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Abstract 

Background: Community-dwelling older adults rate ascending and descending stairs among the 

top five most difficult daily tasks, likely a result of bodily deterioration due to normal aging. Type 2 

diabetes mellitus (DM2) is a chronic prevalent condition and when combined with the normal aging 

process results in more significant deterioration throughout the sensorimotor and musculoskeletal 

systems, significantly affecting balance control. The purpose of this study was to investigate postural 

control differences during stair ascent between people with DM2 and an age-matched control group under 

three conditions: without additional challenge, with a cognitive challenge, and with a motor challenge, 

and to investigate which measure of centre of mass (CoM) –body or trunk– is more sensitive to changes 

in postural control during stair ascent.  

Methods: Fifteen older adults (≥ 65 years) with DM2 and fifteen healthy age-matched controls 

were recruited. Data were  collected by an OPTOTRAK motion capture system as participants climbed a 

four-step staircase without hand support at a self-selected pace. Cognitive and motor tasks were added to 

assess their ability to multitask. The cognitive task involved serial subtraction by three’s and the motor 

task involved carrying an empty laundry basket. Outcome measures included: body and trunk measures of 

CoM (RMS, RMS velocity, and peak-to-peak displacement), RMS of centre of pressure, head and trunk 

stiffening, and gait velocity.  

Results: In both groups, gait velocity during stair ascent decreased during the basket and 

cognitive conditions when compared to the control condition. The trunk peak-to-peak CoM measure was 

more sensitive than the body CoM to changes measure under the cognitive condition, with no between-

group differences identified. 

Conclusion: The ability of individuals with and without DM2 to maintain postural control during stair 

ascent with the addition of the secondary task may be attributed to a slower gait velocity. When a 

cognitive task was added to stair ascent, the measure of trunk CoM displacement was more sensitive to 
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changes when compared to the measure of body CoM displacement, indicating that individuals with DM2 

did not change their use of postural control strategies when compared to the healthy control participants. 
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Chapter 1 

Introduction 

Stair negotiation is challenging and hazardous for older adults, a view supported by 

adults aged 65 or older who ranked ascending and descending stairs to be amongst the top five of 

their most difficult daily tasks (Mitchell, Aitken, & Court-Brown, 2013; Yadav, Zia, & Walia, 

2015). As adults aged 65 or older are projected to account for 21-29 percent of the Canadian 

population by 2020 (Statistics Canada, 2019), the difficulty they face with stair negotiation 

becomes a significant problem for activities of daily living (ADL).  

As biological aging negatively affects the body systems, resulting in the deterioration of 

several systems, daily activities become more challenging for older adults. Concurrent with 

aging, older adults are also more likely to develop chronic conditions as aging of the 

musculoskeletal and neuromuscular systems makes one more susceptible to the effects of chronic 

conditions; therefore, the chances of being diagnosed with a chronic condition increase with age 

(Elmslie, 2012). As a result, more than one in five Canadian adults are living with a chronic 

condition (Government of Canada, 2017), which, for older adults, can contribute to a decrease in 

functional ability and an increased need for assistance (Drewnowski & Evans, 2001).  

Diabetes is a common chronic condition that effects approximately 2.7 million Canadians 

with this number estimated to increase to over 4 million by the year 2020 (Government of 

Canada, 2017). Diabetes in combination with aging can lead to further deterioration in the 

macrovascular and microvascular systems that contributes to decreased functional ability 

(D'Silva, Lin, Staecker, Susan, & Kluding, 2016). As a result, individuals with diabetes see 

declines in their postural and balance control due to deteriorations in somatosensory, visual, and 

vestibular function that lead to unsteadiness and an increased chance of falls; these declines 
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become a limiting factor when older adults negotiate stairs (Cohen et al, 1996; Horak, Shupert, & 

Mirka, 1989; Peterka & Black, 1989). 

Another limiting factor to stair negotiation in older adults are the changes that occur in 

physiological functions due to aging; these changes include decreased muscle strength, flexibility, 

proprioception, sensation, and reaction time that negatively affect their walking function (Menz, 

Lord, & Fitzpatrick, 2007; Öberg, Karsznia, & Öberg, 1993; Morrison, Russell, Kelleran, & 

Walker, 2015). Thus, when the effects of diabetes are added to the changes that are already 

occurring due to aging there is a greater chance of decreased postural control due to the declines 

in proprioceptive and sensory information (Brown et al., 2015; Crozara et al., 2013; Ghanavati et 

al., 2012; Mustapa et al., 2016). Consequently, these postural control changes negatively affect an 

older adult’s ability to negotiate stairs safely.  In Canada in 2009/2010 approximately 33,281 of 

all fall related injuries in older adults were due to falling up or down stairs (Public Health Agency 

of Canada, 2014). 

While negotiating stairs it is common to perform a second task at the same time such as 

talking or carrying objects; the ability to perform two tasks simultaneously is known as dual 

tasking (de Hoon et al., 2003; Lacour, Bernard-Demanze, & Dumitrescu, 2008). Dual tasking is 

challenging for older adults, as there is some indication that dual tasking balance performance 

deteriorates with age, especially when the task at hand is demanding or difficult (Yang, Liao, 

Lam, He, & Pang, 2015). The changes that occur due to aging involve declines in executive 

function that is a complex process through which an individual performs a problem-solving task 

from its beginning to its end (Springer et al., 2006; Royall et al., 2002; Sbordone, 2000). Declines 

in executive function cause older adult to require more attentional resources to complete tasks 

and, therefore, executive function can affect their ability to effectively perform simultaneous 

tasks (Holtzer et al., 2005; Riby, Perfect, & Stollery, 2004; Lindenberger et al., 2000). As a result, 

when older adults perform dual tasks there is a greater chance of increased cognitive demands, 
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causing destabilizing effects on their postural control during walking that increases fall risk 

(Springer et al., 2006; Lacour et al., 2008). 

In older adults who have diabetes there is any even further decline in executive 

functioning that negatively affects their postural stability and gait under dual tasking conditions 

ultimately affecting their ability to perform ADLs (Rucker, McDowd, & Kluding, 2012; Roman 

de Mettelinge et al., 2013; Smith et al., 2014; Qiao Qiu et al., 2006). The impairments in 

executive functioning seen in older adults with diabetes are likely to have a negative effect on 

daily activities such as stair negotiation, and therefore dual tasking is likely to further challenge 

older adults with diabetes when they negotiate stairs.  

Limited research is available about negotiating stairs in older adults with diabetes; 

however, the current research suggests that older adults with diabetes have altered stair 

negotiation as a result of postural control changes due to diabetes (Brown, Handsaker, Bowling, 

Boulton, & Reeves, 2015). Therefore, it is theorized that if an older adult’s balance is negatively 

affected due to aging, a decrease in functional skills performed every day, such as stair ascent, 

would significantly impact their overall ability for independent day to day living. Although there 

has been research done on older adults and dual tasking, more research is required to understand 

better how dual tasking while ascending stairs affects postural control for older adults with type 

two diabetes specifically.  

The purpose of this study was to investigate postural control differences during 

stair ascent between people with DM2 and an age-matched control group under three 

conditions: without additional challenge, with a cognitive challenge, and with a motor 

challenge, and to investigate which measure of centre of mass (CoM) –body or trunk– is 

more sensitive to changes in postural control during stair ascent. 

Chapter two provides a literature review that examines the characteristics of and the 

connections between diabetes, balance, dual tasking, and stair negotiation in addition to the 
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research questions and hypotheses. Chapter three includes a description of the methods used to 

complete this project. Chapter four shows the analysis of the results and Chapter five provides a 

discussion of the findings and a conclusion incorporating future research and clinical 

implications. 
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Chapter 2 

Literature Review 

2.1 Introduction 

In light of the purpose of this thesis, the literature review will examine the following 

topics: diabetes, balance / postural control, dual tasking, and stair ascent and descent.  

2.2 Diabetes 

2.2.1 Epidemiology/Pathophysiology 

Diabetes is a chronic disease that reduces the body's ability to produce sufficient insulin 

or correctly use insulin (Government of Canada, 2011). Currently, it affects 2.7 million 

Canadians, with this number estimated to increase to over 4 million by the year 2020 

(Government of Canada, 2017). The three common forms of diabetes are: type one (DM1), type 

two (DM2) and gestational (GD); each form of diabetes is characterized by the body's 

ineffectiveness to maintain proper glycemic levels (Government of Canada, 2011). In all forms, 

there is a decrease in the body's ability to produce and/or resist insulin action; more specifically, it 

is the result of the combination of insulin resistance in a loss of beta cell function in the pancreas 

and in peripheral tissues (Government of Canada, 2011; McKenney & Short, 2011). 

Consequently, diabetes affects the body's capacity to use sugar as an energy source through the 

body's inability to absorb glucose from the bloodstream which triggers insulin resistance 

(Government of Canada, 2011; McKenney & Short, 2011). Insulin resistance can sometimes be 

linked to underlying obesity and can lead to hyperglycemia as a result of the relative insulin 

deficiency (McKenney & Short, 2011). Consequently, over time there is progressive loss of beta 

cell function that contributes to the progression of the disease by reducing the amount of insulin 

in circulation (McKenney & Short, 2011).  
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The development of diabetes is a consequence of a complex combination of not only 

genetic factors but also environmental factors that together accelerate the progression of the 

disease (McKenney & Short, 2011). When left uncontrolled the disease can create problems due 

to the role of glucose (chronic hyperglycemia) in the macrovascular (cardiovascular, 

cerebrovascular, and peripheral vascular disease) and microvascular (retinopathy, nephropathy, 

and neuropathy) systems (D'Silva, Lin, Staecker, Susan, & Kluding, 2016).  

Ultimately, due to changes in the microvascular system, the two most common 

complications are peripheral neuropathy and retinopathy (D'Silva et al., 2016). Peripheral 

neuropathy is a result of irreversible changes to myelin protein of peripheral nerves, resulting in 

nerve damage, which affects around two-thirds of people with diabetes and results in sensory 

loss, pain, and paresthesia (D'Silva et al., 2016; Pasnoor, Dimachkie, Kluding, & Barohn, 2013).  

Whereas, retinopathy is a result of changes in the structure and cellular composition of the retinal 

vasculature, resulting in abnormal autoregulation of blood flow in the retina, which affects about 

40 percent of people with DM and can cause retinal detachment and blindness (D'Silva et al., 

2016; Kempen et al., 2004; Miller, Adamis, & Aiello, 1997). Therefore, it is common for 

individuals with DM to have complications with the retinopathy and neuropathy that can cause 

decreased vision and proprioception (D'Silva et al., 2016). This can result in significant physical 

limitations, ultimately affecting’s one’s gait instability and can lead to increased postural sway 

and falls (D'Silva et al., 2016). 

2.2.2 Implications of diabetes for sensorimotor control  

The changes in vascular function and the subsequent neuropathy in individuals with 

diabetes can lead to decreases in muscle strength and slowing of reflexes along with neural 

sensitivity, all of which can significantly impair balance in individuals with diabetes, resulting in 

an increased chance of falls and injuries (Vaz et al., 2013; D'Silva et al., 2016). In addition, due to 
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the reduced integrity of the frontal-subcortical circuits of the brain, a series of pathways that 

interconnect regions of the frontal lobes to subcortical structures, diabetes is linked to a decline in 

physical and executive function (Kuo et al., 2005). These pathways facilitate the coordination of 

complex organizing, planning, and multitasking activities and this coordination is critical to 

maintain balance and coordinate gait (Kuo et al., 2005).  Disruptions to the frontal-subcortical 

systems will impair executive function leading to poorer balance and uncoordinated gait. 

Additionally, interruptions to the descending motor fibers from the medial cortical areas, 

imperative for lower extremity motor control, also affect gait, physical function and balance (Kuo 

et al., 2005).  

Muscle control can be affected by diabetes mellitus as skeletal muscle is in control of 

around 75 percent of whole-body insulin-stimulated glucose uptake (Egger et al., 2013). Because 

of this, skeletal muscle is the also the main site of insulin resistance, and the decreased insulin-

stimulated glucose disposal in individuals with diabetes that are non-insulin dependent, has 

primarily been shown to be a result of reduced rates of muscle glucose storage as glycogen 

(Vaag, Henriksen, & Beck-Nielsen, 1992). Therefore, since insulin is needed for adequate muscle 

function, it is common for individuals with diabetes to have decreased motor function and muscle 

strength, notably weakness of the extensors and flexors of the ankle and flexors of the knee 

(Andersen, Nielsen, Mogensen, & Jakobsen, 2004; Abbatecola et al., 2005). In addition, other 

metabolic changes that occur due to diabetes can also cause a deterioration in muscle function 

and include damage to nerves and blood vessels, microvascular abnormalities, and collagen 

accumulation in certain structures and in the skin, leading to changes to connective tissues and 

structures of the muscle and consequently to a deterioration in muscular function  (Demirbüken, 

İlçin, Gürpinar, & Algun, 2012). 

Another contributor to sensorimotor function is the vestibular system, which plays a 

major role in motor output by generating compensatory eye movements that help to coordinate 
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postural control during movement and to maintain a steady gaze (D'Silva et al., 2016). The 

chance that an individual with diabetes has vestibular dysfunction is 70 percent higher than that 

for adults without diabetes (D'Silva et al., 2016). Vestibular function is affected in individuals 

with diabetes as the vestibular system is particularly sensitive to high insulin and blood glucose 

levels. The diabetes-related reduced vestibular function can lead to a compromised ability to 

detect small, whole body translations resulting in higher sway areas (Hamada, & Debrky, 2014; 

Mustapa et al., 2016). Additionally, Vaz et al., (2013) stated that individuals with DM, especially 

individuals with DM2, have a harder time integrating several body components such as motor 

coordination, muscle strength, mobility, and sensory systems, thus putting individuals with 

diabetes at a higher risk for falls. 

2.3 Balance/Postural Control 

2.3.1 Definitions 

Balance is an individual's capacity for applying (implementing) postural control 

mechanisms to provide a stable base of support (BoS) for individuals while they are moving, 

stationary or both (Winter, Patla, & Frank, 1990). Research into movement strategies has shown 

that trying to achieve balance is not a result of stereotyped reflexes but occurs due to the central 

nervous system learning to apply the generalized rules regarding maintaining equilibrium in a 

variety of contexts and tasks (Horak, Henry, & Shumway-Cook, 1997). Accordingly, postural 

responses can be used to predict balance during functional activities (Horak, Henry, & Shumway-

Cook, 1997).  

Postural control, a construct related to balance, is regarded as a multifaceted motor skill 

resulting from the interaction of multiple sensorimotor processes (Horak & Macpherson, 1996). 

Postural control can be referred to as postural steadiness in static conditions and postural stability 

in situations that are caused by applied or dynamic voluntary perturbations (Chaudhry et al., 
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2004). The two key functional goals of postural control are postural equilibrium and postural 

orientation (Horak & Macpherson, 1996). Postural equilibrium refers to the ability to stabilize the 

body's centre of mass (CoM) through the management of sensorimotor strategies during both 

externally triggered and self-initiated disturbances in postural stability (Horak, 2006). Postural 

orientation, on the other hand, refers to one’s active control of body tone and alignment in regard 

to support surfaces, gravity, internal references, and visual environment (Horak, 2006). Control of 

one’s balance or equilibrium can be either proactive, such as anticipation of destabilizing forces 

generated internally by the body’s own movements, or reactive which occurs due to external 

forces displacing the CoM. These external forces include gravity and other forces associated with 

the environment (Horak, Henry, & Shumway-Cook, 1997). As a result, the function of postural 

equilibrium is dependent on the complex motor strategies employed by that individual to 

maintain or restore stability while performing a given task (Horak, 2006). 

Postural instability and greater postural sway are the consequence of the deterioration of 

the vestibular, somatosensory, and visual system in addition to less accurate proprioceptive 

feedback (Fahmy, Ramzy, Salem, Ahmed, & Mohammed, 2014). Greater postural sway occurs 

when the lower limbs and postural muscles are unable to support the body while standing thus 

initiating a continuous back and forth or side to side movement of the body against the point of 

gravity (Mustapa et al., 2016). 

2.3.2 Measurements of parameters related to postural control   

The regulation of the body’s center of mass (CoM) is critical in global movement 

strategies that are used to maintain postural stability while performing standing activities, such as 

reaching (Eng & Winter 1993). During task execution in standing, when any body segment 

moves, other segments must also move to ensure that CoM displacement is minimized, and 

balance is maintained (Eng & Winter 1993). This is similar in dynamic activities such as walking. 
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For example, the dynamic relationship of the position and velocity of the CoM is a critical factor 

that affects slip-related falls among older and younger adults during gait, sit to stand, and other 

daily activities (Yang, Bhatt, & Pai, 2009). For example, the inability to terminate or regulate 

horizontal motion of the body CoM over one’s BoS can lead to a fall unless stability is restored 

by changing one’s BoS usually by stepping (Pavol & Pai, 2007; Yang & Pai, 2014).  

CoM is traditionally computed using a segmental analysis that requires a large set of 

markers placed on key body segments. This segmental analysis method is considered the gold 

standard for computing CoM (Eng & Winter 1993). However, a marker placed on the skin at the 

second sacral vertebra can approximate the CoM position (Saunders, Inman, & Eberhart, 1953). 

For most healthy adults, this point is roughly 55 percent of body height during standing 

(Saunders, Inman, & Eberhart, 1953). For that reason, the position of the second sacral vertebra 

approximates the body's CoM position during standing and gait among healthy adults (Yang & 

Pai, 2014). However, this approximation is not as effective in some types of movement. For 

example, during the assessment of perturbed gait creating a slip, the CoM approximation using 

the sacral marker had a lower correlation with the CoM calculated through segmental analysis 

than was the case for unperturbed gait. The authors attributed the difference to the significant 

trunk movement in perturbed gait as the trunk can rotate up to 10 degrees after onset of a slip 

whereas in normal walking the rotation is only around 3 degrees (Yang & Pai, 2014) and during 

stair negotiation the trunk rotation is approximately 5.7 degrees for lateral bending and 6.9 

degrees for flexion-extension (Leardini et al., 2011). The authors concluded, nevertheless, that the 

simplicity of measuring CoM via the sacral marker outweighs the minor limitations in accuracy in 

at least some contexts. 

Trunk movements are crucial to postural control since the trunk controls the amplitude 

and direction of gait-related oscillations in order to provide a stable support platform for the head 

(Cromwell, Aadland-Monahan, Nelson, Stern-Sylvestre, & Seder, 2001; Kavanagh, Barrett, & 
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Morrison, 2006). An important role of the trunk is helping the body recover from a loss of 

balance; the trunk is the largest fraction of the body’s total weight, hence trunk flexion is a key 

motion that facilitates recovery from a slip (Goldberg, Hernandez, & Alexander, 2005). Thus, 

when there is a change in the body CoM it is influenced significantly by changes in positioning of 

the trunk (Goldberg, Hernandez, & Alexander, 2005).  

Kavanagh et al., (2006) showed that the trunk contributes to the stability of the head in 

the mediolateral direction throughout normal gait by attenuating high amplitude, high-frequency 

oscillations. Also, the trunk plays a critical role in steering and helping minimise angular 

displacement of the upper body with respect to vertical (Patla, Adkin, & Ballard, 1999; 

Cromwell, Aadland-Monahan et al., 2001; Thorstensson, Nilsson, Carlson, & Zomlefer, 1984). 

Thus, the trunk plays a multifaceted role in controlling upright posture while walking and the 

upper body is not a passive passenger during gait (Winter, MacKinnon, Ruder, & Wieman, 

1993; Kavanagh et al., 2006).   

During gait, the speed at which an individual walks can provide an indication of their 

postural control (Prince, Corriveau, Hebert, & Winter, 1997; Lajoie, Teasdale, Bard, & Fleury, 

1996; Brown, Gage, Polych, Sleik, & Winder, 2002; Kwon, Kwon, Park, & Kim, 2018; 

Kavanagh et al., 2006; Barak, Wagenaar, & Holt, 2006). In normal aging, degeneration can occur 

in one or more sensory systems (somatosensory, vestibular, and visual) and can negatively affect 

balance during walking (Prince et al., 1997). As a result, older adults have gait adaptations that 

include reduced velocity, shorter stride length, lower cadence, and more time spent in double 

support than younger adults (Prince et al., 1997). While walking can be assessed with various 

spatial-temporal parameters, gait velocity is commonly used since it is a practical and valid 

measure of mobility and it reflects the level of function in activities of daily living (Prince et al., 

1997). Additionally, gait speed is also sensitive to changes in gait performance in dual-tasking 
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conditions, which commonly occur while walking, particularly outside (Al-Yahya et al., 2011; 

Plummer-D'Amato et al., 2012).  

Prince et al. (1997) showed that gait velocity decreased with age and thus older adults 

walked more slowly than younger adults. This increased caution may be a strategy that older 

adults adopt to enhance safety and reduce risk and to better tolerate challenges and unexpected 

disturbances during gait (Brown et al., 2002). Brown et al. (2002) indicated that older adults' gait 

patterns were modified even further under conditions of postural threat. Thus, reducing gait 

velocity is a walking adaptation that older adults use to reduce threats when faced with 

challenging tasks during instances of higher postural threat (Brown et al., 2002). A slower gait 

velocity reduces instability by increasing the time spent in double support phase (Maki, 1997; 

Lajoie et al., 1996).  

During normal walking, single support is inherently unstable as the CoM is outside the 

BoS (Prince et al., 1997). As a result, during gait, maintaining stability relies on the body's ability 

to control the horizontal distance of the CoM from center of pressure (CoP) within appropriate 

limits (Kim, 2009).  Thus, measures of the CoP (velocity and displacement) are used as indicators 

of postural control and balance as changes in CoP illustrate the central nervous system’s response 

to whole-body movements (Martin et al., 2002; Doyle, Hsiao-Wecksler, Ragan, & Rosengren, 

2007). For this reason, central postural control mechanisms are measured by CoP variables and 

help to detect balance difficulties associated with pathological conditions (Palmieri, Ingersoll, 

Stone, & Krause, 2002). CoP reflects the orientations of the body’s segments, in addition to the 

movement of the body (limb angular accelerations and velocities) (Prieto et al., 1996). Therefore, 

CoP movements help to provide an understanding of how the central nervous system controls 

movement of the CoM, because changes in CoP displacement reflect changes in the CoM 

displacement as the locations of CoP and CoM are highly correlated (Adkin, Frank, Carpenter, & 

Peysar, 2000).  
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Consequently, the movements of the CoM and the effects of forces used to sustain 

balance are represented through a time series of CoP values (Piirtola, & Era, 2006). CoP values 

can be obtained through calculations from signals obtained from a force platform on which a 

person is standing or stepping. As a result, CoP is a measurement that is widely used to 

investigate postural control changes (Doyle et al., 2007). Thus, CoP is used as an indicator of 

dynamic stability, as increased variability in movement of the CoP is associated with increased 

fall risk in older adults (Piirtola, & Era, 2006; Rajachandrakumar, Mann, Schinkel-Ivy, & 

Mansfield, 2018; Winter, 1995). An individual’s instability can be assessed through CoM and 

CoP especially in the medio-lateral (ML) direction (Rajachandrakumar et al., 2018; Piirtola, & 

Era, 2006). Specifically, variability in ML CoM and CoP position predicted one’s stepping 

reactions (Rajachandrakumar et al., 2018). Furthermore, the amplitude, mean, and root mean 

squared of the CoP in the ML direction predicted future falls and recurrent fallers (Piirtola, & Era, 

2006; Topper, Maki, & Holliday, 1993; Stel, Smit, Pluijm, & Lips, 2003). As a result, changes in 

the CoP are a direct response of the central nervous system (CNS) adjusting to imbalances of the 

CoM to help maintain balance by keeping the CoM within the BoS (Winter, 1995).   

2.3.3 Upper body and head stabilization during walking 

Head stabilization, managing the orientation of head, aids dynamic balance during 

walking as a stable head enhances the sensitivity of the sensory systems to both vestibular and 

visual signals (Berthoz & Pozzo, 1988; Cromwell, Newton, & Carlton, 2001; Keshner, Cromwell, 

& Peterson, 1992; Pozzo, Berthoz, & Lefort, 1990; Pozzo, Levik, & Berthoz, 1995).  If the gait 

related oscillations destabilize the head, the quality of the sensory information required for 

postural control is disturbed (Di Fabio & Emasithi, 1997). To protect against disturbing forces, 

the paraspinal muscles along the spinal column activate to attenuate the forces produced during 

gait (Winter, 1995). By stabilizing the spinal column, the sensory organs within the head are 

provided with a stable platform while the body moves (Winter, 1995). In order for the postural 
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control system to provide a stable platform for the head, especially during gait, it requires head 

stabilization to improve conditions related to the body’s visual apparatus (Bril & Ledebt, 1998). 

Head stabilization can occur in two ways either as a result of locking the head to the trunk or by 

stabilizing the head in space (Pozzo et al., 1990).  

Stabilizing the head by locking it to the trunk decreases the degrees of freedom of the 

head-neck system and increases head stabilization (Honegger, Hubertus, & Allum, 2013; Pozzo et 

al., 1990; Young & Williams, 2015). However, locking the head to the trunk can increase body 

sway, instability, and decreased gaze stability especially in older adults and may not be the most 

effective strategy for head stabilization (Keshner, 2000; Pozzo et al., 1990; Honegger et al., 2013; 

Keshner, 2004). When stabilizing the head in space, the head position is adjusted in anticipation 

of movement (displacements) of the body in order for the angular orientation of the head to stay 

relatively constant in space (Di Fabio & Emasithi, 1997). Stabilizing the head in space allows the 

head to make adjustments independent of the trunk and is an essential strategy for balance and 

postural control, yet this stabilization strategy is often impaired in older adults (Keshner, 2000; 

Pozzo et al., 1990; Pozzo et al., 1995; Di Fabio & Emasithi, 1997). Maintaining head stabilization 

may result in older adults having increased stiffening of the head and trunk in an attempt to keep 

the head stationary in space when the trunk is moving or during whole body postural control 

(Keshner, 2000; Pozzo et al., 1990; Woollacott, Inglin, & Manchester, 1988).  

An increased stiffening of the head and trunk occurs as a result of two adjacent body 

segments moving together with no relative joint rotation, indicating that the joint has stiffened 

due to co-contraction across the joint (Honegger, Hubertus, & Allum, 2013; Keshner, 2000; 

Woollacott, Inglin, & Manchester, 1988). Stiffening strategies are used as a preparatory strategy 

intended for accommodating possible destabilizing factors (Young & Williams, 2015; Brown et 

al., 2002). When the task demands are moderately low such as quiet standing, a stiffening 

strategy can be beneficial for avoiding destabilizing motor patterns (Young & Williams, 2015; 
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Brown et al., 2002). Whereas, when tasks are more complex, such as most activities of daily 

living, they require particular movements while negotiating several constraints (Young & 

Williams, 2015; Brown et al., 2002). As a result, when stiffening strategies are used in dynamic 

tasks, the result is an increase in the possibility of misguiding balance control mechanisms, a 

decrease in the appropriate response to external perturbations, and/or misplaced steps leading to a 

slip, trip or fall (Young & Williams, 2015). Thus, to improve stabilization, older adults are more 

likely to couple the head and trunk, creating stiffening in an attempt to become more stable 

(Cromwell, Newton, & Forrest, 2002; Young & William, 2015; Manchester, Woollacott, 

Zederbauer-Hylton, & Marin, 1989; Woollacott, 1993). 

2.3.4 The effects of aging on postural control, balance, and gait 

Older adults’ postural and balance control are affected negatively by the natural course of 

aging (Skinner, Barrack, & Cook, 1984; Teasdale, Stelmach, & Breunig, 1991; Keshner, & 

Chen,1996). These declines in postural and balance control are due to deteriorations in 

somatosensory, visual, and vestibular function that lead to unsteadiness and increased chances of 

falls (Cohen et al, 1996; Horak, Shupert, & Mirka, 1989; Peterka & Black, 1989). Older adults 

also have changes in physiological functions, such as decreased muscle strength, flexibility, 

proprioception, sensation, and reaction times which negatively affects their walking function 

(Menz, Lord, & Fitzpatrick, 2007; Öberg, Karsznia, & Öberg, 1993; Morrison, Russell, Kelleran, 

& Walker, 2015). Declines in walking function are exhibited through slower walking cadence, 

slower speed, wider stride width, and shorter stride length (Menz et al., 2007; Öberg et al., 1993; 

Morrison et al., 2015). Furthermore, as a result of postural control changes due to aging, older 

adults typically have higher muscle coactivation during standing, gait, and functional reach and 

are even further affected if they have decreased postural control ability (Nagai et al., 2011). 
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Increased muscle coactivation results in the postural stiffening. Stiffening suggests an 

increased amount of attentional demand required for postural control as a result of age-related 

changes (Woollacott & Shumway-Cook, 2002). Therefore, the changes observed in older adults 

such as balance, decreased muscle weakness, poor physical performance, altered attentional 

processes and low levels of physical activity are commonly used as essential predictors to identify 

older adults who are at high risk of falling (Young & William, 2015; O'Loughlin, Robitaille, 

Boivin, & Suissa, 1993; Campbell, Borrie, & Spears, 1989). Stiffening is also used when dual 

tasking as a postural adaptation in older adults in what is called a posture first strategy, where 

older adults decrease performance of the secondary task when they are under conditions of high 

postural threat (Woollacott & Shumway-Cook, 2002).  

2.4 Dual tasking  

2.4.1 Definitions 

Dual tasking (time sharing/multitasking) is performing two tasks simultaneously; 

generally, the primary task is postural (standing or walking) and the secondary task is cognitive 

(de Hoon et al., 2003; Lacour, Bernard-Demanze, & Dumitrescu, 2008). Dual tasking can be 

easily observed in day to day living when individuals perform secondary tasks while walking or 

standing, such as talking, carrying groceries or laundry, cooking, or dressing. However, dual 

tasking results in an increased chance of falls (Van Iersel, Ribbers, Munneke, Borm, & Rikkert, 

2007). The proposed explanation for this increased chance of falls is that the secondary task 

affects balance control by dividing attention or causes some structural inference within the neural 

networks of the motor and frontal cortex (Van Iersel et al., 2007). As a result, when individuals 

perform dual tasking the dual demands trigger competition for attention and cause difficulties for 

the brain to prioritize the two tasks (Yogev‐Seligmann, Hausdorff, & Giladi, 2008). In other 



 

 

 

26 

words, when two or more tasks exceed the brain's available attentional capacity, the performance 

of one or both tasks can be adversely affected (Smith et al., 2014). 

The type of cognitive processing required for dual tasking is known as executive 

functioning, believed to play a pivotal role in orchestrating goal-directed activities and allocating 

attention for completing tasks (Springer et al., 2006; Royall et al., 2002). Executive functioning 

includes the cognitive skills that control planning, initiation, sequencing, and monitoring complex 

goal-directed behaviour (Royall et al., 2002). Therefore, executive functioning is defined as a 

complex process through which an individual performs a problem-solving task from its beginning 

to its end (Springer et al., 2006; Royall et al., 2002; Sbordone, 2000). Executive functioning 

provides individuals the ability to be aware of their surrounds, make decisions regarding balance 

in a complex environment, to filter out distractions, to detect movement errors and, lastly, to 

allocate attention appropriately among tasks. Therefore, executive functioning is essential for 

independent daily living among older adults, and therefore a reduction may negatively affect 

postural control and balance and can result in increasingly severe gait disturbances and postural 

instability (Lacour et al., 2008; Kelly et al., 2015). Thus, executive functioning reveals how 

functioning in daily life involves a multifaceted relationship between mobility, balance and 

cognition (Kelly et al., 2015). Furthermore, an individual’s executive functioning ability in regard 

to dual tasking is valuable information for a health care professional to know due to its 

association with abnormalities in balance and gait (Rucker et al., 2012). Therefore, by assessing 

dual task performance health care professionals are able to identify abnormalities and improve 

functional executive process of dual tasking (Rucker et al., 2012). 

2.4.2 Measurements of dual task parameters 

Dual tasking is measured through a testing model that involves an individual performing 

a cognitive and motor task simultaneously (Broglio, Tomporowski, & Ferrara, 2005). Commonly 
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dual-tasking methods uses a mathematical task while the person performs a primary motor task, 

usually a static task (standing); however, studies have also used walking as the primary task 

(Broglio et al., 2005; Springer et al., 2006). Nonetheless, not all previous research studies have 

used mathematical tasks for the secondary tasks. Studies have used phoneme monitoring, which 

is counting the times a word is said, reciting serial subtractions of either 7 or 3’s, number 

repetition, reciting the alphabet out loud consequently or alternating letters, or a modified Stroop 

test (Springer et al., 2006; Liu-Ambrose, Katarynych, Ashe, Nagamatsu, & Hsu, 2009; Melzer, 

Benjuya, & Kaplanski, 2001). Additionally, common clinical dual-tasking test includes the stops 

walking when talking test, the timed up and go cognitive test, the walking while talking test, the 

multiple tasks test, and the walking and remembering test (McCulloch, Mercer, Giuliani, & 

Marshall, 2009). Despite the numerous types of dual tasking methodology, when choosing a 

secondary task, it’s best to choose the secondary task based on its difficulty (dual task cost) 

relative to the primary task, as the costs of dual tasking vary as a function of the secondary task in 

addition to the participants’ ability to perform the primary task  (based on factors such as 

education level) (Yogev‐Seligmann et al., 2008; McCulloch et al., 2009; Lindenberger, Marsiske, 

& Baltes, 2000; McDowd & Shaw, 2000). Consequently, there is no consensus on which 

secondary task is most suitable to create the optimal attentional loading; as a result, the secondary 

task varies between studies (Yogev‐Seligmann, Hausdorff, & Giladi, 2008). Despite a lack of 

consistency, many of the tasks are borrowed from neuropsychological tests; examples include the 

Stroop test or verbal fluency task, whereas others are created by the authors for their specific 

study (Yogev‐Seligmann et al., 2008). As a result, the task may be different based not only on the 

primary task but also based on the individuals participating in the study (Yogev‐Seligmann et al., 

2008). 

Some measures of dual tasking performance are based on how the biomechanics of one’s 

gait and postural control are affected during dual tasking (Yogev‐Seligmann et al., 2008; Springer 
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et al., 2006). During dual-tasking gait, the upper trunk movements are closely controlled to ensure 

head stabilization, irrespective of age and the task conditions (Asai, Doi, Hirata, & Ando, 2013; 

Pozzo, Berthoz, & Lefort, 1990). Additionally, gait speed, step width and length, and gait 

rhythmicity can be negatively affected during attention demanding tasks such as dual tasking and 

can result in falls (Yogev‐Seligmann et al., 2008; Doi, Asai, Hirata, & Ando, 2011; Al-Yahya et 

al., 2009). Changes in one’s gait are larger when a cognitive task is interfering internally (e.g., 

counting backwards) rather than interfering externally (e.g., reaction time tasks) (Vallabhajosula, 

Tan, Mukherjee, Davidson, & Stergiou, 2015). This may be a result of internal interfering tasks 

requiring the use of working memory, which causes an additional load to be demanded of an 

individual while walking (Vallabhajosula et al., 2015). Therefore, one’s biomechanics during 

standing, walking, or stair climbing can change as a result of an attention-demanding dual task, 

due to its destabilizing effect on one’s postural control, especially in the older adult population 

(Woollacott & Shumway-Cook, 2002; Springer et al., 2006; Vallabhajosula, Tan, Mukherjee, 

Davidson, & Stergiou, 2015). See section 2.4.3, below. 

2.4.3 Differences between older and younger adults in dual tasking 

There is an indication that dual tasking balance performance significantly deteriorates 

with age, especially when the task at hand is demanding or difficult (Yang, Liao, Lam, He, & 

Pang, 2015). Increased cognitive demand tasks completed during walking have an adverse effect 

on gait stability and can put older adults at a higher chance of falling (Lacour et al., 2008). This is 

largely due to older adults having reduced attentional capacities and, therefore, having more 

difficulty with dual tasking (Lacour et al., 2008; Holtzer, Stern, & Rakitin, 2005; Woollacott & 

Shumway-Cook, 2002). Older adults tend to have a higher dual tasking cost or interference due to 

the decline in executive abilities, such as planning, coordinating, and monitoring activities (Riby, 

Perfect, & Stollery, 2004; Lindenberger et al., 2000). This is thought to be a result of older adults 

having structural changes in the brain, especially in the prefrontal cortex, due to aging that are 
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associated with attentional systems and executive functioning (Raz, 2000; Charlton et al., 2006; 

Salthouse, 1994).  

The changes that occur due to aging significantly affect an older adult’s ability to perform 

dual tasks (Holtzer et al., 2005). As a result, during dual tasking older adults, especially those 

who prone to falls, are seen to have greater destabilizing effects on their postural control during 

walking when compared to young adults (Springer et al., 2006). An older adult’s postural control 

system is negatively affected at all stages of neural processing required to make it effective, from 

sensory inputs to central neural integration to motor outputs (Alexander, 1994; Lindenberger, 

Marsiske, & Baltes, 2000). Thus, age related inaccuracies in small postural adjustments during 

dual tasking reveal that the cognitive control processes contribute significantly to the age-related 

differences seen in maintaining a stable upright standing position (Lajoie et al., 1996; 

Lindenberger et al., 2000).  

As when one’s BoS is reduced when completing a complex task in an upright standing 

position, an older adult reallocates more of their attentional resources to the postural task 

compared to younger adults (Lajoie et al., 1996). Therefore, the increased cognitive control 

demands and resources that are used to maintain an upright standing position demonstrates the 

relationship between cognitive resources and postural balance (Lajoie et al., 1996; Lindenberger 

et al., 2000). Consequently, an older adult’s trunk control, stability, and gait are greatly affected 

as a result of these age-related changes to one’s postural control (Lajoie et al., 1996; Brown, 

Shumway-Cook, & Woollacott, 1999; Kavanagh et al., 2006; Woollacott & Shumway-Cook, 

2002). As a result, dual tasking is used as a common tool to study the effect of divided attention 

(the cognitive demand) on walking as well as the relationship between gait/posture and attention 

(Brown, Shumway-Cook, & Woollacott, 1999; Lajoie et al., 1996). Older adults have shown 

decreases in postural control or gait disturbances while dual tasking in standing, walking, and 

stair climbing (Vallabhajosula et al., 2015; Lajoie et al., 1996). Older adults’ responses to dual 



 

 

 

30 

tasking provides vital information towards independent living in old age, as dual tasking is 

performed in many daily activities (Lacour et al., 2008).  

2.5 Stair Ascent and Descent  

For older adults, negotiating stairs is one of the most challenging and hazardous types of 

locomotion activities, due to other health conditions or aging that lead to decreases in lower-limb 

function, balance problems, and motor functions (Yadav, Zia, & Walia, 2015). 

Mitchell, Aitken, & Court-Brown (2013) reported that adults aged sixty or older found 

ascending and descending stairs to be one of the top five most difficult tasks required for daily 

activities. Stairs are frequently used in daily living and the task of stair negotiation is fairly 

demanding especially when motor functions are reduced (Riener, Rabuffetti, & Frigo, 2002). In 

USA national injury statistics, steps/stairs are the second most common location for falls among 

older adults (18% of all falls), after falls on the same level such as in standing or walking (48% of 

all falls). Moreover, among falls on steps or stairs reported to the national injury statistics, 75% 

occurred in older adults (Hoskin et al., 1999, as cited in Ojha, Kern, Lin, & Winstein, 2009). As a 

result, falls on stairs can cause a high risk of death or severe injury, and therefore, it is important 

for physicians, rehabilitation professionals, engineers, and prosthetists to have a greater 

understanding of the mechanics and differences between stair negotiation and level walking and 

the risks associated (Protopapadaki, Drechsler, Cramp, Coutts, & Scott, 2007; Nadeau, 

McFadyen, & Malouin, 2003; Jacobs, 2016). 

2.5.1 Measurements of parameters related to stair ascent and descent 

Most studies measure the participants’ CoP by using 1 or 2 force platforms embedded in 

the stairs, while some use an additional platform on the ground in front of the stairs (Riener et al., 

2002; Protopapadaki et al., 2007; Nadeau et al., 2003). In addition to force platforms, studies 

have used a motion capture system such as Vicon, Optotrak, or ELITE to measure movement 
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kinematics (Nadeau et al., 2003; Protopapadaki et al., 2007; Vallabhajosula et al., 2015). 

Therefore, the design of the staircase and whether force platforms or motion capture analysis 

systems are used is dependent on which kinematic or kinetic variables are being measured 

(Riener et al., 1999; Kim, 2009). Common kinematic and kinetic variables measured during stair 

negotiation are gait velocity, cycle duration, ground reaction forces, joint moment, powers, and 

angles, and CoP location, displacement, and velocity (Protopapadaki et al., 2007; Riener et al., 

1999; Kim, 2009; Vallabhajosula et al., 2015; Nadeau et al., 2003). Therefore, the determining 

factor for the measurement tool/design is based on what resources are available and what is being 

measured; thus, most studies create their staircase (Riener et al., 1999; Kim, 2009).  

2.5.2 Biomechanics 

From a mechanical viewpoint, stair negotiation is quite different from level walking due 

to changes in muscle activation, the required joint range of motion, and in the maximum joint 

moments and forces required (Andriacchi, Andersson, Fermier, Stern, & Galante, 1980). 

Differences in gait pattern motions have been found between ascending and descending the stairs 

compared to that of level ground walking (Loy & Voloshin, 1991). The gait cycle for stair 

climbing is divided into two phases: the stance phase and the swing phase. For healthy young 

adults, during stair ascent 66 percent of the time is spent in stance phase with 34 percent of time 

spent in swing phase; whereas, during stair descent 60 percent of time is spent in stance phase and 

40 percent of time is spent in swing phase (Abdulhassan & Abbas, 2013). Stance and swing phase 

both have subphases; however, they are slightly different based on either stair ascent or descent.  

For stair ascent, there are 3 sub-phases in the stance phase and 2 sub-phases in the swing 

phase (Abdulhassan & Abbas, 2013). The sub-phases in the stance phase include weight 

acceptance, pull up, and forward continuance, while the subphases in the swing phase include 

foot clearance and foot placement (Abdulhassan & Abbas, 2013). Weight acceptance is defined 
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as the initial movement of one’s body into the optimal position for pull up, while the definition of 

pull up is the transition from one step to the next that begins during single-leg support to roughly 

mid-swing of the opposite leg (Abdulhassan & Abbas, 2013; McFadyen & Winter, 1988). 

Forward continuance is defined as the complete ascent of a step and the continuation of 

progression forward, while foot clearance is defined as lifting the leg up and over the next step 

while ensuring the foot does not touch the intermediate step (Abdulhassan & Abbas, 2013). 

Lastly, foot placement is defined as the concurrent lifting of the swing leg and positioning of the 

leg for placement on the step (Abdulhassan & Abbas, 2013). 

 During the phases of stair ascent, especially during the weight acceptance phase, an 

individual’s gait pattern does not contain a heel strike as the heel never contacts the stairs (Loy & 

Voloshin, 1991; McFadyen & Winter, 1988). As a result, when ascending only the metatarsal part 

of the foot contacts the step (Loy & Voloshin, 1991). Consequently, the metatarsal strikes have a 

higher amplitude and less steep slope compared to heel strike during level-walking walking (Loy 

& Voloshin, 1991). Additionally, impulsive loads during ascent were over 180 percent of that 

seen for level walking (Loy & Voloshin, 1991).  

For stair descent, the subphases include three sub-phases during stance, and two sub-

phases during swing (Abdulhassan & Abbas, 2013). The sub-phases in the stance phase include 

weight acceptance, forward continuance, and controlled lowering while the subphases in the 

swing phase include leg pull through and preparation for foot placement (Abdulhassan & Abbas, 

2013). Weight acceptance and forward continuance are defined similarly to their stair ascent 

counterparts. Controlled lowering is defined as the main part of progression when descending 

from one step to the next, while the swing phase is defined as the swing through of the leg, and 

foot placement is defined the same as in the stair ascent subphases (Abdulhassan & Abbas, 2013). 

During stair descent the metatarsals make the first contact as seen during stair ascent; however, 

the metatarsal strike does not create the same impulsive magnitude as seen in stair ascent, as the 
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body is not brought to a complete stop until the heel strike impact occurs (Loy & Voloshin, 

1991). Consequently, the strike impact magnitudes generated during stair descent are 

approximately 130 percent greater than those observed during stair ascent and 250 percent greater 

than those found during level ground walking (Loy & Voloshin, 1991). 

Therefore, despite the variance in stair ascent and descent there are shared basic 

biomechanical patterns that both require the knee and ankle joints to have sufficient power and 

strength to help control the body during stair negotiation. The magnitude of the support moment 

are greater for stair ascent when compared to level walking (McFadyen & Winter, 1988; 

Cavanagh, Mulfinger, & Owens, 1997); thus stair ascent is a challenging daily task to perform 

due to the added difficulty of rising against gravity (McFadyen & Winter, 1988). 

2.5.3 Differences between older and younger adults in stair negotiation 

Stair negotiation for older adults can be a very hazardous and challenging task (Startzell, 

Owens, Mulfinger, & Cavanagh, 2000; Nadeau et al., 2003). Older adults have a greater fall risk 

especially on stairs due to perception-action, biomechanical, or environmental constraints and 

therefore change their gait characteristics as a result (Startzell et al., 2000; Reeves, Spanjaard, 

Mohagheghi, Baltzopoulos, & Maganaris, 2009; Lee, & Chou, 2007). Consequently, there is a 

high rate of injuries that occur due to falls, especially in older adults on stairs, causing either fatal 

or non-fatal injuries (Startzell et al., 2000). As a result, older adults stated they had lower 

confidence in their ability to perform stair ascent and descent even if they can negotiate stairs 

adequately (Hamel & Cavanagh, 2004).  

Stair negotiation is a demanding movement for individuals with reduced motor functions 

such as older adults; as a result, when compared to younger adults, older adults increase the 

coactivation of their antagonistic muscles more regularly during stair descent (Hortobagyi & 

DeVita, 2000; Riener et al., 2002). This increase in muscle coactivation is interpreted as an 
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indication that older adults stiffen their joints of their lower limbs to improve balance (Hortobagyi 

& DeVita, 2000). Thus, older adults adopt different strategies, that are not seen in younger adults, 

to compensate for reduced musculoskeletal capabilities to meet the demands of stair climbing 

(Reeves et al., 2009).  

When negotiating stairs, older adults used significantly more attentional resources in 

comparison to younger adults, especially when performing a secondary task simultaneously (Ojha 

et al., 2009). Older adults, therefore, negotiate stairs slower and spend more time in double 

support while also implementing cautious strategies such as using handrails, turning sideways 

during stepping, implementing earlier and larger steps adjustments, and having less footfall 

variability when compared to younger adults (Lythgo, Begg, & Best, 2007; Hamel & Cavanagh, 

2004; Christina & Cavanagh, 2002; Jacobs, 2016). While healthy older adults have a decreased 

ability to negotiate stairs due to aging, older adults with chronic health conditions are at an even 

higher fall risk due to further body changes and deterioration (Brown, Handsaker, Bowling, 

Boulton, & Reeves, 2015; Finlayson, & Peterson, 2010; Pieterse et al., 2006). 

2.6 Effects of diabetes on balance, dual tasking, and stair ascent and descent 

2.6.1  Balance 

Diabetes can cause balance impairments due to decreased somatosensory, vestibular, or 

visual feedback (Mustapa, Justine, Mohd, Jamil, & Manaf, 2016). The maintenance of balance 

depends on information from the visual, vestibular, and somatosensory organs, which is used as a 

reference for body orientation and is crucial for balance control in activities of daily living (ADL) 

(D'Silva et al., 2016). Thus, decreased postural control during ADL is a critical intrinsic factor 

that contributes to falls in individuals with diabetes (Ghanavati et al., 2012; Mustapa et al., 2016). 

Decreased postural control can be due to either the effects of peripheral neuropathy on the 

neuromuscular system or the body’s lack of ability to counteract the possible absence of their 
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somatosensory information that can result in a higher postural sway (Ghanavati et al., 2012; 

Mustapa et al., 2016). 

Peripheral neuropathy is the presence of signs and symptoms of peripheral nerve 

dysfunction that translates to numbness, pain, and tingling in the legs and feet, affecting the 

proximal and distal peripheral sensory and motor nerves (Mustapa et al., 2016; Gupta & Gupta, 

2014; Vinik, 2004; Boulton, Gries, & Jervell, 1998). As a result, individuals with Diabetic 

peripheral neuropathy (DPN) and Diabetic neuropathy (DN) have an increased risk of postural 

sway due to decreased strength as a result of high glucose levels, hyperglycemia in the muscles, 

and less glucose uptake resulting in a reduced capacity to provide support in resisting postural 

sway (Mustapa et al., 2016; Vaz et al., 2013). Thus, more significant impairments were found for 

postural control in dynamic situations and upright positions with individuals with diabetes type 

two (DM2) and DN when compared to those without DM2 (Vaz et al., 2013). Patients with DPN 

may also have a decreased stable posture as a result of weakness in the knee extensors and hip 

flexors (Corriveau et al., 2000). However, Corriveau et al. (2000) showed that postural control 

impairments in individuals with DPN are not always evident in the early stages but adequate 

postural control is very important when performing challenging postural conditions. The 

impairments seen in postural control are due to changes that can occur in both motor and 

peripheral sensory nerves as early as four years post diabetes diagnosis (Corriveau et al., 2000). 

Thus, is it essential to evaluate postural stability (i.e., balance) of people with DPN to prevent 

injuries due to falls and other after-effects of falls (Corriveau et al., 2000). 

The aging process in individuals with DM2 especially those with peripheral neuropathy 

can cause even further impairments in balance performance (Vaz et al., 2013; Cordeiro, Jardim, 

Perracini, & Ramos, 2009).Therefore, impaired balance and mobility have been observed in older 

adults with DM as a possible consequence of advanced age, absent balance strategies, limitations 

in performance of daily activities, and poor somatosensory sensitivity (Vaz et al., 2013; Cordeiro 
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et al., 2009). It is therefore recognized that the aging process has a negative impact on individuals 

with DM2 (Vaz et al., 2013). The association of balance impairment with aging is one reason 

why postural unsteadiness is not strongly associated with DM, as it is indirectly related through 

association with aging and chronic complications such as neuropathy (Cordeiro et al., 2009; 

Cavanagh, Simoneau, & Ulbrecht, 1993). 

Aging causes reduced stability as seen through increased anterior-posterior and 

mediolateral CoP displacements which suggests decreased coordination and higher fall risks 

(Meier, Desrosiers, Bourassa, & Blaszczyk, 2001). Another increased risk of falls is mainly due 

to individuals with diabetes having difficulties with integrating multiple body functions such as 

motor coordination, sensory processing, generation of muscle strength, and mobility during 

dynamic situations that occur during ADLs (Vaz et al., 2013; Karinkanta, Heinonen, Sievänen, 

Uusi-Rasi, & Kannus, 2005). 

2.6.2 Dual tasking 

Older adults with diabetes often have cognitive deficits affecting executive functioning 

due to neuroanatomical changes as a result of impaired glycemic control, insulin resistance, and 

vascular disease, although it is believe to be a result of not just those listed but from a 

multifactorial process that includes these factors along with others (Rucker, McDowd, & 

Kluding, 2012).  Consequently, there is a negative effect on postural stability and gait under dual 

task conditions that ultimately affect ADLs (Rucker, McDowd, & Kluding, 2012; Roman de 

Mettelinge et al., 2013; Smith et al., 2014; Qiao Qiu et al., 2006).These impairments in executive 

functioning have a negative effect on daily functional abilities and either directly or indirectly 

affect the most basic ADLs such as walking, dressing, transferring, stair negotiation, and stepping 

(Rucker et al., 2012). Consequently, individuals with diabetes exhibited gait abnormalities during 

situations in which they had to rely on attentional resources that required higher levels of 
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executive involvement, such as time sharing between simultaneous dual tasks (Rucker et al., 

2012; Paul, Ellis, Leese, McFadyen, & McMurray, 2009; Roman de Mettelinge et al., 2013). A 

study by Paul et al., (2009) showed that older adults with diabetes with and without DPN had 

significantly slower gait, decreased step length, and increased double support time when walking 

while performing mental (serial mental subtraction) or physical (carrying objects) tasks. 

However, these findings showed that individuals with diabetes and DPN were more affected by 

the addition of a secondary task, as they are less able to divert and divide their attention causing a 

deterioration in their gait, postural stability, and in the secondary task (Paul et al., 2009; Mustapa 

et al., 2016; Smith et al., 2014). Thus, dual tasking can cause an increased risk of falls for 

individuals with DM2 compared to individuals without DM due to their decreased attentional 

capacity that is independent of age.  (Smith et al., 2014). 

2.6.3 Stair ascent and descent 

Older adults with diabetes have altered stair negotiation as a result of postural control 

changes due to diabetes (Brown, Handsaker, Bowling, Boulton, & Reeves, 2015; Jacobs, 2016). 

One study assessed muscle activity between individuals with and without diabetes and found that 

individuals with diabetes had a delayed activation of the knee and ankle extensor muscles and 

required a longer time period before peak activation was reached during stair ascent (Spolaor et 

al., 2016; Handsaker et al., 2014). Additionally, individuals with DPN compared to individuals 

without DPN had altered activity in the muscles of the lower limb, which was associated with the 

inability to efficiently control their weight bearing during stair negotiation (Spolaor et al., 2016). 

Specifically, Spolaor et al. (2016) found altered timing of activity across multiple muscles 

through surface electromyography, including activation delays in almost all muscles. This 

inability to efficiently negotiate stairs, is due to muscular weakness as a result of diabetes; 

consequently, there were lower joint moments in both the ankle and knee joints (Brown et al., 

2016). Muscular deficiencies are common in individuals with diabetes and DPN, which can cause 
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increased dynamic sway due to the increase in muscular effort that is required to maintain and 

control upright posture (Brown et al., 2015). Brown et al., (2015) observed that balance 

impairments were mainly seen in the mediolateral direction in individuals with diabetes with 

DPN and were greatest during stair descent when compared to healthy controls. Therefore, 

individuals with DPN are more susceptible to falls during stair climbing due to larger extremes of 

dynamic sway, as this additional sway results in the CoM being further from the CoP and 

therefore causes higher muscular demands to maintain balance (Brown et al., 2015). 

Individuals with diabetes, compared to individuals without, showed a reduced speed of 

knee and ankle strength generation during both stair ascent and descent, in conjunction with a 

slower gait velocity (Handsaker et al., 2014; Brown et al., 2015). A slower gait velocity can be 

seen as a coping mechanism for individuals with diabetes; however, some gait alterations were 

not associated with velocity change, implying that other strategies (lower hip extension moments 

and higher operating strengths) may be used to reduce the joint moments (Brown et al., 2016). 

The reduced speed of muscle strength generation and reduced joint moments may be a result of 

the combination of reduced motor and sensory function partly due to polyneuropathy (Handsaker 

et al., 2014; Brown et al., 2016). The reduction in proprioceptive and sensory information sent to 

the CNS from the lower limbs is associated with inadequate motor responses and uncoordinated 

movement control. This situation may result from not being able to feel the ground and therefore 

producing inaccurate initiation of muscular responses (Brown et al., 2015; Crozara et al., 2013; 

Gutierrez, Helber, Dealva, Ashton-Miller, & Richardson, 2001). Therefore, a slower speed of 

strength generation can be a limiting factor for balance recovery during stair negotiation as it 

reduces the ability to adapt to perturbations during dynamic balance tasks (Handsaker et al., 

2014).  
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2.7 Rationale/purpose for study 

Type two diabetes (DM2) negatively affects balance control in older adults, adversely 

affecting functional skills that are required to perform everyday tasks, such as stair ascent, thus 

affecting their overall ability for independent living. Although there is some research on older 

adults with DM2 and negotiating stairs, there is limited research on dual tasking while ascending 

stairs and the effects of dual tasking on balance control for older adults with DM2. Older adults 

with DM2 have decreases in executive functioning that decrease stability while dual tasking, thus 

affecting balance, gait, and stair negotiation, leading to increased fall risk. Therefore, there is a 

need for a better understanding of the effects of diabetes on common ADLs that involve dual 

tasks such as stair ascent, to provide insight into the effects these daily tasks have on postural 

control in older adults with diabetes. Thus, the purpose of this study was to investigate postural 

control differences during stair ascent between people with DM2 and an age-matched control 

group under three conditions: without additional challenge, with a cognitive challenge, and with a 

motor challenge, and to investigate which measure of centre of mass (CoM) –body or trunk– is 

more sensitive to changes in postural control during stair ascent. Within this overarching purpose, 

three specific research questions were explored. 

2.8 Research Questions 

1. Which centre of mass surrogate measure – Body (S2) or trunk (average of T12 and 

acromion processes) – is more sensitive to changes in postural control during stair ascent 

in adults aged 65 or older with and without type 2 diabetes? 

2. How is postural control affected while ascending stairs in adults aged 65 or older who do 

or do not have type 2 diabetes? 

3. How is postural control affected with the addition of a secondary task while ascending 

stairs in adults aged 65 or older with and without type 2 diabetes? 
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In addition to the above three primary questions, a secondary question was explored with respect 

to question 1, specifically whether the participants' scores for cognitive function or balance 

confidence were associated with the results for question 1 as possible explanatory variables. 

2.9 Hypotheses 

The following hypotheses were proposed for the first two research questions, 

respectively: 

1. That the trunk marker will be more sensitive to changes in postural control than the body 

(S2) marker in both groups. 

2. That older adults with diabetes will show the following differences from healthy age-

matched controls 

a. Increased head and trunk stiffening 

b. Increased mediolateral trunk sway 

c. Decreased gait velocity  

d. Increased centre of pressure.  

There was no a priori hypothesis regarding the third research question. 
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Chapter 3 

Methods 

3.1 Design  

The data collection process used in this study was created by Drs Patricia Hewston and 

Nandini Deshpande and the data was collected as part of Dr. Hewston’s PhD thesis data 

collection, although the stair ascent data was not used as part of her final dissertation. The 

objective for Dr. Hewston’s study (2017) was to “[Examine] head and trunk control during fast 

and dual-task walking and the relationship between balance confidence and potential head-trunk 

stiffness in older adults with Diabetes Mellitus (DM) without diagnosed Diabetic Peripheral 

Neuropathy (DPN) compared to those without DM” (Hewston & Deshpande, 2017, p.2) and data 

was collected under three conditions, while walking, ascending stairs and during repeated sit to 

stand trials. The paper “Head and Trunk Control While Walking in Older Adults with 

Diabetes: Effects of Balance Confidence” (Hewston & Deshpande, 2017) was published as a 

result of this research. However, although the researchers collected data under three conditions 

(walking, stair ascent, and sit to stand), only the walking data was analyzed by Dr. Hewston. The 

data from the stair ascent and sit-to-stand conditions were not analysed. In the current study we 

focus on the data from the stair ascent tasks.  

3.2 Participants 

Fifteen healthy older adults (aged ≥ 65 years) and 15 older adults (aged ≥ 65 years) with 

type 2 diabetes were recruited for this study via word of mouth and local newspaper 

advertisements. 
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3.2.1 Inclusion criteria  

Participants in the diabetes group (DM2) included males and females who have had type 

2 diabetes for at least five years without a physician having reported the diagnosis of diabetic 

peripheral neuropathy (DPN). Participants in the control group included males and females who 

were healthy, defined by the absence of any major medical condition and aged matched to the 

DM2 group. 

3.2.2 Exclusion criteria 

Participants were excluded if they met any of the following criteria: open foot sores or 

ulcers, other neurological conditions (such as stroke, Parkinson’s disease, and multiple sclerosis), 

painful arthritis in the lower limbs, the use of a mobility device, self-reported mobility disability 

(defined as not being able to walk a quarter mile without taking a break or to climb a flight of 

stairs unsupported), lower extremity injury that alters one's ability to stand unsupported, or 

Montreal Cognitive Assessment (MoCA) score of <26 (Nasreddine et al., 2005). The MoCA was 

used as a screening tool as it has been shown that reduced scores on global cognition tests are 

associated with severe postural instability and impairments in gait disturbances (Kelly et al., 

2015). This ensured that all participants had similar global cognition levels and, therefore, that 

reduced executive functioning would not impair gait and postural stability (Kelly et al., 2015).  

This study, a secondary analysis, was approved by Queen's University Health Sciences 

Research Ethics Board and participants provided informed consent (Appendix A).   

3.3 Instrumentation  

3.3.1 Optotrak 

Body motions were recorded using a single Optotrak 3020 camera bank (Optotrak) 

(Northern Digital, Canada) that tracked the position of infrared emitting diodes (IREDs) on eight 
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anatomical locations (Hewston & Deshpande, 2017). These eight positions were the midline of 

the occiput, each acromion process, above each ear, the 12th thoracic vertebra, the seventh 

cervical vertebra and the second sacral vertebra (Hewston & Deshpande, 2017). Prior to each stair 

ascent trial, a standardized reference position was collected with the participants looking straight 

ahead while standing erect (Hewston & Deshpande, 2017). Data was collected at a sampling rate 

of 50 Hz and filtered through a low-pass Butterworth filter at 6 Hz (Hewston & Deshpande, 2017; 

Winter, 1982; Novak & Brouwer, 2011). 

3.3.2 Force platform 

A force platform was mounted and centred on a concrete block and was positioned as a 

portion of the second step of a four step staircase of standard dimensions (run: 26 cm, rise: 15 cm, 

and width: 112 cm) (Novak, Reid, Costigan, & Brouwer, 2010). The force platform (AMTI, 

Newton, MA, USA) recorded the ground reaction forces (Novak et al., 2010). Force platform data 

was sampled at 50 Hz and filtered through a low-pass Butterworth filter at 6 Hz.  

3.4 Experimental Procedures/Protocol 

The session began by the student researcher asking the participant to read and review the 

participant information letter. The letter outlined the benefits, risks, basic procedures and purpose 

of the study. The participant was also required to read and sign the consent form provided by the 

student researcher. The letter and consent form provided documentation to ensure the potential 

participants were fully informed on the study and what it would entail.  

 Next, to obtain background information, the participant completed a brief medical and 

demographic form, containing questions on type of diabetes, years of diabetes, fall history within 

the past 6 months, age, and sex. The participant's height and weight were also recorded.  
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All participants completed the Montreal Cognitive Assessment (MoCA) (Appendix B) 

administered by the student researcher. The MoCA assesses executive function, attention, 

concentration, language, visuoconstructional skills, conceptual thinking, calculations, orientation 

and processing speed (Kelly et al., 2015; Nasreddine, 2010). Participants with scores less than 26 

were excluded from further participation. Participants also completed the Activities-Specific 

Balance Confidence (ABC) scale. The ABC scale (Appendix C) is a self-reported measure of 

balance confidence that asks participants to rate how confident they are on not losing their 

balance or becoming unstable while performing activities of daily living both in and out of the 

house (Powell & Myers, 1995; Shumway-Cook, Brauer, Woollacott, 2000; Cleary & Skornyakov, 

2014).  

3.4.1 Experimental conditions 

There were three experimental conditions: control, one additional motor demand, one 

additional cognitive demand. Two trials of each condition were collected and the conditions were 

block randomized. Before beginning each condition, the student researcher demonstrated the task 

for that condition, and the participants were permitted three practice trials of that condition. 

3.4.2 Control condition 

Participants walked up a four-step staircase without hand support at a self-selected 

walking pace starting with their right foot, using alternating steps and keeping their arms crossed 

over their chest. In the control condition, no other demands were added. At the beginning of the 

trial, the participant stood at the base of the staircase and indicated that they were ready to start. 

After verbal confirmation from the participant that they were ready, the student researcher said 

"ready", waited for two seconds and said “go”. Once at the top of the staircase, the participant 

remained facing the wall at the top of the stairs until the student researcher confirmed the end of 

the trial. After the completion of each stair climb trial, the participant walked back down the stairs 
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and were given opportunities to rest as needed. During data analysis a trial was considered to 

begin when the S2 marker first displaced vertically by 26 cm (the height of one stair step) and 

ended when the S2 marker first displaced vertically by 92 cm (the height of four stair steps). 

Therefore, trial data included motion from the mid swing phase of the first step to the mid swing 

phase of the fourth step.   

3.4.3 Additional motor demand task 

In the motor task participants walked up the stairs carrying an empty plastic laundry 

basket with both hands. The motor task intended to create a challenge by blocking vision of their 

feet and stairs, creating extra weight for the participant to hold, and to modify their balance 

control due to slightly shifting their CoM forward due to the added weight of the basket. 

Participants were required to wait at the base of the stairs for the task to begin, the student 

researcher handed the participant the laundry basket. Before starting the trial, the student 

researcher reiterated that the basket needed to be carried with both hands at all times. After verbal 

confirmation from the participant that they were ready and comfortably holding the laundry 

basket, the student researcher said "ready", waited for two seconds and said “go”. The motor task 

was otherwise completed in the same way as the control task. 

3.4.4 Additional cognitive demand task 

In the cognitive task, participants subtracted by threes from a random number given to 

them at the beginning of the trial. The cognitive task challenged the participant’s executive 

functioning by generating competition for attention making it more difficult for brain to create 

difficulties for the brain to prioritize the two tasks. Participants were required to wait at the base 

of the stairs for the task to begin, the student researcher stated they would be subtracting by 

threes. After verbal confirmation from the participant that they were ready and understood the 

task required, the student researcher provided a random number that was <100. The student 
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researcher then said "ready" waited for two seconds and then said “go”. The cognitive task was 

otherwise completed in the same way as the control task, including their arms crossed over their 

chest.  

Each participant completed a total of six trials: two control, two with additional motor 

demand, and two with additional cognitive demand.  

3.5 Outcome Measures  

3.5.1 Balance control based on centre of mass (CoM) 

Balance control was examined by calculating the motion of the centre of mass (CoM) in 

two ways. In the current study the whole-body CoM was represented by the sacral vertebra (S2) 

marker. The S2 marker was used to estimate body CoM due to the high correlation between S2 

marker kinematics and CoM kinematics computed using the segmental analysis method (Yang & 

Pai, 2014).  The S2 movement was evaluated using three parameters: the root mean squared 

(RMS) of S2 displacement, Peak to Peak (P2P) S2 displacement, and RMS of S2 velocity.   

The trunk’s CoM was also measured as changes in trunk movement are particularly 

important to postural control since the trunk plays a major role in providing a stable support 

platform for the head by controlling the structure and amplitude of gait-related oscillations 

(Cromwell, Aadland-Monahan, Nelson, Stern-Sylvestre, & Seder, 2001; Kavanagh, Barrett, & 

Morrison, 2006). The trunk’s CoM was estimated as the average position of three markers: the 

left and right acromion processes and the twelfth thoracic vertebra (T12). The same CoM 

measures were calculated for the trunk CoM as were done for the body CoM, and included: RMS 

of trunk CoM displacement, P2P trunk CoM displacement, and RMS of trunk CoM velocity.  
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3.5.2 Correlation of head and trunk angular movement as a measure of stiffening 

As described in Chapter 2 section 2.3.3, stiffening is a compensatory technique used by 

older adults that decreases the degrees of freedom of the head-neck system to help stabilize the 

trunk and thereby control postural equilibrium (Honegger, Hubertus, & Allum, 2013; Pozzo, 

Berthoz, & Lefort, 1990; Young & Williams, 2015).   

Head-trunk stiffening was estimated using the correlation between the head and trunk 

angular movement. The axis of the head was defined as a line from the occiput marker to the 

seventh cervical vertebra (C7) marker. The axis of the trunk was defined as a line from the C7 

marker to the T12 marker. The degree of head-trunk stiffening was computed for the duration of 

each trial and was estimated by the Pearson correlation coefficient between the head roll and 

trunk roll waveforms (roll is lateral (right/left) flexion), where a value of 1.0 would be identical 

waveforms indicating complete stiffening, and 0 would be random movement between the two 

segments or no stiffening. 

3.5.3 Gait Velocity 

A slower gait velocity reduces instability by increasing the time spent in the double 

support phase; slower gait is a more conservative gait pattern commonly observed in older adults 

(Maki, 1997; Lajoie, Teasdale, Bard, & Fleury, 1996). Reduced gait velocity is seen during 

instances of higher postural threat and is a walking adaptation that older adults use to reduce 

threats when faced with challenging tasks (Brown, Gage, Polych, Sleik, & Winder, 2002). Gait 

velocity in this study was calculated by using the S2 marker as a proxy for whole body centre of 

mass movement (Yang & Pai, 2014). The net vertical and forward displacement of the S2 marker 

was divided by the walking time to compute gait velocity (meters/second).  
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3.5.4 Centre of pressure 

Increased variability in the movement of the centre of pressure (CoP), defined as the 

location at which ground reaction force is applied to the ground (Winter, 1995), is associated with 

increased fall risk in older adults and contributes to predicting future and recurrent fallers 

(Piirtola, & Era, 2006; Rajachandrakumar, Mann, Schinkel-Ivy, & Mansfield, 2018) and to detect 

balance difficulties associated with pathological conditions (Palmieri, Ingersoll, Stone, & Krause, 

2002). In this study the force platform, mounted as the second stair, was used to determine the 

CoP and the CoP measure of interest was the RMS of CoP in the mediolateral direction. Table 1 

shows a summary of the abbreviations used for outcome measures, and the description associated 

with each one. 

3.6 Statistical Analysis  

All statistical analyses were conducted using Statistical Package for Social Science 

(SPSS) v.25 (IBM). For data cleaning purposes, descriptive statistics, boxplots, and histograms 

were used to investigate if there were any outliers. In these investigations, no outliers were found; 

specifically, all data were within three standard deviations of the mean values. Statistical 

significance was set at p<0.05 for all inferential statistical tests. 

3.6.1 Data reduction 

Several data reduction steps were used to reduce the number of variables required for 

each research question. For research question 1 a factor analysis was conducted to examine 

whether there were associations or common variance across measures.  
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Table 3-1: Outcome measures used in this study 

 

Measures  Descriptions  

RMS_BCOM (m) The root mean squared of body (S2) centre of mass mediolateral displacement. 

P2P_BCOM (m) Peak to peak of body (S2) centre of mass mediolateral displacement. 

RMS_BCOMVel 
(m/s) 

Root mean squared of body (S2) centre of mass mediolateral velocity. 

RMS_TCOM (m) Root mean squared of trunk centre of mass mediolateral displacement. 

P2P_TCOM (m) Peak to peak trunk centre of mass mediolateral displacement.  

RMS_TCOMVel 
(m/s) 

Root mean squared of trunk centre of mass mediolateral velocity.  

Head_roll (degrees) The angular lateral flexion (right/left) flexion/extension displacement of the head 
axes was the roll angle and was computed for the duration of each trial. 

Trunk_roll 
(degrees) 

The angular lateral flexion (right/left) displacement of the trunk axes was the roll 
angle and was computed for the duration of each trial. 

Corr_HTroll Pearson correlation coefficient between the head roll and trunk roll waveforms. 

RMS_COP (m) Root mean squared of centre of pressure in the mediolateral direction. 

Gait_Vel (m/s) Vertical and forward displacement of the S2 marker divided by the walking 
time. 

 

Specifically, all body CoM measures, and all trunk CoM measures were examined in 

separate factor analyses. For questions 2 and 3, Pearson’s correlation coefficients showed which 

measures were highly correlated. If a measure was highly correlated, its removal was based on if 

it was correlated with multiple other variables, if the variable was easy to measure clinically, 

and/or if it was considered best practice (commonly used in similar research). In the group of 
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variables that were highly correlated, the variables that were kept were those that were clinically 

relevant or often used in related research.  

Additionally, it should be noted that as a result of marker issues and markers falling out 

of view the total numbers of values for participants (N value) varies from 15 to 12 depending on 

the outcome measure used. Details about which participants had camera marker issues and as a 

result which outcome measures were affected can be seen in Appendix D. 

Data reduction for research question 1. 

The factor analysis of body measures (P2P_BCOM, RMS_BCOMVel, and RMS_BCOM) 

revealed that RMS_BCOMVel and P2P_BCOM were both highly associated with one component 

of the matrix (commonalities >0.9). RMS_BCOM was not highly associated with that component 

of the matrix (commonalities <0.24) and was retained for further analysis. Similarly, a factor 

analysis of trunk measures (P2P_TCOM, RMS_TCOM, and RMS_TCOMVel) revealed that 

RMS_TCOMVel and P2P_TCOM were both highly associated with one component of the matrix 

(commonalities >0.81). RMS_TCOM was not highly associated with that component of the 

matrix (commonalities <0.18) and was retained for further analysis. For the final analysis, 

P2P_BCOM, P2P_TCOM, RMS_BCOMVel, and RMS_TCOMVel were retained to determine if 

either the S2-based CoM or the trunk-based CoM measures (average of T12 and acromion 

process) were more sensitive to changes in the stair ascent condition.  This determination was 

conducted by assessing both the range and the peaks of each measure to determine if differences 

existed across stair ascent conditions. 
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Table 3-2: Outcome variables retained for research question 1 

 

 

Research questions 2 and 3.  

A Pearson correlation was completed to reduce outcome measures by determining if any 

measures were high correlated. Pearson correlation analysis showed that Corr_Htroll and 

RMS_COP had no significant correlations with any measures, so both were retained. Pearson 

correlation analysis also showed that Gait_Vel had no significant correlation with any measures 

except P2P_TCOM (r=.733), so Gait_Vel was retained. RMS_TCOM showed a high correlation 

with RMS_BCOM (r=.892) so RMS_TCOM was retained because, as will be shown the trunk 

measures were more likely to show between group differences than body measures. 

 

 

 

Measure  Finding from factor analysis Rationale 

P2P_BCOM (m) Highly associated with 
RMS_BCOMVel and distinct from 
RMS_BCOM. 

Represents peaks of body CoM 
mediolateral displacement. 

RMS_BCOMVel 
(m/s) 

Highly associated with P2P_BCOM 
and distinct from RMS_BCOM. 

Represents range of body CoM 
mediolateral displacement. 

P2P_TCOM (m) Highly associated with 
RMS_TCOMVel and distinct from 
RMS_TCOM. 

Represents peaks of trunk 
CoM mediolateral 
displacement. 

RMS_TCOMVel 

(m/s) 

Highly associated with P2P_TCOM 
and distinct from RMS_TCOM. 

Represents range of trunk CoM 
mediolateral displacement. 
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Table 3-3: Outcome measures used for research questions 2 and 3. 

 

 

3.6.2 Research question 1 

A two-way MANOVA was conducted to determine if P2P_BCOM, P2P_TCOM, 

RMS_TCOMVel, and RMS_BCOMVel varied by condition or group. When a significant result 

was found in the ANOVA, a Gabriel’s Post Hoc was conducted to determine between group 

differences. Where a significant result was found a two-way ANCOVA was conducted to 

determine if MoCA scores, or ABC scores were associated with results for P2P_BCOM, 

P2P_TCOM, RMS_TCOMVel, and RMS_BCOMVel. 

3.6.3 Research question 2 

A one-way MANOVA was conducted to determine if under the control condition, 

Gait_Vel, RMS_COP, Corr_HTroll, and RMS_TCOM varied by group. 

Measures Findings from Pearsonʼs 
correlation analysis  

Rationale 

Gait_Vel (m/s) High correlation with 
P2P_TCOM (r=.733) and no 
significant correlation with other 
measures. 

Unique indicator of balance control 
performance. 

RMS_COP 
(m) 

No significant correlations with 
other measures. 

Unique indicator of balance control 
performance.  

Corr_HTroll No significant correlations with 
other measures. 

Unique indicator of balance control 
performance.  

RMS_TCOM 
(m/s) 

High correlation with 
RMS_BCOM (r=.892). 

Results from question 1 indicated that 
trunk measures are more likely to show 
between group differences than body 
measures.  
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3.6.4 Research question 3 

A two-way MANOVA was conducted to determine if under all three conditions (control, 

cognitive, motor), Gait_Vel, RMS_COP, Corr_HTroll, and RMS_TCOM varied by group. When 

a significant result was found in the ANOVA, a Gabriel’s Post Hoc test was conducted to 

determine between group differences. 
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Chapter 4 

Results 

Thirty individuals (15 control, 15 individuals with type two diabetes (DM2)) participated 

in the study. The demographic information for all participants is summarized in Table 4.1. 

Participants with DM2 and healthy controls were not significantly different in age, height, weight, 

and their Montreal Cognitive Assessment scores. The control group had lower mean body mass 

index (p= 0.02) and higher mean score (more confident) on the Activities-Specific Balance 

Confidence Scale (p= 0.013) than the individuals with DM2. 

4.1 Question 1: Which of trunk or body CoM measures are more sensitive to 
balance challenges? 

 

Descriptive statistics related to Question 1 can be found in Table 4.2. Specifically, mean 

and standard deviation values for the four variables are shown for both the participants with DM2 

and control participants under each of the three experimental conditions.   

A two-way MANOVA revealed a significant effect of condition on balance control 

measures, F (8, 160) = 2.69, p=.008. However, there was not a significant effect of group on 

balance control measures, F (4,79) = 1.023, p= .401; additionally, there was no significant 

interaction between group and condition, F (8, 160) =.405, p=.916.  

Separate univariate tests on the outcome variables revealed significant effects of 

experimental conditions on P2P_TCOM [F (2, 82) = 4.16, p=.019], and on P2P_BCOM [F (2, 82) 

= 3.25, p= .044]. However, no significant effects of experimental conditions were found for 

RMS_TCOMVel [F (2, 82) = .143, p= .867] or RMS_BCOMVel [F (2, 82) = .659, p=.520].  

 

 



 

 

 

55 

Table 4-1: Participant characteristics in both groups 

 

Demographics  Control Group  Diabetic Group   

  Mean 

 (n = 15) 

Range  Mean  

(n = 15) 

Range  p 

Age (years)  73.9 ± 6.1 65-86  71.4 ± 5.0  65-80  0.212 

Duration of 
diabetes (years) 

 - -  12.4 ± 5.0 5 - 23  - 

Height (cm)  167.4 ± 12.3 144-188  165.7±7.6 154-179  0.53 

Weight (kg)  73.2 ±16.5 42-116.5  83 ± 17.2 52-120  0.163 

Body Mass index 
(kg/m2) 

 25.9 ± 4.1 20.2-
36.8 

 30.1 ± 4.5 21.6-37.5  0.02† 

Montreal 
cognitive 
assessment score 
(/30)  

 26 ± 1.4 24-30  27 ± 1.7 24-30  0.217 

Activity-specific 
balance 
confidence scale 
(/100) 

 94.4 ± 5.3 81.9-100  85.1 ± 
11.9 

56.2-99.4  0.013† 

HbA1c (glycated 
hemoglobin) (%) 

 .057** ± 
.003 

.052-

.061 
 .079 ± 

.012 
.062-.108  <.0005† 

Sex (male: 
female) 

 10:5   9:6    

Fall history in past 
year (yes/no) 

 1/14   4/11    

Note: values are Mean ± Standard Deviation; **n=10; †p<0.05 

 

A Gabriel’s post hoc test revealed that P2P_TCOM was higher in the cognitive (COG) 

condition than in the control (CTL) condition (p= .017) and that the BSK condition was not 

different from the COG condition (p= .610) nor from the CTL condition (p= .228). A Gabriel 
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post hoc revealed no differences in P2P_BCOM among all conditions (BSK vs CTL, p= .053; 

COG vs CTL, p= .165; BSK vs COG, p= .950).   

Table 4-2: Descriptive statistics for question 1 

 

Outcome measures  Condition Control Group  Diabetic Group 

  Mean ± SD 

(n=15) 

Mean  ± SD 

(n=15) 

P2P_TCOM † 

(m) 

Control  .09±.03* .10±.03 

Basket .11±.03 .12±.04 

Cognitive‡ .13±.05 .14±.04* 

P2P_BCOM† 

(m) 

Control .08±.03* .08±0.3 

Basket .10±.03 .11±.05 

Cognitive  .10±.03 .10±.03* 

RMS_TCOMVel 

(m/s) 

Control .26±.07* .27±.06 

Basket .26±.06 .26±.06 

Cognitive .27±.08 .27±.05* 

RMS_BCOMVel 

(m/s) 

Control .20±.05* .20±.04 

Basket .22±.06 .21±.05 

Cognitive .21±.06 .19±.05* 

Note: values are mean ± standard deviation (SD); *n=14; individual data points can be seen in 
appendix D ; † significant F value on univariate test following MANOVA indicating significant 
effects on experimental conditions; ‡ significant differences on post-hoc test between COG 
condition and CTL condition with no effect of group  

 

These results indicate that individuals with and without diabetes performed similarly on 

all measures and in all conditions as no differences were found between the two groups. 
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However, the trunk P2P_TCOM measure for both groups was significantly higher for the COG 

condition compared to the CTL condition with no other differences among the other conditions. 

Trunk CoM measure P2P_TCOM was more sensitive to balance control changes than the 

corresponding body CoM measure; however, the findings for body CoM measure came close to 

statistical significance (p= .053).  

The covariate, MoCA scores, was not related to the participants’ P2P_TCOM [F (1, 80) = 

.224, p= .637] or P2P_BCOM [F (1, 80) = 3.15, p= .080]. Additionally, the covariate of ABC 

scores was not related to the participants’ P2P_TCOM [F (1, 81) = .017, p= .897] or P2P_BCOM 

[F(1,81) = 1.63, p= .205]. These results indicated that in individuals with and without diabetes, 

MoCA scores and ABC scores had no relationship to participants’ trunk or body CoM measures. 

4.2 Question 2: How is postural control affected while ascending stairs in older 
adults with and without type two diabetes? 

 

Descriptive statistics for Question 2 can be found in the top four rows (control condition 

rows) of Table 4.3. A one-way MANOVA revealed no effect of group on balance measures under 

the CTL condition, F (4,22) = .319, p= .862. These results indicate that individuals with and 

without diabetes have comparable CoM and CoP displacement, gait velocity and stiffening while 

walking upstairs during the control condition.  

4.3 Question 3: How is postural control affected while ascending stairs with the 
addition of a functional task in older adults with and without type two diabetes?  

 

Descriptive statistics for question 3 can be found in Table 4.3. A two-way MANOVA 

revealed a significant effect of condition on balance control measures, F (8, 148) = 3.89, 

p<.0005. However, there was no significant effect of group on balance control measures, F (4,73) 

= .663, p= .620, and no significant interaction between group and condition, F (8, 148) =.531, 

p=.832.   
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Separate univariate tests on the outcome variables revealed significant effects of 

experimental conditions on gait velocity, F (2, 76) = 16.650, p<.0005. However, no significant 

effects of experimental conditions were found for RMS_COP [F (2, 76) = 1.31, p= .276], 

Corr_HTroll [F (2, 76) = 1.13, p=.328], or RMS_TCOM [F(2,76) = 1.49, p= .232]. 

Table 4-3: Descriptive statistics for questions two and three 

 

Condition Outcome Measures Control Group (n=15)  Diabetic Group (n=15) 

  Mean± SD  

(n=15) 

Mean ± SD  

(n=15) 

Control Gait_vel (m/s) .36±.07* .35±.06 

RMS_COP (m) .11±.02* .11±.02 

Corr_HTroll .58±.29* .60±.27 

RMS_TCOM (m) .24±.02* .23±.03 

Basket Gait_vel † (m/s) .29±.05** .27±.05 

RMS_COP (m) .10±.02** .10±.02 

Corr_HTroll .66±.30** .63±.32 

RMS_TCOM (m) .25±.03** .25±.03 

Cognitive Gait_vel †(m/s) .29±.07** .25±.06*** 

RMS_COP (m) .11±.02** .11±.02*** 

Corr_HTroll .65±.43** .78±.15*** 

RMS_TCOM (m) .25±.02** .24±.03*** 

Note: values are Mean ± Standard Deviation; *n=12; **n=13; ***n=14; individual data points 
can be seen in appendix A-F; † p<0.05 
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A Gabriel post hoc test revealed that Gait_Vel was higher in the CTL condition than in 

either the BSK (p<.0005) or COG condition (p<.0005). However, Gait_Vel was not different 

between the COG and BSK conditions (p=.898).  

The results indicated that CoP, CoM and head and trunk stiffening were not different 

between groups or as a result of condition. However, individuals with and without diabetes both 

slowed their gait velocity similarly when an additional motor or cognitive task was added to stair 

ascent. Individuals with and without diabetes had similar gait velocities as no differences were 

found between the two groups regardless of experimental condition. 
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Chapter 5 

Discussion 

The purpose of this study was to investigate postural control differences during stair 

ascent between people with DM2 and an age-matched control group under three conditions: 

without additional challenge, with a cognitive challenge, and with a motor challenge, and to 

investigate which measure of centre of mass (CoM) –body or trunk– is more sensitive to changes 

in postural control during stair ascent.  

The main findings supported the hypothesis for the first question, that the trunk marker 

will be more sensitive to changes in postural control than the body (S2) marker. The evidence for 

this hypothesis was the finding that the measure of trunk centre of mass (CoM) mediolateral 

displacement (i.e., P2P_TCoM) was significantly different for the COG condition compared to the 

CTL condition, whereas the findings for the body CoM measure did not show a significant 

difference across conditions.  

Additionally, the findings of this study did not confirm the hypothesis for the second 

question, related to postural control changes in older adults with DM2 during stair ascent. The 

null hypothesis was supported as no differences were detected between groups for any measure 

including gait velocity, centre of pressure (CoP), or CoM displacement, or head and trunk 

stiffening. In regard to the third question, the study’s findings revealed significant differences for 

gait velocity between CTL and COG and BSK conditions, with no differences between the COG 

and BSK conditions.  

Lastly, no group differences were detected for any measure; i.e., there were no 

differences in any comparisons between participants with diabetes and the control group. In 

addition, no significant differences were found across conditions for any of the following 
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measures: CoP (RMS_CoP), and CoM displacement (RMS_TCoM), or head and trunk stiffening 

(Corr_HTroll). 

5.1 Focus of Question 1 

The measure of peak to peak (P2P) trunk CoM displacement was more sensitive to 

changes than P2P body CoM displacement since peak (P2P) trunk CoM changed under the COG 

condition while the P2P body CoM did not. This finding is consistent with research showing that 

trunk movements are crucial to postural control as the trunk provides a stable support platform for 

the head by controlling the amplitude and structure of gait-related oscillations (Cromwell et al., 

2001; Kavanagh et al., 2006). The importance of the trunk was also echoed by Goldberg et al. 

(2005) as they found that trunk position influenced changes to the body's CoM relative to the base 

of support. Our results suggest that the trunk movement may have been correcting for postural 

instabilities before the body's overall CoM was affected. Results showed that the trunk was more 

sensitive to altering conditions than the body that may be a result of the trunk helping the body 

maintain, or recover from, a minor loss of balance since the trunk contributes the most to the 

body's total weight (Goldberg et al., 2005). Thus, trunk movement is key in facilitating the 

recovery from a slip. Consequently, when assessing postural instability, it is essential to factor in 

the trunk's ability to balance over the lower extremities during locomotion, as indicated by 

Cromwell et al. (2001).  

Another reason for the sensitivity of the trunk CoM measure to instability could be a 

result of lateral trunk movements, which negatively affect balance control during standing and 

walking, and, thus, lateral trunk movements are more strictly controlled compared to other 

directions (Kavanagh et al., 2006). It is possible that our participants had some postural instability 

based on our finding that the trunk, on average, had increased its lateral CoM displacement when 

ascending the stairs during the COG task as compared to the CTL condition. This increased 
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displacement corroborates the trunk’s critical role in steering and helping to minimize the angular 

displacement of the upper body relative to vertical (Patla et al., 1999; Cromwell et al., 2001; 

Thorstensson et al., 1984). Our findings in conjunction with other research support that the trunk 

is not a passive passenger during gait but plays a multifaceted role in controlling upright posture 

while walking (Winter, MacKinnon, Ruder, & Wieman, 1993; Kavanagh et al., 2006).  

There were no a priori hypotheses about MoCA and ABC scale scores because they were 

in the study design principally as patient descriptors. The MoCA scores were used to try to 

further explain the lack of group differences by attempting to account for participantsʼ cognitive 

levels because of the inclusion of a cognitive task. The ABC scores were used to explore if 

balance confidence played a role in the lack of group differences across the control and both 

experimental conditions. Despite this design, the MoCA and ABC scale scores were used as 

covariates through an explanatory analysis to determine if they had any association with the CoM 

displacement measures for the trunk and body. However, neither score had any association with 

the CoM displacement measures nor helped explain any between groups differences. One reason 

the MoCA scores were not associated with the CoM measurements or did not explain group 

differences could be due to the inclusion criterion that a MoCA score of 26 or higher was 

required to participate in the study. This inclusion criterion limited the range of MoCA scores and 

assured that all the participants had high cognitive functioning. Similarly, one possible reason that 

the ABC scores were not associated with the CoM measurements or did not explain group 

differences was that the mean scores were similar across groups and the range of scores was 

limited, as can been in the visual examination of scatter plots (Appendix E). Thus, the limited 

range of both scores may have affected their utility as covariates. 
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5.2 Questions 2 and 3 

Participants generally had slower gait velocity while ascending stairs during the cognitive 

and basket conditions when compared to the control condition. Research has shown that gait 

velocity is an indicator of overall health and functional status and is used as a clinical indicator of 

well-being for older adults, as well as a helpful predictor for falls (Roman de Mettelinge et al., 

2013; Verghese, Holtzer, Lipton, & Wang, 2009). When a task’s cognitive demand increases, by 

adding a secondary physical or a mental task, individuals with DPN walk slower (Paul et al. 

2009). This finding is unsurprising since it is well established that adding an additional task to a 

primary task of mobility requires greater cognitive demands, creating competing demands that 

make it difficult for the brain to prioritize the two tasks (Yogev‐Seligmann, Hausdorff, & Giladi, 

2008). However, few studies have examined the dual-task paradigm in individuals with DM2 

while they ascend stairs. In the current study, regardless of whether the secondary task was 

mental or physical, both the control and experimental groups slowed their gait velocity with no 

differences in the slowing between the two groups. Therefore, the results suggest that participants 

with DM2 may not have severe balance impairments while ascending stairs and that any balance 

deterioration that comes with aging was not more pronounced in the diabetic participants. 

One reason for the lack of difference between the DM2 and the control groups may be the 

DM2 participants’ ability to control their blood glucose levels. Although the values for HbA1c 

were significantly higher in the DM2 group than the control group (see Table 4.1), the values in 

the DM2 group indicate some control (American Diabetes Association, n.d; National Institute of 

Diabetes and Digestive and Kidney Diseases [NIDDK], 2018). Moreover, the values for HbA1c 

in the control group also indicate that some control participants may have been pre-diabetic, as 

the range for pre-diabetes is 5.7-6.4 and the control groups’ mean value for HbA1c is 5.7 and 

ranges from 5.2 to 6.1 (see Table 4.1)( NIDDK, 2018). The UK Prospective Diabetes Study 

(UKPDS) Group (1998) has shown that proper control of blood glucose levels will delay the 
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progression of any microvascular complications. Therefore, if our study participants were 

adequately controlling their glucose levels, they may not have any additional complications that 

would differentiate them from the control group. As a result, only natural aging deterioration 

would be a factor, as per our inclusion criteria in methods section 3.2.1. Decreased muscle 

strength, muscle fibers, aerobic capacity, and joint movement/range of motion are common 

results of aging (Prince et al., 1997), all of which can affect one's gait velocity. The effects of 

aging along with the findings of Cordeiro et al., (2009) and Resnick et al., (2002) suggest that we 

should not see group differences, as postural unsteadiness does not have a direct association with 

DM; instead, it is indirectly related through association with aging and chronic complications 

such as neuropathy. Therefore, an apparent lack of chronic complications in the DM2 group may 

have meant that only aging would have been a determining factor for postural instability. The 

lack of complications could be a result of our inclusion criteria, as it required participants to have 

diabetes for >5 years without a physician having reported the diagnosis of diabetic peripheral 

neuropathy (DPN). The results of research by Paul et al. (2009) are somewhat consistent with 

ours, as they observed that gait was affected in individuals with DM although the more 

pronounced effects on gait were principally seen in individuals with DPN. The greater difficulty 

with gait seen in individuals with DPN supports the notion that an alteration in postural control is 

not a direct result of DM but rather of DM's potential complications and is consistent with the 

lack of group difference that we reported.  

With regard to the secondary task, the dual tasks chosen for this study may not have 

created enough competition for attentional resources for there to be any differences between 

groups or conditions in the CoP, CoM, or head and trunk stiffening outcome measures. 

Originally, the cognitive task was intended to create competition within the brain to prioritize the 

two tasks; however, the tasks may not have been challenging enough to create a sufficiently high 

competition to have a detrimental effect on performance. Additionally, the intention was that the 
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cognitive condition would demand executive functioning; however, the task of serial subtraction 

by 3’s may not specifically be considered an executive functioning task from a 

neuropsychological perspective. An executive functioning task should incorporate many or all of 

the following domains: volition, planning, purposive action, and effective performance. Validated 

tests include, Stroop interference test, part b of the trail marking test, verbal fluency test, error 

score of the Wisconsin card sorting test, Porteus maze test, and the category test of the Halstead-

Reitan neuropsychological battery test (Morgan & Lilienfeld, 2000; Lezak, 2004). Additionally, 

the physical task was intended to challenge the participant by blocking vision of the stairs, which 

was achieved, and adding weight, which was arguably not achieved very well. The empty laundry 

basket did not create very much additional weight to the participant and thus may have led to only 

a minimal offset of their CoM.  

Alongside the potentially weak effects of the chosen tasks, we also consider that there are 

two models of dual tasking, the U-shaped nonlinear model and the prioritization model. These 

models are associated with differing but valid reasons for the lack of differences between groups 

or conditions. The U-shaped nonlinear model of dual tasking says that balance can be either 

improved or worsened based on the cognitive demand of the secondary task (Lacour et al., 2008). 

Therefore, if the task is not adequately challenging (low-demanding) there is a shift in focus away 

from posture, causing an increase in the automatic processing of posture (Lacour et al., 2008) that 

improves stability. Findings by Vuillerme & Nafati (2007) supported this view. When they gave 

instructions to participants to focus on the postural control task, it led to increased body sway, 

implying that automatic processing improved balance and postural stability. The added tasks used 

in the current study may not have been challenging enough to require that the participant focus on 

their balance and posture, and, therefore, some degree of automatic processing may have been 

active that improved balance and postural stability in the dual-task conditions.  
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The other model of dual tasking, the task prioritization model, states that age-related 

declines lead to compensatory strategies including task prioritization, which means that older 

adults will ultimately prioritize balance and postural stability at the cost of sacrificing their 

cognitive performance while dual tasking (Lacour et al., 2008). In relation to this model, we offer 

the following possible explanation of why the control and DM2 group had no change in CoP, 

CoM, or head and trunk stiffening during the dual task conditions. As noted above, our inclusion 

criteria meant that we had relatively high functioning individuals, and the complexity of the 

cognitive task relative to the participants' capacity may not have been high enough to show any 

between group differences, or any differences between control and dual-tasking conditions. 

Having higher functioning cognition may have created less competition for attention, due to the 

ease of the cognitive task. Abnormalities in gait and balance have been reported when the reliance 

on attentional resources required higher levels of executive involvement, such as dividing one’s 

attention to complete two tasks simultaneously (Rucker et al., 2012; Paul, Ellis, Leese, 

McFadyen, & McMurray, 2009; Roman de Mettelinge et al., 2013). Thus, in considering both 

theories, we have the same possible explanation, which is that the secondary cognitive task may 

not have been challenging enough for the study participants to lead to differences between 

groups, or across all participants in CoP (RMS_CoP), or CoM displacement (RMS_CoM), or 

head and trunk stiffening (Corr_HTroll).  

However, while several stability measures were not affected by the secondary tasks, gait 

velocity was. With the addition of either the cognitive or basket task, participants' velocities were 

lower. The lower velocities may be related to increased double support time, a slower travelling 

CoM, and more stability in the joints through decreased joint motion, which would all be 

associated with older adults trying to increase their stability (England & Granata, 2007, Bhatt et 

al., 2005; Imms & Edholm, 1981; Cromwell & Newton, 2004). However, studies have shown that 

although these adaptations are used to help increase stability, they are all linked with increased 
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fall risks in older adults (Kelly et al., 2008; Cromwell & Newton, 2004). Additionally, this 

reduction in gait velocity suggests that the secondary tasks diverted and divided their attention 

(Paul et al., 2009) and that participants maintain stability by reducing their speed. The older 

adults in this study employed some postural control strategies, such as slower gait velocity, when 

ascending the stairs with the addition of a secondary task regardless of whether the task was 

cognitive or physical. It appears that through the slowing of their gait in the conditions with a 

secondary task, the participants were able to maintain stability such that no other variables related 

to stability showed a significant difference. 

There are two additional, interesting findings. The first was the lack of head and trunk 

stiffening. Most studies on older adults that reported head and trunk stiffening showed that older 

adults tend to lock their head to their trunk in order to stabilize their head, which was associated 

with increased body sway and instability (Pozzo et al., 1990). However, our study did not show 

evidence that this strategy was being used. We have two possible explanations. The first is that 

under normal walking conditions, the participants may have already stiffened their head and 

trunk, and when ascending the stairs there was no need for additional stiffening; this lack of 

additional stiffening may be due to the width of the staircase (112 cm) that requires a constrained 

field of vision. The constrained field of vision may have reduced the amount of head movement 

necessary thereby not leading to any increase in head-trunk stiffness.  

The second explanation to explain the absence of stiffening strategy could be that 

participants were able to stabilize their head in space without using co-contraction as a 

compensatory mechanism to enhance stability (Pozzo et al., 1990). Not stiffening their head and 

trunk could indicate that our study participants were able to move their CoP within their base of 

support as minimal stiffening occurred during stair ascent with or without an additional task. 

Thus, this option is related to our earlier discussion about relatively high functioning of our 

participants, as stiffening is a common strategy used to increase stability in the older adult 
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population (Keshner, 2000; Pozzo et al., 1990; Pozzo, Levik, & Berthoz, 1995; Nagai, 2011). 

Therefore, by being able to stabilize their head in space, using proprioceptive, visual and 

vestibular information (Peterka & Black, 1989), our participants were able to use their body's 

visual apparatus in maintaining an adequately stable visual field. Using other information 

(proprioceptive, visual and vestibular), they are able to ensure their CoM can be maintained 

within their base of support, allowing them to resist destabilizing forces on the body while 

ascending the stairs (Peterka & Black, 1989).  

We also considered a possible explanation for lack of group differences in head and trunk 

stiffening. The reason may be the lack of diabetic complications in our DM2 participants, 

indicating that they likely did not have substantive impairments in their macrovascular and 

microvascular systems. Consequently, our participants appear to have had minimal to no 

complications of DM2 and did not have any significant age deterioration effects on the sensory 

systems. Nonetheless, the drop in gait velocity from the CTL to the COG and BSK conditions, 

found in both groups, suggests that some age deterioration in the sensory system may be present 

and that decreased gait velocity could have been a postural control strategy to assure successful 

stair ascent. The current study suggests that older adults tend not to increase their head and trunk 

stiffening as a way to offset any postural control changes that affect upright balance while 

ascending the stairs with and without the addition of a secondary task. 

The second interesting finding was that the DM2 group had poorer activity-specific 

balance confidence (ABC) scores than the control group yet there were no group differences in 

any variables when ascending the stairs. One possible reason for the difference in ABC scores yet 

no difference in groups for other variables could be inherent to the structure of the ABC 

questionnaire itself. Only one question, question two in the questionnaire, asks specifically about 

stairs. The question asks, “How confident are you that you will not lose your balance or become 

unsteady when you walk up or down stairs?” (Powell & Myers, 1995). As a result, the total ABC 
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scores may not accurately reflect the participants' confidence with stair negotiation due to the 

minimal representation of stair negotiation in the questions. Additionally, the question itself does 

not specify ascent or descent and only asks about stair negotiation in general. Therefore, this 

question would not reflect if the participant has one direction that is more problematic than the 

other, resulting in another reason why group difference in ABC scores do not explain the lack of 

group differences here. 

However, another potential reason for the group difference in ABC scores despite a lack 

of group differences in stair ascent variables may be due to participants having diminished ability 

to accurately perceive their actual capacity. The findings of Hamel et al., (2004) are consistent 

with this explanation as they found that older adults stated they had lower confidence in their 

ability to ascend and descend stairs despite their actual ability to perform stair negotiation 

adequately. Therefore, the participants in the DM2 group may have reported lower confidence in 

their ability, but in actual fact, their ability to ascend stairs may have been similar to those 

without diabetes. It is important to note that despite our results showing a difference between 

groups in ABC scores, both groupsʼ mean scores were above 80%, the cut off for high 

confidence, while a score <67% is the cutoff for fear of falling (Steffen, 2012).   

Additionally, another possible reason for the group difference in ABC scores despite a 

lack of group differences in stair negotiation variables may be due to the four-step staircase used 

in this study. The small number of stairs is less than a participant may be thinking of when 

answering the second question on the ABC scale, and participants may have performed that task 

as if it was not a challenging task. Therefore, when participants answered the ABC questionnaire, 

they could have answered the stair question on the ABC scale based on the assumption it was 

asking about a longer flight of stairs and not only four steps. This assumption may have affected 

their ABC scores contributing to the significant differences between groups.  
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Lastly, the other potential reason for group differences in ABC scores despite a lack of 

group differences in stair negotiation variables may be due to the student researcher standing 

nearby when the participant ascended the stairs. Having the researcher close by due to safety 

concerns could have made the participants feel more confident while ascending the stairs. The 

student researcher may have created a reassurance of safety for the participants, as they would 

have known that if something were to happen the student researcher was close enough to ensure 

their safety. Therefore, this reassurance could have created greater confidence while participants 

ascended the stairs despite some participants having lower ABC scores. Thus, the significant 

difference between groups could be a result of increased confidence while ascending the stairs, 

due to the researcher’s presence, despite what was previously recorded during the ABC 

questionnaire.  

5.3 Limitations 

There are several limitations to this study. First, only stair ascent data was collected 

despite the evidence in the literature that both ascent and descent are difficult. Due to the nature 

of a secondary analysis, this could not have been changed; however, looking at stair descent 

would have provided additional insight into the effects of dual-tasking on stair negotiation. In 

addition, this study only used a four-step staircase, meaning that a steady-state gait may not have 

been achieved. A four-step staircase would only allow for step initiation/transition steps to be 

assessed, which could have altered the data as normally staircases are between 12-15 steps. The 

low number of steps could have also lessened the physical challenge associated with stair ascent. 

Therefore, the 4-step staircase could have caused less fatigue and less risk associated with ascent 

than would be associated with a normal flight of stairs. This limitation is relevant to consider 

because it means that the experimental set-up did not have a high strength demand, thus limiting 

the ability to see a difference between control participants and individuals with DM2 in whom 

muscle strength is further reduced compared to healthy older adults.  
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Another limitation to this study is the small number of trials completed per task per 

person. Only two trials per condition were collected which limits the robustness of the data, 

meaning there was a greater chance of error because of the small number of trials. However, 

having an increased number of trials could have created another limitation as fatigue may have 

altered the results.  Additionally, the mental task chosen could have been better suited for the 

participants to ensure adequate difficulty as the current task was not very difficult. Lastly, another 

limitation to this study is the lack of severity in diabetes in the DM2 participants thus limiting our 

ability to detect if diabetes had any effects on postural control. Due to the nature of a secondary 

analysis, number of trials, the chosen mental task, and the severity of DM2 could not have been 

changed. 



 

 

 

72 

Chapter 6 

Conclusion 

6.1 Clinical significance 

The knowledge presented in this work adds to the research in the areas of diabetes and 

postural control regarding stair ascent. A better understanding of the modifications employed, such 

as knowing that both groups decreased gait velocity equally to help increase postural control during 

stair ascent, can help clinicians identify which patients are at risk for a higher chance of falls. All 

participants slowed, but those who slowed more than the average control participant, might be at 

an increased risk. Additional work might quantify if the degree of slowing is linked to postural 

stability and fall risk.  

Additionally, it is clinically relevant that in this study, an individual’s ABC score did not 

relate to their ability to ascend stairs successfully, as no association was found between postural 

control changes and their scores, suggesting that ABC score may not be a good clinical indicator 

of balance in stair negotiation. We propose that this finding may be related to the lack of focus on 

questions related to stairs in the ABC scale.  

Head and trunk stiffening is a common modification used to maintain postural control on 

flat walking; however, no such relationship was found between increased head and trunk 

stiffening and stair ascent. This lack of relationship could help educate clinicians on the different 

modifications that may be employed when negotiating stairs as compared to level walking.  

6.2 Next Steps 

The results of this study revealed that the performance of stair ascent in older adults with 

and without DM2 was harder with the addition of the secondary tasks (cognitive or motor). 

Moreover, both groups found both added tasks increased the postural control challenges similarly, 
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as no between-group differences were discovered. However, future research should investigate 

the effects of DM2 on postural control while descending stairs with a dual task, as stair descent is 

equally if not more difficult than stair ascent. Additionally, another investigation could study the 

effects of dual-tasking on stair ascent/descent in individuals with DM2 and DPN, as decrements 

in physical abilities are more often seen among those individuals who have progressed to having 

DPN. Furthermore, further studies looking individual case studies for specific participants or 

investigating additional cognitive or physical loads, different speeds, different Hb1AC levels, and 

different ABC scores among participants would help to facilitate a greater understanding of the 

effects of DM2 on postural control measures specifically regarding stair negotiation. 

6.3 Conclusion 

In conclusion, postural control measures during stair ascent with an addition of a secondary 

task revealed that older adults with and without DM2 employed some modifications to maintain 

postural control. The ability of individuals to maintain postural control during stair ascent with 

the addition of the secondary task can be attributed to a slower gait velocity in order to maintain 

upright balance. Additionally, it was also found that when an additional cognitive task was added 

to stair ascent, the measure of trunk CoM displacement was more sensitive to changes than the 

measure of body CoM displacement. The increased sensitivity of the measure of trunk CoM 

displacement can be attributed to the influences the trunk position has on changes to the body's 

CoM. This increased sensitivity suggests the trunk plays a key role in postural control. It indicates 

that the participants employed postural control strategies in order to maintain an upright posture 

while ascending the stairs with the addition of a secondary task. Nonetheless, individuals with 

DM2 did not increase their use of postural control strategies when compared to the healthy age-

matched control participants, as both healthy controls and individuals with DM2 ascended the 

stairs with the similar strategies. 
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Appendix B 
Montreal Cognitive Assessment (MoCA) Scale 

  

POINTS

TOTAL

M E M O R Y

N A M I N G

VISUOSPATIAL / EXECUTIVE 

ATTENTION

LANGUAGE

ABSTRACTION
DELAYED RECALL

ORIENTATION

Read list of words, subject 
must repeat them. Do 2 trials. 
Do a recall after 5 minutes.

   

Subject has to repeat them in the forward order [    ]   2  1  8  5  4  
Subject has to repeat them in the backward order [    ]   7  4  2  

Read list of letters. The subject must tap with his hand at each letter A.   No points if  ! 2 errors
[   ]   F B A C M N A A J K L B A F A K D E A A A J A M O F A A B

Serial 7 subtraction starting at 100 [   ]  93  [   ]  86  [   ]  79  [   ]  72  [   ]  65

Repeat :  I only know that John is the one to help today.  [    ]
The cat always hid under the couch when dogs were in the room.  [    ]

Similarity between e.g. banana - orange = fruit    [    ] train – bicycle   [    ] watch - ruler 

Draw CLOCK  (Ten past eleven)Copy 
cube

__/5

__/3

No 
points

1st trial 
2nd trial 

FACE VELVET CHURCH DAISY RED 

__/5

__/2

__/1

__/3

__/2
Fluency / Name maximum number of words in one minute that begin with the letter F  _____ [     ] (N ! 11 words) __/1

__/2

__/6

__/30

B
Begin

End
5

E

1

A

2

4 3
C

D

Read list of digits (1 digit/ sec.).

NAME :
Education :

Sex :
Date of birth :

DATE :

© Z.Nasreddine MD   Version November 7, 2004

www.mocatest.org
Normal ! 26 / 30

Add 1 point if " 12 yr edu

MONTREAL COGNITIVE ASSESSMENT (MOCA) 

[    ] Date [    ] Month   [    ] Year  [    ] Day       [    ] Place      [    ] City

[     ]
Contour

[     ][     ] [     ]
Numbers

[     ]
Hands

[   ] [   ] [   ]

4 or 5 correct subtractions: 3 pts, 2 or 3 correct: 2 pts, 1 correct: 1 pt, 0 correct: 0 pt

( 3 points )

Category cue

Points for 
UNCUED

recall onlyWITH NO CUE

Optional

Has to recall words

Multiple choice cue

FACE VELVET CHURCH DAISY RED 
[   ] [   ] [   ] [   ] [   ]
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Appendix C 
Activities-Specific Balance Confidence (ABC) scale 

xx 

 

The Activities-Specific Balance Confidence (ABC) Scale 
 
Patient Name:  _________________________________  DOB:  ___________  Date:  ______________ 
 
For each of the following activities, please indicate your level of self-confidence by choosing a 
corresponding number from the following rating scale: 
 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
No confidence   -----------------------------------------------------------------------  Completely confident 

 
“How confident are you that you will not lose your balance or become unsteady when you… 
 

1. Walk around the house? ______% 
2. Walk up or down stairs? ______% 
3. Bend over and pick up a slipper (or item) from the front of a closet floor _____% 
4. Reach for a small can off a shelf at eye level? _____% 
5. Stand on your tiptoes and reach for something above your head? _____% 
6. Stand on a chair and reach for something? _____% 
7. Sweep the floor? _____% 
8. Walk outside the house to a car parked in the driveway? _____% 
9. Get into or out of a car? _____% 
10. Walk across a parking lot to the mall (store)? _____% 
11. Walk up or down a ramp? _____% 
12. Walk in a crowded mall where people rapidly walk past you? _____% 
13. Are bumped into by people as you walk through the mall?  _____% 
14. Step onto or off an escalator while you are holding onto a railing? _____% 
15. Step onto or off an escalator while holding onto parcels such that you cannot                                          

hold onto the railing? _____% 
16. Walk outside on icy sidewalks? _____% 
Instructions for Scoring:  
The ABC is an 11-point scale and ratings should consist of whole numbers (0-100) for each item. Total the ratings 
(possible range = 0 – 1600) and divide by 16 to get each subject’s ABC score.  
 
Total Score:  _______________________ 
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Appendix D Individual Participant Data 
Table D 1: Data for individuals with diabetes under control condition. 

Participants  P2P_Tcom 
(m) 

RMS_Tcom 
(m) 

P2P_Bcom 
(m) 

Corr_Htroll RMS_TcomVel 
(m/s) 

RMS_BComVel 
(m/s) 

Gait_Vel 
(m/s) 

RMS_COP 
(m) 

 Control Condition 

DM01 0.05 0.23 0.06 0.07 0.2 0.19 0.46 0.11 

DM02 0.06 0.25 0.04 0.52 0.16 0.1 0.36 0.13 

DM03 0.1 0.23 0.06 0.3 0.28 0.17 0.28 0.12 

DM04 0.12 0.26 0.07 0.71 0.37 0.22 0.35 0.09 

DM05 0.1 0.25 0.06 0.96 0.24 0.15 0.35 0.11 

DM06 0.1 0.25 0.08 0.65 0.26 0.19 0.32 0.09 

DM07 0.1 0.18 0.07 0.85 0.29 
0.19 

0.41 0.11 

DM08 0.1 0.2 0.1 0.92 0.24 0.23 0.4 0.12 

DM09 0.13 0.27 0.14 0.91 0.28 0.29 0.24 0.13 

DM10 0.1 0.26 0.09 0.77 0.26 0.22 0.36 0.08 

DM11 0.1 0.21 0.08 0.41 0.28 0.24 0.36 0.1 

DM12 0.14 0.2 0.14 0.25 0.31 0.22 0.33 0.11 

DM13 0.1 0.27 0.07 0.51 0.23 0.17 0.33 0.08 

DM14 0.19 0.17 0.11 0.7 0.42 0.22 0.28 0.09 

DM15 0.07 0.22 0.06 0.51 0.24 0.22 0.46 0.1 

Mean 0.10 0.23 0.08 0.60 0.27 0.20 0.35 0.10 

Standard 
Deviation 0.034 0.032 0.029 0.267 0.063 0.044 0.062 0.016 

N number (n=15) (n=15) (n=15) (n=15) (n=15) (n=15) (n=15) (n=15) 

Note: Data is missing for some subjects causing the n values to change for certain statistical tests.   
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Table D 2: Data for individuals with diabetes under cognitive condition. 
Participants  P2P_    

Tcom (m) 
RMS_    
Tcom (m) 

P2P_    
Bcom (m) 

Corr_    
Htroll 

RMS_      
TcomVel (m/s) 

RMS_      
BComVel (m/s) 

Gait_      
Vel (m/s) 

RMS_     
COP (m) 

 Cognitive Condition 

DM01 0.08 0.23 0.09 0.75 0.24 0.21 0.37 0.1 

DM02 0.09 0.26 0.05 0.88 0.18 0.09 0.29 0.12 

DM03 0.18 0.21 0.09 0.61 0.29 0.16 0.17 0.13 

DM04 0.17 0.26 0.11 0.62 0.38 0.24 0.26 0.11 

DM05 0.16 0.23 0.1 0.9 0.21 0.13 0.19 0.12 

DM06 0.1 0.27 0.09 0.65 0.27 0.21 0.3 0.11 

DM07 0.16 0.27 0.09 0.88 0.27 0.18 0.22 0.12 

DM08 0.12 0.21 0.12 0.93 0.27 0.26 0.24 0.11 

DM09 0.14 0.28 0.13 0.97 0.23 0.24 0.22 0.13 

DM10 0.09 0.22 0.07 0.78 0.27 0.17 0.32 0.08 

DM11 - - - - - - - - 

DM12 0.17 0.23 0.16 0.51 0.34 0.29 0.21 0.12 

DM13 0.12 0.29 0.07 0.7 0.25 0.15 0.24 0.09 

DM14 0.15 0.2 0.09 0.96 0.31 0.19 0.24 0.12 

DM15 0.17 0.25 0.13 0.84 0.27 0.21 0.18 0.1 

Mean 0.134 0.24 0.10 0.78 0.27 0.20 0.25 0.11 

Standard 
Deviation 0.0486 0.0687 0.0377 0.2470 0.0852 0.0721 0.0839 0.0320 

N number (n=14) (n=14) (n=14) (n=14) (n=14) (n=14) (n=14) (n=14) 

Note: Data is missing for some subjects causing the n values to change for certain statistical tests.   
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Table D 3: Data for individuals with diabetes under basket condition 
Participants  P2P_     

Tcom (m) 
RMS_    
Tcom (m) 

P2P_     
Bcom (m)  

Corr_  
Htroll 

RMS_       
TcomVel (m/s) 

RMS_      
BComVel (m/s) 

Gait_        
Vel (m/s)  

RMS_    
COP (m) 

 
Basket Condition 

DM01 0.1 0.26 0.09 0.78 0.23 0.24 0.31 0.13 

DM02 0.06 0.27 0.05 0.76 0.15 0.11 0.3 0.13 

DM03 0.18 0.27 0.13 0.52 0.37 0.28 0.21 0.12 

DM04 0.18 0.27 0.13 0.49 0.34 0.24 0.23 0.09 

DM05 0.09 0.28 0.07 0.84 0.21 0.15 0.32 0.14 

DM06 0.11 0.27 0.09 0.81 0.27 0.23 0.24 0.07 

DM07 0.09 0.25 0.06 0.65 0.23 0.15 0.3 0.1 

DM08 0.21 0.25 0.26 0.9 0.25 0.28 0.26 0.1 

DM09 0.14 0.24 0.15 0.94 0.26 0.28 0.17 0.13 

DM10 0.09 0.3 0.08 0.4 0.21 0.17 0.33 0.07 

DM11 0.12 0.24 0.1 -0.32 0.23 0.18 0.25 0.13 

DM12 0.1 0.15 0.08 0.66 0.32 0.24 0.34 0.08 

DM13 0.14 0.26 0.1 0.8 0.29 0.21 0.29 0.1 

DM14 0.13 0.22 0.1 0.84 0.3 0.21 0.27 0.08 

DM15 0.13 0.26 0.12 0.39 0.26 0.23 0.25 0.11 

Mean 0.12 0.25 0.11 0.63 0.26 0.21 0.27 0.11 

Standard 
Deviation 0.0407 

 
0.0341 0.0504 0.3167 0.0564 0.0519 0.0476 0.0239 

N number (n=15) (n=15) (n=15) (n=15) (n=15) (n=15) (n=15) (n=15) 

Note: data is missing for some subjects causing the n values to change for certain statistical tests. 
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Table D 4: Data for control group under control condition. 
Participants P2P_         

Tcom (m) 
RMS_    
Tcom (m) 

P2P_       
Bcom (m) 

Corr_  
Htroll 

RMS_         
TComVel (m/s) 

RMS_         
BComVel (m/s) 

Gait_         
Vel (m/s) 

RMS_     
COP (m) 

 Control Condition 

H01 0.12 - 0.12 -0.31 - 0.31 0.38 0.13 

H03 0.12 0.23 0.13 0.66 0.29 0.31 0.26 0.1 

H05 0.08 0.26 0.05 0.71 0.25 0.15 0.39 0.09 

H06 0.14 0.2 0.11 0.68 0.4 0.32 0.33 0.08 

H07 0.17 0.25 0.12 0.84 0.31 0.22 0.25 0.14 

H08 0.1 0.22 0.07 0.78 0.17 0.15 0.38 0.13 

H09 0.11 0.28 0.08 0.82 0.27 0.19 0.31 0.08 

H10 0.08 0.25 0.07 0.59 0.23 0.2 0.41 0.1 

H11 0.11 0.25 0.08 0.79 0.3 0.22 0.34 0.13 

H12 0.09 0.25 0.08 0.15 0.26 0.22 0.34 0.1 

H13 0.07 0.22 0.06 -0.08 0.21 0.19 0.4 0.1 

H14 0.06 0.25 0.06 0.37 0.21 0.16 0.49 0.13 

H15 0.1 0.22 0.07 0.67 0.31 0.2 0.36 0.13 

H16 0.05 0.18 0.05 -0.31 0.15 0.18 0.45  - 

H17 0.12 0.2 0.06 0.49 0.3 0.14 0.31  - 

Mean 0.10 0.23 0.08 0.46 0.26 0.21 0.36 0.11 

Standard 
Deviation 0.0314 0.0657 0.0266 0.4035 0.0921 0.0591 0.0652 0.0437 

N number (n=14) (n=12) (n=14) (n=12) (n=14) (n=14) (n=12) (n=12) 

Note: bolded values not used in the statistical questions 2 and 3 based on missing CoP values; data is missing for some subjects causing the n values to change 
for certain statistical tests. 



 

 

 

103 

Table D 1: Data for control group under cognitive condition. 
Participants P2P_     

Tcom (m) 
RMS_     
Tcom (m) 

P2P_     
Bcom (m) 

Corr_ 
Htroll 

RMS_       
TComVel (m/s) 

RMS_       
BComVel (m/s) 

Gait_        
Vel (m/s) 

RMS_     
COP (m) 

 
Cognitive Condition 

H01 0.11 0.25 0.09 0.35 0.32 0.26 0.29 0.09 

H03 0.12 0.24 0.13 0.91 0.28 0.28 0.24 0.11 

H05 0.1 0.26 0.07 0.94 0.23 0.15 0.26 0.1 

H06 0.17 0.25 0.16 0.79 0.4 0.32 0.3 0.08 

H07 0.21 0.23 0.14 0.87 0.4 0.27 0.21 0.13 

H08 0.06 0.29 0.06 0.73 0.13 0.12 0.32 0.13 

H09 0.17 0.25 0.14 0.91 0.26 0.19 0.2 0.1 

H10 0.08 0.26 0.08 0.83 0.25 0.23 0.36 0.13 

H11 0.14 0.26 0.1 0.92 0.3 0.21 0.27 0.14 

H12 0.11 0.24 0.09 -0.05 0.25 0.2 0.32 0.09 

H13 0.06 0.24 0.06 -0.4 0.18 0.17 0.36 0.1 

H14 0.07 0.21 0.05 0.69 0.26 0.2 0.46 0.14 

H15 0.18 0.24 0.14 0.93 0.3 0.22 0.2 0.11 

H16 0.1 0.19 0.08 0.6 0.17 0.14 0.21  - 

H17 0.18 0.21 0.11 0.65 0.29 0.17 0.2  - 

Mean 0.12 0.24 0.10 0.64 0.27 0.21 0.28 0.11 

Standard 
Deviation 0.0484 0.0245 0.0348 0.3931 0.0750 0.0560 0.0756 0.0435 

N number (n=15) (n=13) (n=15) (n=13) (n=15) (n=15) (n=13) (n=13) 

Note: bolded values not used in the statistical questions 2 and 3 based on missing CoP values; data is missing for some subjects causing the n values to change 
for certain statistical tests.   
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Table D 6: Data for control group under basket condition. 
Participants P2P_     

Tcom (m) 
RMS_     
Tcom (m) 

P2P_     
Bcom (m) 

Corr_  
Htroll 

RMS_       
TComVel (m/s) 

RMS_       
BComVel (m/s) 

Gait_        
Vel (m/s) 

RMS_     
COP (m) 

 
Basket Condition 

H01 0.11 0.23 0.1 -0.28 0.33 0.26 0.31 0.08 

H03 0.14 0.29 0.16 0.84 0.27 0.3 0.2 0.08 

H05 0.1 0.24 0.08 0.91 0.24 0.17 0.34 0.11 

H06 0.13 0.22 0.11 0.63 0.32 0.28 0.27 0.1 

H07 0.15 0.22 0.11 0.73 0.34 0.23 0.26 0.13 

H08 0.11 0.28 0.11 0.82 0.17 0.19 0.21 0.14 

H09 0.19 0.31 0.16 0.86 0.3 0.26 0.25 0.05 

H10 0.1 0.25 0.11 0.72 0.28 0.3 0.32 0.08 

H11 0.14 0.27 0.11 0.82 0.3 0.24 0.32 0.13 

H12 0.13 0.23 0.11 0.68 0.26 0.23 0.26 0.1 

H13 0.09 0.24 0.09 0.63 0.15 0.14 0.27 0.1 

H14 0.08 0.22 0.06 0.54 0.23 0.18 0.37 0.11 

H15 0.09 0.21 0.07 0.7 0.28 0.21 0.35 0.11 

H16 0.06 0.21 0.05 0.08 0.18 0.16 0.36 - 

H17 0.11 0.22 0.06 0.78 0.27 0.14 0.28 - 

Mean 0.12 0.24 0.10 0.63 0.26 0.22 0.29 0.10 

Standard 
Deviation 0.0323 0.0310 0.0326 0.3201 0.0579 0.0546  0.0524 0.0425 

N number (n=15) (n=13) (n=15) (n=13) (n=15) (n=15) (n=13) (n=13) 

Note: bolded values not used in the statistical questions 2 and 3 based on missing CoP values; data is missing for some subjects causing the n values to change 
for certain statistical tests.   
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Appendix E 
Scatter Plot 

 

The scatter plot shows the values for ABC scores plotted against gait velocity for 

participants in both groups. As noted in section 5.1, the mean scores were similar across groups 

and the range of scores was limited.  

 

0

20

40

60

80

100

120

0 0.1 0.2 0.3 0.4 0.5 0.6

AB
C 

sc
or

e 
(/

10
0)

 

Gait Velocity (m/s)

Diabetic Group Control Group


