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ABSTRACT 

 

USING ADDITIONAL MEASURES OF HANDGRIP STRENGTH TO PREDICT AEROBIC 
CAPACITY IN WHEELCHAIR USERS 

 

By 

 

Eric Naugle 

 

Manual wheelchair users have been shown to have low physical capacity and impaired 

ability to perform activities of daily living. Current tests and protocols for assessing physical 

capacity in wheelchair users have specific boundaries. Measuring handgrip strength (HGS) with 

electronic handgrip dynamometers has been shown to be a reliable measure of muscle function 

and a convenient assessment of overall muscle strength. This study aimed to determine the 

correlation of maximal HGS, HGS rate of force development, HGS fatigability, HGS isometric 

control, and HGS asymmetry to a six-minute wheelchair propulsion (6MPT) test in ambulatory 

young adults. Thirty-four recreationally active ambulatory individuals aged 23.76±3.57yrs 

participated in this study. HGS was assessed using electronic handgrip dynamometry. Aerobic 

capacity was assessed using the 6MPT. Handgrip fatigability showed significant near moderate 

negative correlation (r=-0.345, p<0.05) with push test outcomes while the correlation with all 

other measures was insignificant. Evidence of weak to near moderate associations (r=-0.12; -

0.28; -0.24; -0.32; p>0.05) were also shown between handgrip rate of force development, 

fatigue, isometric control and asymmetry respectively. Our findings that additional measures of 

HGS were correlated with aerobic capacity in ambulatory adults may suggest measures of HGS 

could be predictive of aerobic capacity in those who use manual wheelchairs. Additional 

research is necessary to further understand these relationships.  



ii 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright by  

 

Eric Naugle 

 

2024 



iii 
 

Acknowledgments  

 I would like to thank all who have supported me during my academic career. I would like 

to thank my thesis committee members, firstly, Dr. Megan Nelson for her continued assistance 

with statistical analysis and collaboration and guidance in the Exercise Science Laboratory. Dr. 

Matthew Kilgas for getting me through my first Master’s classes. Lastly, my committee chair, 

Dr. Lukus Klawitter. Thank for the continued guidance, support and patience while putting up 

with my many questions throughout my time at Northern Michigan University. Your mentorship 

and guidance have had a tremendous positive impact on my life and career that I am eternally 

grateful for. You have helped me become more confident in myself and my abilities as a research 

professional and more than I ever thought was possible.  

 I would also like to thank my research assistants, Yousef Qadumi, Declan Stratford, and 

Kira Smith, without their help I would not have been able to complete this project. Bay Cliff 

Health Camp for the donation of the manual wheelchair used for data collection, and the 

guidance of my family who got me to where I am today. I would like to thank my peers in the 

School of Health and Human Performance for their support and extreme patience they expressed 

over the past two years.  

 Finally, I would like to express immense gratitude to the Excellence in Education for 

funding my study and allowing me to get a jumpstart on data collection, as well as all of my 

participants whom without I would not have been able to complete data collection, thank you.   

 This thesis follows the format prescribed by the APA style manual.  

 

 

 



iv 
 

 

 

TABLE OF CONTENTS 

 

 

 

List of Tables ..................................................................................................................(v)  

Chapter One: Introduction................................................................................................1  

Chapter Two: Literature Review.......................................................................................4   

Chapter Three: Methods ..................................................................................................18  

Chapter Four: Results ......................................................................................................23   

Chapter Five: Discussion .................................................................................................25  

Summary and Conclusions ..............................................................................................30  

References .......................................................................................................................31   

Appendices........................................................................................................................44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

LIST OF TABLES 

 

 

 

Table 1: Participant Descriptive Statistics ...................................................................................29   

Table 2: Results for Correlation of all Measures of HGS on 6MPT Performance and Concurrent 
Validity of the Additional Measures of Grip Strength .................................................................29   

 

 

 

 

 

 

 

 

 

 

 



1 
 

Chapter One: Introduction 

 In the United States, there are roughly 3.6 million Americans that use wheelchairs as 

mobility aides, including but not limited to those with spinal cord injuries, multiple sclerosis, and 

cerebral palsy (Brault, 2010; Selph et al., 2021). Conditions deriving from motor function 

impairments, neurological deficits, and skeletal muscle limitations associated with manual 

wheelchair users experience strain during daily activities. The strain during wheelchair 

ambulation in household activities limits performing personal care tasks (Janssen et al., 1994). It 

is suggested that this strain is due to the predominant overuse of upper limb muscles during 

wheelchair propulsion (Katch, Katch, & McArdle, 1996). Because of these limitations paired 

with a greater susceptibility for upper extremity disorders associated with overuse, wheelchair 

users tend to have low physical health and decreased physical capacity, and impaired ability to 

perform both basic and instrumental activities of daily living (Anseew, 2007; Kasper, Chan, & 

Freedman, 2017; Macdonell et al., 2016).  

 Components of physical capacity in wheelchair users are currently assessed in laboratory 

settings with field tests that have been developed by modifying existing tests used in ambulatory 

individuals (Vinet et al., 1996; Goosey-Tolfrey & Tolfrey, 2008). Field tests are the current 

preferred method for assessing aerobic capacity in manual wheelchair users. However, in 

comparison with laboratory protocols, specific boundaries exist and are associated with the cost 

of specialized equipment, lack of specificity with traditional wheelchair propulsion, and external 

factors inducing propulsion variability (Cowen et. al., 2012; Franklin et al., 1990; Goosey-

Tolfrey et al., 2008; Vanlandewijk, Daly & Theisen, 1999). Knowing the limitations of current 

field tests, the development of a valid and accessible protocol for assessing physical capacity in 

manual wheelchair users is clinically important.  
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 The measurement of handgrip strength using electronic handgrip dynamometers has been 

shown to be a reliable measure of muscle function and a convenient assessment of overall 

muscle strength (Klawitter et al., 2020; McGrath et al., 2020). Due to its relatively low cost and 

ease of assessment, handgrip strength has been recognized to be easily applicable in both clinical 

and research settings and is the most widely used, non-fatiguing method to measure muscle 

strength (Beaudart et al., 2019; McGrath et al., 2020). Maximum handgrip strength alone is only 

a single aspect of muscle function, and the inclusion of additional measures of grip strength, such 

as handgrip asymmetry, fatiguability, rate of force development, and isometric control, may 

support aspects of further understanding muscle function. (Mahoney et al., 2020). Maximal 

handgrip strength, hand grip asymmetry, handgrip rate of force development, handgrip isometric 

control, and handgrip fatiguability have not been well assessed in manual wheelchair users. 

However, it is known that the upper extremities have limited capacity and fatigue more easily, 

indicating a possible link between additional measures of muscle function measured with 

electronic handgrip dynamometry such as fatigability and aerobic capacity. Therefore, the 

purpose of this study is to determine the correlations between maximal hand grip strength, 

handgrip rate of force development, handgrip fatigability, handgrip isometric control, and 

handgrip asymmetry to a six-minute push test in ambulatory young adults using wheelchairs. 

Ambulatory adults will be used as they will all be equally experienced in wheelchair propulsion, 

decreasing variability in propulsion test outcomes when trying to find the initial relationship with 

handgrip strength. A secondary purpose is to evaluate the concurrent validity of handgrip rate of 

force development, handgrip fatiguability, handgrip isometric control, and handgrip asymmetry 

on maximal handgrip strength in young ambulatory adults using wheelchairs. The researcher 

postulates that increased maximal handgrip strength, handgrip rate of force development, 
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handgrip fatigability, handgrip isometric control, and no handgrip asymmetry will be valid 

predictors for assessing functional capacity measured via the six-minute push test and that there 

will be a positive correlation between handgrip rate of force development, handgrip isometric 

control, and handgrip asymmetry on maximal handgrip strength, as well as a negative correlation 

between handgrip fatiguability and maximal grip strength in young ambulatory adults using 

wheelchairs.  
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Chapter Two: Literature Review  

Introduction 

As of 2010, nearly 3.6 million people, roughly 1.5% of Americans, use wheelchairs as 

mobility aids, including individuals with spinal cord injuries (SCI) (Brault, 2010). Spinal cord 

injuries can occur in a variety of ways, including falls, accidents during recreational activities, 

vehicle accidents, or violence. Currently, there is an estimated population of 183,000 to 230,000 

individuals living with a traumatic SCI in the United States (McDonald & Sadowsky, 2002). A 

significant number of SCIs can result in tetraplegic and neurological complete deficits requiring 

many individuals with an SCI to use a wheelchair for all mobility (Chen, Tang, Vogel, & DeVio, 

2013; Selph et al., 2021). Motor function impairments of the lower extremities associated with 

SCIs cause individuals to depend on the upper extremities, as well as trunk musculature, in low 

lesion injuries. In SCI individuals with low physical capacity, the ability to carry out activities of 

daily living in areas such as balance, range of motion, stamina, and strength is compromised. The 

limited capacity of the small muscle mass in the upper extremities combined with low physical 

capacity can cause high physical strain during wheelchair propulsion and other ADLs. Strain 

from limited capacity may possibly decrease activity levels even further and impact physical 

capacity and aerobic fitness, as well as quality of life (Kasper, Chan, & Freedman, 2017; Janssen 

et al., 1994).  

Another condition associated with the use of a wheelchair is multiple sclerosis (MS). 

Multiple sclerosis is one of the most common non-traumatic disabling diseases affecting young 

adults and is more common in females (Dobson & Giovannoni, 2019; Kobelt et al., 2017). The 
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cause of MS is often stated to be unknown, but environmental and genetic factors play important 

roles in the development of the disease. MS is viewed as a two-staged autoimmune disease, the 

first being early inflammation which is responsible for relapsing-remitting disease with relapses 

developing sub-acutely over hours to days and plateauing over several weeks before gradually 

recovering. As MS develops, these relapses leave behind lasting damage and loss of neuronal 

reserve, leading to sustained disability. The second stage is delayed neurodegeneration, causing 

non-relapsing progression, and generally develops 10 to 15 years after the onset of relapse-

remitting MS (Dobson & Giovannoni, 2019). Due to neurological deficits, up to 93% of 

individuals with MS experience decreased mobility within 15 years of disease onset. The 

mobility impairments associated with MS have been shown to lead to decreased health-related 

quality of life and the ability to perform ADLs (Macdonell et al., 2016; Souza et al., 2010). 

A third population that may use a wheelchair are individuals with cerebral palsy (CP). 

Cerebral palsy is the most common childhood physical disability affecting two to two and a half 

children per 1,000 live births in the United States and is best described as a group of permanent 

disorders. Permanent disorders may consist of the development of movement and posture 

abnormalities causing activity limitation, which are attributed to nonprogressive disturbances 

occurring in the development of the young brain (Krigger, 2006). The motor disorders of CP are 

often accompanied by disturbances of sensation, perception, cognition, communication, and 

behavior, by epilepsy, and by secondary musculoskeletal problems (Anseeuw, 2007). The 

skeletal muscle limitations associated with CP such as spasticity and increased muscle tone can 

restrict joint range of motion and lead to tremors and muscle weakness, contributing to reduced 

functional capacity (Barrett & Lichtwark, 2010). Increased muscle spasticity and low physical 

activity rates in children with CP are also thought to cause meaningfully lower peak oxygen 
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consumption (VO2 peak) values compared to typical developed children (Verschuren & Takken, 

2010). With the knowledge of the physical limitations associated with wheelchair use, the 

development of an accessible and valid protocol to assess physical capacity in wheelchair users 

is clinically relevant; physical limitations are associated with negative health outcomes in 

addition to decreases in functional capacity and quality of life.  

Instrumental Activities of Daily Living/Basic Activities of Daily Living 

Activities of daily living can be split into two categories, basic activities of daily living 

(BADLs), and instrumental activities of daily living (IADLs). Performance of BADLs can be 

assessed by asking individuals if they have difficulty with activities such as bathing, dressing, 

eating, getting in and out of chairs, toileting, or walking. In IADLs, the aim is to assess difficulty 

with activities including preparing meals, grocery shopping, managing money, performing light 

and heavy housework, and medication management (Pavela, 2015). Instrumental activities of 

daily living are considered necessary for independent living and require higher 

neuropsychological functioning, while BADLs are considered necessary for self-care and require 

more physical fitness (Liang et al., 2017; Mlinac & Feng, 2016). The ability to perform IADLs 

and BADLs is essential to older adults, as IADL autonomy plays a vital role in “successful” 

aging (Depp & Jeste, 2006). Currently, assessment of IADLs and BADLs includes the use of 

questionnaires such as the Katz Index of Independence in Activities of Daily Living, to measure 

functional capacity regarding an individual’s ability to complete a series of IADLs and BADLs 

(Shelkey & Wallace, 2001).  

As age increases, individuals can experience IADL and BADL disabilities from a 

catastrophic event such as an injury or a progressive decline in brain functions (Pashmdarfard & 

Azad, 2020). Using data from the National Health and Nutrition Examination Survey 
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(NHANES) from 1988 to 1994 and 1999 to 2004, Seeman and colleagues (2010) examined the 

prevalence of reported disability trends in adults aged 60 to 69, 70 to 79, and 80 years and older. 

Using logistical regression models for each age group assessing relative odds of each type of 

disability as a function of time. When comparing prevalence in 1988-1994 with 1999-2004, they 

found an increase of 40% to 70% of reported prevalence for all disability types. When additional 

controls for health status and health behaviors were added reported prevalence of all types of 

disability other than functional remained significantly high among respondents aged 60 to 69 

years in 1999 to 2004. Odds ratios of 1.7, 1.8, and 1.6 were shown for ADL, IADL, and mobility 

disability prevalence in respondents aged 60 to 69 respectively. The results are concurrent with 

the findings of Stevens and colleagues (2016) using data from the National Health Interview 

Survey (NHIS) for the years 2011-2014. Overall, 22.6 million (11.9%) working-age adults (18-

64 years) who completed the survey were found to have any disability, with 56.6% having only 

one disability type. Of the 22.6 million, 51.0% had a mobility disorder, and approximately 42.9% 

had two or more disabilities, with the most common types being mobility, independent living, 

and cognition. As the number of disability types increased, the percentage of adults aged 45-64 

years increased as well. Although we see a decline in both basic and instrumental ADLs as 

individuals age, more middle-aged and older adults are living with IADL impairments than with 

BADL limitations. The increased prevalence of IADL impairments is due functions assessing 

IADLs represent higher-level cognitive tasks that typically decline in aging individuals before 

self-care tasks, where greater physical function is required (McGrath et al., 2019). 

Impairments in IADL and BADL functions have been highly associated with negative 

health outcomes such as chronic morbidity and premature mortality (Dunlay et al., 2015; 

Hennessy et al., 2015). Although a majority of research on ADL disability and limitations has 
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used samples of working-aged and older adults, they are not the only group to have negative 

health implications associated with ADL function. Due to loss of motor function, it has been 

suggested that wheelchair users with an SCI live a relatively sedentary life, leading to low 

physical fitness (Janssen et al., 1994; Nooijen et al., 2012). Due to an increased sedentary 

lifestyle and decreased physical capacity, wheelchair users have been shown to experience 

physical strain while performing daily ADLs. Physical strain increases in individuals who have 

experienced a cervical or high thoracic lesion. Periods of peak strain in wheelchair users occur in 

daily activities such as wheelchair ambulation, transfers, household activities, and personal care. 

The physical strain during daily activities not only have negative implications on physical health 

but on quality of life as well (Janssen et al., 1994). The preservation of functional capacity 

should be a major public health priority as it could have the ability to decrease healthcare costs 

and increase quality of life for the affected individual and their family (Hoffman et al., 1996; 

McGrath et al., 2019). 

Physical health of wheelchair users  

Although individuals may use wheelchairs as their primary base of support, means of 

transportation, and physical activity, wheelchairs can also limit the user’s ability to exercise and 

be physically active (Ellapen, Hammil, Sawnepoel, & Srtydom 2017). The limited ability to 

exercise in wheelchair users may be due to increased muscle fatigue, due to the predominant use 

of upper limb muscles during wheelchair propulsion. Warms and colleagues (2008) analyzed 

community-based free-living physical activity of 50 adult manual wheelchair users between the 

ages of 18 and 74 years (46.3±13.6 years) and found that 56% of their sample population did not 

meet the physical activity guidelines of 150 hours of weekly activity as compared to 33% of 

individuals without disability and wheelchair use (Healthy People, 2010). Limitations arise in 
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manual wheelchair users during exercise as they are more susceptible to upper extremity 

disorders such as carpal tunnel, impingement, and rotator-cuff syndrome when compared to able-

bodied individuals. Upper extremity disorders can lead to an even greater decrease in already 

low physical activity levels, reducing IADLs and BADLs (Janssen et al., 1994). 

 A sedentary lifestyle in manual wheelchair users has been shown to lead to negative 

health effects, such as a heightened risk for cardiovascular disease and metabolic syndrome 

(Nooijen et al., 2012; Ellapen et al., 2017). Although there is little research with manual 

wheelchair users, a direct relationship between lipid profile and coronary artery disease in the 

general population is shown. Multiple studies report decreased levels of high-density lipoprotein 

(HDL), increased low-density lipoprotein (LDL), total cholesterol (TC), and triglycerides in 

individuals with an SCI (de Groot et al., 2008; Bauman et al., 1992; Maki et al., 1995; Demirel et 

al., 2001; Storch et al., 2005). A significant relationship between physical capacity parameters 

and HDL (p<0.01), TC/HDL (p<0.05), LDL/HDL (p<0.05), and TG (p<0.01) has also been 

shown. When comparing sedentary SCI populations with active SCI populations, it was found 

that HDL and VO2 peak were significantly higher (p<0.05) in the active group, which also had 

lower TC/HDL ratios (de Groot et al., 2008).  

Regular physical activity has been shown to improve cardiovascular and metabolic health 

in wheelchair users. Cardiometabolic improvements associated with physical activity include 

increased HDL, increased metabolic health with reduced type 2 diabetes development, increased 

cardiovascular function, improved hemodynamics, and decreased risk of heart failure by 

decreasing stress through physiological adaptations (Pinckard, Baskin, & Stanford, 2019). 

Associations between health risks, physical capacity, and activity levels in manual wheelchair 
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users reiterate the importance of a valid method to predict physical capacity, specifically aerobic 

capacity, in manual wheelchair users.  

 

Current Wheelchair Tests 

Aerobic capacity is a measure of cardiorespiratory fitness and a major component of 

physical ability, which has been robustly assessed in laboratory settings in wheelchair users 

(Vinet et al., 1996). However, the feasibility of laboratory protocols is quite low as the cost of 

specialized equipment is prohibitive, and laboratory availability is limited. Field tests are the 

current preferred method for assessing aerobic capacity because they require minimal equipment, 

time, and are cost-effective (Goosey-Tolfrey & Tolfrey, 2008). Field tests for wheelchair users 

have been developed by modifying versions of existing tests used in ambulatory individuals, like 

the 25-m shuttle run, the Leger and Boucher test, and Cooper’s 12-minute run (Cowan, Callahan 

& Nash, 2012). Although field tests have shown positive, moderate-to-high correlations (r=0.84, 

modified Cooper’s 12-minute run) with aerobic capacity, in the modified 12-minute push test, 

Franklin and colleagues (1990) reported pacing was important for optimal performance. 

Vanlandewijck and colleagues (1999) reported despite the positive, moderate correlation 

between distance covered and peak aerobic capacity in the modified 25-m shuttle test (r=0.64), it 

is only valid when using a laboratory arm crank ergometer protocol. However, crank arm 

ergometer protocols lack specificity with wheelchair propulsion because of upper limb position 

(Goosey-Tolfrey & Tolfrey, 2008). With the known limitations and challenges of laboratory and 

current field tests, it is essential to find a reliable, valid, and inexpensive test for assessing 

aerobic capacity and understanding functional capacity in wheelchair users. 
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 The six-minute walk (6MPT) test is a valid and reliable field test for estimating aerobic 

capacity in healthy older adults (Mänttäri, Suni, Sievänen, Husu & Vähä-Ypyä, 2018). A 

modified version was created to assess aerobic capacity in individuals with an SCI. The 6MPT 

has been deemed a valid and reliable test for assessing aerobic capacity in wheelchair users 

(Solanki, Chaudhari & Bhise, 2016). In a cross-sectional study measuring the aerobic response 

during the 6MPT and its parallel reliability with the maximal arm crank ergometer test (ACET), 

it was found that the 6MPT yielded peak values of heart rate and VO2 that were strongly and 

positively associated with values of the ACET (r=0.92). The total distance traveled during the 

6MPT was also strongly associated with VO2 peak (r=0.86, p<0.05), implying total distance 

covered during the 6MPT may represent a clinical alternative for estimating aerobic fitness in 

manual wheelchair users (Bass et al., 2020).  

Although the 6MPT has been shown to be a valid assessment protocol for aerobic 

capacity, it has limitations similar to other field tests that rely on manual wheelchairs. 

Limitations include factors that affect propulsion performance, such as chair configuration, 

propulsion skill, and surface resistance, which introduce variance and affect prediction precision. 

The limitations presented by wheelchair propulsion variability demonstrate the importance of a 

more accessible protocol for manual wheelchair users (Cowen et al., 2012). Differences in 

external conditions such as turning capacity and mechanical resistance have been shown to lead 

to meaningfully different wheelchair shuttle run performances due to variability from wheelchair 

to wheelchair. In a cross-sectional study, Vanlandewijk and colleagues (2006) had participants 

complete a 25 m shuttle run (SR) adapted for wheelchair users from Leger and Lambert (1982), 

where SR performance was reported in seconds. The study consisted of three different testing 

conditions: in condition one the wheelchairs had normal turning capacity and mechanical 
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resistance (SR performance mean ± SD= 536±119.09s; r=0.53; p<0.05), wheelchairs in condition 

two had increased mechanical resistance and normal turning capacity (488.82±199.84s; r=0.52; 

p<0.05) and the wheelchairs in condition three had both increased mechanical resistance and 

decreased turning capacity (404.91±88.41s; r=0.37; p<0.05). Across the three conditions, as 

resistance increased and turning capacity decreased, SR performance decreased. The findings 

from this study represent the negative impact of increased mechanical resistance and decreased 

turning capacity on SR performance. The increased resistance and decreased turning capacity 

can be attributed to factors such as chair configuration, and external factors such as testing 

surface (Léger & Lambert, 1982). Therefore, determining an assessment of functional capacity in 

wheelchair users that is valid and reliable is needed.   

Utility of Handgrip Strength 

Measuring handgrip strength (HGS) using electronic dynamometry is a reliable measure 

of muscle function and is considered a convenient assessment of overall muscle strength 

(Klawitter et al., 2020; McGrath et al., 2020). Before discussing HGS further, it is important to 

clarify the term muscle function. Muscle function consists of three concepts: muscular 

endurance, the ability of muscles to exert force against resistance over a sustained period of time; 

muscular power, the ability to exert a maximal force in as short a time as possible, as in 

accelerating, jumping and throwing implements; and finally, muscular strength, the amount of 

force a muscle can produce with a single maximal effort (Beaudart et al., 2019). Handgrip 

Strength is measured during a muscular isometric contraction and is the most widely used 

method to measure muscle strength as it has been recognized to be easily applicable in both 

clinical and research settings due to its relatively low cost and ease of assessment (Beaudart et 

al., 2019; McGrath et al., 2020).  
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Low HGS is classified as a combined score for the right and left hands of ≤83 kg of force 

in males and ≤51 kg of force in females between the ages of 20 and 29 years. Low HGS is an 

important component of decision algorithms for determining sarcopenia and dynapenia as it is a 

well-validated protocol for assessing muscle strength (ACSM, 2018; Cruz-Jentoft & Sayer, 

2019; Manini & Clark, 2012). Assessing muscle strength and function is imperative to 

understand during the aging process, as aging is linked to loss of muscle mass and strength 

(McGrath et al., 2018). Identifying low HGS in individuals is also important because it is highly 

predictive of many adverse health outcomes including increased risk of all-cause and 

cardiovascular mortality, body mass index, comorbidities, dietary intake, and physical activity 

levels, as well as stroke, type 2 diabetes, functional limitations, and many others (Dufner, 

Fitzgerald, Lang, & Tomkinson, 2020).  

Although maximal HGS has been shown to be reliable, clinically relevant, and is the 

most widely used method to measure muscle strength, it is argued that maximal HGS alone 

should not be assumed a proxy for overall muscle strength. Yeung and colleagues (2018) used a 

cross-sectional design consisting of 960 healthy young and old individuals as well as geriatric 

outpatients and older individuals post-hip fracture (49.8% male) to determine the associations 

between maximal HGS and overall muscle strength. They found the correlation with knee 

extensor strength was low and positive in healthy young males (r=0.36-0.45; females, r=0.45), 

healthy old individuals (males, r=0.35-0.337; females, r=0.44) and moderate and positive in 

geriatric outpatients (r=0.54) and individuals post-hip fracture (males, r=0.44; females, r=0.57). 

A significant relationship was determined for young males, healthy old males, and geriatric 

outpatients (p<0.05) (Yeung et al., 2018). However, although the use of isokinetic dynamometers 

to measure KES is usually the preferred method in clinical studies, their use is limited in large-
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scale epidemiological studies as the equipment is costly and not portable (Martin et al., 2006). 

Knee Extensor Strength is also not practical in manual wheelchair users and individuals with 

limited lower limb mobility. 

Handgrip Tests 

As described above, measures of HGS are characterized as a maximal isometric grip 

force task, whereas muscle function includes other aspects, including but not limited to: 

fatiguability, rate of force development, asymmetry, and isometric control (Klawitter et al., 

2020). Although more research is warranted, findings suggest that including additional HGS 

measurements related to the other aspects of muscle function and better resemble muscle 

function may improve how we assess muscle function for age-related health conditions when 

compared to maximal HGS alone (Mahoney et al., 2020). A pilot study evaluating additional 

aspects of muscle function in older adults (n=13; 53.9% female, 70.9 ± 4.0 years) sought to 

determine the role of handgrip strength and function on cognitive function. Although there were 

no statistical significance individuals with cognitive impairments generally had lower mean 

scores in nearly all HGS measurements. Statistical insignificance is thought to be due to the 

small sample size (Klawitter et al., 2020). The possible relationship between additional measures 

of HGS and cognitive function again elicits the need for further research on these additional 

HGS measurements as higher-level cognitive tasks required for completing IADLs typically 

decline in aging individuals leading to IADL impairment and limitations (McGrath et al., 2019).  

Handgrip Strength in Different Populations  

There are many populations where the various assessments of HGS are clinically 

relevant, one of which is older adults. It is well known that poor muscle function due to loss of 
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muscle mass and strength during the aging process can lead to mobility impairments and other 

adverse health events in older adults. Therefore, experts advise handgrip strength to be used to 

measure muscle strength in adults aged 65 years and greater (Beaudart et al., 2019). Handgrip 

strength is highly recommended due to the applicability of the tools in clinical practice, the 

required test time, and the availability of robust cut points (Beaudart et al., 2019). Sallinen and 

colleagues (2010) looked to determine optimal HGS cut points for the likelihood of mobility 

limitations in older adults (55-99 years; males n=1,084; females n=1,562) and whether cut points 

differed according to BMI classification. They found a significant interaction effect between 

HGS and BMI in males (p<0.05) with no significant interaction in females (p>0.05). Optimal cut 

points were determined as: 33 kg of force for normal-weight males (BMI of 20.0-24.9 kg/m2), 39 

kg for overweight males (BMI of 25.0-29.9 kg/m2), 40 kg for obese males (BMI ≥30.0 kg/m2), 

and 21 kg of force for females when assessing the risk of mobility limitation in older adults. 

Although there is limited research on the topic, another population that may benefit from 

HGS assessments are manual wheelchair users. When comparing HGS between wheeled 

mobility users and non-disabled adults, researchers found female manual wheelchair users 

(n=14) aged 20 to 34 years had a mean maximal HGS of 21.0 kg ± 8.3 (classified as poor by 

ACSM), with (n=32), while male manual wheelchair users had a mean maximal HGS of 38.7 kg 

± 15.3 (classified as poor by ACSM). The reported values fell below the 95% confidence interval 

of the healthy ambulatory adult population reported previously (Bohannon, Peolsson, Massy-

Westropp, Desrosiers, & Bear-Lehman, 2006; Joseph, D’Souza, & Paquet, 2010). The findings 

that both male and female manual wheelchair users had poor average maximal grip strength are 

clinically significant as it is known that low HGS is associated with functional limitations. A 

cross-sectional study of 947 older adults aged at least 65 years and older showed that for every 
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10 kg of force increase in HGS, the odds for IADL impairment was decreased by 39% (p<0.05) 

(Gopinath, Kifley, Liew, & Mitchell, 2017). Likewise, Neto and colleagues (2021) aimed to 

determine optimal HGS cut points for males with SCI (n=54) to attain greater functional 

independence scores on the Spinal Cord Independence Measure version III (SCIM-III), a self-

reported measure where higher scores represent greater skill and independence. They determined 

that the sum of the highest HGS values of the left and right sides needs to be 102.5 kg of force to 

achieve a score of 70/100 on the SCIM-III.  

   Additional measures of HGS that incorporate various aspects of muscle function, such 

as asymmetry, fatiguability, and rate of force development, may be beneficial to wheelchair users 

as well. It is known that the strain of wheelchair propulsion is often at its peak during different 

ADLs, and it has been shown that handgrip asymmetry and weakness together were associated 

with 81% increased odds for future functional disability in a national sample of aging Americans 

(Janssen et al., 1995). The association between HGS asymmetry and functional disability is also 

noteworthy due to the bilateral nature of wheelchair propulsion. Power production during 

wheelchair propulsion comes from the work of the upper body, mainly the arms. Due to the 

relatively small muscle mass of the upper extremities and an increased tendency for local fatigue, 

a much lower maximal work capacity is experienced by wheelchair users. Increased local fatigue 

associated with wheelchair propulsion highlights the importance of assessing fatiguability in 

manual wheelchair users as the measurement of power output in wheelchair exercise testing 

combined with physiological measurements of the cardiorespiratory strain, gives additional 

information on the physical capacity of the person (van der Woude, Veeger, Dallmeijer, Janssen, 

& Rozendaal, 2001). 
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When compared to pure maximal voluntary contraction (MVC), rate of force 

development has been shown to be better related to most performances of functional daily tasks. 

Rate of force development is also more sensitive to acute and chronic changes in neuromuscular 

function, which is significant in wheelchair user sub-populations. Individuals with MS 

experience neurodegeneration and individuals with SCI tend to have motor function impairments 

associated with their injury, demonstrating the importance of the additional assessments of HGS 

in manual wheelchair users (Dobson & Giovannoni, 2019; Janssen et al., 1994; Maffiuletti et al., 

2016). Assessing fatigue and other aspects of muscle function using electronic dynamometry 

may also help estimate aerobic capacity as is known that muscle mass, strength, and muscular 

endurance influence aerobic capacity greatly (Kujala et al., 2019).  

Conclusion  

 Roughly 3.6 million Americans use wheelchairs as mobility aides, including those with 

SCI, MS, and CP. Manual wheelchair users have been shown to experience barriers associated 

with IADLs and BADLs, as well as low physical capacity when compared to able-bodied 

individuals. The barriers to ADL performance experienced by manual wheelchair users stem 

from the strain of wheelchair propulsion and the nature of their diagnosis and can lead to 

declines in physical health and well-being. The current tests to assess physical capacity in 

manual wheelchair users have been shown to have limitations; therefore, a more accessible 

protocol needs to be developed. In the general population and in older individuals, measures of 

HGS have been shown to be accurate, reliable, and accessible for estimating muscle strength and 

function. If an association is present between the maximal HGS and additional measures of HGS 

and current physical tests, then HGS may be used as a more accessible estimate of physical 

capacity in manual wheelchair users. 
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Chapter Three: Methods 

Participants 

 A cross-sectional design was utilized to complete this investigation. The Northern 

Michigan University Institutional Review Board has approved all study protocols (HS23-1374). 

To account for any missing data and adhere to the recommended minimum number of 

individuals for 80% power in a single group cross-sectional design to obtain a correlation 

coefficient of ≥0.50, the researcher recruited 34 participants from July 2023 through October 

2023 in Marquette, Michigan, USA. Sample size was calculated using collected pilot data. The 

researcher recruited by word of mouth, email list serves, flyers, and oral presentations in the 

School of Health and Human Performance. 

We recruited individuals between the ages of 18 and 35 years old who met the current 

physical activity guidelines for Americans (HHS, 2018), and had no prior manual wheelchair 

experience. Persons were excluded if they 1) had any musculoskeletal injuries, health conditions, 

or surgical procedures within the last six-months that limited physical functioning (e.g., 

fractures, sprains, arthritis); 2) were not ready to participate in physical activity as determined by 

the PAR-Q+ (Warburton et al., 2001); 3) were not ambulatory; or 4) were unable to complete 

dynamometer testing on both hands due to pain, arthritis, or a surgical procedure. Each session 

lasted between 30- and 60-minutes in duration. 

Procedures  

Prior to study testing, individuals were asked to avoid strenuous physical activities for 48 

hours prior to their visit and maintain habitual sleeping, eating, and hydration patterns. All data 

collection took place in the Exercise Science Lab (PEIF 146) in the Physical Education 
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Instructional Facility on Northern Michigan University’s campus. Participants attended one 

session that lasted up to 60 minutes, beginning with a review of an informed consent form 

(Appendix A) explaining all aspects of the study prior to taking part in any study procedures. 

Participants were also asked to complete a PAR-Q+, and the International Physical Activity 

Questionnaire (IPAQ-SF) to screen for risk associated with performing physical activity and 

assess physical activity, respectively (Appendix B; Appendix C). Once written informed consent 

was given, and if the participant met all inclusion criteria, data collection began with obtaining 

all measures of HGS. Measures of HGS were recorded using a Biopac handgrip dynamometer 

(Biopac Systems; Goleta, CA) and MP36 Student Lab software. Previous research suggests that 

Biopac handgrip dynamometers are highly reliable and valid for estimating grip force (Wiles, 

Boyson, Balmer & Bird, 2001). The Biopac dynamometer allows for kilograms of force to be 

digitally recorded in real-time for the duration of a grip task (Park, Baek, Kim, Park, & Kang, 

2017).  Guidelines for measuring HGS informed our procedures (Roberts et al., 2011). 

Specifically, participants were comfortably seated in a chair with forearms in a 90-degree resting 

position, wrist neutral, and hand slightly over the arm of the chair with thumbs facing upwards. 

The researcher explained and demonstrated all HGS protocols before participants completed a 

practice trial. Standardized verbal encouragement was provided for all participants. Block 

randomization was used to determine hand start.  Participants performed two trials on both hands 

for each task at a sampling rate of 50 hz with a minimum of 60-seconds rest. 

For maximal HGS, participants were seated in a chair with their elbow rested at 90-

degrees. The researcher advised the participant to squeeze the dynamometer as hard as possible, 

exhaling while squeezing before releasing the muscle contraction. The greatest recorded HGS 

value on either hand was used for analysis. Next, the rate of HGS force development was 
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calculated by instructing the participant to squeeze the dynamometer as fast as possible, and 

delta t was determined from rest to the single highest-performing measure (D’Emanuele et al., 

2021).  The highest-performing continuous score was included for the purposes of the analysis 

with one-minute of rest between trials.   

Thirdly, the HGS fatigability was measured by having participants squeeze the 

dynamometer at maximal effort for as long as possible or until they could no longer maintain 

75% of their maximal effort (De Dobbeleer et al., 2017). A corresponding grip force curve was 

generated from the collected data. Fatigability was then calculated from the fatigability index 

equation, which utilizes the area under the curve (kg/s), peak force (kg), and duration of 

contraction (sec). The equation being used is fatigue index = {1- [area / (peak force * duration)]} 

* 100. 

Thereafter, isometric control was measured by having the participant squeeze the 

dynameter at 25% of their maximal value determined by their maximal hand grip for each hand 

for a total of 10-seconds with a force tracing visible to participants. The coefficient of variation 

was determined over the middle eight-seconds using the best-performing submaximal HGS force 

control value for analysis. Lastly, the highest recorded HGS values on either hand were used to 

calculate the HGS asymmetry ratio (non-dominate HGS (kilograms)/dominant HGS 

(kilograms)). Since asymmetry ratios could be <1.0, any asymmetry ratios <1.0 were inversed to 

make all ratios ≥1.0 to improve interpretability (Mahoney et al., 2020).  

The 6-Minute Push Test (6MPT) was conducted on a course consisting of a 30-m loop 

marked by two cones 15-m apart with 30 in. wide lanes marked between the cones on either side 

to ensure between-subject reliability. The 6MPT was modeled after the 6-Minute Walk Test 

(6MWT), therefore, American Thoracic Society (ATS) administration instructions and 
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guidelines for the 6MWT were followed, including the standard patient instruction script (ATS, 

2002). A Quickie 2 manual wheelchair donated from Bay Cliff Health Camp was used to 

conduct the propulsion test. Once in the wheelchair, participants were given five-minutes to 

become acclimated to wheelchair propulsion and the mechanics of making turns. After the 

acclimation period, participants rested for an additional five-minutes; once they returned to a 

near resting state, they were instructed to position themselves at the designated starting position 

on the test course. Once at the starting position, a pretest script was used to instruct the 

participant to propel as far as possible within the six-minute time frame at a comfortable pace as 

if they were pushing around the grocery store (Cowan, Callahan & Nash, 2012). Participants 

were also advised that they may slow down or stop at any point during the test but time would 

not stop until the test was completed or the participant requested to end the test. A stopwatch 

began the moment the participant began propulsion, and the participants were instructed to stop 

where they were as soon as the stopwatch reached six-minutes. Total distance was measured by 

counting the number of laps completed and the distance from the end cone to the stopping point. 

Statistical Analysis 

 SPSS Software version 28.0 (IBM; Armonk, NY) was used for the analyses. Descriptive 

statistics were reported as mean ± standard deviation for continuous variables. Data was visually 

inspected for outliers and to determine whether parametric assumptions are met using histograms 

and scatter plots. To accomplish Purpose 1, individual Pearson correlation analyses were used to 

measure the associations between maximal HGS, rate of handgrip force development, handgrip 

fatigability, handgrip isometric control, handgrip asymmetry, and six-minute wheelchair 

propulsion distance. To complete Purpose 2, Pearson correlation analyses were used to evaluate 

the concurrent validity between maximal HGS and 1) rate of handgrip force development and 2) 
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HGS handgrip fatigability. The strength of the associations was interpreted as: <0.10 is 

negligible, 0.10-0.39 is weak, 0.40-0.69 is moderate, and ≥0.70 is strong (Schober & Schwarte, 

2018). 
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Chapter Four: Results  

 The descriptive statistics of the participants are shown in Table 1. In general males 

(n=14) ranked in the good category for maximal HGS (95-103kg) and outperformed females 

(n=20; M=50.78±7.75 kg; 35.61±4.56 kg), who ranked in the very good category for their age 

group. Males also had higher average values than females in handgrip rate of force development 

(0.139±0.041 sec; 0.141±0.034 sec), handgrip isometric control (2.12±1.01%; 2.52±1.32%), and 

hand grip asymmetry (1.08±0.061; 1.11±0.094), while females outperformed males in 

fatiguability (21.98±9.08%; 23.00±11.78%) and 6MPT distance (1129.70±86.05 ft; 1087.84± 

99.54 ft).In general   individuals that were left hand dominant (n=5) performed better for 

maximal HGS (48.19±12.87 kg; 40.76±8.81 kg), handgrip rate of force development 

(0.135±0.037 sec; 0.141±0.037 sec), handgrip fatiguability (17.74±1.86%; 23.20±10.76%) and 

handgrip asymmetry (1.05±0.037; 1.11±0.085) while right handed (n=29) individuals recorded 

more favorable outcomes for handgrip isometric control (2.33±1.17%; 2.49±1.54%) and 6MPT 

distance (1120.05±94.12 ft; 1064.98±76.36 ft).  

There were weak to near moderate negative associations between maximal HGS, rate of 

force development, fatigue, isometric control, and asymmetry (Purpose 1) shown in Table 2. The 

association between fatiguability and the 6MPT was the only relationship shown to be 

significant. Weak associations were found between the additional measures of grip strength 

assessing muscle function and maximal HGS, although insignificant. Concurrent validity of the 

additional measures of grip strength cannot be determined due to the statistical findings. All 

validity data is shown in Table 2. 

 



24 
 

Table 1. Participant Descriptive Statistics. 

        n=34 
Participant Age (years)    20-34 
Height (centimeters)    173.23±8.28 
Weight (kilograms)     76.11±12.62 
Right Hand Dominant      n=29 
Left Hand Dominant    n=5 
Male    n=14 
Female  
Weekly MVPA (min)    

n=20 
685.19±655.19* 

Maximal Handgrip Strength (kilograms)    41.85±9.65 
Handgrip Rate of Force Development 
(seconds)    0.140±0.037 
Handgrip Fatiguability (%)    22.40±10.12 
Handgrip Isometric Control (% variation)    2.35±1.20 
Handgrip Asymmetry (OR)       1.10±0.08 

*n=33, one outlier removed  

 

Table 2. Results for Correlation of all Measures of Handgrip Strength on 6-Minute Push Test 
(6MPT) Performance and Concurrent Validity of the Additional Measures of Grip Strength.  

Outcome Measure  6MPT 95% CI Maximal 
Handgrip 
Strength 

95% CI 

Maximal Handgrip Strength r=-0.14; 
p=0.42 

-0.458 – 0.206 r=1.00  

Handgrip Rate of Force 
Development 

r=-0.10; 
p=0.58 

-0.422 – 0.249 r=-0.12; 
p=0.49 

-0.442 – 0.226 

Handgrip Fatiguability r=-0.35; 
p=0.05* 

-0.612 – 0.008 r=-0.28; 
p=0.10 

-0.568 – 0.060 

Handgrip Isometric Control r=-0.19; 
p=0.27 

-0.500 – 0.154 r=-0.24; 
p=0.18 

-0.531 – 0.112 

Handgrip Asymmetry r=0.20; 
p=0.27 

-0.155 – 0.499 r=-0.32; 
p=0.06 

-0.597 – 0.015 

* denotes significance  
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Chapter Five: Discussion  

 The purpose of this study was to determine the correlations between maximal handgrip 

strength, handgrip rate of force development, handgrip fatigability, handgrip isometric control, 

and handgrip asymmetry to a 6MPT test in ambulatory young adults using wheelchairs. We 

hypothesized that increased maximal HGS, handgrip rate of force development, handgrip 

fatigability, handgrip isometric control, and no handgrip asymmetry will be valid predictors for 

assessing functional capacity measured via the 6MPT. Handgrip fatiguability and aerobic 

capacity as measured by the 6MPT were negatively associated with one another, and this 

association was of weak approaching moderate strength. Although there were no statistically 

significant correlations between the other measures of handgrip strength (i.e., rate of force 

development, fatigue, isometric control, and asymmetry) and the 6MPT, there is some evidence 

suggesting weak association between measures of handgrip assessing muscle function and 

estimated aerobic capacity in manual wheelchair users. The secondary purpose was to evaluate 

the construct validity of the additional measures of handgrip to maximal HGS. We hypothesized 

that that there would be a positive correlation between handgrip rate of force development, 

handgrip isometric control, and handgrip asymmetry on maximal handgrip strength, as well as a 

negative correlation between handgrip fatiguability and maximal grip strength. No statistically 

significant differences were found when comparing the four additional measures to maximal grip 

strength. However, there is some evidence of weak negative relationships between all additional 

measures and maximal HGS. When considering these findings, handgrip fatiguability may be a 

useful estimate of aerobic capacity in clinical populations. While clinicians should continue to 

use gold standard methods such as laboratory procedures utilizing metabolic data, or field tests 
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such as the validated 6MPT when assessing aerobic capacity in manual wheelchair users 

whenever possible, the findings of this study suggests, handgrip fatiguability may have utility.  

 We found a negative weak association between maximal HGS and the outcome of the 

6MPT distance which is used to estimate aerobic capacity. Although there is a lack of evidence 

existing that shows the relationship between measures of handgrip measured with electronic 

handgrip dynamometry on aerobic capacity, there are proposed mechanisms as to why HGS and 

aerobic exercise may be associated. It has been stated that aerobic exercise induces 

mitochondrial adaptations and elicits changes in different growth factor levels in skeletal muscle 

tissue leading to positive protein turnover balance and improves muscular strength and 

hypertrophy (Seong et al., 2020; Sung et al., 2022). The mechanisms of strength gains from 

aerobic activity can be supported from the findings in a study by Crane and colleagues (2012) 

aiming to observe the effects of long-term aerobic exercise on muscle strength in sedentary and 

highly aerobically active ambulatory men and women. It was found that the active subjects had 

higher relative grip strength compared to those in the sedentary group. These findings were 

thought to be derived from greater upper limb habitual activity similarly seen in high mechanical 

loads on the upper extremity during wheelchair propulsion (van der Woude, Veeger, Dallmeijer, 

Janssen, & Rozendaal, 2001). Similarly, in a study aiming to evaluate the effects of maximum 

aerobic capacity and ratings of perceived exertion on muscular strength via handgrip and 

endurance in 83 male students and office workers, a strong significant relationship (r = 0.871, p 

≤ 0.001) between HGS and VO2 max as well as a near moderate relationship (r = 0.399, p ≤ 

0.001) between HGS endurance and VO2 max were found (Ordudari & Habibi, 2019). Ordudari 

and Habibi’s finds show much stronger associations than those reported in our study but they 

help to demonstrate the relationship between maximal HGS and aerobic capacity.  
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In parallel to our results that show associations between handgrip rate of force 

development and isometric control, r=-0.12; p=0.49; r=-0.24; p=0.18 respectively, with maximal 

HGS respectively, Klawitter and colleagues (2020) found positive moderate and negative 

moderate relationships between handgrip rate of force development (r = 0.63, p < 0.05), and 

handgrip submaximal force control (r = -0.46, p < 0.05), to handgrip maximal strength 

respectively. The associations found in Klawitter and colleagues pilot utilizing the same methods 

with electronic handgrip dynamometry examining the aspects of muscle function in master’s age 

endurance athletes were strong than those found in our study but help to further strengthen the 

evidence of a relationship between additional measures of handgrip strength to assess muscle 

strength and function as well as the validity of utilizing electronic handgrip dynamometry.  

With the evidence of a relationship between the additional measures of HGS measuring 

muscle strength and function, this information may have clinical significance in the manual 

wheelchair population. Rate of force development can be considered as an important factor for 

the performance of motor tasks and activities of daily living. Rodrìguez-Rosell and colleagues 

(2018) stated that the rate of force development following the onset of a muscle contraction and 

evaluated at different time intervals (0-300 ms) can provide insight into the physical conditions 

of individuals such as the influence of neural and intrinsic contractile properties on rate of force 

development changes. For example, the early phase of rate of force development (<100 ms) has 

been shown to be mainly influenced by neural drive and intrinsic muscle properties, whereas the 

rate of force development after 100 ms may be more related to adaptive mechanisms promoting 

increases in maximal muscle strength (Rodríguez-Rosell et al., 2018). This knowledge is 

important for subpopulations that use manual wheelchairs including individuals with MS, which 

leads to neurodegeneration and loss of motor control (Dobson & Giovannoni, 2019). In addition, 
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Uyguar and colleagues investigated handgrip rate of force development and relaxation scaling 

factors in 12 individuals with MS and twelve controls to determine if upper extremity motor 

impairments could be detected. They found that handgrip rate of force development was reduced 

in those with MS, indicating a reduced ability to produce high handgrip rate of force 

development over submaximal ranges. A reduced ability to produce high handgrip rate of force 

development is thought to be due to central neuromuscular systems rather than peripheral, which 

include muscle fiber type. With this knowledge, we can now possibly use handgrip rate of force 

develop to assess the disease progression in those with MS.    

Although not statistically significant, we found there was evidence supporting a weak 

association between handgrip asymmetry and maximal HGS, which is also clinically relevant to 

wheelchair users. Individuals with handgrip asymmetry alone have been shown to have 9% 

greater odds for future accumulating morbidities and when asymmetry is also combined with 

weakness the odds of future accumulating morbidities increases to 46% (Klawitter et al., 2022). 

Researchers suggest the combination of asymmetry assessments with strength assessments may 

help to improve the concurrent validity of handgrip dynamometry as a screening tool for chronic 

diseases related to poor muscle function as well as aid in the prediction of morbidity status 

(Klawitter et al., 2022). Handgrip asymmetry has also been shown to be associated with 

functional disability in aging Americans. A study utilizing data of over 18,000 Americans aged 

≥50 years from 2006-2016 found increased odds for future ADL disability to be 11% in 

individuals with any handgrip asymmetry alone and 81% for both handgrip asymmetry and 

weakness (McGrath et al., 2021). Knowing the risk of functional disability is important as 

impairments to both instrumental and basic activities of daily living are shown to be highly 

associated with negative health outcomes including premature mortality and chronic morbidity 
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(Dunlay et al., 2015; Hennessy et al., 2015). It is especially important to assess manual 

wheelchair users as individuals in this population report approximately nine ADL-IADL 

limitations, which impacts their ability to live independently and is higher than that of 

individuals who use walkers (8), crutches (6), or canes (5.5) (Allen, Resnik, & Roy, 2006). 

Limitations 

This study had some limitations with the first being that participants were not manual wheelchair 

users. Therefore, our findings may not be generalizable to manual wheelchair users as a whole. 

Additionally, a pacing strategy is often required to perform well during the 6MPT and we 

observed that several participants struggled with maintaining the same pace throughout the test. 

Also, one wheelchair was used for all participants and may not have been the appropriate size for 

some of the larger participants which made regulating tire pressure difficult. Finally, we had a 

limited sample size which may have lead to statistically insignificant findings 

Future Applications  

Future research should utilize individuals who are manual wheelchair users now that 

there appears to be evidence of an initial relationship between additional measure of HGS and 

aerobic capacity. The relationships shown between the additional measures of HGS and maximal 

HGS indicate the need for more research to further validate electronic handgrip dynamometry as 

a tool to measure muscle function. 

Conclusion  

 We found that handgrip fatiguability has a negative association of weak, approaching 

strength with aerobic capacity, as estimated by the 6MPT. Additionally, we found there is 

evidence of associations between all additional measures of handgrip and maximal handgrip 
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strength. The findings of this thesis study may be useful for informing clinicians to implement 

electronic handgrip dynamometry measurements to not only assess muscle function in manual 

wheelchair users, but also aerobic capacity. Handgrip rate of force development and asymmetry 

are variables that show promise for assessing muscle function and predicting functional 

limitations in manual wheelchair user’s population. 
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APPENDIX A 

 

 

 

Informed Consent  

 

 

 

 
Northern Michigan University 
School of Health and Human Performance 
PROJECT TITLE: Using Additional Measures of Handgrip Strength to Predict Aerobic Capacity 
in Wheelchair Users  
IRB Approval Number: HS23-1374 
Please read this consent document carefully before you decide to participate in this study.  

Purpose of the research study: 

The purpose of this study is to determine the correlation between five different measures of 
handgrip strength and the distance covered in a standardized wheelchair propulsion test with the 
aim of using various measures of handgrip strength as an estimator of aerobic capacity. 

It is important to understand the aerobic capacity of wheelchair users as it is a major component 
of physical capacity, the ability to carry out activities in areas such as balance, range of motion, 
stamina, and strength with decreased levels of physical capacity being associated with limitations 
to activities of daily living and negative health outcomes such as the increased risk of 
cardiovascular disease. The proposed utility of handgrip strength to predict aerobic capacity is 
clinically significant as it is non-fatiguing and is shown as a valid predictor of total muscle 
function.  

What you will be asked to do in the study: 
● Record five measures of handgrip strength including maximal handgrip strength, 

isometric control, handgrip fatiguability, rate of force development, and handgrip 
strength asymmetry.  

● Perform a six-minute wheelchair propulsion test which involves propelling a 
wheelchair at a moderate as far as you can in six minutes. 
 
 



45 
 

Time required: 

Up to one-hour  

Risks and Benefits: 

Risks to this study are minimal. Risks to this study may involve muscle soreness associated with 
the physical activities.   

The benefits of this study could be a better understanding of the correlation between multiple 
measures of handgrip strength and the distance covered in a wheelchair propulsion test to 
develop a non-fatiguing test to estimate aerobic capacity in clinical populations   
 

Incentive or Compensation: 
 
Participants in this study may be eligible for compensation of $10 at successful completion of 
visit.  
 
Confidentiality: 
 
Your identity will be kept confidential to the extent provided by law. Your information will 
be de-identified by an assigned code number. Your name will not be used in any report or 
publication. 
 
Voluntary participation: 
 
Your participation in this study is completely voluntary. You have the right to withdraw from 
the study at any time without consequence or penalty. 
 
Whom to contact if you have questions about the study: 
 
If you have any further questions regarding your rights as a participant in a research project you 
may contact Dr. Lisa Schade Eckert of the Human Subjects Research Review Committee of 
Northern Michigan University (906-227-2300) leckert@nmu.edu. Any questions you have 
regarding the nature of this research project will be answered by the principal researcher who 
can be contacted as follows: Dr. Lukus Klawitter  lklawitt@nmu.edu. 
 
 
Agreement: 
 
If you wish to participate in this study, please sign the form below. A signature will 
indicate agreement to participate. 
 
Participant’s Name: (Print)    
 

Signature  (Date)    

mailto:leckert@nmu.edu
mailto:lklawitt@nmu.edu.
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APPENDIX C 

 

 

 

International Physical Activity Questionnaire – Short Form 

 

 

 

Evaluation Measures 
 

International Physical 
Activity Questionnaire - 
Short Form 
 

 OVERVIEW 

• This measure assesses the types of intensity of physical 
activity and sitting time that people do as part of their 
daily lives are considered to estimate total physical 

activity in MET-min/week and time spent sitting. 

 
 SUBSCALES 

• None 

• Sample items from the scale: 

» During the last 7 days, on how many days did you 
do vigorous physical activities like heavy lifting, digging, 
aerobics, or fast bicycling? 

 
 STEPPING UP THEME(S) & OUTCOME(S) 

• Health & Wellness 
» Youth are physically healthy 

 TARGET POPULATION 

• Youth 15 years of age and older 

 
 LENGTH & HOW IT IS MEASURED 

• 7 items 

• Open-ended questions surrounding individuals’ last 
7-day recall of physical activity 

• Self-report, paper-pencil version or orally 

• Available in: English and many other languages 

 
 DEVELOPER 

• International Physical Activity Questionnaire, 1998 

 
 

 

 
GOOD TO KNOW • Used by the Ontario Trillium Foundation 
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• Click here for Guidelines for Data Processing  
and Analysis of the International Physical Activity  
Questionnaire (IPAQ) - Short Form 

 
 PSYCHOMETRICS 

• Reliability 

Test-rest reliability indicated good stability High 

reliability (α <.80) 

• Validity 

Predictive validity Concurrent 

validity Convergent validity 

Criterion validity Discriminant 

validity 

 LEARN MORE 

• International Physical Activity Questionnaire. (2016). 
Home. Retrieved from https://sites.google.com/site/ 
theipaq/ 

• C.L. Craig, A. Marshall, M. Sjostrom, A. Bauman, 
M. Booth, B. Ainsworth, et al. International Physical Activity 
Questionnaire: 12-country reliability and validity. Med Sci 
Sports Exerc, 35 (2003), pp. 1381–1395 

• Lee, P.H., Macfarlane, D.J., Lam, T.H., Stewart, S.M. 
(2011). Validity of the international physical activity 
questionnaire short form (IPAQ-SF): A systematic 
review. International Journal of Behavioral Nutrition 
and Physical Activity. 8:115. 

• van Poppel MNM, Chinapaw MJM, Mokkink LB, 
van Mechelen W, Terwee CB: Physical activity 
questionnaires for adults: A systematic review of 
measurement properties. Sports Medicine. 2010, 
40: 565-600. 10.2165/11531930-000000000- 

00000. 

http://www.institutferran.org/documentos/scoring_short_ipaq_april04.pdf
http://www.institutferran.org/documentos/scoring_short_ipaq_april04.pdf
http://www.institutferran.org/documentos/scoring_short_ipaq_april04.pdf
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(August 2002) 
 

SHORT LAST 7 DAYS SELF-ADMINISTERED FORMAT 
 

FOR USE WITH YOUNG AND MIDDLE-AGED ADULTS (15-69 years) 
 
The International Physical Activity Questionnaires (IPAQ) comprises a set of 4 questionnaires. Long (5 
activity domains asked independently) and short (4 generic items) versions for use by either 
telephone or self-administered methods are available. The purpose of the questionnaires is to provide 
common instruments that can be used to obtain internationally comparable data on health–related 
physical activity. 
 
Background on IPAQ 
The development of an international measure for physical activity commenced in Geneva in 1998 and 
was followed by extensive reliability and validity testing undertaken across 12 countries (14 sites) 
during 2000.  The final results suggest that these measures have acceptable measurement properties 
for use in many settings and in different languages, and are suitable for national population-based 
prevalence studies of participation in physical activity. 
 
Using IPAQ 
Use of the IPAQ instruments for monitoring and research purposes is encouraged. It is recommended 
that no changes be made to the order or wording of the questions as this will affect the psychometric 
properties of the instruments. 
 
Translation from English and Cultural Adaptation 
Translation from English is supported to facilitate worldwide use of IPAQ. Information on the 
availability of IPAQ in different languages can be obtained at www.ipaq.ki.se. If a new translation is 
undertaken we highly recommend using the prescribed back translation methods available on the 
IPAQ website. If possible please consider making your translated version of IPAQ available to others 
by contributing it to the IPAQ website. Further details on translation and cultural adaptation can be 
downloaded from the website. 
 
Further Developments of IPAQ 
International collaboration on IPAQ is on-going and an International Physical Activity Prevalence 
Study is in progress. For further information see the IPAQ website. 
 
More Information 
More detailed information on the IPAQ process and the research methods used in the development 
of IPAQ instruments is available at www.ipaq.ki.se and Booth, M.L. (2000). Assessment of Physical 
Activity: An International Perspective. Research Quarterly for Exercise and Sport, 71 (2): s114-20. 
Other scientific publications and presentations on the use of IPAQ are summarized on the website. 

http://www.ipaq.ki.se/
http://www.ipaq.ki.se/
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We are interested in finding out about the kinds of physical activities that people do as part of 
their everyday lives. The questions will ask you about the time you spent being physically 
active in the last 7 days. Please answer each question even if you do not consider yourself 
to be an active person. Please think about the activities you do at work, as part of your house 
and yard work, to get from place to place, and in your spare time for recreation, exercise or 
sport. 
 
Think about all the vigorous activities that you did in the last 7 days. Vigorous physical 
activities refer to activities that take hard physical effort and make you breathe much harder 
than normal. Think only about those physical activities that you did for at least 10 minutes at 
a time. 
 

1. During the last 7 days, on how many days did you do vigorous physical 
activities like heavy lifting, digging, aerobics, or fast bicycling? 

 

  days per week 
 

No vigorous physical activities Skip to question 3 
 

2. How much time did you usually spend doing vigorous physical activities on one 
of those days? 

 

  hours per day 
  minutes per day 
 
Don’t know/Not sure 
 

Think about all the moderate activities that you did in the last 7 days. Moderate activities 
refer to activities that take moderate physical effort and make you breathe somewhat harder 
than normal. Think only about those physical activities that you did for at least 10 minutes at 
a time. 
 
 

3. During the last 7 days, on how many days did you do moderate physical 
activities like carrying light loads, bicycling at a regular pace, or doubles tennis? 

Do not include walking. 
 

  days per week 
 

No moderate physical activities Skip to question 5 
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4. How much time did you usually spend doing moderate physical 
activities on one of those days? 

 

  hours per day 
  minutes per day 
 
Don’t know/Not sure 
 
 
Think about the time you spent walking in the last 7 days. This includes at work 
and at home, walking to travel from place to place, and any other walking that 
you have done solely for recreation, sport, exercise, or leisure. 
 

5. During the last 7 days, on how many days did you walk for at 
least 10 minutes at a time? 

 

  days per week 
 
No walking Skip to question 7 
 
 

6. How much time did you usually spend walking on one of those days? 
 

  hours per day 
  minutes per day 
 
Don’t know/Not sure 
 
The last question is about the time you spent sitting on weekdays during the 
last 7 days. Include time spent at work, at home, while doing course work and 
during leisure time. This may include time spent sitting at a desk, visiting friends, 
reading, or sitting or lying down to watch television. 
 

7. During the last 7 days, how much time did you spend sitting on a week 
day? 

 

  hours per day 
  minutes per day 
 
Don’t know/Not sure 
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This is the end of the questionnaire, thank you for participating. 
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  Appendix D 

 

 

 

IRB Approval Form 

 

 

 

 
 
 
 

 
 
 

MEMORANDUM 
 
 

TO: Lukus 
Klawitter 
Eric Naugle 
Megan 
Nelson 
School of Health and Human 

Performance Kira Smith 

DATE: September 7, 2023 

 
FROM: Lisa Schade Eckert 

Dean of Graduate Studies and Research 
 

RE: Modification to HS23-1374 
Original IRB Approval Date: 3/32/2023 
Modification Approval Date: 9/7/2023 
“Using Additional Measures of Handgrip Strength to Predict 
Aerobic Capacity in Wheelchair Users” 
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Your modification for the project “Using Additional Measures of Handgrip Strength to 
Predict Aerobic Capacity in Wheelchair Users” has been approved by the Northern 
Michigan University Institutional Review Board. Please include your proposal number 
(HS23-1374) on all research materials and on any correspondence regarding this 
project. 

 
Any additional personnel changes or revisions to your approved research plan must be 
approved by the IRB prior to implementation. Unless specified otherwise, all previous 
requirements included in your original approval notice remain in effect. 

 
If you have any questions, please contact the IRB at hsrr@nmu.edu. 

mailto:hsrr@nmu.edu
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