y balance test and the Berg’s balance scale to assess the dynamic
               postural stability. 
            

         

         
               
               Measurements
               
            

            
                  
                  Sorensons test 
                  17
                  
               

               The Biering-Sorensen test used to assess the endurance of the trunk extensors and demonstrates good validity and his reliability
                  in the evaluation of trunk muscles endurance with an intra rater reliability of 93.2%. 17, 18 Subject is made to lie down prone on the examination table with their upper border of iliac crest in alignment with border
                  of table. The lower part of the body is held constant into the examination table through 3 straps folded across the ankle,
                  knees and pelvis respectively and arms folded across the chest. The subjects maintain horizontal position of the upper body
                  while the time is recorded. Once the subject reaches 240sec, the test is stopped.
               

            

            
                  
                  Y-balance test (YBT)
                   
                  23
                  
               

               The Y-balance test used to evaluate the asymmetrical balance and dynamic limits of stability in three different directions.
                  The YBT is a reliable measure of dynamic balance with intraclass correlation coefficients ranging from 0.85 to 0.91 for intra-rater
                  reliability and from 0.85 to 1.00 for inter-rater reliability.14 For the test, Y-shaped marking was made on the floor using a micropore tape. The posterior direction of the Y shaped marking
                  was positioned each at 135 degrees from the previous and 90 degrees between them. 24 The participants were then instructed to stand on their right limb with the edge of their toes at the marked starting line.
                  With their hands placed on their hips, they had to reach as far as possible with the non-stance limb in the anterior, posteromedial,
                  and posterolateral directions. Three successful repetitions were performed in each direction, and the mean scores for each
                  direction were used for the statistical analysis. To express reach distance as a percentage of limb length, the normalized
                  value was calculated as reach distance divided by limb length then multiplied by 100%. Composite reach distance was the sum
                  of the 3 reach directions divided by 3 times limb length, and then multiplied by 100%.
               

            

            
                  
                  Berg Balance Scale (BBS)
                   
                  25
                  
               

               The BBS scale is highly reliable for measuring balance with an intra-rater reliability of 0.98. 15 The Berg Balance Scale is able to detect many clinically significant changes in balance with 95% confidence. 15 BBS is a combination of 14-item scale with a total score of 56. 
               

            

         

         
               RESULTS

            
                  
                  Statistical analysis
                  
               

               Co-relational statistical analysis was done for this study using SPSS version 29 0

               
                     
                     Table 1

                     
                        Basic Character of the participants
                        
                     

                  

                  
                        
                           
                              	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               N=103

                              
                           
                        

                        
                              	
                                 
                              
                              
                                  Basic characters 
                                 
                              

                              
                           
                           	
                                 
                              
                               Mean

                              
                           
                           	
                                 
                              
                               S.D

                              
                           
                        

                        
                              	
                                 
                              
                               Age 

                              
                           
                           	
                                 
                              
                               29.21

                              
                           
                           	
                                 
                              
                               3.14

                              
                           
                        

                        
                              	
                                 
                              
                               BMI

                              
                           
                           	
                                 
                              
                               19.97

                              
                           
                           	
                                 
                              
                               1.85

                              
                           
                        

                        
                              	
                                 
                              
                               Gender: Male subjects

                              
                           
                           	
                                 
                              
                               42

                              
                           
                           	
                                 
                              
                               40.8

                              
                           
                        

                        
                              	
                                 
                              
                               Female subjects

                              
                           
                           	
                                 
                              
                               61

                              
                           
                           	
                                 
                              
                               59.2

                              
                           
                        

                     
                  

                  

               

               

               
                     
                     Table 2

                     
                        Trunk muscle endurance of the study participants
                        
                     

                  

                  
                        
                           
                              	
                                 
                              
                              
                                  Sorenson (Seconds)
                                 
                              

                              
                           
                           	
                                 
                              
                               Mean

                              
                           
                           	
                                 
                              
                               S.D

                              
                           
                        

                        
                              	
                                 
                              
                               Sorenson test

                              
                           
                           	
                                 
                              
                               83.26

                              
                           
                           	
                                 
                              
                               17.72

                              
                           
                        

                     
                  

               

               
                     
                     Table 3

                     
                        Analysis of ‘Y’ balance test of the participants
                        
                     

                  

                  
                        
                           
                              	
                                 
                              
                               Y balance test (cm)

                              
                           
                           	
                                 
                              
                               Mean

                              
                           
                           	
                                 
                              
                               S.D

                              
                           
                        

                        
                              	
                                 
                              
                               Anterior

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               Right 

                              
                           
                           	
                                 
                              
                               78.70

                              
                           
                           	
                                 
                              
                               11.39

                              
                           
                        

                        
                              	
                                 
                              
                               Left 

                              
                           
                           	
                                 
                              
                               80.04

                              
                           
                           	
                                 
                              
                               9.69

                              
                           
                        

                        
                              	
                                 
                              
                               Posterolateral

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               Right 

                              
                           
                           	
                                 
                              
                               72.54

                              
                           
                           	
                                 
                              
                               8.22

                              
                           
                        

                        
                              	
                                 
                              
                               Left 

                              
                           
                           	
                                 
                              
                               71.28

                              
                           
                           	
                                 
                              
                               7.39

                              
                           
                        

                        
                              	
                                 
                              
                               Posteromedial

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               Right 

                              
                           
                           	
                                 
                              
                               78.70

                              
                           
                           	
                                 
                              
                               12.61

                              
                           
                        

                        
                              	
                                 
                              
                               Left 

                              
                           
                           	
                                 
                              
                               80.92

                              
                           
                           	
                                 
                              
                               11.11

                              
                           
                        

                        
                              	
                                 
                              
                               Y balance test total 

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               Right 

                              
                           
                           	
                                 
                              
                               229.95

                              
                           
                           	
                                 
                              
                               21.93

                              
                           
                        

                        
                              	
                                 
                              
                               Left 

                              
                           
                           	
                                 
                              
                               232.24

                              
                           
                           	
                                 
                              
                               21.66

                              
                           
                        

                        
                              	
                                 
                              
                               Y balance score 

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               Right 

                              
                           
                           	
                                 
                              
                               88.24

                              
                           
                           	
                                 
                              
                               11.73

                              
                           
                        

                        
                              	
                                 
                              
                               Left 

                              
                           
                           	
                                 
                              
                               89.16

                              
                           
                           	
                                 
                              
                               12.09

                              
                           
                        

                     
                  

                  

               

                  

               
                     
                     Table 4

                     
                        Correlation of trunk muscle endurance with ‘Y’ balance score
                        
                     

                  

                  
                        
                           
                              	
                                 
                              
                              
                                 Y balance test (cm)
                                 
                              

                              
                           
                           	
                                 
                              
                              
                                 Pearson’s correlations analysis
                                 
                              

                              
                           
                        

                        
                              	
                                 
                              
                               r

                              
                           
                           	
                                 
                              
                               p

                              
                           
                        

                        
                              	
                                 
                              
                              Y balance score (Cm)

                              
                           
                           	
                                 
                              
                               

                              
                           
                           	
                                 
                              
                               

                              
                           
                        

                        
                              	
                                 
                              
                               Right 

                              
                           
                           	
                                 
                              
                               0.55

                              
                           
                           	
                                 
                              
                               0.578

                              
                           
                        

                        
                              	
                                 
                              
                               Left 

                              
                           
                           	
                                 
                              
                               0.035

                              
                           
                           	
                                 
                              
                               0.725

                              
                           
                        

                     
                  

                  

               

               

               

               
                     
                     Table 5

                     
                        Analysis of Berg balance score
                        
                     

                  

                  
                        
                           
                              	
                                 
                              
                               Berg balance score

                              
                           
                           	
                                 
                              
                              
                                 M
                                 
                              

                              
                           
                           	
                                 
                              
                              
                                 S.D
                                 
                              

                              
                           
                        

                     
                     
                           
                              	
                                 
                              
                               Berg balance score 

                              
                           
                           	
                                 
                              
                               30.13

                              
                           
                           	
                                 
                              
                               3.59

                              
                           
                        

                     
                  

                  

               

               

               

               
                     
                     Table 6

                     
                        Correlation of trunk muscle endurance with Berg Balance score
                        
                     

                  

                  
                        
                           
                              	
                                 
                              
                              
                                 Sorenson Vs. Berg balance score
                                 
                              

                              
                           
                           	
                                 
                              
                              
                                 Pearson’s correlations analysis
                                 
                              

                              
                           
                        

                        
                              	
                                 
                              
                               r

                              
                           
                           	
                                 
                              
                               p

                              
                           
                        

                        
                              	
                                 
                              
                              Correlation analysis

                              
                           
                           	
                                 
                              
                               0.035

                              
                           
                           	
                                 
                              
                               0.727

                              
                           
                        

                     
                  

                  

               

               

            

         

         
               DISCUSSION

            The purpose of the study was to find out a relation between trunk extensor muscle endurance and dynamic stability among nurses.
               For this study 103 nurses were included of which 42 were male and 62 were female nurses. The mean age of the participants
               was 29.21 
                  
                     ±
                  3.14 years. The trunk extensor muscle endurance and Dynamic Postural Stability were assessed using Beiring Sorenson’s Test,
               Y balance test and Berg’s balance scale respectively. The results shows that no significant relation was found between trunk
               extensor muscle endurance and dynamic postural stability.
            

            A collective contribution of systems is necessary to have a good postural control and for maintaining balance. This is a complex
               process in which there is involvement of the CNS which comprises the brain and the spinal cord, on the other side peripheral nervous system which
               comprises of afferent and efferent pathways, sensory system which includes the sensory receptors, vestibular, visual system
               and lastly the musculoskeletal system. A collective contribution of these system in the controlling postural stability could
               be a reason for non-significant relation being found between trunk endurance and dynamic postural stability. 26

            Our study results have been similar to the findings of Ozmen which suggested that core muscle endurance was not associated
               with dynamic balance. 27 Another study done by Krishna et al. also found no significant correlation been found to exist between core endurance and
               dynamic balance suggesting that core has an important and stabilizing part in the movement pattern of the lower extremity
               however endurance of the core muscle alone may not account much in dynamic balance. 28 Supporting our study findings, a study done by Behennah J et al observed no relation existing between trunk extensor endurance
               and dynamic balance in both subjects with and without Chronic low back pain. 29 

            Our study results show no significant relation have found between trunk extensor muscle endurance and dynamic postural stability.
               However, few of the previous studies contradict our findings. There has been evidence which shows that a decrease in muscular
               endurance could be a cause, as well as a consequence, of certain musculoskeletal related disorders. Low static tolerance in
               the extensor muscles of the back is associated with a higher incidence of low back pain (LBP), decreased consciousness of
               proprioception, poor balance and reduced productivity at work, increased muscle fatigue and overloaded soft tissues and passive
               structures of the lumbar spine. 
            

            The tensile strength or endurance of the torso has a greater effect on functional performance than flexor strength and maximum
               force. 27 Helbostad et al in their study of the consequences of fatigue of the muscles of the torso and lower extremities for balance
               and functional tasks confirmed that fatigue of the torso extensor muscles which may relate to poor endurance is associated
               with a violation of the somatosensory process, which leads to a reduction in stability and coordination. They concluded that
               static balance was affected by trunk extensor fatigue through an exaggerated postural sway. 30 A study by Anoop Joy et al concluded that a strong correlation existed between trunk extensor endurance and dynamic postural
               control and that a good amount off muscle endurance is necessary to maintain an erect posture and muscular imbalance can cause
               postural instability. 31 
            

            Our study suggests that trunk muscle endurance may not be a significant related factor impacting dynamic postural stability.
               Involvement of multiple systems in maintaining balance may be crucial toward attaining dynamic postural stability. Various
               kinetic and kinematic factors such as range of motion of hip joint strength of lower limb muscles may affect dynamic stability.
               27 Control of balance which is a complex mechanism with different systems working together can also be an important factor effecting
               balance. Thus, focusing on improving the trunk muscle endurance may not be sufficient to enhance balance and reduce the risk
               of Low back ache in Nurses. 
            

         

         
               LIMITATION

            
                  
                  	
                     Sample size was relatively small.

                  

                  	
                     Level of physical fitness was not taken into consideration.

                  

               

            

         

         
               
               RECOMMENDATION
               
            

            
                  
                  	
                     Further studies can be done on larger sample size.

                  

                  	
                     Functional limitation could be assessed to get significant results.

                  

                  	
                     Further studies can be done to find out the relationship between male and female individual.

                  

               

            

         

         
               CONCLUSION

            This study concludes that there was no significant relationship between the strength of the trunk muscles and dynamic postural
               stability among nurses. As a good dynamic stability is dependent on multiple systems working in a collective manner, trunk muscle endurance may not
               be having a significant contribution towards dynamic postural stability.
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