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Abstract 

This study examined the biopsychosocial measure related to postural control in the 

growing population of older adults (i.e., 60 years and older). The sample of the study consisted 

of 129 older adults (M = 74.45, SD = 6.95), with 34 males and 95 females, and 36 classified with 

chronic low-back pain (CLBP) and 93 without chronic low-back pain (NCLBP).  Physical and 

psychosocial constructs were analyzed as predictors for postural control measures. Also gender 

and classification of low-back pain were examined as moderators for all physical and 

psychosocial measures. Results supported that physical and psychosocial measures were able to 

significantly predict composite, visual, and vestibular balance measures, but not somatosensory 

or preference balance measures. The chair stand test, modified sit-and-reach test, sleep 

disturbance, and balance efficacy were all identified as individual significant predictors. Gender 

and CLBP did not moderate the utility of any predictor variables. Results of the current study 

support of utilizing the biopsychosocial approach for future research examining postural control 

in older adults.  

Keywords: biopsychosocial, older adults, physical, postural control, balance   
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BIOPSYCHOSOCIAL MEASURES RELATED TO POSTURAL CONTROL IN OLDER 

ADULTS 

Biopsychosocial distress associated with slips and falls, such as anxiety of falling, evading 

activities due to anxiety of falling, and decreased postural control efficacy, are often taxing 

phenomena among older adults (Deshpande et al., 2008; Greenberg, 2012: Kempen et al., 2009). 

Fall-risk can be intrinsic or extrinsic in nature. Intrinsic factors of fall-risk include advanced age, 

previous falls, muscle weakness, gait and balance problems, poor vision, postural hypotension, 

chronic illness such as arthritis, diabetes, stroke, Parkinson’s, and fear of falling. Extrinsic 

factors include environmental risks such as a lack of handrails, stairs, a lack of bars in the 

bathroom, dim lighting, slippery and uneven surfaces, psychoactive medications, and improper 

use of assistive device (CDC, n.d.).  Fall-risk is increased in the older adult population due to 

psychosocial risk factors, including anxiety and depression (Hughes et al., 2015). Fear of falling 

has been generally defined as an enduring worry about falling that causes an individual to avoid 

performing activities he or she has the ability to do (Tinetti & Powell, 1993). An intense anxiety 

of falling can be experienced by older adults that have or have not fallen. Awareness of the 

severity of falls may instill a fear in individuals, leading to behavior changes that limit functional 

capacity (Center for Gerontology at Virginia Tech, 2013). In contrast, there are beneficial health 

advantages that older adults may experience with increased physical activity (Pahor et al., 2006).  

With the population of older adults increasing in the United States at a rapid pace, the 

country has entered what is sometimes referred to as a “longevity revolution” or “graying of 

America”. This increase can be a catalyst of healthcare economic stress due to physical and 

psychosocial vulnerabilities of older adults. Older adults are at higher risk of sustaining physical 

injury and psychosocial trauma from a slip or fall (Evans & Ness, n.d.).  
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Identifying objective variables related with fall-risk would be beneficial in order to diminish 

an individual’s threat of sustaining a fall. Because experiencing a fall can be a “shattering 

experience” on the mental well-being, physical functioning, and overall quality-of-life of older 

adults, it is crucial that convenient, economical, and easy administered tests are accessible for 

routine clinical use (Swanenburg et al., 2015). As an initial step in this progression of these 

methods, this study evaluated what biopsychosocial variables were related to postural control in 

older adults. The current study examined the following biopsychosocial variables: physical 

function, sleep disturbance, fatigue, pain interference, depression, and anxiety (all measured by 

the Patient Reported Outcome Measurement Information System (PROMIS; Bajaj et al., 2011)); 

balance efficacy as measured by the Balance Efficacy Scale (BES; Lee et al., 2015); and physical 

measures of cardiovascular endurance (six-minute walk test), lower body muscular endurance 

(chair-stand test), lower body flexibility (modified and sit-and-reach test), and agility (8 ft. get-

up and go test) measured through the Senior Fitness Test (Rikli & Jones, 2001). Diagnosis of 

CLBP (classified by the NIH definition of CLBP) and gender were expected to moderate the 

utility of any of the aforementioned physical or psychosocial predictors while controlling for age 

(self-report), calculated environmental fall-risk, and medication fall-risk by the subscales of the 

Comprehensive Fall Risk Screening Instrument (CSFRI). It was expected that the 

aforementioned physical and psychosocial measures would predict overall NeuroCom 

composite, visual, vestibular, somatosensory, and preference scores of the sensory organization 

test (SOT) as measured by the NeuroCom Balance System (a computerized dynamic 

posturography device; Natus Medical Incorporated, n.d.). The current study was innovative 

because very few studies have examined physical and psychosocial measures in association with 

the multiple components of that are involved in balance.   
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The 2010 U.S. Census reported that, from the 2000 through 2010 decade, the older adult 

population in America (65 years and older specifically) increased exponentially more (15.1 %) 

than the total U.S population (9.7 %).  The population of Americans 65 years or older recorded 

40.3 million in April in 2010 (Werner, 2011). In the year of 2014, 15% of Americans were 65 

years or older. In 2030 that number is expected to increase to 20%, and by 2060, it is projected 

that 24% of Americans will be 65 years or older (Colby & Ortman, 2014: Hetzel & Smith, 2001; 

Institute of Medicine, 2011; Marcus, 2009). Falls and fall-related injuries can lead to extensive 

hospital visits, and are one of the principle reasons of diminished health and function in 

community-dwelling older adults (Englander et al., 1996). Falls can be a precursor to physical 

impairment, pain, chronic pain, fractures, disability, lower-quality-of-life, and in more extreme 

cases, are a significant cause of injury-related death in the elderly population (Halvarsson et al., 

2015; D’Arcy, 2010; Englander et al., 1996). The older adult population is more vulnerable to 

falls because of age-associated ailments that include declining vision, absence of physical 

activity, weakening neuromuscular factors, cognitive deficiencies, osteoarthritis, and the use of 

diuretic and psychotropic medications (DePasquale, 2014). These ailments result in roughly one-

fourth of older adults falling every year, with one-fifth of them needing medical attention and 

resulting in serious injury (Cumming et al., 1997). Older adults who have experienced a fall are 

twice as likely to experience another fall in contrast to their counterparts without a previous fall 

(Alexander et al., 1992; Lee et al., 2015; O’Loughlin, 1993; Sterling et al., 2001; Stevens et al., 

2012). Annually one in three older adults over the age of 65 fall, and 50% over the age of 80 will 

sustain a fall each year (Bishop et al., 2010; Donath et al., 2016).  

One contributing factor to fall risk is poor balance. In a study by Hageman and colleagues 

(1995), older adults’ demonstrated greater sway in balance measures when compared to younger 
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adults, but gender had no significant effect on balance.  In a study by Wolfson and colleagues 

(1994), older adult females had worse postural sway (balance) than did older adult males when 

taking measurements with eyes closed, but no significant differences were observed between 

genders when taking measurements in eyes open conditions.  

Maintaining postural control involves three body systems: the visual, vestibular, 

somatosensory (proprioception) systems (Fitzpatrick and McCloskey, 1994). The visual system 

allows the body to register position and movement in an environment, allowing an individual to 

receive information on how to control movement and balance (Lee, 1978). An individual gages 

distance of upcoming obstacles with optic flow. Optic flow is the phenomenon in which moving 

forward rays move outward expanding the visual image, and moving backwards the rays contract 

inward (Lee, 1980). When vision is removed, individuals can still perceive movement through 

the proprioceptive and vestibular system. Proprioceptors that are primarily located in the body’s 

muscles and tendons (particularly in the hips and ankles) are sensory nerve endings that give 

information involving the body’s position and it’s movements regarding feedback to the body’s 

shift in space (Lee & Aronoson, 1974). When standing, the body is making constant 

compensatory adjustments of the musculature through a process of feedback control. Any sway 

of the body away from one’s center of gravity has to be detected and compensated with muscular 

adjustments or balance will be lost (Lee & Aronoson, 1974). The vestibular system consists of 

the inner ear, and is a complex structure of fluid filled tubes and chambers. Specialized nerve 

endings inside the canals sense the position and movement of the head and detect direction of 

gravity. Signals sent from nerves of the vestibular system that control eye movement are 

critically important for the brain’s ability to control balance when standing and walking 

(Schoenewald & Bailey, n.d.).  Anatomical studies have shown that the number of nerve cells in 



BIOPSYCHOSOCIAL MEASURES OF POSTURAL CONTROL  10 
 

the vestibular system decrease after the age of 55, usually associated with a decrease of blood 

flow to the inner-ear (Schoenewald & Bailey, n.d.). Studies have shown vestibular stimulation 

with performed pirouettes increased static sway in female dancers (Hopper et al., 2014). In other 

research, unilateral vestibular-defective patients have been known to constitute one of the largest 

group of patients with a falling tendency that suffer from symptoms that include vertigo, 

dizziness, and hearing loss from excessive fluid in the inner-ear (Allum & Adkin, 2003; 

Schoenewald & Bailey, n.d.).  

With balance, two discrete strategies are dominant in controlling posture based on EMG 

activations, body kinematics, and ground reaction forces (Nashner & McCollum, 1985). Nashner 

and McCollum (1985) identified the ankle and hip strategies of postural control. Ankle strategy 

is characterized by body sway resembling a single-segment-inverted pendulum, whereas hip 

strategy is characterized by body sway resembling a double-segment inverted pendulum divided 

at the hip (Horak & Nashner, 1986). Mixed postural control strategies on flat support surfaces 

have been reported in patients with loss of somatosensation in the feet due to ischemia and in 

patients with Parkinson’s disease (Diener et al., 1984; Horak et al., 1990; Horak et al., 1992).   

Twenty to thirty percent of individuals who fall suffer an injury (i.e. low back pain) that will 

reduce mobility and independence and increase the risk of premature death (Freeman et al., 

2002). If older adults experience a fall, they can be at a higher-risk for a fall in the future. It has 

been supported that restricting one's physical activity for fear of an increased risk of sustaining a 

fall may be beneficial in the short term. When physical activity becomes limited, and is 

disproportionate to an individual’s physical capabilities, sensorimotor deconditioning, reduced 

postural control, decreased muscular strength, decreased muscular flexibility, decreased 

muscular and cardiovascular endurance, and increased risk-of-falls can be a consequence from 
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avoidance of activity (Daniel, 2012; Delbaere et al., 2004; Hull et al., 2012; Moore & Ellis, 

2008). Consequently falls are the leading cause of injury deaths among individuals over the age 

of 65.Half of the falls experienced will occur in an individual’s own home (Lord et al., 1992; 

Tinetti, 2003). Prior studies have demonstrated how range of motion in the hamstrings can 

increase with improved postural control (Kuszewski et al., 2009), and agility has been shown to 

be a reliable and valid predictor of fall risk among adults (Botolfsen et al., 2006). Even though 

psychosocial concerns are predominant in individuals who have sustained a fall, people who 

have had no history of a previous fall can also be negatively affected. For example, in a large 

population-based investigation involving 926 elderly individuals, found that 70% of individuals 

who reported having a fear-of-falling had no history of falls within the prior year (Deshpande et 

al., 2008). Consequently, the effects of restrictive movement does not just influence physical 

deconditioning, but studies have found that avoiding activities due to fall-related anxiety can 

exacerbate social isolation, diminish quality-of-life, and is associated with depressive symptoms 

(Boyd & Stevens, 2009; Hull et al., 2012; Moore et al., 2011). 

Within the scientific literature, an array of psychosocial factors associated with falls has been 

acknowledged. Factors such as anxiety from fear of falling, avoiding activities due to fear-of-

falling, a decline in balance efficacy, and an unrealistic fear about the consequences of falling 

have all been shown to be influenced by the experience of a fall (Moore et al., 2008; Moore et 

al., 2011; Jorstad et al., 2005). The psychosocial occurrence of having a persistent fear-of-falling 

could contribute to exacerbating the threat for later falls, thus further hampering physical activity 

(Boyd & Stevens, 2009) as well as being an initiator for deviations in gait mechanics that follow 

disorganized gait features (i.e. exaggerated shorter strides; Toebes et al., 2015). Disorganized 

gait features and fear of physical activity further intensifies the threat of a fall. For example, 
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Petrella and colleagues (2000) found that the focused-avoidance of physical activity was 

associated in those who had a fear-of-falling. Relatedly, a decrease in muscle mass (a marker of 

physical frailty, often from inactivity) is often seen in older adults with chronic low back pain 

(CLBP; Hanada et al., 2011). Physical activity, in contrast, has been established to improve 

physiological measures, such as muscle tone, balance, and flexibility, making the possibility of 

experiencing a fall less likely (Pike, 2011). 

Older adults often evade physical activity, making their risk for a fall greater (Arfken et al., 

1994). Not only does declining physical function influence postural control, but evidence also 

suggests that decreased physical function has an impact on psychosocial health (Stubbs, 2015). 

Evasion from physical movement adversely affects an older adult’s postural control, and also 

diminishes the quality of mental well-being. For example, research conducted by Morgan and 

colleagues (2013) found a strong relation among physical activity and psychological wellbeing, 

demonstrating that older adults who are consistent in being physically active are less susceptible 

to suffer depression, and have improved psychological wellbeing. Balance efficacy, can be 

defined as a person’s perceived self-confidence regarding their ability to avoid falls while 

performing identified activities (Bishop et al., 2010). Balance efficacy has been supported to be a 

predictor of sustained falls in individuals (Carpenter et al., 2006), poor postural control, reduced 

physical function, and increased fall risk (Lee et al., 2016). Klima and colleagues (2012) found 

that balance efficacy was significantly correlated with balance ability and functional mobility in 

older adult men. Also, a great body of research reveals that a lack physical activity, or living a 

sedentary lifestyle, leads to a decline in postural control and, therefore, increasing fall risk 

(Stubbs et al., 2015).  Adequate exercise can have an influence in reducing falls in older adults 

by enhancing biopsychosocial functioning (Stubbs et al., 2015).  
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The relationship among psychosocial constructs (i.e. anxiety, depression, and sleep 

disturbance), low-back pain, and falls, is not comprehensively understood. Therefore, research 

still needs to delineate the associations among psychosocial measures, CLBP, recent falls 

sustained, fall-risk, and exercise interventions efficacy to positively impact these aforementioned 

variables. To date, pain has been documented to have a relationship with mobility restrictions 

(Karttunen et al., 2012), as well as balance and gait deficits (Leveille et al., 2001; Leveille et al., 

2002; Lamb et al., 2000). Other research has found pain to be associated with fear of falling 

(Scheffer et al., 2008), and actual falls (Deandrea et al., 2010; Stubbs et al., 2014).  Fear of 

movement, and specifically fear avoidance, has been documented to also be associated with pain 

(Vlaeyen & Linton, 2000; Sions & Hicks, 2011). A study conducted by Hulla and colleagues 

(2016) provides an example of these new important issues. The study found in demographically-

matched elderly individuals, those with CLBP were significantly worse on constructs of physical 

function, fatigue, pain interference, and approached significance for sleep disturbance. It was 

also found that NeuroCom balance measures (a force plate that measures center of gravity in 

several different conditions in which the surrounding wall and a force plate move in relation to 

the sway of the participant) and psychosocial measures did significantly predict CLBP. In 

another study, pain was a significant predictor in “fall efficacy” or an individual’s perception of 

confidence in avoiding a fall, balance confidence, fear-of-falling, and perceived consequences of 

falling in the community-dwelling older population (Stubbs et al., 2014)..  

Older adults also are more vulnerable to experiencing psychosocial ailments because of 

their susceptibility to pain disorders. For example Bradbeer and colleagues (2003) found that 

older adults who demonstrated signs of depression were more likely to have symptoms of 

chronic pain than their counterparts who are not depressed. Like depression, anxiety can 
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influence the experience of chronic pain (Van Haastregt et al., 2008). The older adult population 

tends to have greater anxiety, especially in regards to fear-of-falling (Howland et al., 1993). This 

fear can lead to limited movement (Van Haastregt et al., 2008), which as mentioned previously 

can intensify pain and weaken balance capabilities. In general the compounding problem with 

chronic pain and aging affecting psychosocial well-being has been well-supported by a body of 

evidence. For example, in cases of chronic osteoarthritis, pain has been associated with physical 

inactivity, which was then followed by further avoiding physical activity (Messier et al., 2000). 

Such a cycle of reduced participation in physical activity and increased pain further increases the 

risk of future falls and serious injury due to frailty from a decrease in physical function, 

intensified aliments of sarcopenia (Toebes et al., 2015) and osteoporosis (Halvarsson et al., 

2015), and stiffening of skeletal muscles (Mazzeo et al. 1998).  

Studies have supported that fatigue impairs sensorimotor performance, reduces spinal 

reflexes and compromises the interaction of antagonistic muscles (Ritzmann, 2015), which can 

directly be related to an individual’s postural control. Studies done by Lepers and colleagues 

(1997) and Burdet and Rougier (2004) examined fatigue induced by cardiovascular activities of 

cycling and running and found significant effects on an individual’s ability to maintain postural 

control. Other studies have examined cardiovascular induced fatigue in older adults specifically 

and have found that after performing tasks, such as bicycling and walking, balance performance 

has decreased (Donath et al., 2012; Donath et al., 2015; Stemplewski et al., 2012). Donath and 

colleagues (2015) suggested that having a superior endurance capacity might attenuate fatigue 

induced declines in postural control in general activities of daily living. A study by Hopper and 

colleagues (2014) found that induced lower body fatigue through repetitive jumps increased 

static sway in dancers. Yaggie and McGregor (2002) conducted a study of induced fatigue 
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through resisted muscular contractions with isokinetic exercises of the plantarflexors and 

dorsiflexors of the ankles, and found greater mediolateral sway in participants after the isokinetic 

ankle exercises were performed. A study observing balance training found that improved 

postural control also enhanced rate of force development in leg extensors (Granacher et al., 

2010), suggesting that increasing leg strength may coincide with enhancing an individual’s 

postural control. Cardiovascular endurance measured by the 6-minute walk and 2-minute step 

test, and agility as measured by the 8ft. get-up-and-go test have been significantly associated 

with balance efficacy (Lee et al., 2016). In contrast, chronic fatigue patients have been found to 

score worse on balance measures in comparison to healthy controls (Rasouli et al., 2015). 

Pain also has been shown to influence sleep quality (Lautenbacher et al., 2006). Sleep 

quality intern, influenced balance capabilities. For example, a study conducted by Furtado and 

colleagues (2016) demonstrated the individuals with worse sleep quality perform worse on a 

balance test with eyes closed. Jorgensen and colleagues (2012) found that participants who 

described being “sleepy” had increased postural sway than participants who reported being well-

rested. Other research has shown that sleep disorders have a negative impact on postural control. 

Balance deterioration can occur just after one night without sleep and can be responsible for 

work accidents and falls among older adults (Aguiar & Barela, 2014; Aguiar & Barela, 2015; 

Albuquerque et al., 2012; Bougard & Davenne, 2014; Gauchard et al., 2008; Gomez et al., 2008; 

Gribble & Hertel, 2004; Karita et al., 2006; Ku et al., 2012; Kurz et al., 2013; Patel et al., 2008).  

It should also be noted that the economic impact of pain and falling is critical when 

projecting future costs, treatment, and detection methods for fall-risk and pain. More recently, 

the 2011 Institute of Medicine Report highlighted that musculoskeletal pain is the most common 

type of chronic pain, with CLBP being the most prevalent type of chronic pain documented. 
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Gaskin and Richard (2012) also found the economic cost of pain in America fluctuated from 

$560 to $635 billion in 2010, and encompassed health care cost and loss of work productivity 

associated to pain, which is a greater annual cost than heart disease ($309 billion), cancer ($243 

billion) and diabetes ($188 billion). As importantly, pain is vastly rampant in the community-

dwelling elderly population, with up to 76% affected by pain (Abdulla et al., 2013; Patel et al., 

2013). The nation spends $30 billion a year treating older adults for the effects of falls, and if the 

rate of falls does not start decreasing, it is projected that direct treatment costs will reach 59.6 

billion by 2020, additionally a quarter of hip-fracture patients will be in nursing homes for at 

least a year, further adding to Medicaid costs (National Council of Aging, n.d.). Low-back pain 

affects more than 30% of community-dwelling older adults (Weiner et al., 2003), and is one of 

the most common reasons for physician visits (Hart et al., 1995). Therefore, with the “graying of 

America”, or the current “longevity revolution” happening in America, the economic burden of 

CLBP and falls will increase in the future if other approaches to manage the illness are not 

developed. Awareness of the older-population trends contributes to amplified issues about 

healthcare concerns among elderly adults, including CLBP.  

Study Overview 

The aim of the study was to examine if biopsychosocial measures (psychosocial measures 

from the PROMIS and BES, and physical measures from SFT) would predict overall balance 

(composite score), and individual systems of balance (vestibular, visual, somatosensory, and 

preference scores) in community-dwelling older adults. 

Hypotheses 

H01: Physical variables of sit-and-reach, chair stands, 8ft.-get-up-and-go, and six minute walk 

test as measured by the SFT, while controlling for the aforementioned psychosocial measures 
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(physical function, anxiety, depression, fatigue, sleep disturbance, pain interference, balance 

efficacy) from the PROMIS and BES, age (self-report), calculated environmental fall-risk and 

medication use (from the CFRSI) as covariates would predict the NeuroCom balance system 

composite scores. It was also hypothesized that the diagnosis of CLBP and gender will moderate 

the utility of the predictor variables. 

Statistical Analysis: A multiple hierarchical multiple regression model was conducted with 

composite balance scores as the sole dependent variable. Psychosocial measures of physical 

function, sleep disturbance, fatigue, pain interference, depression, anxiety, as measure by the 

PROMIS and balance efficacy as measured by the BES, were calculated into a factor score 

coefficient (FSC) with a principal component analysis that was used as a covariate in order to 

measure the predictability of the physical variables, while controlling for psychosocial measures 

and maintaining the proper amount of predictors for the models’ power. Along with the FSC of 

the psychosocial measures, age, calculated environmental fall risk, and calculated medication fall 

risk were covariates in the analysis. In the first-step of each hierarchical multiple regression 

model the covariates were entered into step one of the model to measure. In step two of the 

hierarchical multiple regression model, the four physical predictor variables (sit-and-reach, chair 

stand, 8ft.-get-up-and-go, and six minute walk tests) were introduced. For step three of the 

hierarchical multiple regression model, the moderators of CLBP and gender were introduced. 

Finally, in step four of the hierarchical multiple regression model, the interaction among the 

moderators and predictor variables were introduced. 

H02: Physical variables of sit-and-reach, chair stands, 8ft.-get-up-and-go, and six minute walk 

test while controlling for the aforementioned psychosocial measures, age, calculated 

environmental fall-risk, and medication use as covariates would predict the NeuroCom balance 
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system visual scores. It was also hypothesized that the diagnosis of CLBP and gender would 

moderate the utility of the predictor variables. 

Statistical Analysis: A multiple hierarchical multiple regression model was conducted with 

visual balance scores as the sole dependent variable. Psychosocial measures of physical function, 

sleep disturbance, fatigue, pain interference, depression, anxiety, and balance efficacy were 

calculated into a FSC with a principal component analysis that was used as a covariate in order 

to measure the predictability of the physical variables, while controlling for psychosocial 

measures and maintaining the proper amount of predictors for the models’ power. Along with the 

FSC of the psychosocial measures, age, calculated environmental fall risk, and calculated 

medication fall risk were covariates in the analysis. In the first-step of each hierarchical multiple 

regression model the covariates were entered into step one of the model to measure. In step two 

of the hierarchical multiple regression model, the four physical predictor variables (sit-and-reach, 

chair stand, 8ft.-get-up-and-go, and six minute walk tests) were introduced. For step three of the 

hierarchical multiple regression model, the moderators of CLBP and gender were introduced. 

Finally, in step four of the hierarchical multiple regression model, the interaction among the 

moderators and predictor variables were introduced. 

H03: Physical variables of sit-and-reach, chair stands, 8ft.-get-up-and-go, and six minute walk 

test, while controlling for the aforementioned psychosocial measures, age, calculated 

environmental fall-risk and medication use as covariates would predict the NeuroCom balance 

system vestibular scores. It was also hypothesized that the diagnosis of CLBP and gender would 

moderate the utility of the predictor variables. 

Statistical Analysis: A multiple hierarchical multiple regression model was conducted with 

vestibular balance scores as the sole dependent variable. Psychosocial measures of physical 
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function, sleep disturbance, fatigue, pain interference, depression, anxiety, and balance efficacy 

were calculated into a FSC with a principal component analysis that was used as a covariate in 

order to measure the predictability of the physical variables, while controlling for psychosocial 

measures and maintaining the proper amount of predictors for the models’ power. Along with the 

FSC of the psychosocial measures, age, calculated environmental fall risk, and calculated 

medication fall risk were covariates in the analysis. In the first-step of each hierarchical multiple 

regression model the covariates were entered into step one of the model to measure. In step two 

of the hierarchical multiple regression model, the four physical predictor variables (sit-and-reach, 

chair stand, 8ft.-get-up-and-go, and six minute walk tests) were introduced. For step three of the 

hierarchical multiple regression model, the moderators of CLBP and gender were introduced. 

Finally, in step four of the hierarchical multiple regression model, the interaction among the 

moderators and predictor variables were introduced. 

H04: Physical variables of sit-and-reach, chair stands, 8ft.-get-up-and-go, and six minute walk 

test, while controlling for the aforementioned psychosocial measures, age, calculated 

environmental fall-risk and medication use from the CFRSI as covariates would predict the 

NeuroCom balance system somatosensory scores. It was also hypothesized that the diagnosis of 

CLBP and gender would moderate the utility of the predictor variables. 

Statistical Analysis: A multiple hierarchical multiple regression model was conducted with 

somatosensory balance scores, as the sole dependent variable. Psychosocial measures of physical 

function, sleep disturbance, fatigue, pain interference, depression, anxiety, and balance efficacy 

were calculated into a FSC with a principal component analysis that was used as a covariate in 

order to measure the predictability of the physical variables, while controlling for psychosocial 

measures and maintaining the proper amount of predictors for the models’ power. Along with the 
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FSC of the psychosocial measures, age, calculated environmental fall risk, and calculated 

medication fall risk were covariates in the analysis. In the first-step of each hierarchical multiple 

regression model the covariates were entered into step one of the model to measure. In step two 

of the hierarchical multiple regression model, the four physical predictor variables (sit-and-reach, 

chair stand, 8ft.-get-up-and-go, and six minute walk tests) were introduced. For step three of the 

hierarchical multiple regression model, the moderators of CLBP and gender were introduced. 

Finally, in step four of the hierarchical multiple regression model, the interaction among the 

moderators and predictor variables were introduced. 

H05: Physical variables of sit-and-reach, chair stands, 8ft.-get-up-and-go, and six minute walk 

test as measured by the SFT, while controlling for the aforementioned psychosocial measures 

from the PROMIS and BES, age, calculated environmental fall-risk and medication use from the 

CFRSI as covariates would predict the NeuroCom balance system preference scores. It was also 

hypothesized that the diagnosis of CLBP and gender would moderate the utility of the predictor 

variables. 

Statistical Analysis: A multiple hierarchical multiple regression model was conducted with 

preference balance scores, as the sole dependent variable. Psychosocial measures physical 

function, sleep disturbance, fatigue, pain interference, depression, anxiety, as measure by the 

PROMIS and balance efficacy as measured by the BES, were calculated into a FSC with a 

principal component analysis that was used as a covariate in order to measure the predictability 

of the physical variables, while controlling for psychosocial measures and maintaining the proper 

amount of predictors for the models’ power. Along with the FSC of the psychosocial measures, 

age, calculated environmental fall risk, and calculated medication fall risk were covariates in the 

analysis. In the first-step of each hierarchical multiple regression model the covariates were 
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entered into step one of the model to measure. In step two of the hierarchical multiple regression 

model, the four physical predictor variables (sit-and-reach, chair stand, 8ft.-get-up-and-go, and 

six minute walk tests) were introduced. For step three of the hierarchical multiple regression 

model, the moderators of CLBP and gender were introduced. Finally, in step four of the 

hierarchical multiple regression model, the interaction among the moderators and predictor 

variables were introduced. 

H06: Psychosocial variables of physical function, sleep disturbance, fatigue, pain interference, 

depression, and anxiety as measured by the PROMIS, and balance efficacy as measured by the 

BES, while controlling for the aforementioned physical measures from the SFT, age, calculated 

environmental fall-risk and medication use from the CFRSI as covariates would predict the 

NeuroCom balance system composite scores. It was also hypothesized that the diagnosis of 

CLBP and gender would moderate the utility of the predictor variables. 

Statistical Analysis: A multiple hierarchical multiple regression model was conducted with 

composite balance scores as the sole dependent variable. Physical measures of the sit-and-reach, 

chair stand, 8ft.-get-up-and-go, and six minute walk tests, were calculated into a FSC with a 

principal component analysis that was used as a covariate in order to measure the predictability 

of the psychosocial variables, while controlling for physical measures and maintaining the proper 

amount of predictors for the models’ power. Along with the FSC of the physical measures, age, 

calculated environmental fall risk, and calculated medication fall risk were covariates in the 

analysis. In the first-step of each hierarchical multiple regression model the covariates were 

entered into step one of the model to measure. In step two of the hierarchical multiple regression 

model, the six psychosocial predictor variables (physical function, sleep disturbance, fatigue, 

pain interference, depression, anxiety, and balance efficacy) were introduced. For step three of 



BIOPSYCHOSOCIAL MEASURES OF POSTURAL CONTROL  22 
 

the hierarchical multiple regression model, the moderators of CLBP and gender were introduced. 

Finally, in step four of the hierarchical multiple regression model, the interaction among the 

moderators and predictor variables were introduced. 

H07: Psychosocial variables of physical function, sleep disturbance, fatigue, pain interference, 

depression, and anxiety, and balance efficacy as, while controlling for the aforementioned 

physical measures, age, calculated environmental fall-risk and medication use as covariates 

would predict the NeuroCom balance system visual scores. It was also hypothesized that the 

diagnosis of CLBP and gender would moderate the utility of the predictor variables. 

Statistical Analysis: A multiple hierarchical multiple regression model was conducted with 

visual balance scores as the sole dependent variable. Physical measures of the sit-and-reach, 

chair stand, 8ft.-get-up-and-go, and six minute walk tests, were calculated into a FSC with a 

principal component analysis that was used as a covariate in order to measure the predictability 

of the psychosocial variables, while controlling for physical measures and maintaining the proper 

amount of predictors for the models’ power. Along with the FSC of the physical measures, age, 

calculated environmental fall risk, and calculated medication fall risk were covariates in the 

analysis. In the first-step of each hierarchical multiple regression model the covariates were 

entered into step one of the model to measure. In step two of the hierarchical multiple regression 

model, the six psychosocial predictor variables (physical function, sleep disturbance, fatigue, 

pain interference, depression, anxiety, and balance efficacy) were introduced. For step three of 

the hierarchical multiple regression model, the moderators of CLBP and gender were introduced. 

Finally, in step four of the hierarchical multiple regression model, the interaction among the 

moderators and predictor variables were introduced. 
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H08: Psychosocial variables of physical function, sleep disturbance, fatigue, pain interference, 

depression, and anxiety, and balance efficacy, while controlling for the aforementioned physical 

measures, age, calculated environmental fall-risk and medication use as covariates would predict 

the NeuroCom balance system vestibular scores. It was also hypothesized that the diagnosis of 

CLBP and gender would moderate the utility of the predictor variables. 

Statistical Analysis: A multiple hierarchical multiple regression model was conducted with 

vestibular balance scores as the sole dependent variable. Physical measures of the sit-and-reach, 

chair stand, 8ft.-get-up-and-go, and six minute walk tests, were calculated into a FSC with a 

principal component analysis that was used as a covariate in order to measure the predictability 

of the psychosocial variables, while controlling for physical measures and maintaining the proper 

amount of predictors for the models’ power. Along with the FSC of the physical measures, age, 

calculated environmental fall risk, and calculated medication fall risk were covariates in the 

analysis. In the first-step of each hierarchical multiple regression model the covariates were 

entered into step one of the model to measure. In step two of the hierarchical multiple regression 

model, the six psychosocial predictor variables (physical function, sleep disturbance, fatigue, 

pain interference, depression, anxiety, and balance efficacy) were introduced. For step three of 

the hierarchical multiple regression model, the moderators of CLBP and gender were introduced. 

Finally, in step four of the hierarchical multiple regression model, the interaction among the 

moderators and predictor variables were introduced. 

H09: Psychosocial variables of physical function, sleep disturbance, fatigue, pain interference, 

depression, and anxiety, and balance efficacy, while controlling for the aforementioned physical 

measures, age, calculated environmental fall-risk and medication use as covariates would predict 
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the NeuroCom balance system somatosensory scores. It was also hypothesized that the diagnosis 

of CLBP and gender would moderate the utility of the predictor variables. 

Statistical Analysis: A multiple hierarchical multiple regression model was conducted with 

somatosensory balance scores as the sole dependent variable. Physical measures of the sit-and-

reach, chair stand, 8ft.-get-up-and-go, and six minute walk tests, were calculated into a FSC with 

a principal component analysis that was used as a covariate in order to measure the predictability 

of the psychosocial variables, while controlling for physical measures and maintaining the proper 

amount of predictors for the models’ power. Along with the FSC of the physical measures, age, 

calculated environmental fall risk, and calculated medication fall risk were covariates in the 

analysis. In the first-step of each hierarchical multiple regression model the covariates were 

entered into step one of the model to measure. In step two of the hierarchical multiple regression 

model, the six psychosocial predictor variables (physical function, sleep disturbance, fatigue, 

pain interference, depression, anxiety, and balance efficacy) were introduced. For step three of 

the hierarchical multiple regression model, the moderators of CLBP and gender were introduced. 

Finally, in step four of the hierarchical multiple regression model, the interaction among the 

moderators and predictor variables were introduced. 

H10: Psychosocial variables of physical function, sleep disturbance, fatigue, pain interference, 

depression, and anxiety, and balance efficacy, while controlling for the aforementioned physical 

measures, age, calculated environmental fall-risk and medication use as covariates will predict 

the NeuroCom balance system preference scores. It is also hypothesized that the diagnosis of 

CLBP and gender will moderate the utility of the predictor variables. 

Statistical Analysis: Using multiple hierarchical multiple regression model preference balance 

scores, was the sole dependent variable. Physical measures of the sit-and-reach, chair stand, 8ft.-
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get-up-and-go, and six minute walk tests, were calculated into a FSC with a principal component 

analysis that was used as a covariate in order to measure the predictability of the psychosocial 

variables, while controlling for physical measures and maintaining the proper amount of 

predictors for the models’ power. Along with the FSC of the physical measures, age, calculated 

environmental fall risk, and calculated medication fall risk were covariates in the analysis. In the 

first-step of each hierarchical multiple regression model the covariates were entered into step one 

of the model to measure. In step two of the hierarchical multiple regression model, the six 

psychosocial predictor variables (physical function, sleep disturbance, fatigue, pain interference, 

depression, anxiety, and balance efficacy) were introduced. For step three of the hierarchical 

multiple regression model, the moderators of CLBP and gender were introduced. Finally, in step 

four of the hierarchical multiple regression model, the interaction among the moderators and 

predictor variables were introduced. 

METHODS 

Database 

Participants consisted of older adults (age 60 and older) from the Center for Healthy 

Living and Longevity (hereafter, to be referred to as CHLL) who had participated in the CHLL 

program from August 2015 through May 2017 at the University of Texas at Arlington. All 

measurements were taken prior to participants’ participation in the CHLL program each 

semester. Participants were recruited from the local community through scheduled presentations 

about the CHLL (located at the University of Texas at Arlington) at various places: retired 

faculty gatherings, word-of-mouth from friends, churches, and even doctor recommendations. 

The Office of Justice Programs released a report titled Our Aging Population: Promoting 

Empowerment, Preventing Victimization, and Implementing Coordinated Interventions in the 
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year 2000 that focused on older adults of 60 years or older, which is why the definition of older 

adults in this study was 60 years and older. All participants will have provided informed consent 

to participate per the Institutional Review Board (IRB) at the University of Texas at Arlington. 

Sample demographics are displayed in table 1. 

Table 1. Sample Descriptives 

  
Measure M SD N 

Age 74.45 6.95 129 

Male - - 34 

Female - - 95 

CLBP - - 36 

NCLBP - - 93 

 

Instruments 

The PROMIS was a computer-adaptive test, designed to measure the following 7 

psychosocial constructs: physical function, anxiety, depression, fatigue, sleep disturbance, ability 

to participate in social roles and activities, and pain interference (Bajaj et al., 2011). The 

PROMIS has been tested and validated for concurrent and discriminant validity, test-retest 

reliability, as well as participant preference for measuring health-related quality-of-life (Bajaj et 

al., 2011). The computer-adaptive aspect of the PROMIS provides the advantage in that 

information was drawn from a large database, and was formatted to a specific individual, based 

on the individual’s response to the previous question (Bajaj et al., 2011). The NIH has been 

encouraging its use and has extensively developed it to achieve validation in the general 

population. Each participant was assigned a computer, and a test profile was created before 

taking the assessment.  

The dimensions of the PROMIS item banks have been specifically developed using patients’ 

representative of the 2000 United States census (Baja et al., 2011). There are subsequent 
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question banks for each distinctive domain (anxiety, depression, fatigue, pain-interference, sleep 

disturbance, and physical function). There were 95 questions pertaining to fatigue; 124 questions 

regarding physical function; 28 questions with respect to depression; 41 in the pain-interference 

bank; 39 questions with regards to pain-behavior; 29 questions each in the anxiety and fear 

domains; 27 questions about sleep disturbances; 12 and 14 in the social impairment and social 

roles dimensions, respectively; and 16 questions in the sleep impairment construct. The PROMIS 

was a computer-automated-test (CAT) that selected a group of questions from the item bank for 

the participants to respond to, generally 4–12 questions per construct. The CAT presented the 

first question and, based on the individual’s answer, selected following questions from the 

question pool, until the answers satisfied the precision criteria of 80% reliability (Baja et al., 

2011). The consequential outcome was a score and standard deviation based on the standardized 

United States population. The mean score is 50, and the standard deviation is 10. An individual 

score is given per each dimension. Each dimension provides a total score, a score compared with 

the general United States population, a score compared with patients in the same age group, and 

a score compared with non-patients in the same age group. Each score is reported as either better 

or worse than the United States population norms (Baja et al., 2011). 

The NIH case-definition of CLBP inventory was be used to classify participants into having 

or not having CLBP. The criteria for having CLBP included having low-back pain for greater 

than three months; and having low-back pain at a frequency of at least half the days in the past 

six months.  

The NeuroCom Balance System detected any changes in an individuals’ balance over time 

by evaluating their aptitude to regulate their center of gravity in various motor and sensory 

conditions. The participant stood on a force plate, facing into a three-sided surround. The visual 
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surround and force plate moved in reaction to the participants’ forwards and backwards sway, 

generating a distorted proprioceptive or visual input to the brain. This alteration caused the 

participant to rely greatly on alternate senses to maintain equilibrium. Body sway referred to 

changes in the center of the persons applied force as a result of moving forwards or backwards. 

Postural control was measured using the sensory organization test (SOT) and strategy analysis 

under six conditions, with a NeuroCom Balance System SOT. The SOT procedure accurately 

identified aberrations in the participant’s use of the three sensory systems that encompassed 

postural control: somatosensory, visual, and vestibular (Ritchie & Palomaki, 2004). Throughout 

the assessment, inaccurate information was delivered to the participant’s eyes, feet, and joints 

through “sway referencing” of the support surface and/or the visual surround. The participants 

will be fitted with a cushioned vest that is attached to the NeuroCom Balance System outer-

structure in order to prevent the participant from experiencing an actual fall. Each condition was 

executed three times. Outcome measures for this test included: (1) Strategy Analysis, which 

measured the relative amount of movement of ankle-strategy and hip-strategy the participant 

used to maintain balance throughout each trial; (2) Equilibrium Score, which quantified the 

center of gravity (COG) sway or postural stability; (3) Sensory Analysis ratios, which were used 

in conjunction with the participant’s equilibrium scores to detect deficiencies of the participant’s 

sensory systems; and (4) COG alignment, which plotted the individual’s COG position at the 

beginning of each trial of the SOT, in which each mark determined COG alignment during a 

single SOT trial, relative to the center of the base of support. The four measures were then 

combined for use as a composite score. Along with a composite score, the NeuroCom Balance 

System also provides separate scores for the somatosensory, visual, and vestibular systems, as 

well as preference (hip-to-ankle dominance). 
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Assessing physical measures for the participants was conducted through the SFT. After the 

participants’ postural control was assessed with the NeuroCom Balance System, participants 

were be assessed for the components of physical fitness in upper- and lower-limb muscular 

strength, endurance and flexibility, and cardiovascular endurance through the Senior Fitness Test 

published by Human Kinetics, which evaluated functional fitness performance of elderly adults 

(Rikli & Jones, 2001). The battery of physical tests that participants completed in the SFT were: 

chair-stands (number of stands in 30-seconds); arm curls (number of reps in 30-seconds); 6-

minute walk (distance in yards); 2-minute step test (number of steps); chair sit and reach 

(modified sit and reach) in inches; back scratch in inches; and the 8ft.-get-up-and-go in seconds. 

Participants were then questioned on the amount of falls they had in the past year and six 

months. For the current study, the physical measures that will be examined from the SFT will be 

lower body measures in nature, and included chair stands completed in 30-seconds; a 6-minute 

walk test that measured how far the participants could walk in 6-minutes; an 8ft.-get-up-and-go 

agility test (which consisted of the participants standing up out of a chair and moving around a 

marker that was eight-feet from the chair and then sitting back down); and a modified sit and 

reach test to measure lower body flexibility. All physical fitness scorecards, NIH CLBP 

definition inventories, and consent forms have been stored in a locked file cabinets, and locked 

in the lab, and later de-identified and coded into IBM’s Statistical Package for Social Science 

(SPSS).  

To obtain demographic information that included the CFRSI included five subscales the 

American and British Geriatric Society (2011) identified fall-risk factors (history of falls, the use 

of an assistive device, arthritic diagnosis, and age of an individual), a physical risk subscale  

(mobility and agility/speed test scores), a medication subscale (information regarding the use of 



BIOPSYCHOSOCIAL MEASURES OF POSTURAL CONTROL  30 
 

high-risk medication, such as psychotropic, anti-arrhythmic, digoxin/lanoxin, and diuretics, 

information of multiple pharmacists, and the experience of medication side-effects), a vision 

subscale (visual acuity, visits to the optometrists, the use of prescription lenses) and an 

environment subscale (calculated with information regarding hazards that exist in the 

participants home). The relative risk ratio and odds ratio (developed by Fabre et al., 2010) were 

used to weigh each and calculate each fall-risk subscale, and all five of the subscale scores were 

averaged for a total fall-risk score. 

To measure the participant’s perceived confidence in their balance the BES was used. The 

BES is an 18 question psychometric assessment of balance confidence survey developed by the 

California State University at Fullerton’s Center for Successful Aging. 

Scoring 

During the SOT, participants will be assessed under 6 conditions (three trials per condition), 

for a total of 18 trials. Each duration of the trial was 30 seconds. The force plate and visual 

surround shifted in response to the participant’s center of gravity sway. The inclusive composite 

score provided an overall score of the participant’s ability to endure postural stability throughout 

all conditions. The individual’s’ sensory system scores (vestibular, visual, somatosensory) were 

derived from the overall pattern of scores in each of the six conditions. The composite score was 

the weighted average that encompassed the average scores of conditions 1–6 (Biggan et al., 

2014). 

The strategy analysis score or preference was computed by plotting the data from the force 

plate and the equilibrium scores together, in order to quantify the amount of movement of the 

ankles or the hips. The strategy analysis score reflected the extent of movement concerning the 

ankles (ankle-dominant strategy) and hips (hip-dominant strategy) that was used to sustain 
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postural stability throughout each trial. The closer the scores were to 100, the more ankle-

dominant strategy was used to maintain stability. Conversely, scores closer to zero reflected a 

more hip-dominant strategy used to maintain postural control. Typically, as stability was 

sustained, individuals utilized primarily an ankle-dominant strategy, shifting to a more hip-

dominant strategy under conditions where postural control was more difficult to maintain 

(Biggan et al., 2014).  

Procedures 

 Participants first consented to the IRB-approved protocol of the current study. After 

consent, participants completed the NIH case-definition of CLBP inventory, with paper and 

pencil. The PROMIS was then be administered, followed the CFRSI and then the BES. When the 

participants finish the PROMIS, CFSRI, and BES they were logged out of their profile and 

results were saved, to be accessed later in order to be de-identified and transferred and coded into 

SPSS.  

After the PROMIS, CFSRI, and BES were administered, participants completed the SOT on 

The NeuroCom Balance System to acquire postural control scores. The scores were de-identified 

and transferred into an SPSS for statistical analysis.  

The last test administered was the SFT. All measures were collected on a score sheet, and 

then again de-identified and inputted into SPSS for statistical analysis. All tests were 

administered by a senior graduate student, and graduate and undergraduate research assistants. 

The current study examined the following biopsychosocial variables: physical function, 

sleep disturbance, fatigue, pain interference, depression, and anxiety, as measured by the 

PROMIS; balance efficacy as measured by the BES; and physical measures of cardiovascular 

endurance (six-minute walk test), lower body muscular endurance (chair-stand test), lower body 
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flexibility (modified and sit-and-reach test), and agility (8 ft. get-up and go test) measured by the 

SFT. It also examined if CLBP and gender moderated the utility of any of the aforementioned 

biopsychosocial predictors, while controlling for age (self-report), calculated environmental fall-

risk, and medication fall-risk measured by the subscales of the CSFRI. The assumption was that 

the aforementioned biopsychosocial measures would predict overall NeuroCom composite, 

visual, vestibular, somatosensory, and preference scores of the SOT, as measured by the 

NeuroCom Balance System using several multiple regression models. 

Power Analysis 

Using a priori multiple regression G*Power (Faul et al., 2009), with 12 predictor 

variables requiring a medium effect size of f2 = .15, and a regression critical coefficient of F = 

1.84, a sample size of N = 127, was needed to find significance at a probability error of α = .05. 

With a sample size of N = 129, the study had the power to use up to 12 predictors in the 

regression models. 

Statistical Analysis for Physical Predictors 

Second order principal components analysis was conducted on psychosocial and physical 

variables separately, and the first factor score for each was saved and used as covariates in the 

multiple hierarchical multiple regression models that examined psychosocial and physical 

measures separately as the predictor variables, while maintaining a proper power for the 

analyses.  

Using hierarchical multiple regression models composite, visual, vestibular, 

somatosensory, and preference balance scores as measured by the NeuroCom Balance System, 

were the sole dependent variables for each multiple hierarchical multiple regression model. 

Psychosocial measures of the anxiety, depression, fatigue, sleep disturbance, pain interference, 
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and balance efficacy as measured by the PROMIS and BES respectively, were calculated into a 

FSC with a principal component analysis that was used as a covariate in order to measure the 

predictability of the physical variables while controlling for psychosocial measures and 

maintaining the proper amount predictors for the models power. Along with the FSC of the 

psychosocial measures, age, calculated environmental fall risk, calculated medication fall risk 

were covariates in the analysis. In the first-step of each hierarchical multiple regression model 

(five separate models to measure the predictability of composite, visual, vestibular, 

somatosensory, and preference balance scores) the covariates were entered in to step one of the 

model. In step two of each hierarchical multiple regression model, the four physical predictor 

variables (modified sit-and-reach, chair stands, 8ft.-get-up-and-go, and six minute walk) were 

introduced. Step three of each hierarchical multiple regression model the moderators CLBP and 

gender were introduced. Finally in step four of each hierarchical multiple regression model, the 

interaction between the moderators and predictor variables were introduced. 

Statistical Analysis for Psychosocial Predictors 

Using multiple hierarchical multiple regression models composite, visual, vestibular, 

somatosensory, and preference balance scores as measured by the NeuroCom Balance System, 

were the sole dependent variables for each multiple hierarchical multiple regression models. 

Physical measures of the six-minute walk test, chair-stand test, modified sit-and-reach test, and 8 

ft. get-up and go test, as evaluated by the SFT, were calculated into a FSC with a principal 

component analysis that were used as a covariate in order to measure the predictability of the 

psychosocial variables while controlling for physical measures and maintaining the proper 

number of predictors for the model’s power. Along with the FSC of the physical measures, age, 

calculated environmental fall risk, calculated medication fall risk were covariates in the analysis. 
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In the first-step of each hierarchical multiple regression model (five separate models to measure 

the predictability of composite, visual, vestibular, somatosensory, and preference balance scores) 

the covariates were entered in to step one of the model. In step two of each hierarchical multiple 

regression model the six psychosocial predictor variables (anxiety, depression, fatigue, pain 

interference, sleep disturbance, and balance efficacy) were introduced. Step three of each 

hierarchical multiple regression model, the moderators CLBP and gender were introduced. 

Finally, in step four of each hierarchical multiple regression model, the interaction between the 

moderators and predictor variables were introduced. 

Results 

Factor Analyses 

For the models containing physical measures as the predictor variables, initially the 

factorability of the six psychosocial items were examined.  The Kaiser-Meyer-Olkin measure of 

sampling adequacy was .76, above the recommended value of .60, and Bartlett’s test of 

sphericity was significant 2 (21) = 250.84, p < .001. Given the overall indicators, a factor 

analysis was conducted with all six psychosocial constructs.  

A principal components analysis was used because the purpose was to compute a 

composite psychosocial score to use as a covariate in the multiple hierarchical multiple 

regression models that examined physical measures as the predictor variables while maintaining 

proper power for the analyses. The initial eigen values showed that the first factor explained 

44.98% of the variance, and the second factor 16.48% of the variance. All psychosocial 

constructs were most heavily loaded in the first factor: anxiety (r = .65), depression (r = .65), 

fatigue (r = .82), pain interference (r = .70), physical function (r = .71), sleep disturbance (r = 

.45), and balance efficacy (r = .66). Since all constructs were most heavily weighted in the first 
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factor, the first factor coefficient was used as the covariate in the hierarchical multiple regression 

models that examined physical measures as the predictor variables. For the models containing 

psychosocial measures as the predictor variables, initially the factorability of the four physical 

measures were examined.  The Kaiser-Meyer-Olkin measure of sampling adequacy was .75, 

above the recommended value of .60, and Bartlett’s test of sphericity was significant 2 (21) = 

145.27, p < .001. Given the overall indicators, a factor analysis was conducted with all four 

physical measurements. The initial eigenvalues showed that the first factor explained 61.44% of 

the variance. All psychosocial constructs were most heavily loaded in the first and only factor 

produced: 8ft.-get-up-and-go (r = .88), six minute walk (r = .81), modified sit-and-reach (r = 

.59), and chair stands (r = .83). Because all constructs were most heavily weighted on the first 

factor, the first factor coefficient was used as the covariate in the multiple hierarchical regression 

models that examined psychosocial constructs as the predictor variables. 

Hierarchical Multiple Regression Analyses Physical Measures  

Results of the hierarchical multiple regressions for the covariates (psychosocial variables, 

age, medication use, and environmental risk) in the first-step did not predict composite, visual, 

vestibular, somotasensory, or preference balance scores. In the second step, physical measures 

(i.e. sit-and-reach test, chair stands test, 8ft.-get-up-and-go test, six minute walk test) were 

significant over and beyond the covariates in the first-step for predicting NeuroCom composite 

F(8, 89) = 4.57, p < .001; ΔR2 = .25, ΔF(4, 89) = 7.84, p < .001 and vestibular balance scores 

F(8, 89) = 2.83, p = .008; ΔR2 = .19, ΔF(4, 89) = 5.29, p = .001, and approached significance in 

for visual balance scores F(8, 89) = 1.85, p = .078; ΔR2 = .13, ΔF(4, 89) = 5.29, p = .013. 

Physical measures did not yield statistically significant predicting results for the NeuroCom 

somatosensory, or preference scores. The physical measures that were significant variables for 
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predicting composite balance scores were the sit-and-reach measure b = .39, SE = .18, t(89) = 

2.14, p = .035, sr2 = .22 and the chair stand measure b = .86, SE = .24, t(89) = 3.51, p = .001, sr2 

= .35. The six minute walk and 8ft.-get-up-and-go test were not found to be statistically 

significant as individual predictors for composite balance scores. All physical predictor variables 

were analyzed if they are were moderated by gender or CLBP. No interactions were significant 

in predicting composite balance scores. In regards to physical measures that were significant 

individual predictors for vestibular scores were also the sit-and-reach measure b = .83, SE = .39, 

t(89) = 2.12, p = .037, sr2 = .22 and the chair stand measure b = 1.31, SE = .52, t(89) = 2.50, p = 

.014, sr2 = .26. The six minute walk and 8ft.-get-up-and-go test were not found to be statistically 

significant as individual predictors for vestibular balance scores. Gender and CLBP were also 

examined as moderators of physical predictor variables as in the previous model, however, no 

interactions were significant when predicting vestibular balance scores. All Tolerance (>.01) and 

variance inflation factor (VIF) (< 10.00) measures were within acceptable limits indicating no 

issues with multicollinearity in any of the analyzed models.    

Hierarchical Multiple Regression Analyses Psychosocial Measures      

Results of the hierarchical multiple regressions for the covariates in the first-step 

(physical variables, age, medication use, and environmental risk) significantly predicted 

composite (R2 = .20, F(4, 92) = 5.73, p < .001) and vestibular (R2 = .12, F(4, 92) = 3.20, p = 

.017) balance scores in the first-step, but did not predict visual, somatosensory, or preference 

balance scores. In the second step of the hierarchical multiple regression models, psychosocial 

measures were introduced (anxiety, depression, fatigue, pain interference, physical function, 

sleep disturbance, and balance efficacy), and when controlling for the covariates, the 

psychosocial measures yielded significant results over and beyond the covariates for predicting 
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NeuroCom composite, F(11, 85) = 3.98, p < .001; ΔR2 = .14, ΔF(7, 85) = 2.58, p = .018, and 

visual balance scores, F(11, 85) = 2.27, p = .017; ΔR2 = .15, ΔF(7, 85) = 2.34, p = .031, with 

vestibular balances measures approaching significance F(11, 85) = 2.53, p = .008; ΔR2 = .12, 

ΔF(7, 85) = 2.01, p = .064. Psychosocial variables did not significantly predict results for the 

NeuroCom somatosensory or preference scores. The psychosocial measures that were significant 

for predicting composite balance scores were sleep disturbance, b = -.36, SE = .09, t(85) = -3.81, 

p < .001, sr2 = -.38 and balance efficacy approaching significance b = -.09, SE = .05, t(85) = -

1.82, p = .072, sr2 = -.19. Anxiety, depression, fatigue, pain interference, and physical function 

were not found to be statistically significant as individual predictors. In regards to visual balance 

scores, significant individual predictors were also sleep disturbance b = -.41, SE = .12, t(85) = -

3.31, p = .001, sr2 = -.34 and balance efficacy b = -.14, SE = .07, t(85) = -2.12, p = .037, sr2 = -

.22. All psychosocial predictor variables were analyzed if they are were moderated by gender or 

CLBP in predicting visual balance scores and no interactions were statistically significant 

predicting visual balance scores. All Tolerance (> .01) and VIF (< 10.00) measures were within 

acceptable limits indicating no issues with multicollinearity. Descriptive NeuroCom data 

compared to low and high groups of each significant predictors (sit and reach, chair stands, sleep 

disturbance, and balance efficacy) are shown in tables 2-5. 

Table 2. 

       
Neurocom Data Descriptives Compared with Low, Mean, and High Balance Efficacy 

 

Low BE (n = 24) Mean BE (n = 90) High BE (n = 10) 

Measure M SD M SD M SD 

Composite 71.08 8.73 74.02 7.28 75.10 6.79 
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Visual 84.29 7.17 86.57 9.09 87.00 11.33 

Vestibular 61.92 19.40 65.47 14.29 66.10 8.01 

Somatosensory 92.54 7.49 94.57 3.86 97.10 4.33 

Preference 97.46 11.01 98.59 10.09 95.40 7.53 

Note. Balance efficacy is represented by BE. The low group consisted of scores less than one 

standard deviation from the mean. The mean group consisted of scores that fall within one 

standard deviation of the mean. The high group consisted of scores greater than one deviation 

from the mean.   

     
Table 3. 

       
Neurocom Data Descriptives Compared with Low, Mean, and High Sleep Disturbance 

 

Low SLD (n = 22) Mean SLD (n = 80) High SLD ( n = 21) 

Measure M SD M SD M SD 

Composite 77.23 6.84 73.38 7.39 71.62 8.61 

Visual 89.45 7.97 85.75 9.18 85.10 9.14 

Vestibular 71.00 10.78 64.92 14.18 59.48 20.06 

Somatosensory 95.59 4.55 94.16 4.05 94.19 7.64 

Preference 100.73 8.90 97.73 10.09 99.33 8.39 

Note. Sleep disturbance is represented by SLD. The low group consisted of scores less than one 

standard deviation from the mean. The mean group consisted of scores that fall within one 

standard deviation of the mean. The high group consisted of scores greater than one deviation 

from the mean.   

 

Table 4. 

       
Neurocom Data Descriptives Compared with Low, Mean, and High Modified Sit and Reach 

 

Low SNR (n = 20) Mean SNR (n = 93) High SNR( n = 16) 
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Measure M SD M SD M SD 

Composite 70.20 8.10 73.82 7.45 77.56 5.91 

Visual 83.10 8.88 86.67 9.17 88.75 6.34 

Vestibular 59.35 20.71 65.16 13.65 71.94 10.36 

Somatosensory 92.30 6.94 94.55 4.31 96.38 4.00 

Preference 100.85 14.25 97.70 9.00 97.75 8.53 

Note. Sit and Reach is represented by SNR. The low group consisted of scores less than one 

standard deviation from the mean. The mean group consisted of scores that fall within one 

standard deviation of the mean. The high group consisted of scores greater than one deviation 

from the mean.   

 

Table 5. 

       
Neurocom Data Descriptives Compared with Low, Mean, and High Chair Stands 

 

Low CS (n = 18) Mean CS (n = 80) High CS ( n = 22) 

Measure M SD M SD M SD 

Composite 70.44 6.72 73.58 6.96 78.68 7.27 

Visual 84.44 7.23 86.45 9.23 90.14 8.12 

Vestibular 57.11 19.30 65.53 13.32 71.09 11.56 

Somatosensory 94.17 4.45 94.23 4.33 96.55 3.33 

Preference 99.39 15.71 97.74 9.41 99.50 5.99 

Note. Chair Stands is represented by CS. The low group consisted of scores less than one 

standard deviation from the mean. The mean group consisted of scores that fall within one 

standard deviation of the mean. The high group consisted of scores greater than one deviation 

from the mean.   

 

DISCUSSION 
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The purpose of this study was to examine the usefulness of biopsychosocial measures in 

predicting postural control. Results of the current study found that physical measures 

significantly predicted composite and vestibular balance scores, and approached statistical 

significance for visual balance scores. Physical measures did not significantly predict 

somatosensory or preference balance scores. Examination the physical measures found that both 

poorer composite and vestibular balance scores were predicted by fewer chair stands and a 

greater distance measured from the fingertip to the toe on the modified sit-and-reach test. The 

psychosocial measures were significant in predicting composite and visual balance scores, and 

approached statistical significance for vestibular balances scores. Specifically, greater sleep 

disturbance and lower balance efficacy were significant individual predictors for worse score in 

composite and visual balance measures.  

The results of the present study indicated that the chair stand test was a significant 

individual predictor in balance scores. This supported the previous findings of Granacher and 

colleagues (2010) in which postural control was found to coincide with an increased rate of force 

development in lower body extensor muscles, and the Hopper and colleagues (2014) study of 

inducing lower body muscular fatigue through 60 seconds of repetitive jumping. It could be that 

the neuromuscular adaptations that occur in muscle strength gains in the lower body could be 

what was influencing participant’s ability in postural control. It has been well known that 

muscular responses to training are adapted and maintained by specific changes occurring within 

the neural control circuits (Felici, 2006). In normal conditions strength training may elicit 

adaptations along the neuromuscular chain from the higher brain centers down to individual 

muscle fibers, and this neural drive is thought to increase in agonist muscle recruitment, neural 

firing rate, enhanced motor neuron synchronization during muscular contractions, increase length 
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of nerve terminal branching, and increase motor neuron end-plate perimeter length, and a 

reduction in inhibitory mechanisms from the Golgi tendon organs (Deschenes et al., 1993; 

Deschenes et al., 2000; Felici, 2006; Ratamess, 2008). A study by Adams and colleagues (1993) 

found using magnetic resonance imaging that only 71% of muscle tissue was activated during 

maximal effort in untrained individuals, and it has been found that training can greatly reduce 

this deficit (Pensini et al., 2002). A systematic review of balance training on neuromuscular 

control by Zech and colleagues (2010) found that balance training effects on muscular strength 

increase muscular activity for the lower body muscles of the soleus, gastrocnemius medialis, and 

quadriceps muscles. The enhancement in neuromuscular system could be why participants who 

performed more repetitions on the chair stand test were predicted to have better overall 

composite, vestibular, and visual balance scores in the current study.  

Previous studies have found musculoskeletal tightness and muscle strains to influence 

muscular strength (Orchard et al., 1997; Tyler et al., 2001). In this study, the chair-stand test and 

modified sit-and-reach were both individual significant predictors of balance scores. The results 

of this study also support Taylor-Piliae and colleagues (2006) who found a Tai Chai exercise 

program over a 12 week period enhanced balance, strength, and flexibility measures. The 

influence of muscular strength and flexibility on postural control is well documented in the 

aforementioned previous studies, as well as in the current study.    

In further analysis of this study, sleep disturbance was a significant individual predictor 

for balance scores. This supported the findings of Jorgensen and colleagues (2012) that found 

participants who described themselves as being “sleepy” had increased postural sway than did 

participants who reported being well-rested. Furtado and colleagues (2016) demonstrated that 

individuals with worse sleep quality performed worse on a balance test with eyes closed, a 
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finding supported by the present study. Various other research supports the present study finding 

that sleep disorders have had a negative impact on postural control and balance deterioration, are 

responsible for work accidents and falls among older adults, and can occur just after one night 

without sleep (Aguiar & Barela, 2014; Aguiar & Barela, 2015; Albuquerque et al., 2012; 

Bougard & Davenne, 2014; Gauchard et al., 2008; Gomez et al., 2008; Gribble & Hertel, 2004; 

Karita et al., 2006; Ku et al., 2012; Kurtz et al., 2013; Patel et al., 2008). A study of older adult 

participating in Tai chi classes for six months found that compared to controls those who 

participated in six months of Tai chi classes had a significantly lower fear of falling and 

improved sleep quality (Nguyen & Kruse, 2012), further supporting the findings of the current 

study. Previous studies have found evidence to support that lower sleep quality in older adults 

was related to impaired health status, decreased physical activity, lowered levels of physical 

functioning, and increase prevalence of chronic diseases (Newman et al., 2000; Gooneratne et 

al., 2003). Exercise regiments, such as Tai chi, have been found to improve sleep quality, sleep-

onset latency, sleep duration, sleep efficiency, and sleep disturbance (Li et al., 2004). The effect 

of participants being generally more physically active may be responsible for not only better 

scores in regards to the chair stand test, but also better self-reported sleep disturbance scores, 

both of which were significant individual predictors of balances scores in the current study. 

Balance efficacy was also an individual significant predictor of balance score. Of the 

psychosocial constructs that had been associated with falls, some of the most common factors are 

increased anxiety from fear of falling and a reduction in balance efficacy (Moore et al., 2008; 

Moore et al., 2011; Jorstad et al., 2005). This study partially supported the previous finding by 

identifying balance efficacy as a significant predictor in balance scores, but anxiety was not a 
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significant predictor in the current study. Indeed, the study still supports the biopsychosocial 

approach associated with falls and fall-risk.  

It should be known that in any clinical research study of this sort, a potential for some 

confounds may or may not have influenced the results. For example, testing procedures were 

carried out by numerous graduate and undergraduate research assistants, and even though all 

research assistants were trained before any data collection, the research assistants could have 

influenced the effort or performance of the participant based on gender, familiarity with 

research assistants, or strictness in the testing protocol. Also selection of participants was not 

randomized, and was purely volunteers that had interest in participating in the current study. 

These confounds are acknowledged in the current study and they may or may not have 

influenced any results.      

Conclusion 

Overall, the major aims of the present study embraced a biopsychosocial model. Indeed, 

there is a need to not just to consider physical measures when assessing postural control, but to 

simultaneously evaluate psychosocial constructs with physical measures when examining fall-

risk in older adults. A major innovation of the study was the use of a relatively new physical 

measure of postural control, and the examination of its relationship to other physical, 

psychosocial, and pain measures in the older adult population. This study can conclude that 

psychosocial and physical measures, specifically sleep disturbance, balance efficacy, lower body 

strength, and lower body flexibility, did influence over all balance, and vestibular and visual 

systems involved in balance.   
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Appendix A: NIH Definition of CLBP 

 

NIH DEFINITON OF CLBP 

A response of greater than 3 months to Question 1 

and 

A response of “at least half the days in the past 6 months” to Question 2
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Appendix C: Comprehensive Fall Risk Screening Instruement  
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Appendix D: Balance Efficacy Scale 
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Appendix E: Senior Fitness Test Scorecard 
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Appendix F: Informed Consent Document
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