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Abstract 

Purpose: The purpose of this study was to investigate the relationship between the ability 

to reach a high knee extension velocity, knee extension torque and power, and physical 

function in overweight and obese older adults.  

Methods: 101 older (69.5±3.7 years), overweight and obese (BMI=30.7±2.3 kg/m2) men 

and women were randomly assigned to 5 months, 3-days/week, resistance training with 

weight-loss via caloric restriction (RT+CR, n=53) or RT only (n=48). Physical function 

[400-m walk test (400MWT), Short Physical Performance Battery (SPPB), usual gait 

speed (UGS), chair rise time (CRT)] and knee extension at 240 deg·s-1 on a Biodex 

dynamometer were measured at a baseline visit (BV) and follow-up visit (FV). 

Results: Only 29% (29 out of 101) of participants reached 240 deg·s-1 at BV, while 46% 

(47 out of 101) of participants reached 240 deg·s-1 at FV. Physical function was better in 

those who reached 240 deg·s-1 at BV (n=29) vs those who did not (n=72): 400MWT 

(285.57 vs 314.51 s), SPPB (11.38 vs 10.63), UGS (1.20 vs 1.13 m/s), CRT (10.49 vs 

12.92 s), (All p ≤ 0.05). 

Conclusion: Older adults have difficulty reaching 240 deg·s-1 compared to 60 deg·s-1. 

The ability to achieve a high knee extension velocity may be a marker of good physical 

function in overweight and obese older adults. Future studies should consider target 

velocity of movement when designing weight training interventions to improve older 

adults’ physical function. 
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Introduction 

The U.S. Census Bureau projects that 83.7 million people, more than 20% of U.S. 

residents, will be aged 65 and over by 2050, as compared with 43.1 million (13%) in 

2010 (J. Ortman, Velkoff, & Hogan, 2014). This exponential increase in the number of 

older adults is troubling because aging is associated with mobility limitations that reduce 

older adult’s ability to function independently and may require placement into long-term 

care (Berger & Doherty, 2010; Mitchell et al., 2012). In fact, estimates suggest that by 

2020, 33% of older adults will require long-term care (Mitchell et al., 2012) creating a 

substantial financial burden for the individual and the health care system. Preserving 

mobility in older adults is therefore an important goal for health care. 

In older adults, mobility limitations are associated with declines in muscle 

strength and power (Bassey et al., 1992; Berger & Doherty, 2010; Mitchell et al., 2012). 

Strength is force generated during a given movement whereas power is the product of the 

force generated by the muscle and velocity of the movement. Longitudinal data show that 

muscle power declines more rapidly than muscle strength (~3.5%/yr vs ~1-2%/yr) in 

older adults 65 and over (Bassey, 1998; Skelton, Greig, Davies, & Young, 1994).  

The age-associated loss in strength is primarily attributed to a decrease in number 

and size of muscle fibers, also known as muscle atrophy or sarcopenia (J. Lexell, 

Downham, & Sjöström, 1986; J. Lexell, Henriksson-Larsen, Winblad, & Sjostrom, 

1983). A key determinant of reduction in power with age is decreasing movement 

velocity. Older adults have more difficulty achieving higher velocities of movement 

compared to younger adults (Lanza, Towse, Caldwell, Wigmore, & Kent-Braun, 2003; 

Ng & Kent-Braun, 1999; Roos, Rice, Connelly, & Vandervoort, 1999). Resistance 
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training interventions in older adults can significantly improve muscle strength and 

power (Bean et al., 2004; Izquierdo et al., 2001; Macaluso & Vito, 2004). However, few 

studies have examined the impact of resistance training interventions on velocity of 

movement in older adults. 

Observational studies found that gender differences may exist in the rate of 

decline in muscle strength compared to muscle power (Metter, Conwit, Tobin, & Fozard, 

1997; Skelton et al., 1994), but whether gender differences exist in velocity of contraction 

has not been addressed. Mobility limitations are also associated with overweight and 

obesity (Lang, Llewellyn, Alexander, & Melzer, 2008). The obese condition (BMI>30 

kg/m2) is characterized by several physiologic differences from the lean state that impair 

muscle function (Hilton, Tuttle, Bohnert, Mueller, & Sinacore, 2008) and reduce muscle 

power production (Sipilä et al., 2004). Greater adipose tissue in the thigh is associated 

with poorer lower extremity physical function (Beavers et al., 2013) and decreased knee 

extension strength and power (Hilton et al., 2008; Sipilä et al., 2004). Marsh and 

colleagues reported that, in older overweight and obese women assigned to a resistance 

training intervention and a hypocaloric diet, leg power significantly increased; however, 

they did not examine velocity of movement (Marsh et al., 2013). 

As stated above, muscle strength and power are both highly associated with 

physical function in older adults (Bassey et al., 1992; Bean, Kiely, LaRose, & Leveille, 

2008; Berger & Doherty, 2010; Mitchell et al., 2012). It has been suggested that the loss 

of lower extremity muscle power is a better predictor of physical function than the loss of 

muscle strength (Bassey et al., 1992; Bean et al., 2003; Marsh et al., 2006; Bean et al., 

2002; Skelton et al., 1994; Suzuki, Bean, & Fielding, 2001). Few studies have examined 
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the two components of muscle power, velocity of movement and strength, and their 

individual influence on physical function. Despite the lack of research, lower extremity 

velocity of movement is highly associated with physical function measures: Short 

Physical Performance Battery (SPPB) score (Bean et al., 2008), the Berg Balance Test 

(BERG), the Dynamic Gait Index (DGI), and the Performance-Oriented Mobility 

Assessment (POMA) (Mayson, Kiely, LaRose, & Bean, 2008). This suggests that the 

ability to reach a high velocity of movement is directly related to higher physical 

function, and that increasing one’s ability to reach a high velocity of movement would 

increase their physical function. In general, there is a lack of knowledge on velocity of 

movement, and no randomized controlled trials show the relationship between ability to 

reach a high knee extension velocity and physical function.  

The randomized controlled trial, Improving Muscle for Functional Independence 

Trial or I’M FIT, was designed to assess the effects of resistance training and caloric 

restriction (RT+CR) versus resistance training alone (RT) on muscle strength, power, and 

physical function responses in older overweight and obese individuals (Nicklas et al., 

2015). As reported in the main outcomes paper, both groups significantly improved knee 

extension strength and power (strength: RT, 15.3%; RT+CR, 13.0% and power: RT, 

45.9%; RT+CR, 36.3%). Participants in the RT+CR group lost more total body fat mass, 

lean mass, and percentage of fat than did those in the RT group. Knee extension strength 

and power data from I’M FIT were collected at two speeds (60 and 240 deg·s-1) on a 

Biodex dynamometer. Data was used from baseline visits (BV) and follow-up visits (FV) 

were utilized to address the following research questions: (a) What proportion of older 

adults in our sample reached 240 deg·s-1? We hypothesized that the majority of 
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participants would not reach 240 deg·s-1. (b) What are the differences between 

participants who did/did not reach 240 deg·s-1? We hypothesized that participants who 

reached 240 deg·s-1 would have significantly better (1) knee extension velocity, (2) knee 

extension torque, and (3) knee extension power than participants who did not reach 240 

deg·s-1; (c) Do age, sex, and BMI affect the ability of participants to reach 240 deg·s-1? 

We hypothesized that participants who do not reach 240 deg·s-1 would be (1) older in age, 

(2) mostly female, and (3) higher in BMI compared to participants who reached 240 

deg·s-1; and (d) What effect did RT and RT+CR have on knee extension velocity, torque, 

and power in those who did/did not reach 240 deg·s-1? We hypothesized that participants 

in the RT+CR group would improve more in (1) knee extension velocity, (2) knee 

extension torque, and (3) knee extension power compared to participants in the RT group. 

(e) Does the ability to reach 240 deg·s-1 indicate better physical function (i.e. 400-meter 

walk time, SPPB, balance, usual gait speed, chair rise time)? We hypothesized that 

participants who reached 240 deg·s-1 would have significantly better physical function 

compared to participants who did not reach 240 deg·s-1. (f) What are the effects of RT 

compared to RT+CR on physical function in participants who did/did not reach 240 

deg·s-1 at BV? We hypothesized that participants in the RT+CR group would improve 

physical function more compared to participants in the RT group.  
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Literature Review 

Significance of Aging, Physical Function, and Obesity   

The United States Census Bureau estimates there were 47.9 million people aged 

65 and older in the United States in 2015. This group accounted for 14.9% of the total 

population. The U.S. Census Bureau projects that 83.7 million people, more than 20% of 

U.S. residents, will be aged 65 or over by 2050, illustrated in Table 1. By 2060, they 

project that nearly one in four U.S. residents will be 65 or older (J. Ortman, Velkoff, & 

Hogan, 2014). Estimates suggest that by 2020, 33% of older adults will require long-term 

care (Blackburn, Locher, & Kilgore, 2016) creating a substantial financial burden for the 

individual and the health care system. The cost of providing health care for one person 

aged 65 or older is three to five times higher than the cost for someone younger than 65 

(Hoffman, Rice, & Sung, 1996).  

Table 1. Distribution of Older Adults in the United States 

Age 2012 2020 2030 2040 2050 

Number  

Total 313,914 333,896 358,471 380,016 399,803 

65 yrs and over 43,145 55,969 72,774 79,719 83,739 

Percent  

65 yrs and over 13.7 16.8 20.3 21.0 20.9 

Adapted from census.gov/ 

 

Along with the increasing prevalence of older adults, the prevalence of obesity is 

increasing in the United States (Mathus-vliegen, 2012; Waters, Ward, & Villareal, 2013). 

Although investigators have been warned of its inaccuracy to assign a fatness risk factor, 

body mass index (BMI) remains the most common assessment used to estimate body 

fatness (Morabia, Ross, Curtin, Pichard, & Slosman, 1999). BMI is the quotient of a 
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person’s height in meters squared and body mass in kilograms (kg/m2). Overweight and 

obesity are defined as having a BMI of ≥25-29.9 kg∙m2 and ≥30 kg∙m2 (“Defining Adult 

Overweight and Obesity | Overweight & Obesity | CDC,”). According to the Centers of 

Disease Control and Prevention (CDC), in the U.S. in 2012, 36.4% of males aged 65-74 

were obese and 44.2% of females aged 65-74 were obese. It is also estimated that 76.9% 

of males aged 65-74 were overweight and 73.8% of females aged 65-74 were overweight 

(Kalish, 2016). Prospective studies have shown that elevated BMI is a risk factor for 

functional decline (Houston, Stevens, & Cai, 2005; Lang et al., 2008). Contrary to these 

findings, a growing body of literature suggests that being overweight is protective 

(Rejeski, Marsh, Chmelo, & Rejeski, 2010). Most studies show that obesity is associated 

with increased bone mineral density and decreased risks of osteoporosis and hip fracture. 

Locher and colleagues concluded that caloric restriction combined with exercise is 

effective for weight loss; however, the risk-benefit ratio regarding calorie restriction in 

older adults remain uncertain (Locher et al., 2016).  

Disablement Model  

In older adults, it is important to understand the process that leads to disability. 

The impact of disability on older adults, preventing disability, and mitigating the impact 

of disability on quality of life are high priorities. When investigating disability in older 

adults, researchers need a clear, simple model to help examine the complex steps to 

disability in older adults (Jack M. Guralnik & Ferrucci, 2009; J. M. Guralnik et al., 1993). 

The earliest and most prominent conceptual disability framework was proposed 

by sociologist Saad Nagi in 1964 (Nagi, 1964). The model has four central concepts: 

Active Pathology, Impairment, Functional Limitation and Disability. Active pathology is 
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the interruption of normal processes; impairment is the anatomical, mental, physiological, 

or emotional abnormalities; functional limitation is the limitation in performance of the 

person; disability is the limitation in performance of socially defined roles (Nagi, 1964; 

Verbrugge & Jette, 1994). Nagi’s model can be used as a foundation to describe the 

effects the age-related decline in muscle function can have on physical function (Figure 

1). Verbrugge and Jette added on to Nagi’s model to include the influence of both extra 

and intra-individual factors on the process of disablement. Extra-individual factors 

include medical care, medications, external support, and environment. Intra-individual 

factors include life style and behavior changes, psychosocial attributes and coping, and 

activity accommodations. These additions help to explain how individual and 

environmental conditions alter the disablement process (Verbrugge & Jette, 1994) (79). 

Figure 1. Nagi’s Model of Disablement  

  

Physical Function in Older Adults 

The ability for older adults to function independently in the community is a 

critically important public health issue. The impact that the growing older population in 

the U.S. will have on the health care system will be linked in large part to the level of 

function of older adults, loss of independence, and need for long-term care. A wide range 

Pathology

• Change in 
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type
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velocity of 
movement, 
force, and 
power 
output
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of methods have been developed to assess physical function in older adults (J. M. 

Guralnik, Fried, & Salive, 1996; Schneider & Guralnik, 1990). 

Physical function of older adults can be identified through survey/questionnaires 

which include a variety of questions about the ability to perform specific tasks ranging 

from self-care to household chores to more strenuous tasks. Physical function of older 

adults can also be characterized through assessments of mobility. These assessments are 

performance based measures, which are objective tests of participants’ performance of 

standardized tasks. These tasks typically include counting repetitions or timing the 

activity. Physical function is determined by comparing the participants’ repetitions or 

time to predetermined criteria. These measures have been shown to predict falls, 

institutionalization, and death (Carpenter et al., 2006; Miszko et al., 2003; Reuben, Siu, & 

Kimpau, 1992).  

Two commonly used assessments of physical function in older adults are the 400-

meter walk and the Short Physical Performance Battery (SPPB). An observational cohort 

study discovered that the 400-meter walk was associated with a higher risk of mortality 

and with incident mobility limitation (Newman et al., 2006). Guralnik and colleagues 

found that the SPPB can validly characterize older persons lower extremity function (J. 

M. Guralnik et al., 1994).  

The 400-m walk test is a performance based measure for time in seconds. Cones 

are set 20 m apart and participants are asked to walk around the 20 m course for ten laps 

(40 m per lap). They are verbally instructed to walk as quickly as possible, without 

running, at a speed they could maintain for ten laps.  
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The SPPB consists of a standing balance test, usual gait speed, and a repeated 

chair stand test. The results from each of the three tests are scored from 0 (inability to 

perform the task) to 4 are summed for the total SPPB score, ranging from 0 (lowest 

function) to 12 (highest function).  

Standing balance test is assessed by asking participants to maintain balance in 

three positions, characterized by a progressive narrowing of the base of support: feet 

together, the heel of one foot beside the big toe of the other foot, and the heel of one foot 

in front of and touching the toes of the other foot. For each of the three positions, 

participants are timed to for 10 s. The score for standing balance (0-4) is based on the 

performance of the three positions. Participants are assigned a score of 0 if they are 

unable to stand unassisted. If participants can hold a side-by-side standing position for 10 

s; but are unable to hold a semi-tandem position for 10 s, then they are given a score of 1. 

If they can hold a semi-tandem for 10 s, but are unable to hold a full-tandem position for 

more than 2 s, then they are given a score of 2. If they can stand in a full-tandem position 

for 3-10 s, then they are given a score of 4.  

Usual gait speed is assessed by instructing participants to walk at their usual pace 

over a 4-meter course. Participants complete the course twice and the faster time is 

analyzed. Scores range from 0-4 based on their speed (meters per second). Participants 

that are unable to complete the task are given a score of 0. Participants with a gait speed 

<0.41 m/s are given a 1; gait speeds from 0.41-0.57 m/s are given a 2; gait speeds from 

0.58-0.75 m/s are given a 3; gait speeds ≥0.75 m/s are given a 4.  

The repeated chair stand test is performed using a straight-backed chair placed 

with its back against a wall. Participants start in a seated position with arms folded across 
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the chest. They are then asked to stand up and sit down 5 times, finishing in a standing 

position. The score for chair stands is based on time (seconds) to complete the chair 

stands and ranged from 0-4. Participants who are unable to complete the task are assigned 

a score of 0. If participants take longer than or equal to 16.7 s, then they are given a 1; 

times between 13.7-16.6 s are given a score of 2; times between 11.2-13.6 s are given a 

score of 3; and times <11.2 s are given a score of 4 (Jack M. Guralnik, Ferrucci, 

Simonsick, Salive, & Wallace, 1995; J. M. Guralnik et al., 1994). 

The Age-related Changes to Body Composition & Its Implications on Muscle and 

Physical Function  

The natural physiological process of aging affects all systems of the human body, 

including the muscular system. There are three types of muscles that make up the 

muscular system: skeletal, cardiac, and smooth muscle. Skeletal muscle connects to the 

skeletal system, creating the musculoskeletal system, which is responsible for movement 

of the human body. The function of skeletal muscle is based on its composition, and the 

ability to generate force and power. In general, the function of skeletal muscle is 

negatively impacted by the aging process, which is a major influential factor in older 

adults’ functional decline (T. J. Doherty, 2001; Izquierdo et al., 2001; J. Lexell et al., 

1983).  

Body Composition 

 Body composition is determined by the distribution of fat mass (FM) and fat-free 

mass (FFM) in the human body. FM is the total amount of stored lipids in the body and 

consists of two types of locations of fats: subcutaneous fat and visceral fat. Subcutaneous 

fat is located directly beneath the skin, and is used as an energy source and insulation 
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against the cold. Visceral fat is stored within the abdominal cavity around your vital 

organs, and can actively increase the risk of serious health problems. FFM is the total 

amount of nonfat (lean) parts of the body. Skeletal muscle is a major component of FFM.  

Cross-sectional and longitudinal studies have demonstrated that body weight and 

fat mass are greater with age in men and women until approximately age 60 (Kannel, 

Gordon, & Castelli, 1979; Shimokata et al., 1989; Stevens, Knapp, Keil, & Verdugo, 

1991). Aging is associated with significant changes in body composition. FFM 

progressively decreases after 20-30 yrs of age, whereas FM increases. Maximal FFM is 

usually reached at ∼20 yrs of age, and maximal FM is usually reached at ∼60–70 yrs of 

age. Both FFM and FM decrease with aging after 70 yrs of age (Baumgartner, Stauber, 

McHugh, Koehler, & Garry, 1995; Villareal et al., 2005). Aging is also associated with a 

redistribution of both FM and FFM. Visceral fat accumulates more rapidly than total fat, 

and the loss of FFM is mostly due to the loss of skeletal muscle (Beaufrère & Morio, 

2000). Newman and colleagues found weight loss and weight gain were both common in 

older men and women. The researchers showed that older adults lost a significant amount 

of FFM with weight loss, and older adults with weight gain tended to gain FM and small 

amounts of FFM. With weight stability, they found older men and women lost small 

amounts of FFM and gained FM (Newman et al., 2005). 

Sarcopenia 

Aging is associated with progressive loss of neuromuscular function that often 

leads to functional impairments, disability, and loss of independence (Berger & Doherty, 

2010; Timothy J. Doherty, 2003). This reduction in skeletal muscle mass and associated 

loss of strength is known as sarcopenia (Berger & Doherty, 2010). The word is derived 
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from the Greek words ‘sarco’ or flesh and ‘penia’ or loss. Rosenberg first coined the term 

sarcopenia in 1989, literally meaning poverty of flesh, to describe age-associated loss of 

skeletal muscle mass (Rosenberg, 1989).  

It has been demonstrated that total muscle cross-sectional area (CSA) decreases 

by about 40% between the ages of 20 and 80 (Berger & Doherty, 2010; Porter, 

Vandervoort, & Lexell, 1995). CSA and whole body muscle mass have been determined 

using ultrasound, computed tomographic scanning, magnetic resonance imaging (MRI), 

dual X-ray absorptiometry (DXA), and direct measurement of whole muscle cross 

sections from cadavers. Young and colleagues using ultrasound, found that older men’s 

quadriceps were 25% smaller compared to younger men’s quadriceps (Young, Stokes, & 

Crowe, 1985). Baumgartner and colleagues measured muscle mass by DXA in 883 

elderly Hispanic and white men and women. The study showed the prevalence of 

sarcopenia ranged from 13% to 24% in participants aged 65-70 yr and was over 50% for 

participants older than 80 yr. The prevalence was higher for men over 75 yr (58%) than 

for women (45%) (Baumgartner et al., 1998). Another study used whole body MRI to 

examine skeletal muscle mass and distribution in 468 men and women from 18 to 88 yrs 

(I. Janssen, Heymsfield, Wang, & Ross, 2000). They observed that the loss of muscle 

mass with aging was greater in the lower body than the upper body in men and women. 

This finding has important implications for physical function and disability. Studies have 

shown that a clear relationship exists between muscle mass, functional impairment, and 

disability (Baumgartner et al., 1998; Berger & Doherty, 2010; Ian Janssen, Heymsfield, 

& Ross, 2002). A specific example exists in the previous study mentioned, Baumgartner 

and colleagues, demonstrates this relationship where women who had sarcopenia had 3.6-
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fold higher rates of disability and men with sarcopenia had 4.1-fold higher rates in 

comparison to those with greater muscle mass (Baumgartner et al., 1998). Although 

studies have shown a relationship between muscle mass, functional impairment, and 

disability, there are several other factors related to functional impairment and disability in 

older adults.  

Vincent and colleagues created a model of the major contributing factors on 

muscle deficiency and sarcopenia in older, obese adults and potential pathways that lead 

to functional impairment and mobility disability, illustrated in figure 2 (Vincent, Raiser, 

& Vincent, 2012). 

Figure 2. Major Factors Contributing to Functional Impairment  

Adapted from Vincent et al., 2012 
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Muscle Fiber Type 

Human skeletal muscle fibers are characterized on the basis of their contractile 

properties and their pathway to generate Adenosine triphosphate (ATP). The muscle 

fibers are broken into three groups: type I, slow-twitch oxidative fibers, type IIa, fast-

twitch oxidative fibers, and type IIx, fast-twitch glycolytic fibers (Billeter et al., 1980; 

Zierath & Hawley, 2004).  

Type I fibers have a predominantly oxidative energy metabolism. Type I fibers 

have the largest number of mitochondria and greatest capillary density, which provides 

adequate blood flow and oxygen to keep up with the relatively slow rate of ATP 

breakdown. These fibers are difficult to fatigue and are well suited for prolonged, low-

intensity activities (i.e. walking). Type I fibers are the smallest in diameter, have 

relatively smaller force output and slower contractile velocities (Billeter et al., 1980; 

Zierath & Hawley, 2004). 

Type IIa muscle fibers are suitable for both aerobic and anaerobic tasks because 

of their fast contraction times and oxidative energy properties. These fibers contractile 

characteristics are similar to type IIx fibers and metabolic properties are closer to type I 

fibers. Type IIa fibers are considered intermediate between Type I and IIx (Zierath & 

Hawley, 2004).  

Type IIx muscle fibers have a predominantly glycolytic energy metabolism. 

These fibers blood supply is limited because they have the fewest amount of capillaries 

compared to type I and type IIa fibers. These fibers produce ATP at a fast rate, but the 

high rate of ATP splitting rapidly depletes glycogen. Type IIx fibers are fit for tasks that 
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require rapid force production for a small amount of time (i.e. rising from a chair) 

(Billeter et al., 1980; Zierath & Hawley, 2004). 

It is well established that aging is related to a loss of muscle volume. Two main 

components of muscle volume are muscle fiber size and total muscle fiber number. The 

decrease in muscle mass is most prominent in the lower limbs (96). A number of studies 

have reported a substantial decrease in muscle fiber size in older adults compared to 

younger adults. In particular, this reduction in muscle fiber size has been shown in type II 

fibers, not type I (Jakobsson, Borg, Edström, & Grimby, 1988; Larsson, Grimby, & 

Karlsson, 1979; J. Lexell, Taylor, & Sjöström, 1988; Nilwik et al., 2013). It is important 

to note that these findings all used muscle biopsies from the vastus lateralis of the 

quadriceps muscles.  

In addition to a reduction in muscle fiber size, muscle fiber number decreases 

with aging. Lexell and colleagues compared total number of muscle fibers between 

young and old adults. They found the total number of fibers of the aged individuals were 

25% (p<0.01) lower than those of the young individuals (Aged: 364,000 vs Young: 

478,000). Their findings suggest that the reduction in muscle volume with aging is due to 

a reduction in the total number of fibers with no obvious, if any, reduction in fiber size. 

However, it must be noted that fiber size values were not determined by a very precise 

value (J. Lexell et al., 1983). Other studies have shown that there is a selective loss in 

number of type II muscle fibers while the number of type I fibers remained unchanged or 

increased with aging (Brooks & Faulkner, 1994a; Larsson et al., 1979). 

The methods to measure muscle volume are imperfect, and this creates 

disagreements in the effects of aging on muscle volume. Generally, research agrees aging 
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is associated with a decrement in muscle fiber number along with a reduction in the size 

of muscle fiber type II, but not type I (Deschenes, 2004). This is important because of the 

different characteristics of type I and type II fibers types. For example, type II fibers have 

a power output 3 to 4 times that of type I fibers (Brooks & Faulkner, 1994b; Brooks, 

Faulkner, & McCubbrey, 1990). Since there appears to be a selective atrophy of type II 

fibers with aging, then this could explain why older adults lose muscle power at a greater 

rate compared to the loss of muscle strength.  

The Age-related Changes to Muscle Function & Its Implications  

Muscle Strength 

Muscle strength is the ability of a muscle to exert maximal force at a specific 

velocity during a contraction (Enoka, 1988). A reduction in muscle strength with 

advancing age has been demonstrated in several studies (Borges, 1989; Frontera, Hughes, 

Lutz, & Evans, 1991; Larsson et al., 1979; J. Lexell et al., 1988; Metter et al., 1997; 

Porter et al., 1995). Longitudinal data show that muscle strength declines approximately 

1-2% per year in older adults 65 and over (Bassey, 1998; Skelton et al., 1994). Age-

associated losses in muscle strength are primarily attributed to the changes in muscle with 

age, specifically the decreases in the size and number of muscle fibers (Borges, 1989; J. 

Lexell et al., 1986, 1988; Porter et al., 1995). The age-related loss of muscle strength 

varies among muscle groups. Frontera at al found that the loss of lower extremity muscle 

strength is greater than the loss of upper extremity muscle strength in older adults. 

Researchers suggest that this is due to a decreasing use of lower limbs compared to upper 

limbs in older individuals (Frontera et al., 1991). This is important because of lower 
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extremity strength is important in physical function in older adults (Berger & Doherty, 

2010; Mitchell et al., 2012). 

Sex related differences in muscle strength have been studied with advancing age. 

Older men have displayed significantly greater absolute strength compared to older 

women (Bassey, Bendall, & Pearson, 1988; Borges, 1989; Frontera et al., 1991; Metter et 

al., 1997). However, when studies analyzing muscle strength values per kilogram of body 

weight, the differences in muscle strength between sexes is not as clear (Bassey et al., 

1988; Borges, 1989).  

The Baltimore Longitudinal Study of Aging assessed muscular strength 

and power in 1,177 subjects, 993 men and 184 women between 20-93 years of 

age. This study was one of the first longitudinal studies to collect strength and 

power data with over 25 years of follow-up (Metter et al., 1997). They found that 

strength began to decline around age 40 in men and women, which is younger 

than what is suggested by other studies. However, they also discovered women 

exhibited a less clear age-associated decline in muscle strength than men. Strength 

declines with age which is important because of the relationship between strength 

and physical function; yet, there are some unknowns in the rate of decline with 

aging between sexes. 

Muscle Power  

Muscle power is the product of the force generated by the muscle and velocity of 

the movement during a contraction. A reduction in muscle power with advancing age has 

been demonstrated in several studies (Bassey, 1998; Bassey et al., 1992; Metter et al., 

1997; Skelton et al., 1994). Longitudinal data show that muscle power declines 
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approximately 3.5% per year in older adults 65 and over (Bassey, 1998; Skelton et al., 

1994). Age-associated losses in muscle power are primarily attributed to muscle atrophy 

and selective atrophy of type II muscle fibers (Brooks & Faulkner, 1994a; Lanza et al., 

2003; Larsson et al., 1979; Porter et al., 1995). The age-related loss of muscle power 

varies among muscle groups. Lanza and colleagues discovered this comparing the ankle 

dorsiflexion muscles and knee extensor muscles (Lanza et al., 2003). The fiber-type of 

the ankle dorsiflexion muscles and knee extensor muscles were measured using muscle 

biopsies in older adults, and they found that the ankle dorsiflexion muscles are composed 

of approximately 84% of type I fibers (Jakobsson et al., 1988) and the knee extensor 

muscles are composed of approximately 55% of type I fibers (Larsson et al., 1979). 

Ankle dorsiflexion muscles are primarily used for locomotion throughout aging, and knee 

extensor muscles are used in power activities that may not be sustained through a lifespan 

(Lanza et al., 2003).  

Sex related differences in muscle power have been studied with advancing age 

(Bassey et al., 1992; Metter et al., 1997). The Baltimore Longitudinal Study of Aging that 

was previously mentioned also found that muscle power began to decline around age 40 

in men and women. The age decline in power was about 10% greater than the decline in 

muscle strength in men from age 20 to 80, but not in the women. Thus, gender 

differences may exist in the rate of decline in muscle strength compared to muscle power 

(Metter et al., 1997). Bassey and colleagues discovered that on average older women 

produced half the leg power of older men (Bassey et al., 1992). This difference remained 

after accounting for body mass and for presence of disease. The researchers suggest that 



 

15 
 

this lack of power in women could provide an explanation for the high prevalence of falls 

in older women compared to older men.  

In older adults, the loss of lower extremity muscle power is a better predictor of 

physical function than the loss of muscle strength (Bassey et al., 1992; Bean et al., 2003; 

Marsh et al., 2006; Bean et al., 2002; Skelton et al., 1994; Suzuki et al., 2001). Muscle 

power may be a better predictor of physical function than muscle strength because of 

tasks that require generating force rapidly. For example, to maintain balance following a 

perturbation someone would need to be able to generate force rapidly. Few studies have 

examined the two components of muscle power, velocity of movement and strength, and 

their individual influence on physical function. In older adults, the deficit of power has 

shown to increase at higher movement velocities, suggesting that rapidly producing force 

becomes more difficult with age (Lanza et al., 2003; Valour, Ochala, Ballay, & Pousson, 

2003).  

Velocity of Movement  

Like muscle strength and muscle power, velocity of movement is 

measured at a specific joint. The velocity of movement is the rate of change of 

position with respect to time. Velocity of movement is often measured using an 

isokinetic device. Typically, studies use target velocities from 60 deg∙s-1 to 400 

deg∙s-1. Lanza and colleagues discovered that older adults have more difficulty 

achieving higher velocities of movement in ankle dorsiflexion and knee extension 

compared to young adults (Lanza et al., 2003). Older adults began to fail to reach 

velocities >270 deg∙s-1 in the knee extension, whereas all younger adults were 

able to achieve the velocity of 300 deg∙s-1 and most reached up to 400 deg∙s-1. The 
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study also found significant differences between sexes in the velocity of movement in 

dorsiflexion and knee extension. Males were able to reach higher velocities of movement 

compared to females. This inability to reach high velocities of movements may be 

important because the ability to reach rapid velocity of movements have been found to be 

associated to physical function (Bean et al., 2008; Mayson et al., 2008).  

Isokinetic Dynamometry  

Isokinetic is defined as the dynamic muscular contraction when the velocity of 

movement is controlled and maintained by a special device (Thistle, Hislop, Moffroid, & 

Lowman, 1967). On the isokinetic dynamometer, the velocity is preset and the control 

mechanism is activated only when the preset velocity is attained by the moving limb 

(Baltzopoulos & Brodie, 1989). Isokinetic dynamometers have been used for over 40 

years to test muscle performance (Thistle et al., 1967). Most dynamometers allow 

concentric and eccentric contractions. Isokinetic dynamometers can obtain velocity, 

torque, and power through a full range of movement.  

The Biodex Medical Systems Isokinetic Dynamometer provides mechanically 

reliable and valid measures of torque, position, and velocity on repeated trials performed 

on the same day (Feiring, Ellenbecker, & Derscheid, 1990). However, this same study 

reported that concentric velocity measures were only valid up to approximately 300 

deg∙s-1. To conclude, the study expressed that future studies must incorporate human 

participants to determine the reliability and validity, with special attention at higher 

velocities. The test-retest reliability and validity of knee extension strength and power is 

high among older adults (Carpenter et al., 2006; Schroeder et al., 2007).  
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The relationship between joint torque and angular velocity is often used to 

quantify muscle strength. The product of joint torque and angular velocity is muscle 

power. Studies will often examine torque and power at velocities ranging from 60 to 400 

deg∙s-1 (Lanza et al., 2003). The range of velocities allow studies to examine at the rate of 

force production at different velocities. Perrine and Edgerton found maximal power 

output occurs around 240 deg∙s-1 while maximal torque output is attained at 96 deg∙s-1 

(Perrine & Edgerton, 1978). As stated above, older adults begin to fail reaching knee 

extension velocities at 270 deg∙s-1 (Lanza et al., 2003). If older adults cannot reach a 

velocity of 240 deg∙s-1, then it is likely that older adults maximal power output occurs at a 

slower velocity.  

 

  



 

18 
 

Paper 1: Rapid Knee Extension Velocity as a Marker of Muscle Function in Older 

Adults with Obesity 
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Introduction 

In older adults, mobility limitations are associated with declines in muscle 

strength and power (Bassey et al., 1992; Mitchell et al., 2012). Strength is force generated 

during or while attempting a given movement whereas power is the product of the force 

generated by the muscle and velocity of the movement. Recently, authors have suggested 

that power may be a more important determinant of declines in physical function 

compared to strength (Bean et al., 2003; Marsh et al., 2006).  

The age-associated loss in strength is primarily attributed to a decrease in number 

and size of muscle fibers, also known as sarcopenia (J. Lexell et al., 1986; J. Lexell et al., 

1983). Declines in muscle power may be due to not only declines in muscle force but also 

reductions in velocity of movement. Older adults have more difficulty achieving higher 

velocities of movement compared to younger adults (Lanza et al., 2003; Ng & Kent-

Braun, 1999; Roos et al., 1999). A multitude of studies show that older adults can 

significantly improve muscle strength and power following a resistance training (RT) 

intervention (Bean et al., 2004; Izquierdo et al., 2001; Macaluso & Vito, 2004). However, 

few studies have examined the impact of RT on movement velocity (Lanza et al., 2003). 

There are several factors that might modify the influence of an RT program on 

movement velocity including age, sex, and adiposity. Even the oldest old improve 

strength with RT but little is known about the differences in force and movement velocity 

between young-old (60-69 yr) and old-old (70-79 yr) individuals (Forman, Berman, 

McCabe, Baim, & Wei, 1992). Observational studies suggest that sex differences may 

exist in the rate of decline in muscle strength compared to muscle power (Metter et al., 

1997; Skelton et al., 1994), but whether sex differences exist in velocity of movement has 
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not been addressed. The obese condition (BMI>30) is characterized by several 

physiologic differences from the lean state that impair muscle function (Hilton et al., 

2008) and reduce muscle power production (Sipilä et al., 2004). Marsh and colleagues 

reported that, in older overweight and obese women assigned to a resistance training 

intervention and a hypocaloric diet, leg power significantly increased but the researchers 

did not examine velocity of movement (Marsh et al., 2013). 

The randomized controlled trial, Improving Muscle for Functional Independence 

Trial (I’M FIT), was designed to assess the effects of RT alone (RT) and RT with caloric 

restriction (RT + CR) on muscle strength, power, and physical function in older 

overweight and obese individuals (Nicklas et al., 2015). As reported in the main 

outcomes paper, both groups significantly improved knee extension strength (RT: 15.3%; 

RT+CR: 13.0%) and power (RT: 45.9%; RT+CR: 36.3%). Here we used the knee 

extension strength, power, and velocity data at baseline (BV) and follow-up visits (FV) 

collected at 60 and 240 deg·s-1 in order to address the following questions: (a) What 

proportion of older adults in our sample reached 240 deg·s-1? We hypothesized that the 

majority of participants would not reach 240 deg·s-1. (b) What are the differences 

between participants who did/did not reach 240 deg·s-1? We hypothesized that 

participants who reached 240 deg·s-1 would have significantly better (1) knee extension 

velocity, (2) knee extension torque, and (3) knee extension power than participants who 

did not reach 240 deg·s-1; (c) Do age, sex, and BMI affect the ability of participants to 

reach 240 deg·s-1? We hypothesized that participants who do not reach 240 deg·s-1 would 

be (1) older in age, (2) mostly female, and (3) higher in BMI compared to participants 

who reached 240 deg·s-1; and (d) What effect did RT and RT+CR have on knee extension 
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velocity, torque, and power in those who did/did not reach 240 deg·s-1? We hypothesized 

that participants in the RT+CR group would improve more in (1) knee extension velocity, 

(2) knee extension torque, and (3) knee extension power compared to participants in the 

RT group.   
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Methods 

We performed an analysis of baseline and follow-up data from the Improving 

Muscle for Functional Independence Trial (I’M FIT). Of the 126 participants in the study, 

we included participants with complete data, leaving 101 participants (80%) for the 

purpose of our analysis. A full description of the I’M FIT methods are presented 

elsewhere, and a brief description of the interventions and measures is provided below. 

Interventions 

Resistance training. All participants completed 5 months of RT 3 days per week on 

weight-stack resistance machines. For each exercise, the training goal was to complete 3 

sets of 10 repetitions at 70% one repetition max (1RM). The specific exercises were 1) 

leg press, 2) leg extension, 3) seated leg curl, 4) seated calf, 5) incline press, 6) 

compound row, 7) triceps press, and 8) bicep curl. The participants in the RT only group 

were instructed to follow a eucaloric diet.  

Caloric restriction. The RT+CR group completed the RT protocol described above plus a 

weight-loss intervention via CR designed to elicit a 5-10% weight loss using meal 

replacements, nutrition education, and dietary behavior modification advice via weekly 

meetings with a registered dietician. The CR plan was derived by subtracting 600 kcal 

from each participant’s estimated daily energy needs for weight maintenance. To verify 

compliance with the weight-loss intervention, participants were asked to maintain a diet 

log of all foods consumed, which was monitored weekly. 

Assessments 

All assessments were done by an examiner blinded to participant treatment 

assignment. Baseline visit (BV) assessments occurred before randomization and within 3 
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weeks before the start of interventions. Follow-up visit (FV) muscle strength and power 

were measured during the last week of intervention and follow-up body composition 

measures took place within a week after intervention completion. 

Body composition. Height and body mass were measured without shoes and outer 

garments. Body mass index (BMI) was calculated as body mass in kg divided by height 

in meters squared.  

Knee extension strength and power. Maximal muscle strength of the knee extensor 

muscles was measured as peak torque and expressed in Newton meters (Nm). Knee 

extension velocity was measured in deg·s-1. Participants were tested at both velocities of 

60 deg·s-1 and 240 deg·s-1 using an isokinetic dynamometer (Biodex Medical Systems 

Inc). Muscle power was determined as the product of the knee extension torque and the 

angular velocity of the knee joint at 240 deg·s-1. Power is the amount of work per unit of 

time measured in Watts (W).  

After body position was established on the dynamometer, participants completed 

a 5-minute warm-up on the dynamometer, involving 6-8 passive repetitions followed by 

three submaximal contractions at both 60 deg·s-1 and 240 deg·s-1. After the passive 

warm-up, the participants performed two trials (t1, t2) on each leg. Each trial consisted of 

four continuous maximal contraction extension-flexion movements (Figure 3). Since t1 

was considered an active warm-up, we used data from t2 in our analyses. Participants 

were asked to extend the knee and push as hard as possible against the resistance pad 

positioned just above the ankle joint. The first repetition of extension was excluded 

leaving three peak velocities for flexion and extension. We used the average of the three 

peak knee extension velocities and torques at 60 deg·s-1 and 240 deg·s-1 to determine the 
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velocity and torque outcomes at BV and FV. Mean velocity and torque at 60 deg·s-1 is 

expressed as velocity@60 and torque@60. Mean velocity, torque, and power at 240 

deg·s-1 is expressed as velocity@240, torque@240, and power@240.  

To ensure we included all participants who reached the target velocity, we 

allowed for under/over shoot in the Biodex data. We used ranges to determine if a 

participant reached the target velocity (60 deg·s-1 or 240 deg·s-1). For 60 deg·s-1, the 

range was from 59 deg·s-1 to 61.3 deg·s-1, and for 240 deg·s-1, the range was from 235 

deg·s-1 to 245 deg·s-1. Next, we created the dichotomous variable, ReachedvsNot, which 

represents whether participants reached or did not reach 60 deg·s-1 or 240 deg·s-1 at BV. 

Note that all participants reached 60 deg·s-1 at BV and FV so we did not compare groups 

using this speed.  

Figure 3. Knee Extension Protocol  

BV

• Trial 1
•4 continuous ext/flex 
repetitions 

•Considered active warm-
up

• Trial 2
•4 continuous ext/flex 
repetitions

•1st repetition excluded  

•Average of 3 extension 

•Mean velocity

•Mean torque 

•Mean power

5 months

FV

• Trial 1
•4 continuous ext/flex 
repetitions  

•Considered active warm-
up

• Trial 2 
•4 continuous ext/flex 
repetitions 

•1st repetition excluded

•Average of 3 extension

•Mean velocity

•Mean torque

•Mean power 
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Statistical Analyses  

All statistical analyses were performed with SPSS software (version 24.0, IBM). 

Baseline descriptive statistics are reported as means ± SD or frequencies (percentages). 

There were three outliers in the data, as assessed by inspection of a boxplot for values 

greater than 3 box-lengths from the edge of the box. Outliers were winsorized to 2.5 

standard deviations. Winsorizing allows the outlying observation to retain its rank in the 

distribution without exerting undue influence. There was homogeneity of variances 

(p>.05) for all variables except for velocity@240, as assessed by Levene's test for 

equality of variances. Velocity@240 was transformed using the SQRT technique. We 

used a 1-way ANOVA to determine if the outcome variables were different between 

participants who did/did not reach 240 deg·s-1 at BV. We used a 3-way mixed ANOVA, 

including the between-subjects factors ReachedvsNot (dichotomous) and intervention 

group (RT, RT+CR). Time (BV, FV) was included as a within-subjects factor. 

Bonferroni-corrected post-hoc analyses were used to decompose any significant 

interaction effects. Statistical significance was accepted at p < 0.05.  
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Results 

In total, 126 older (65-79 yr) overweight and obese men and women were 

enrolled in the I’M FIT trial. Within the total sample, 101 participants (80%) had 

complete data for the variables of interest at both time points and were included in our 

analyses. Baseline characteristics of participants who were included did not differ from 

those who were excluded (Table 2). Note that we examined knee extension torque and 

power in participants who did/did not reach 240 deg·s-1 at BV. Only 29% (29 out of 101) 

of our sample reached 240 deg·s-1 at BV, while 46% (47 out of 101) reached 240 deg·s-1 

at FV (Figure 4).  

Figure 4. Reached vs Did Not Reach at 240 deg·s-1 
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Table 2. Sample characteristics at baseline  

Mean ± SD or n (%) 
Overall 

(n=101) 

Excluded 

(n=25) 
RT (n=48) RT+CR (n=53) 

Age, yr 69.5 ± 3.7 69.6 ± 3.8 69.3 ± 3.6 69.6 ± 3.9 

Female, n (%) 54 (53) 17 (68) 24 (50) 29 (55) 

White, n (%) 90 (89) 19 (76) 42 (88%) 48 (91%) 

Height, cm 168.6 ± 10.0 164.2 ± 7.9 167.9 ± 10.1 169.2 ± 10.0 

Body mass, kg 87.5 ± 12.4 81.5 ± 11.5 87.2 ± 12.0 87.7 ± 12.8 

BMI, kg/m2 30.7 ± 2.3 30.1 ± 2.3 30.7 ± 2.4 30.6 ± 2.2 

BMI, body mass index. CR, caloric restriction. RT, resistance training 

Data are mean and SD or N (%). 

Baseline characteristics in RT and RT+CR and those who did/did not reach (Table 2-3)  

Overall, the sample was 69.5±3.7 years old, obese (BMI: 30.7±2.3 kg/m2), mostly 

female (54%) and white (89%). There were no differences between participants 

randomized to the RT group vs. the RT+CR group in these characteristics. 

There were no significant differences in age, ethnicity, body mass, or BMI 

between participants who did/did not reach 240 deg·s-1 at BV. A greater percentage of 

females (65%) did not reach 240 deg·s-1 at BV compared to the percentage of females 

(21%) who reached 240 deg·s-1 at BV. Velocity@240, torque@60, torque@240, and 

power@240 were all significantly lower in participants who did not reach 240 deg·s-1 at 

BV than participants who reached 240 deg·s-1 at BV. 
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Table 3. BV characteristics between participants who did/did not reach 240 deg·s-1 

 

Reached 

(n=29) 

Did Not Reach 

(n=72) 

P-between group 

at BV 

Mean ± SD or n (%) BV BV  

Age, yr  69.0 ± 3.6 69.7 ± 3.8 .394 

Female, n (%) 6 (21) 47 (65) <.0001 

White, n (%)  27 (93) 63 (87.5) .419 

Body mass, kg 86.3 ± 12.8 88.0 ± 12.3 .534 

BMI, kg/m2 31.3 ± 2.1 30.4 ± 2.3 .077 

Veloctiy@60, deg·s-1 60.8 ± .2 60.8 ± .4 .141 

Velocity@240, deg·s-1 238.0 ± 1.1 191.9 ± 55.8 <.0001 

Torque@60, Nm 141.3 ± 29.4 102.4 ± 32.7 <.0001 

Torque@240, Nm 80.0 ± 14.7 53.9 ± 25.3 <.0001 

Power@240, W 332.5 ± 62.3 174 ± 73.5 <.0001 

BMI, body mass index. BV, baseline visit. Nm, Newton meters. W, watts 

Data are mean ± SD or N (%)  

Between-Subjects and Within-Subjects Effects (Table 4-5; Figure 5) 

The 3-way time x ReachedvsNot x intervention interactions were not statistically 

significant for any of the outcome variables (p > .05).  

BMI. There was a statistically significant two-way interaction for BMI between time and 

intervention [F (1, 97) = 52.235, p <.0005, η2=.35]. Bonferroni-corrected post hoc 

analyses indicated BMI was not significantly different between intervention conditions at 

BV (p=0.63); however, BMI was significantly lower in the RT+CR group compared to 

the RT group at FV (p=.009). There was a significant main effect of time for BMI [F (1, 

97) = 43.063, p<.0005, η2=.41]. (Figure 5a) 

Velocity@60. There were no statistically significant two-way interactions or significant 

main effects for velocity@60 (p>.05).  
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Velocity@240. There was a statistically significant two-way interaction for velocity@240 

between time and ReachedvsNot [F (1, 97) = 5.284, p=.022, η2=.053]. Bonferroni-

corrected post hoc analyses indicated velocity@240 was significantly higher at BV in 

participants who reached 240 deg·s-1 at BV than participants who did not reach 240 

deg·s-1 at BV, but there were no differences in velocity@240 between these two groups at 

FV. Additionally, participants who reached 240 deg·s-1 at BV did not significantly 

change in velocity@240 from BV to FV (p=.328), but participants who did not reach 240 

deg·s-1 at BV significantly improved velocity@240 from BV to FV (p=.006). There was 

a significant main effect of ReachedvsNot [F (1, 97) = 12.842, p=.001, η2=.117]. (Figure 

5b) 

Torque@60. There were no statistically significant two-way interactions for torque@60 

(p>.05). There was a significant main effect of time [F (1, 97) = 43.065, p<.0005, 

η2=.307], and a significant main effect of ReachedvsNot [F (1, 97) = 28.374, p<.0005, 

η2=.226]. Examination of estimated marginal means indicated that participants 

significantly improved torque@60 from BV to FV, and participants who reached 240 

deg·s-1 at BV had significantly greater torque@60 than participants who did not reach 

240 deg·s-1 at BV. (Figure 5c) 

Torque@240. There were no statistically significant two-way interactions for 

torque@240 (p>.05). There was a significant main effect of time [F (1, 97) = 11.371, 

p=.001, η2=.105], and a significant main effect of ReachedvsNot [F (1, 97) = 32.89, 

p<.0005, η2=.253]. Examination of estimated marginal means indicated that participants 

significantly improved torque@240 from BV to FV, and participants who reached 240 
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deg·s-1 at BV had significantly greater torque@240 than participants who did not reach 

240 deg·s-1 at BV. (Figure 5d) 

Power@240. There was a statistically significant two-way interaction for power@240 

between time and ReachedvsNot [F (1, 97) = 4.094, p=.046, η2=.04]. Bonferroni-

corrected post hoc analyses indicated participants who reached 240 deg·s-1 at BV did not 

significantly change in power@240 from BV to FV (p=.510), but participants who did 

not reach 240 deg·s-1 at BV significantly improved power@240 from BV to FV 

(p<.0005). There was a significant main effect of time [F (1, 97) = 9.919, p=.002, 

η2=.093], and a significant main effect of ReachedvsNot [F (1, 97) = 72.205, p<.0005, 

η2=.427]. (Figure 5e)
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Table 4. Difference in outcome variables from BV to FV between participants who did/did not reach 240 deg·s-1 

 
Reached (n=29)  Did Not Reach (n=72) Overall (n=101) 

 
BV FV 

∆ from BV 

to FV 
BV FV 

∆ from BV 

to FV 
BV FV 

∆ from BV 

to FV 

Body mass, kg 
86.3 ± 

12.8 

83.7 ± 

14.2 
-2.6 ± 19.3 

88.0 ± 

12.3 

85.2 ± 

12.3 
-2.8 ± 18.2 

87.5 ± 

12.4 

84.7 ± 

12.8 
-2.7 ± 18.4 

BMI, kg/m2 
31.3 ± 

2.1 

30.4 ± 

2.3 
-.9 ± 1.4 

30.4 ± 

2.3 

29.4 ± 

2.9 
-1.0 ± 1.4 

30.7 ± 

2.3 

29.7 ± 

2.8 
-1.0 ± 1.4 

Velocity@60, deg·s-1 
60.9 ± 

.2 

60.9 ± 

.2 
-.03 ± .2 

60.8 ± 

.4 

60.9 ± 

.3 
.08 ± .3 

60.8 ± 

.3 

60.9 ± 

.3 
.05 ± .3 

Velocity@240, deg·s-1 
238.0 ± 

1.1 

227.6 ± 

34.7 
-10.3 ± 34.5 

191.9 ± 

55.8 

213.9 ± 

44.4 
22.0 ± 68.2 

205.2 ± 

51.5 

217.9 ± 

42.1 
12.7 ± 62.1 

Torque@60, Nm 
141.3 ± 

29.4 

157.4 ± 

31.4 
16.1 ± 25.3 

102.4 ± 

32.7 

115.5 ± 

37.2 
13.1 ± 14.6 

113.6 ± 

36.2 

127.5 ± 

40.3 
13.9 ± 18.2 

Torque@240, Nm 
80.0 ± 

14.7 

86.3 ± 

18.6 
6.3 ± 13.5 

53.9 ± 

25.3 

58.2 ± 

23.0 
4.3 ± 13.7 

61.4 ± 

25.7 

66.3 ± 

25.2 
4.9 ± 13.6 

Power@240, W 
332.5 ± 

62.3 

343.4 ± 

91.3 
10.9 ± 69. 

174 ± 

73.5 

219.8 ± 

90.8 
45.5 ± 81.7 

219.7 ± 

100.5 

255.3 ± 

106.5 
35.6 ± 79.7 

BMI, body mass index. BV, baseline visit. CR, caloric restriction. FV, follow-up visit. Nm, Newton meters. RT, resistance 

training. W, watts 

Data are mean ± SD 
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Table 5. Interaction Effects and Main Effects with BMI, velocity, torque, and power 

 F Sig η2 

BMI    

time 67.319 <.0005 0.41 

time*ReachedvsNot 2.226 0.139 0.022 

time*Intervention 52.235 <.0005 0.35 

time*ReachedvsNot*Intervention 2.748 0.101 0.028 

ReachedvsNot 1.971 0.164 0.02 

Intervention 1.547 0.217 0.016 

ReachedvsNot*Intervention 0.14 0.709 0.001 

Velocity@60    
time 1.395 0.241 0.014 

time*ReachedvsNot 1.548 0.216 0.016 

time*Intervention 1.446 0.232 0.015 

time*ReachedvsNot*Intervention 1.582 0.211 0.016 

ReachedvsNot 1.521 0.22 0.015 

Intervention 1.916 0.169 0.019 

ReachedvsNot*Intervention 0.516 0.474 0.005 

Velocity@240    
time 0.415 0.521 0.004 

time*ReachedvsNot 5.384 0.022 0.053 

time*Intervention 0.321 0.572 0.003 

time*ReachedvsNot*Intervention 0.174 0.678 0.002 

ReachedvsNot 12.842 0.001 0.117 

Intervention 0.109 0.742 0.001 

ReachedvsNot*Intervention 0.366 0.547 0.004 

Torque@60    
time 43.065 <.0005 0.307 

time*ReachedvsNot 0.049 0.825 0.001 

time*Intervention 2.975 0.088 0.03 

time*ReachedvsNot*Intervention 1.985 0.162 0.02 

ReachedvsNot 28.374 <.0005 0.226 

Intervention 0.002 0.966 <.01 

ReachedvsNot*Intervention 0.519 0.473 0.005 

Torque@240    
time 11.371 0.001 0.105 

time*ReachedvsNot 0.023 0.881 <.01 

time*Intervention 0.003 0.955 <.01 

time*ReachedvsNot*Intervention 2.206 0.141 0.02 

ReachedvsNot 32.89 <.0005 0.253 
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Intervention 0.993 0.322 0.01 

ReachedvsNot*Intervention 0.01 0.923 <.01 

Power@240    
time 9.919 0.002 0.093 

time*ReachedvsNot 4.094 0.046 0.04 

time*Intervention 0.936 0.336 0.01 

time*ReachedvsNot*Intervention 1.177 0.281 0.012 

ReachedvsNot 72.205 <.0005 0.427 

Intervention 1.43 0.235 0.015 

ReachedvsNot*Intervention 0.166 0.685 0.002 
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Figure 5. Interaction Effects and BMI and Muscle Function  

5a) 

 

 

 

5b) 
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5c) 

5d) 
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Discussion  

The exponential increase in the number of U.S. older adults is alarming because 

of age related mobility limitations which have the potential to place a substantial 

financial burden on the individual and the health care system. Mobility limitations are 

associated with both muscle strength and power in older adults. Several studies have 

shown muscle power to be a better predictor of mobility limitations than muscle strength 

(Bassey et al., 1992; Bean et al., 2003; Marsh et al., 2006; Bean et al., 2002; Skelton et 

al., 1994; Suzuki et al., 2001). In the present study, we evaluated older adults’ knee 

extension strength, power, and velocity at 60 deg∙s-1 and 240 deg∙s-1. The primary aims of 

this study were: (a) to find the proportion of older adults who reached 240 deg∙s-1. (b) to 

compare between participants who did/did not reach 240 deg·s-1; (c) to determine if age, 

sex, and BMI effect the ability of participants to reach 240 deg·s-1; and (d) to examine the 

effect of RT and RT+CR have on knee extension velocity, torque, and power in those 

who did/did not reach 240 deg·s-1.  

A primary finding of this study was that, among older obese adults, 101 out of 

101 participants reached 60 deg·s-1 at BV and FV, but only 29% reached 240 deg·s-1 at 

BV and 46% reached 240 deg·s-1 at FV. This finding supports our first hypothesis that the 

majority of our sample would not reach 240 deg∙s-1. Lanza and colleagues discovered that 

older adults begin to fail to reach knee extension velocities at 270 deg·s-1 (Lanza et al., 

2003). Their sample may have reached higher knee extension velocities due to 

convenience sampling. Similar to Lanza and colleagues, an important result of our study 

was that it is possible for participants to complete contractions and generate force without 

achieving the constant velocity. 
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Although we did not compare older adults to younger adults, previous studies 

have shown that younger adults are able to achieve significantly higher velocity of 

movements compared to older adults (Lanza et al., 2003; Ng & Kent-Braun, 1999; Roos 

et al., 1999). Older adult’s slower contraction velocity may be due to age-related changes 

in muscle composition. based on physiological changes in aging skeletal muscle. One 

physiological change with age is the loss of total muscle mass, which decreases 

individuals’ force-generating capacity with age (Grimby, 1995; J. Lexell et al., 1986; J. 

Lexell et al., 1983). A second possibility is due to selective atrophy of type II (fast 

twitch) fibers with age. Larsson and colleagues found knee extensor muscles consisted of 

60% type II fibers in younger adults and 45% type II fibers in older adults (Larsson et al., 

1979).  

Our results supported our hypothesis that participants who reached 240 deg·s-1 

would have significantly better (1) knee extension velocity, (2) knee extension torque, 

and (3) knee extension power than participants who did not reach 240 deg·s-1. This is 

important because knee extension velocity, strength, and power are all important 

predictors of physical function in older adults (Berger & Doherty, 2010; Grimby, 1995; 

Mayson et al., 2008, 2008; Mitchell et al., 2012; Skelton et al., 1994; Suzuki et al., 2001). 

These participants who did not reach 240 deg·s-1 at BV may not only have poorer muscle 

function than participants who reached 240 deg·s-1 at BV, but also worse physical 

function.  

Contrary to our hypothesis, there was no significant difference in age between 

participants who reached 240 deg·s-1 at BV versus participants who did not reach 240 

deg·s-1 at BV. It is likely we did not see differences due to the homogeneous age range 
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(69.5 ± 3.7 yr) of our sample. Skelton and colleagues found that older adults continue to 

decrease lower extremity muscle power from ages 80-89 (Skelton et al., 1994). Since 

velocity of movement is a component of muscle power, it is possible we would have 

found a difference in age if our sample consisted more old-old participants.  

Previous studies suggest there are power differences between older males and 

females (Metter et al., 1997; Shock & Norris, 1969; Skelton et al., 1994), Skelton and 

colleagues found older females have approximately 55% less lower extremity muscle 

power than older males (Skelton et al., 1994). Few studies examining muscle power 

between males and females have examined the two components of power, muscle force 

and velocity of movement, separately. In support of our hypothesis that participants who 

do not reach 240 deg∙s-1 would be mostly females compared to participants who do reach 

240 deg∙s-1, the present study found a greater percentage of females (65%) did not reach 

240 deg·s-1 at BV compared to the percentage of females (21%) who reached 240 deg·s-1 

at BV. This is not the first study supporting there may be a difference in ability to reach 

high knee extension velocities between males and females (Lanza et al., 2003).  

An increase in adipose tissue has been associated with impaired muscle function 

(Beavers et al., 2013; Hilton et al., 2008; Sipilä et al., 2004). We hypothesized that 

participants who do not reach 240 deg∙s-1 would have a greater BMI than participants who 

do reach 240 deg∙s-1; however, our data shows no significant difference in BMI between 

participants who reached 240 deg·s-1 at BV versus participants who did not reach 240 

deg·s-1 at BV. There are two likely explanations for this finding: 1) The BMI of the 

sample was fairly homogenous (BMI:30.7±2.3 kg/m2) and 2) while BMI is the most 

commonly used assessment of body fatness, it does not give specific measures of body 
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fatness like subcutaneous adipose tissue or intramuscular adipose tissue (IMAT). Greater 

IMAT in the lower extremities has been associated with lower power of the lower 

extremities (Hilton et al., 2008; Sipilä et al., 2004). If we would have used a more 

specific body composition measure, then it is possible we would have found differences 

in body composition between those who did/did not reach 240 deg·s-1. 

An important finding in this study was the increase in percentage of participants 

who reached 240 deg·s-1 from BV to FV (29% to 46%). Additionally, participants who 

did not reach 240 deg·s-1 at BV significantly improved velocity@240 from BV to FV 

regardless of intervention group. It is important to note that participants who reached 240 

deg·s-1 at BV did not significantly improve velocity@240 from BV to FV because of the 

ceiling effect at 240 deg·s-1. 

Older adults can improve muscle strength through RT (Bean et al., 2004; 

Izquierdo et al., 2001; Macaluso & Vito, 2004). All participants improved torque@60 

and torque@240 from BV to FV; however, we did not observe a main effect between RT 

and RT+CR. We hypothesized RT+CR would elicit fat loss and adding RT to CR would 

enhance RT-induced improvements in muscle function. Although participants in RT+CR 

significantly decreased BMI, they did not exhibit greater improvement in knee extension 

strength relative to RT. Nicklas and colleagues reported in the I’M FIT main outcomes 

paper that this result may be due to similar loss in intramuscular adipose tissue (IMAT) 

between RT and RT+CR (Nicklas et al., 2015). I’M FIT is not the only study that shows 

decreases in muscle fat infiltration in RT alone (Marcus, Addison, Kidde, Dibble, & 

Lastayo, 2010; Sipilä et al., 2004).  
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Our results clearly show that the ability to reach 240 deg·s-1 at BV has a 

significant effect on torque production. Participants who did not reach 240 deg·s-1 at BV 

have impaired muscle function compared to participants who reached 240 deg·s-1 at BV. 

The explanation for these results is unknown; however, we speculate that participants 

who did not reach 240 deg·s-1 at BV have experienced more muscle atrophy with aging 

than participants who reached 240 deg·s-1 at BV. Another possibility is participants who 

reached 240 deg·s-1 at BV have a greater percentage of type II muscle fibers than 

participants who did not reach 240 deg·s-1 at BV.  

Like torque@60 and torque@240, our results showed no significant difference 

between RT and RT+CR in power@240. It is important to note that our torque and power 

values were absolute values. This means that the torque and power values do not account 

for participant’s body mass. It is possible that, because of their weight loss and strength 

and power gains, participants in the RT+CR group significantly improved their relative 

torque and relative power compared to the RT alone group. Relative torque can also be 

referred to as strength-to-mass ratio or relative power as power-to-mass ratio 

Maximal power output occurs at 240 deg·s-1 (Perrine & Edgerton, 1978). So we 

were not surprised to find participants who did not reach 240 deg·s-1 at BV had 

significantly lower power@240 than those who reached 240 deg·s-1 at BV. Participants 

who did not reach 240 deg·s-1 at BV significantly increased power@240 from BV to FV 

while participants who reached 240 deg·s-1 at BV remained the same power@240 from 

BV to FV. There were these differences because participants who did not reach 240 

deg·s-1 at BV had much greater room for improvement compared to participants who 

reached 240 deg·s-1 at BV. 
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In conclusion, participants who reached 240 deg·s-1 at BV have better muscle 

function than participants who did not reach 240 deg·s-1 at BV. RT and RT+CR improved 

participants’ muscle function and increased the percentage of participants who reached 

240 deg·s-1 from BV to FV. Further investigation needs to be done in order to determine 

if the ability to reach 240 deg·s-1 is associated with physical function.   
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Paper 2: Rapid Knee Extension Velocity as a Marker of Physical Function in Older 

Adults with Obesity 
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Introduction 

The exponential increase in the number of older adults is troubling because aging 

is associated with mobility limitations which negatively impacts an older adults’ ability to 

function independently and may require placement into long-term care (Blackburn et al., 

2016). In older adults, mobility limitations are associated with declines in muscle strength 

and power (Bassey et al., 1992; Mitchell et al., 2012). The age-associated loss in strength 

is primarily attributed to a decrease in the number and size of muscle fibers, also known 

as sarcopenia (J. Lexell et al., 1986; J. Lexell et al., 1983). Declines in muscle power may 

be due to not only declines in muscle force but also reductions in velocity of movement. 

Older adults have more difficulty achieving higher velocities of movement compared to 

younger adults (Lanza et al., 2003; Ng & Kent-Braun, 1999; Roos et al., 1999). While 

resistance training (RT) in older adults can significantly improve muscle strength and 

power (Bean et al., 2004; Izquierdo et al., 2001; Macaluso & Vito, 2004), few studies 

have examined the impact of RT on velocity of movement in older adults (Lanza et al., 

2003). 

It has been suggested that the loss of lower extremity muscle power is a better 

predictor of physical function than the loss of muscle strength (Bassey et al., 1992; Bean 

et al., 2003; Marcus et al., 2010; Marsh et al., 2006; Bean et al., 2002; Suzuki et al., 

2001) and lower extremity velocity of movement is associated with physical function 

(Bean et al., 2008; Mayson et al., 2008). However, few studies have examined the two 

components of muscle power, that is, velocity of movement and strength, and their 

individual influence on physical function. 
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The randomized controlled trial, I’M FIT, was designed to assess the effects of 

RT alone (RT) and RT with caloric restriction (RT + CR) on muscle strength, power, and 

physical function in older overweight and obese individuals (Nicklas et al., 2015). As 

reported in the main outcomes paper, from baseline (BV) to follow-up (FV) both groups 

significantly improved usual gait speed, SPPB score, and chair rise time, and only the 

RT+CR group significantly improved 400-m walk time. We previously showed a small 

percentage (29%) of older adults reached the knee extension velocity of movement at 240 

deg·s-1 at BV. We compared torque and power between participants who did/did not 

reach 240 deg·s-1 at BV, and we found that participants who reached 240 deg·s-1 at BV 

had significantly greater torque and power than those who did not reach 240 deg·s-1 at 

BV. Here we compared physical function outcomes between those who did/did not reach 

240 deg·s-1 at BV and FV in order to address the following questions: (a) Does the ability 

to reach 240 deg·s-1 indicate better physical function? We hypothesized that participants 

who reached 240 deg·s-1 would have significantly better physical function compared to 

participants who did not reach 240 deg·s-1. (b) What are the effects of RT compared to 

RT+CR on physical function in participants who did/did not reach 240 deg·s-1 at BV? We 

hypothesized that participants in the RT+CR group would improve physical function 

more compared to participants in the RT group.  
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Methods 

We performed an analysis of baseline and follow-up data from the Improving 

Muscle for Functional Independence Trial (I’M FIT). Of the 126 participants in the study, 

we included participants with complete data, leaving 101 participants (80%) for the 

purpose of our analysis. A full description of the I’M FIT methods are presented 

elsewhere (Nicklas et al., 2015); however, a brief description of the interventions and 

measures is provided below.  

Interventions 

Resistance training. All participants underwent 5-months of RT 3 days per week on 

weight-stack resistance machines. For each specific exercise, the training goal was to 

complete 3 sets of 10 repetitions for each exercise at 70% 1RM. The specific exercises 

were 1) leg press, 2) leg extension, 3) seated leg curl, 4) seated calf, 5) incline press, 6) 

compound row, 7) triceps press, and 8) bicep curl. The participants in the RT only group 

were instructed to follow a eucaloric diet.  

Caloric restriction. The RT+CR group underwent the RT protocol described above plus a 

weight-loss intervention via CR designed to elicit a 5-10% weight loss using meal 

replacements, nutrition education, and dietary behavior modification advice via weekly 

meetings with a registered dietician. The plan was derived from subtracting each 

participant’s estimated daily energy needs for weight maintenance. To verify compliance 

with the weight-loss intervention, participants were asked to maintain a diet log of all 

foods consumed which was monitored weekly. 
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Assessments 

All assessments were done by an examiner blinded to participant treatment 

assignment. Baseline visit (BV) assessments occurred before randomization and within 3 

weeks before the start of interventions. Follow-up visit (FV) physical function 

assessments were measured during the last week of intervention and follow-up body 

composition measures took place within a week after intervention completion. 

Body composition. Height and body mass were measured without shoes and outer 

garments were removed. BMI was calculated as body mass in kg divided by height in 

meters squared.  

Physical function and mobility. Mobility was measured using a 400-meter walk test 

(400MWT) for time in seconds. The participant was instructed to complete the distance 

(10 laps on a flat indoor surface 20-m in length) as quickly as possible, without running, 

at a speed they could maintain for ten laps.  

Lower-extremity function was assessed with the Short Physical Performance 

Battery (SPPB), which consists of a standing balance test, usual gait speed over a 4-m 

course, and time to complete 5 repeated chair stands with arms folded across chest. The 

results from each of the three tests are scored from 0 (inability to perform the task) to 4 

are summed for the total SPPB score, ranging from 0 (lowest function) to 12 (highest 

function).  

Knee extension velocity. Participants were tested at both velocities of 60 deg·s-1 

and 240 deg·s-1 using an isokinetic dynamometer (Biodex Medical Systems Inc). 

Participants completed a 5-minute warm-up on the dynamometer, involving 6-8 passive 

repetitions followed by three submaximal contractions at both 60 deg·s-1 and 240 deg·s-1. 
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After the passive warm-up, the participants performed two trials (t1, t2) on each leg. Each 

trial consisted of four continuous maximal contraction extension-flexion movements 

(Figure 3). Since t1 was considered an active warm-up, we used data from the t2 in our 

analyses. Participants were asked to extend the knee and push as hard as possible against 

the resistance pad positioned just above the ankle joint. The first repetition of extension 

was excluded leaving three peak velocities for flexion and extension. We used the 

average of the three peak knee extension velocities and torques at 60 deg·s-1 and 240 

deg·s-1 to determine the velocity and torque outcomes at BV and FV.  

To ensure we included all participants who reached the target velocity, we 

allowed for under/over shoot in the Biodex data. We used ranges to determine if a 

participant reached the target velocity (60 deg·s-1 or 240 deg·s-1). For 60 deg·s-1, the 

range was from 59 deg·s-1 to 61.3 deg·s-1, and for 240 deg·s-1, the range was from 235 

deg·s-1 to 245 deg·s-1. 

Figure 6. Knee Extension Protocol  

 

BV

• Trial 1
•4 continuous ext/flex 
repetitions 

•Considered active 
warm-up

• Trial 2
•4 continuous ext/flex 
repetitions

•1st repetition excluded  

•Average of 3 extension 

•Mean velocity

•Mean torque 

•Mean power

5 months

FV

• Trial 1
•4 continuous ext/flex 
repetitions 

•Considered active 
warm-up

• Trial 2 
•4 continuous ext/flex 
repetitions 

•1st repetition excluded

•Average of 3 extension

•Mean velocity

•Mean torque

•Mean power 
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Statistical Analysis  

All statistical analyses were performed with SPSS software (version 24.0, IBM). 

Baseline descriptive statistics are reported as means ± SD or frequencies (percentages). 

There was homogeneity of variances (p>.05) as assessed by Levene's test for equality of 

variances. We used a 1-way ANOVA to determine if the outcome variables were 

different between participants who did/did not reach 240 deg·s-1 at BV. We used a 3-way 

mixed ANOVA, including the between-subjects factors ReachedvsNot (dichotomous) 

and intervention group (RT, RT+CR). Time (BV, FV) was included as a within-subjects 

factor. Bonferroni-corrected post-hoc analyses were used to decompose any significant 

interaction effects. Statistical significance was accepted at p < .05.   
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Results 

In total, 126 older (65-79 yr) overweight and obese men and women were 

recruited in the I’M FIT trial. Within the total sample, 101 participants (80%) had 

complete data for the variables of interest in the present paper and were included in our 

analyses. The sample characteristics of participants who were included did not differ 

from those who were excluded (Table 7). Note that we examined physical function in 

participants who did/did not reach 240 deg·s-1 at BV. Only 29% (29 out of 101) of our 

sample reached 240 deg·s-1 at BV, while 46% (47 out of 101) reached 240 deg·s-1 at FV. 

Table 6. Sample characteristics at baseline  

Mean ± SD or n (%) 
Overall 

(n=101) 

Excluded 

(n=25) 
RT (n=48) RT+CR (n=53) 

Age, yr 69.5 ± 3.7 69.6 ± 3.8 69.3 ± 3.6 69.6 ± 3.9 

Female, n (%) 54 (53) 17 (68) 24 (50) 29 (55) 

White, n (%) 90 (89) 19 (76) 42 (88%) 48 (91%) 

Height, cm 168.6 ± 10.0 164.2 ± 7.9 167.9 ± 10.1 169.2 ± 10.0 

Body mass, kg 87.5 ± 12.4 81.5 ± 11.5 87.2 ± 12.0 87.7 ± 12.8 

BMI, kg/m2 30.7 ± 2.3 30.1 ± 2.3 30.7 ± 2.4 30.6 ± 2.2 

BMI, body mass index. CR, caloric restriction. RT, resistance training 

Data are mean and SD or N (%). 

Baseline characteristics with RT and RT+CR and those who did/did not reach (Table 6-7)   

Overall, the sample was 69.5±3.7 years old, obese (BMI: 30.7±2.3 kg/m2), mostly 

female (54%) and white (89%). There were no differences between participants 

randomized to the RT group vs. the RT+CR group in these characteristics. Participants 

who reached 240 deg·s-1 at BV performed significantly better on the physical function 

measures at BV (except usual gait speed, p=.051 and balance, p=.933) compared to 

participants who did not reach 240 deg·s-1 at BV.  
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Table 7. Physical function at BV between participants who did/did not reach 240 deg·s-1 

 

Reached 

(n=29) 

Did Not Reach 

(n=72) 

P-between group 

at BV 

Mean ± SD BV BV   

400m walk, s 285.6 ± 43.8 314.5 ± 44.0 .004 

SPPB, 0-12 11.4 ± .7 10.6 ± 1.1 .001 

Balance, 0-4 3.9 ± .3 3.9 ± .3 .933 

Usual gait speed, m/s 1.2 ± .2 1.1 ± .2 .051 

Chair rise time, s 10.5 ± 2.5 12.9 ± 3.2 <.001 

BV, baseline visit. SPPB, short physical performance battery  

Data are mean ± SD 

 

Between-Subjects and Within-Subjects Effects (Table 8-9; Figure 7) 

The 3-way time x ReachedvsNot x intervention interactions were not statistically 

significant for any of the outcome variables (p > .05).  

400-meter walk. There were no statistically significant two-way interactions for 400-

meter walk time (p>.05). There was a significant main effect of ReachedvsNot [F (1, 96) 

= 4.882, p=.03, η2=.048]. Bonferroni-corrected post hoc analyses indicated that 

participants who reached 240 deg·s-1 at BV had significantly faster 400-meter walk time 

than participants who did not reach 240 deg·s-1 at BV. (Figure 7a) 

SPPB. There were no statistically significant two-way interactions for SPPB score 

(p>.05). There was a significant main effect of time [F (1, 97) = 11.985, p=.001, 

η2=.110], and a significant main effect of ReachedvsNot [F (1, 97) = 8.032, p=.006, 

η2=.076]. Bonferroni-corrected post hoc analyses indicated that participants significantly 

improved SPPB score from BV to FV, and participants who reached 240 deg·s-1 at BV 

had significantly higher SPPB score than participants who did not reach 240 deg·s-1 at 

BV. (Figure 7b) 
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Balance. There were no statistically significant two-way interactions for balance (p>.05). 

There was no significant main effect of time [F (1, 97) = .440, p=.509, η2=.005], 

ReachedvsNot [F (1, 97) = 1.303, p=.256, η2=.013], or Intervention [F (1, 97) = 2.2, 

p=.141, η2=.022].  

Usual Gait Speed. There were no statistically significant two-way interactions for usual 

gait speed (p>.05). There was a significant main effect of time [F (1, 97) = 20.673, 

p<.0005, η2=.176], and a significant main effect of ReachedvsNot [F (1, 97) = 4.026, 

p=.048, η2=.04]. Bonferroni-corrected post hoc analyses indicated that participants 

significantly improved usual gait speed from BV to FV, and participants who reached 

240 deg·s-1 at BV had significantly faster usual gait speed than participants who did not 

reach 240 deg·s-1 at BV. (Figure 7c) 

Chair Rise Time. There was a statistically significant two-way interaction for chair rise 

time between time and ReachedvsNot [F (1, 95) = 7.569, p=.007, η2=.074]. Bonferroni-

corrected post hoc analyses indicated chair rise time was significantly faster at BV in 

participants who reached 240 deg·s-1 at BV than participants who did not reach 240 

deg·s-1 at BV, but there were no significant differences in chair rise time between these 

two groups at FV. Additionally, participants who reached 240 deg·s-1 at BV did not 

significantly change in chair rise time from BV to FV (p=.212), but participants who did 

not reach 240 deg·s-1 at BV significantly improved chair rise time from BV to FV 

(p<.0005). There was a significant main effect of time [F (1, 95) = 23.833, p<.0005, 

η2=.201], and a significant main effect of ReachedvsNot [F (1, 95) = 7.759, p=.006, 

η2=.076]. (Figure 7d) 
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Table 8. Difference in outcome variables from BV to FV between participants who did/did not reach 240 deg·s-1 

 Reached (n=29)  Did Not Reach (n=72)  Overall (n=101) 

Mean ± SD  
BV FV 

Δ from 

BV to FV 
BV FV 

Δ from 

BV to FV 
BV FV 

Δ from BV 

to FV 

400m walk, s   

285.6 ± 

43.8 

291.5 ± 

61.1 
6.8 ± 41.0 

314.5 ± 

44.0 

307.1 ± 

55.6 
-7.4 ± 33.0 

306.4 ± 

45.6 

303.0 ± 

57.5 
-3.4 ± 35.8 

SPPB, 0-12  

11.4 ± 

.7 

11.6 ± 

.8 
.2 ± .9 

10.6 ± 

1.1 

11.2 ± 

1.2 
.6 ± 1.0 

10.8 ± 

1.1 

11.3 ± 

1.1 
.5 ± 1.0 

Balance, 0-4 
3.9 ± .3 3.9 ± .4 .03 ± .3 3.9 ± .3 3.8 ± .5 -.1 ± .6 3.9 ± .3 3.8 ± .5 -.06 ± .5 

Gait speed, m/s  
1.2 ± .2 1.3 ± .2 .1 ± .2 1.1 ± .2 1.2 ± .2 .1 ± .2 1.1 ± .2 1.2 ± .2 .09 ± .2 

Chair rise time, s  

10.5 ± 

2.5 

10.0 ± 

2.5 
-.5 ± 3.1 

12.9 ± 

3.2 

10.7 ± 

2.9 
-2.3 ± 2.4 

12.2 ± 

3.2 

10.4 ± 

2.8 
-1.8 ± 2.7 

*P<.05. BV, baseline visit. FV, follow-up visit. SPPB, short physical performance battery 

 Data are mean ± SD 
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Table 9. Interaction and Main Effects of Physical Function 

 F Sig η2 

400mWalk    

time 0.008 0.928 <0.001 

time*ReachedvsNot 2.241 0.138 0.023 

time*Intervention 1.059 0.306 0.011 

time*ReachedvsNot*Intervention 0.008 0.931 <0.001 

ReachedvsNot 4.882 0.03 0.048 

Intervention 1.096 0.298 0.011 

ReachedvsNot*Intervention 0.039 0.843 <0.001 

SPPB    

time 11.985 0.001 0.11 

time*ReachedvsNot 2.629 0.108 0.026 

time*Intervention 0.125 0.724 0.001 

time*ReachedvsNot*Intervention 0.161 0.689 0.002 

Error (time)    
ReachedvsNot 8.032 0.006 0.076 

Intervention 0.695 0.406 0.007 

ReachedvsNot*Intervention 0.462 0.498 0.005 

Balance    

time 0.440 0.509 0.005 

time*ReachedvsNot 1.241 0.268 0.013 

time*Intervention 0.004 0.947 <0.001 

time*ReachedvsNot*Intervention 0.267 0.606 0.003 

Error (time)    

ReachedvsNot 1.303 0.256 0.013 

Intervention 2.200 0.141 0.022 

ReachedvsNot*Intervention 0.035 0.853 <0.001 

Usual Gait Speed    

time 20.673 <.0005 0.176 

time*ReachedvsNot 0.9 0.345 0.009 

time*Intervention 1.594 0.21 0.016 

time*ReachedvsNot*Intervention 1.147 0.287 0.012 

ReachedvsNot 4.026 0.048 0.04 
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Intervention 0.368 0.546 0.004 

ReachedvsNot*Intervention 0.779 0.38 0.008 

Chair Rise Time    

time 23.833 <.0005 0.201 

time*ReachedvsNot 7.569 0.007 0.074 

time*Intervention 0.515 0.475 0.005 

time*ReachedvsNot*Intervention 1.05 0.308 0.011 

ReachedvsNot 7.759 0.006 0.076 

Intervention 0.685 0.41 0.007 

ReachedvsNot*Intervention 2.649 0.107 0.027 
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Figure 7. Interaction Effects and Physical Function  

 7a) 
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Discussion 

The exponential increase in the number of U.S. older adults is alarming because 

of age related mobility limitations which have the potential to place a substantial 

financial burden on the individual and the health care system. Mobility limitations are 

associated with both muscle strength and power in older adults. Related to this, several 

studies have shown muscle power to be a better predictor of mobility limitations than 

muscle strength (Bean et al., 2003; Marsh et al., 2006). The velocity component of power 

has been linked to physical function (Bean et al., 2003; Mayson et al., 2008); however, 

the data are limited. In the present study, we tested older adults’ knee extension at a rapid 

velocity of movement of 240 deg∙s-1, and we tested physical function with 400-meter 

walk time and the SPPB. The primary aims of this study were: 1) to determine whether 

the ability to reach 240 deg∙s-1 is a marker of physical function (i.e. 400-meter walk time, 

SPPB, balance, usual gait speed, chair rise time) in obese older adults and 2) to examine 

the effect of RT and RT+CR on physical function between those who did/did not reach 

240 deg∙s-1. 

Previous research suggests rapid knee extension velocity is an important marker 

of physical function (Bean et al., 2008; Mayson et al., 2008). We hypothesized that 

participants who reached 240 deg·s-1 at BV would have significantly better physical 

function at BV compared to the participants who did not reach 240 deg·s-1 at BV. Our 

hypothesis was supported when observing the differences between participants who 

did/did not reach 240 deg·s-1 at BV in 400-meter walk time, SPPB, and chair rise time; 

however, there was no significant difference in usual gait speed (p=.051) or balance 

(p=.933).  
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The significant main effect of ReachedvsNot in 400-meter walk time provides 

more evidence that rapid velocity of movement is a marker of physical function. A 

minimally significant change in 400-meter walk time is considered to be 20-30 seconds 

(Kwon et al., 2009), and a substantial change is 50-60 seconds (Perera, Mody, Woodman, 

& Studenski, 2006). Neither the overall or individual groups by ReachedvsNot or 

Intervention had a minimally significant change 400-meter walk time (change < 20 

seconds). Our results previously showed that participants who did not reach 240 deg·s-1 at 

BV significantly increased power from BV to FV. We expected participants who did not 

reach 240 deg·s-1 at BV to significantly decrease 400-meter walk time because of the 

known relationship between lower extremity power and 400-meter walk time (Marsh et 

al., 2006); however, 400-meter walk time did not differ from BV to FV in participants 

who did not reach 240 deg·s-1.  

Our results show that participants who reached 240 deg·s-1 at BV had 

significantly better SPPB score than participants who did not reach 240 deg·s-1 at BV. 

Participants significantly improved SPPB score from BV to FV regardless of whether 

they did/did not reach 240 deg·s-1 at BV. A minimally significant change for SPPB score 

is considered to be 0.3-0.8 points or 0.27-0.55 points, and a substantial change for SPPB 

score is 0.4-1.5 points or 0.99-1.34 points (Kwon et al., 2009; Perera et al., 2006). 

Participants who reached 240 deg·s-1 at BV improved SPPB score by .2 from BV to FV, 

and participants who did not reach 240 deg·s-1 at BV improved SPPB score by .6 from 

BV to FV (Table 8).  

For usual gait speed, we found a significant main effect of time and 

ReachedvsNot. A minimally significant change for usual gait speed is 0.03-0.05 m/s or 
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0.04-0.06 m/s, and a substantial change for usual gait speed is 0.08 m/s or 0.08-0.14 m/s 

(Kwon et al., 2009; Perera et al., 2006). Both groups of participants who did/did not reach 

240 deg·s-1 at BV showed a substantial change for usual gait speed of 0.1 m/s. 

Participants who reached 240 deg·s-1 at BV had significantly faster usual gait speed than 

participants who did not reach 240 deg·s-1 at BV. 

The ability to rise from a chair is an important task of daily living that is difficult 

for many older adults to perform. Rising from a chair requires participants to produce 

torque more rapidly compared to the other physical function measures. Cuoco and 

colleagues found leg strength and power to be associated with chair rise time (Cuoco et 

al., 2004). Since participants who reached 240 deg·s-1 at BV have significantly greater 

torque and power than participants who did not reach 240 deg·s-1 at BV, we expected 

participants who reached 240 deg·s-1 at BV to have significantly faster chair rise times 

than participants who did not reach 240 deg·s-1 at BV. Participants who did not reach 240 

deg·s-1 at BV had significantly slower chair rise time at BV compared to participants who 

reached 240 deg·s-1 at BV; however, there were no differences between groups at FV. 

This is because participants who did not reach 240 deg·s-1 at BV significantly improved 

chair rise time while participants who reached 240 deg·s-1 at BV remained the same.  

Previous studies reported that older adults’ knee extension velocity while rising 

from a chair is approximately 180 deg·s-1 (Gross, Stevenson, Charette, Pyka, & Marcus, 

1998; Schenkman, Riley, & Pieper, 1996). Schenkman and colleagues found that older 

adults’ maximum extension velocity increased when rising from a chair when the height 

of the seat was lowered. For participants who did not reach 240 deg·s-1, knee extension 

velocity may limit their ability to rise from a chair, particularly in chairs with a lower seat 
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height. It is important to note that movements at the hip and trunk are also important for 

older adults when rising from a chair.  

For all physical function measures, there were no significant interactions by 

Intervention. In other words, participants improved physical function from BV to FV 

regardless of intervention. We hypothesized that the RT+CR group would improve 

physical function to a greater extent than the RT group because of the weight loss and 

improvements in strength-to-mass ratio in the RT+CR group. The main outcomes paper 

reported that the RT+CR group significantly reduced BMI from BV to FV, but that both 

groups, RT and RT+CR, improved in body composition measures (Nicklas et al., 2015). 

Specifically, both RT and RT+CR, decreased percentage of body fat and thigh 

subcutaneous adipose tissue (SAT) and intramuscular adipose tissue (IMAT). Thus, we 

may not have seen differences in change in physical function between RT and RT+CR 

because both groups lost a similar amount of adipose tissue. Previous studies have shown 

that greater IMAT in the thigh is associated with poorer physical function (Beavers et al., 

2013; Hilton et al., 2008).  

In conclusion, rapid knee extension velocity is a marker of physical function in 

older adults who are overweight and obese. Participants who did not reach 240 deg·s-1 at 

BV improved SPPB score more than participants who reached 240 deg·s-1 at BV. This is 

due to the significant improvement in chair rise time from BV to FV in participants who 

did not reach 240 deg·s-1 at BV. 

Strengths and Limitations  

Primary strengths of this study were the randomized controlled trial design, 

tightly controlled and supervised RT intervention with high compliance, and state of the 
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art measures of muscle strength and power and physical function. Isokinetic 

dynamometer testing for strength and power in older adults is a gold standard measure. 

The timed 400-meter walk and SPPB are two common, reliable, and valid measures of 

physical function in older adults.  

This study had several limitations. First, the participants were high functioning 

(Mean SPPB pre: 10.8 ± 1.1, post: 11.3 ± 1.1), mostly white, and both age and BMI 

ranges were fairly homogeneous (Age:69.5 ± 3.7 yrs, BMI:30.7 ± 2.3 kg/m2). These 

characteristics of our sample limit the generalizability of our results. Future researchers 

should attempt to include lower functioning individuals, minorities, and broader age and 

body composition ranges. Second, participants were only tested at two velocities (60 and 

240 deg·s-1). This limited our data because we were unable to determine the maximum 

knee extension velocity of our participants. Future investigators should include testing at 

multiple knee extension velocities to measure all participants maximum velocity of 

movement. Finally, the study was not designed to account for potential behavior or 

dietary nutrient changes that may have occurred in conjunction with the diet intervention. 

Thus, direct effects of CR and resultant weight loss could not be teased apart from 

whether the greater improvement in mobility resulted from CR per se to a lowered fat 

mass (or body weight) resulting from the CR or a combination of both. 

Future Research  

The present study established that older, obese adults have difficulty achieving 

rapid knee extension velocity at 240 deg·s-1; however, as noted in the limitations, we did 

not test a range of knee extension velocities. Future studies could be designed to test 

participants at multiple knee extension velocities, similar to the methods of Lanza and 
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colleagues who assessed torque and power at 60, 120, 210, 240, 270, 300, 330, 360, and 

400 deg∙s-1 (Lanza et al., 2003). Testing at multiple velocities would allow participants 

achieve their true maximal velocity because they would not be limited to one rapid 

velocity.  

Future trials examining knee extension velocities could incorporate more attention 

to specificity of training into the study protocol. Specificity refers to the fact that the 

exercise has to be specific to the outcome of interest. If the goal is to increase the 

maximal velocity of movement of the muscle, then the exercise should target that goal. 

Thus, future studies should incorporate higher movement speeds in resistance training 

interventions in older adults, also known as power training. Caiozzo and colleagues 

trained two groups of participants at knee extension velocities where either maximal 

torque (96 deg·s-1) or maximal power output (240 deg·s-1) has been reported to occur for 

3 sessions per week for 4 weeks (Caiozzo, Perrine, & Edgerton, 1981). They tested a 

range of knee extension velocities at baseline and follow-up. They found that the group 

who trained at 240 deg·s-1 improved more at the faster velocities (240 and 288 deg·s-1) 

compared to the group who trained at 96 deg·s-1.  

Furthermore, training at specific velocities is not realistic for the average 

population, but previous studies have shown that training at faster velocities significantly 

improves strength and power in older adults (Bean et al., 2004; Izquierdo et al., 2001; 

Macaluso & Vito, 2004). Marsh and colleagues instructed participants to perform 

concentric phase of knee extension as fast as possible for lower extremity power training, 

which is a more realistic power training method than training at specific velocities. They 

found this produced similar increase in lower extremity strength but increased knee 
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extension and leg press power twofold compared to standard strength training (Marsh, 

Miller, Rejeski, Hutton, & Kritchevsky, 2009). The study did not measure knee extension 

power at predetermined velocities, and they did not collect knee extension velocity data.  

Studies have reported power training results in greater improvements in SPPB 

(Marsh et al., 2009), chair rise time (Bean et al., 2004), and the Continuous Scale 

Physical Functional Performance test (Miszko et al., 2003) compared to strength training. 

It is possible that power training has greater improvements in physical function because 

of how power training improves muscular power more than strength training. There is a 

lack of studies that separate the two components of power, velocity of movement and 

force, to determine how they are individually related to physical function.  

Summary 

We conclude that the ability to reach a rapid knee extension velocity is a marker 

of muscle function and physical function in older adults who are overweight and obese. 

Additionally, our data suggest that both RT and RT+CR improves the ability for older, 

obese adults to reach a rapid knee extension velocity and improves torque production, 

muscle power, and physical function.  
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Improving Muscle for Functional Independence Trial (I’M FIT) 
Informed Consent Form to Participate in Research 

Barbara Nicklas, PhD, Principal Investigator 

 

Introduction 

You are invited to be in a research study. Research studies are designed to gain scientific 

knowledge that may help other people in the future. You are being asked to take part in 

this study because you are between the ages of 65-79 years, are not participating in a 

strength training program on a regular basis, fit the height and weight requirement, and 

because you are interested in participating in an exercise study. Your participation is 

voluntary. Please take your time in making your decision as to whether or not you wish to 

participate. Please ask the study staff to explain any words or information contained in 

this informed consent document that you do not understand. You may also discuss the 

study with your friends and family. 

 

Why Is This Study Being Done? 

This study will determine whether adding a low calorie diet to strength training will 

improve muscle strength and overall physical function more than just strength training 

only. 

 

How Many People Will Take Part in the Study? 

A total of 130 men and women will participate in the study. In order to identify the 130 

people needed, we may need to screen as many as 250 because some people will not qualify 

to be included in the study. This study will take place at the Geriatric Research Center 

(GRC) and the Geriatric Clinical Research Unit (G-CRU) in the J. Paul Sticht Center on 

Aging at Wake Forest University Health Sciences and the Clinical Research Center (CRC) 

at Wake Forest University.  

 

What Is Involved in the Study? 

If you agree to participate in this study by signing this consent form, you will be asked to 

complete three screening visits to see if you qualify for the study. You will then be asked 

to complete one testing visit before beginning the 5- month intervention and three other 

visits after the intervention. The details about all study visits and procedures are provided 

below. We will make every effort to follow the visit procedures in the order they are 

outlined below; however, it may be necessary at times to make changes to accommodate 

Section on Gerontology and Geriatric 

Medicine 
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different schedules. 

 

Screening Visit 1 (SV1) 

We will ask that you come to the Geriatric Clinical Research Unit (G-CRU) having fasted 

for at least 8 hours prior to your appointment time, with nothing to eat or drink except 

water. At this visit, you will learn more details about the study and you will be given time 

to ask questions and get satisfactory answers. Then, you will be asked to sign this 

informed consent form if you qualify for the study. After signing the consent form, we 

will: 

  Measure your height and weight to determine your eligibility 

 Draw blood (about 2 tablespoons) from a vein in your arm to test your blood 

sugar, cholesterol and fat levels, other blood cell counts and chemistries 

 Provide you with a light breakfast snack 

 Ask you to answer questions about your background, medical history, 

medications, and memory 

 Measure your blood pressure  

 Perform an Electrocardiogram (ECG) of your heart  

 Ask you to do series of physical performance tests including balance tests, chair 

rise (stand up from a seated position in a chair 5 times), a short-distance (4-meters 

or 13-feet) walking speed test, and a narrow walk test  

 

This visit will take approximately 1 ½ to 2 hours.  

 

Screening Visit 2 (SV2) 

Approximately one week later you will come to the Geriatric Research Center (GRC) for 

a second screening visit to undergo the following: 

 Perform a long-distance walking test on our indoor walking course  

 A test of your leg strength and a test of your grip strength 

 Questionnaires that will measure your ability to do daily tasks 

 A series of DXA (dual energy x-ray absorptiometry) scans, which are a painless 

scans of your body that determine the amount of bone, fat, and muscle you have 

(more details provided in the Risks Section of this form) 

 Measurements of your waist, hip, abdomen and thigh using a tape measure 

 

This visit will take approximately 2 to 2 ½ hours.  

 

Screening Visit 3 (SV3) 

Approximately one week later you will come to the Geriatric Research Center (GRC) for 

a second screening visit to undergo the following: 

 A test of your leg strength 

 A series of CT scans to determine the location of your body fat (more details 

provided in the Risks Section of this form) 

 A variety of assessments that measure your vascular function. The battery of tests 

will include the use of 4 different machines. All of the machines require you to 

lie quietly on a table. At different times during the tests, blood pressure cuffs will 

be fitted to your arms and legs and ECG electrodes will be placed on your chest, 
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neck, sides and forearms. A sensor will also be placed on the inside of your wrist 

to obtain information from your pulse.  

 

This visit will take approximately 2½ to 3 hours.  

 

Baseline Visit 1 (BV1) 

For this visit, we will ask that you come to the G-CRU having fasted for at least 8 hours 

prior to your appointment time, with nothing to eat or drink except water. At this visit, we 

will:  

 Draw blood (about 2 tablespoons) from a vein in your arm to test levels of 

inflammation and other risk factors in your blood 

 Use an ultrasound to assist in removing a sample of your leg muscle (more details 

provided in the Risks Section of this form) 

 Provide you with a light breakfast snack 

This visit takes approximately 1 to 1 ½ hours.  

 

Randomization 

At the end of the SV3 you will be randomized into one of the 2 study groups listed 

below. Randomization means that you are put into a group by chance, such as flipping a 

coin. You will have an equal chance of being placed in either of the 2 groups. You must 

agree to be in either group and you may not pick or change the group that you are placed 

in. You will participate in 1 of these groups for 5 months (up to 20 weeks).  

 The groups are:  

 Strength training Only 

 Strength training with a Diet designed for weight loss  

 

Study groups (interventions) 

Both groups will take part in a Strength training program for 20 weeks. All exercise will 

be done at the Clinical Research Center (CRC) off Shorefair Drive in Winston-Salem. 

You will exercise (strength train) 3 days a week on Nautilus resistance machines. Two 

study personnel, who are trained in basic life support, will supervise all exercise sessions. 

Blood pressure and heart rate will be measured and recorded before each exercise 

session. Training sessions will start with a warm-up by walking or cycling for 5 minutes 

followed by a series of stretches. The session will end with a cool down of light 

stretching. You will be asked to wear comfortable clothing and good walking shoes.  

 

If you are placed in the Strength training Only group, you will be instructed to maintain 

your regular dietary intake that matches your calculated energy needs during the course 

of the study.  

 

If you are placed in the Strength training + Diet group you will be asked to eat a low 

calorie diet for 20 weeks. This diet contains approximately 600 calories less than you 

need to maintain your current weight. This allows for an approximate weight loss of 

about 8-10% of your current weight. You will have an initial meeting with study staff to 

discuss the diet and the meal replacement choices. During the course of the 20 weeks, 

you will be asked to record all food and drinks in a logbook diary. A maximum of two 
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meals replacements per day (shakes and bars) will be provided for you. You will be 

responsible for providing your own dinner and snacks in accordance with the guidelines 

provided.  

 

In addition, both groups will be provided with a daily calcium (1200 mg) and vitamin D 

(800 IU/d) supplement.  

 

During the course of the 20 weeks of the intervention, some participants will also be 

contacted for telephone interviews to obtain a detailed report of their previous day’s 

dietary intake. Those interviews will be conducted by a CRU nutritionist at (three/six) 

random time points and will each take approximately 15-30 minutes time. 

Follow-up Visit 1 (FV1) 

For this visit, we will ask that you come to the GRC during the last week that you are 

exercising. At this visit, we will ask you to undergo the following procedures/activities:   

 A test of your leg strength and a test of your grip strength 

 Questionnaires that will measure your ability to do daily tasks 

 

This visit takes approximately 11/2 hour.  

 

Follow-up Visit 2 (FV2) – This visit may be combined with FV1 

For this visit, we will ask that you come to the GRC to undergo the following 

procedures/activities:  

 A series of physical performance tests including balance tests, chair rise (stand up 

from a seated position in a chair 5 times), a short-distance (4-meters or 13-feet) 

walking speed test, and a narrow walk test 

 Perform a long-distance walking test on our indoor walking course  

 A series of DXA (dual energy x-ray absorptiometry) scans, which are a painless 

scans of your body that determine the amount of bone, fat, and muscle you have 

(more details provided in the Risks Section of this form) 

 A series of CT scans to determine the location of your body fat (more details 

provided in the Risks Section of this form) 

 Measurements of your waist, hip, abdomen and thigh using a tape measure 

 A variety of assessments that measure your vascular function. The battery of tests 

will include the use of 4 different machines. All of the machines require you to lie 

quietly on a table. At different times during the tests, blood pressure cuffs will be 

fitted to your arms and legs and ECG electrodes will be placed on your chest, 

neck, sides and forearms. A sensor will also be placed on the inside of your wrist 

to obtain information from your pulse.  

 

This visit takes approximately 2 to 2½ hours. 

 

Follow-up Visit 3 (FV3) - This visit may be combined with FV1 or FV2 if you don’t have 

to have a repeat leg muscle sample taken  

For this visit, we will ask that you come to the G-CRU having fasted for at least 8 hours 

prior to your appointment time, with nothing to eat or drink except water. At this visit, we 

will:  
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 Draw blood (about 4 tablespoons) from a vein in your arm to test your blood 

sugar, cholesterol and fat levels, other blood cell counts and chemistries, levels of 

inflammation and other risk factors in your blood 

 Remove a sample of your leg muscle (more details provided in the Risks Section 

of this form).You may not have to have this done if we were unable to get enough 

muscle from you during this first procedure.    

 Provide you with a light breakfast snack 

This visit takes approximately 1 to 1½ hours.  

 

Storage of Biological Tissue 

If you agree to participate in this study, 4 of the tablespoons of blood will be stored to use 

for future research. This sample will be kept frozen and may be used in future research to 

learn more about other diseases. Your sample will be stored in the Geriatrics laboratory 

in the Nutrition Research building at Wake Forest Baptist Medical Center (WFBMC) 

under the supervision of Dr. Barbara Nicklas, and it will be used only by researchers 

approved by Dr. Nicklas. An Institutional Review Board (IRB) must also approve any 

future research study using your sample.  

 

Your blood sample will be stored with a unique identifier and will not include any 

identifiable information about you, such as your name, address, telephone number, social 

security number, medical record number or any of the identifiers outlined in the HIPAA 

Privacy Rule regulations. The unique identifier will be a randomly assigned number and 

only the principal investigator will have access to the code that links the unique identifier 

to you. Your name, address, social security number, etc. will never be disclosed to future 

researchers and neither will the code that links your identifiers to the sample.  

 

The research that may be done with your blood sample is not designed to help you 

specifically. There is no personal benefit to you from taking part in this aspect of this 

study. It might help people who have diseases at some point in the future, but it is not 

known if this will happen. The results of the research done with your blood sample will 

not be given to you or your doctor. These results will not be put in your medical records. 

The research using your blood sample will not affect your care. Your blood sample will 

be used only for research and will not be sold. The findings from this research may result 

in the future development of products that are of commercial value. There are no plans to 

share any of the profits with you which may occur as a result of this research.  

How Long Will I Be in the Study? 

You will be in the study for about 6 months. You will be in the exercise program of the 

study for 5 of these months. You can stop participating at any time. If you decide to stop 

participating in the study we encourage you to talk to the study investigators or staff first. 

 

What Are the Risks of the Study? 

Being in this study involves some risk to you. You should discuss the risk of being in this 

study with the study investigators or staff. Risks and side effects related to the exercise 

program, study diet, and study procedures include: 

 

1. Diet intervention 
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Although there are no known serious risks associated with eating a meal replacement diet 

to lose weight, changes in usual bowel function (diarrhea and/or constipation) may occur 

when beginning the new diet due to differences between this diet and your usual diet. 

Under conditions of rapid weight loss (more than 5 pounds per week), there is a very 

small chance of developing gallbladder disease. Rapid weight loss will be monitored by 

weighing you weekly and adjusting your caloric intake if necessary. 

2. Strength training intervention  

There exists the possibility that certain physical changes may occur during your 

participation in strength training. These include: abnormal blood pressure, fainting, 

abnormal heart beats, chest pain and, in rare instances, heart attack, stroke, or death. 

Every effort is made to minimize these risks by reviewing information about your health 

and fitness before the intervention begins, and by closely observing you during all testing 

procedures. Emergency equipment and trained personnel are available to deal with 

unusual situations that may arise. 

 

All strength training classes will be supervised by exercise technicians, who will instruct 

you in proper exercise techniques. There may be some discomfort in the beginning of the 

study from increasing your physical activity. The possibilities include, but are not limited 

to, muscle and joint stiffness/soreness. This stiffness/soreness generally declines in 1 or 2 

days and is not considered to be serious. You might experience an exercise-related injury 

such as a strain, sprain, or other injury to your muscles or joints. You might experience 

minor ailments such as foot pain, anxiety, fatigue, decreased appetite, dizziness, or other 

minor health occurrences.  

 

3. Physical performance tests 

Your ability to perform certain physical activities will be measured before and after the 

intervention. There is a slight risk of falls while participating in the balance test. 

However, you will be positioned beside a step or wall that can be reached immediately if 

you feel that you are going to lose your balance. Additionally, the person conducting the 

test will stand next to you at all times. You may have slight hand discomfort during the 

grip test, but this usually stops once the test is over. There is a small possibility that you 

may stumble, fall or aggravate one of your joints/muscles during the walking test or knee 

strength test.  

 

4. Body measurements 

Several methods will be used to determine your amount of fat, muscle and bone and the 

location of body fat. A tape measure will be used to measure the size of your waist, hip, 

abdomen and thigh. A dual energy X-ray absorptiometry machine (DXA) will measure 

the amount of your muscle, bone and fat. This machine uses photons (energy) which scan 

across your body while you are lying quietly on a padded table. Computed tomography 

(CT) scans of the abdomen, heart, and thigh will be used to determine whether body fat is 

located deep in the tissues or close to the body surface. The CT scan of your thigh will 

also determine the area of your leg muscles. Both the DXA and CT scans are painless, 

but do involve exposure to doses of x-rays. Other than minimal exposure to radiation, 

there are no risks associated with the CT or DXA scans. 
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The radiation dose that you will receive as a result of participating in this study includes 

radiation from DXA and CT scans. The amount of radiation you will receive from all 

the CT scans is 1690 millirem, and the amount of radiation you will receive from all the 

DXA scans is 30 millirem. You will receive a total radiation dose of 1720 millirem by 

participating in this study. This is equal to 34% of the yearly limit for radiation exposure 

allowed for radiation workers (5000 millirem). 

The risk of these procedures is small. Please be aware that this radiation exposure is 

necessary for this research study only and is not essential for your medical care. The 

Wake Forest University/Baptist Medical Center’s Radiation Safety Committee, a group 

of experts on radiation matters, has reviewed the use of radiation in this research study 

and has approved this use as being necessary to obtain the research information desired. 

The potential long-term risk from these radiation doses is uncertain, but these doses have 

never been associated with any definite adverse effects. Thus, the risk to you, if any, is 

estimated to be slight. 

 

The scans are being conducted only for the purpose of research. It is a different test than 

what is used in the clinical setting to detect or discover medical conditions. It is not a 

substitute for a clinical scan. Research personnel will analyze the scan only for the 

specified research findings. If we should happen to see an abnormal finding that may be 

harmful to your health, we will notify you and your personal physician if you ask us to. 

Unexpected findings on the limited research scan will occasionally allow early discovery 

of a medical condition for which you may need treatment. They may also cause undue 

worry or result in additional testing, sometimes costly, which may or may not benefit 

your health.  

 

5. Muscle sampling 

To reduce the chance of bleeding, you cannot take aspirin, certain other pain relievers 

(like ibuprofen, Motrin™, Advil™, Aleve™) or other medications that may affect 

bleeding, platelets, or bruising for 5 days before and for 3 days after the procedure. It is 

OK to use acetaminophen (Tylenol™ or Extra-strength Tylenol™). You will also be 

asked to avoid strenuous physical activity for 36 hours before and after the procedure. 

You will be asked to fast (nothing to eat or drink except water for 8 hours before your 

visit). The muscle sample will be studied to measure factors affecting muscle function, 

strength, endurance, and metabolism. The entire procedure takes less than 45 minutes to 

complete and a snack will be provided after the sampling. The muscle sampling will be 

performed before and after the 5-month exercise intervention. 

 

The skin of one of your thighs will be thoroughly cleaned and a local anesthetic 

(numbing medicine similar to what a dentist uses) will be used to numb your skin first 

and then your thigh muscle. After the numbing medicine takes effect, a very small 

incision (1/4 inch long) will be made in the skin of your thigh and a needle inserted to 

remove a small piece of muscle (about the size of a small pea). Sometimes, the doctor 

doesn’t get enough muscle tissue the first time and will ask if you will allow the needle to 

be inserted for another try. After the needle is removed, the doctor will apply pressure to 

your leg to prevent bleeding into the tissue and will close the incision with small pieces 
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of sterile tape.  

 

The numbing medicine injected into your muscle will reduce the discomfort felt during 

the muscle sampling. Temporary numbness of the skin near the sampling site can rarely 

occur, and very rarely, this numbness can persist. In addition, bruising can occur. You 

may feel pain or soreness in the area of the sampling after the local anesthetic wears off. 

There is a slight risk of bleeding into the tissue and infection; however, pressure is 

applied to stop the bleeding and this procedure is done under sterile conditions to protect 

against infection. You will be given instructions on how to care for the incision and treat 

any pain or discomfort before you leave the clinic. A very small scar (1/4 inch) may 

persist. If you are allergic to the local anesthetic, you may experience dizziness, 

anxiousness, numbness of the lips and tightness of the throat. Medications to treat your 

reaction are kept close by if needed. If you are allergic or sensitive to the adhesive tape, 

you may experience skin irritation or a rash where the tape was applied. These reactions 

go away within a short time. A very small number of individuals feel lightheaded or 

dizzy during, or immediately following, the procedure. If this should occur we will stop 

the procedure and perform appropriate treatment, including providing you with a snack or 

drink. There is no additional risk in using the ultrasound during the muscle sampling.  

 

6. Calcium and Vitamin D Supplement 

You will be asked to take a calcium and vitamin D supplement twice daily. There is a 

slight chance that you may develop constipation from taking calcium on a regular basis. 

This can be resolved by talking to the study staff and learning ways to incorporate more 

fiber and water into your diet. Please discuss this with the study staff should this occur.  

 

7. Blood Draw 

Blood samples (8 tablespoons total) will be drawn from a vein in your arm after an 

overnight fast before and after the intervention. You may experience discomfort, bruising 

and/or bleeding where the needle is inserted. Occasionally, some people become dizzy, 

lightheaded or feel faint. Infection may occur on rare occasions.  

 

8. Vascular Function 

During these tests you will have up to four blood pressure cuffs on your arms and legs. 

As they inflate, the pressure might be uncomfortable but should only last a few seconds. 

Several ECG electrodes are placed on your body, which are sticky and may be 

uncomfortable removing. In rare cases, the skin may become irritated from the electrode 

adhesive. The technician will write on your wrist with a pen to mark where your pulse is 

the strongest, but this mark can be easily wiped off. The pulse sensor may leave a small 

circular indentation from where it is pressed down on your wrist. The pressure is minimal 

and the indentation will go away within an hour.  

 

Women of childbearing age are excluded from the study. Only postmenopausal women 

will be included. Therefore, there is no risk of harm to an unborn fetus. 

 

There also may be other side effects and/or risks that we cannot predict. You should tell 

the research staff about all the medications, vitamins and supplements you take and any 
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medical conditions you have. This may help avoid side effects, interactions and other 

risks. 

 

Taking part in this research study may involve providing information that you consider 

confidential or private. Efforts, such as coding research records, keeping research records 

secure and allowing only authorized people to have access to research records, will be 

made to keep your information safe. 

 

A Data Safety and Monitoring Committee, an independent group of experts, will be 

reviewing the data from this research throughout the study. 

 

Are There Benefits to Taking Part in the Study? 

If you agree to take part in this study, there may or may not be direct benefit to you. We 

hope the information learned from this study will benefit other people in the future. The 

benefits of participating in this study include receiving information about your risk 

factors for heart disease including cholesterol, blood pressure, blood sugar, body fat 

amount and location, and physical fitness status. These tests will help you to know how 

healthy you are compared to others your age and whether or not you have an immediate 

health concern. A possible benefit is that by losing weight and/or increasing your 

physical activity you may reduce your risk for diabetes and heart disease, and you may 

increase your muscle strength. Because individuals respond differently to diet and 

exercise, no one can know in advance if it will be helpful in your particular case. 

 

What Other Choices Are There? 

Classes and testing procedures similar to those offered in this study are available in the 

community and usually involve a charge to participants.  

 

This is not a treatment study. Your alternative is to not participate in this study. 

 

What about My Health Information? 

In this research study, any new information we collect from you about your health or 

behaviors is considered Protected Health Information. The information we will collect for 

this research study includes: health history, your family health history, how you respond 

to study activities or procedures, laboratory and other test results, medical images, and 

information from study visits, phone calls, surveys, and physical examinations. 

 

If this research study involves the diagnosis or treatment of a medical condition, then 

Protected Health Information collected from you during this study may be placed in your 

medical record, and may be used to help treat you, arrange payment for your care, or 

assist with Medical Center operations.  

 

We will make every effort to keep your Protected Health Information private. We will 

store records of your Protected Health Information in a cabinet in a locked office or on a 

password protected computer. Only the following people or organizations will be granted 

access to your Protected Health Information: 
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1) The study investigator and his/her staff, or others at Wake Forest University 

Health Sciences who oversee research 

2) Other people or laboratories providing services for this research project on behalf 

of Wake Forest University Health Sciences and Wake Forest University Baptist 

Medical Center  

If required by law or court order, we might also have to share your Protected Health 

Information with a judge, law enforcement officer, government agencies, or others. If 

your Protected Health Information is shared with any of these groups it might no longer 

be protected by federal or state privacy rules. 

 

Any Protected Health Information collected from you in this study that is maintained in 

the research records will be kept for at least six years after the study is finished. At that 

time any research information not already in your medical record will either be destroyed 

or it will be de-identified and any research information entered into your medical record 

will be kept for as long as your medical record is kept by the Medical Center. You will 

not be able to obtain a copy of your Protected Health Information in the research records 

until all activities in the study are completely finished.  

 

You can tell Barbara Nicklas, PhD that you want to take away your permission to use and 

share your Protected Health Information at any time by sending a letter to this address: 

 

Barbara Nicklas, PhD 

Section on Gerontology and Geriatric Medicine 

J. Paul Sticht Center on Aging 

Medical Center Blvd. 

Winston Salem, NC 27157 

 

However, if you take away permission to use your Protected Health Information you will 

not be able to be in the study any longer. We will stop collecting any more information 

about you, but any information we have already collected can still be used for the 

purposes of the research study. 

 

By signing this form you give us permission to use your Protected Health Information for 

this study. 

 

If you choose to participate in this study, your medical record at Wake Forest University 

Baptist Medical Center will indicate that you are enrolled in a clinical trial. Information 

about the research and any medications or devices you are being given as a participant 

may also be included in a special section of your medical record. This part of the medical 

record will only be available to people involved in the research study or persons treating 

you at this Medical Center. If you are not a patient at this Medical Center, a medical 

record will be created for you anyway to ensure that this important information is 

available to doctors in case of an emergency. 

 

A description of this clinical trial will be available on http://www.ClinicalTrials.gov, as 

required by U.S. Law. This website will not include information that can identify you. At 

http://www.clinicaltrials.gov/
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most, the website will include a summary of the results. You can search this Web site at 

any time. 

 

Laboratory test results and other medical reports created as a result of your participation 

in the research study may be entered into the computer systems of Wake Forest 

University Health Sciences and North Carolina Baptist Hospital. These will be kept 

secure, with access to this information limited to individuals with proper authority, but 

who may not be directly involved with this research study. 

 

A North Carolina Baptist Hospital (NCBH) medical record will be created for all study 

participants. Information about your participation in the study will be placed in the 

NCBH medical record, along with any routine medical test results that were obtained at 

NCBH as part of this study. 

 

What Are the Costs? 

There are no costs to you for taking part in this study. All study costs, including meal 

replacements and procedures related directly to the study will be paid for by the study. 

Costs for your regular medical care, which are not related to this study, will be your own 

responsibility. You will receive a parking voucher that will cover the cost of parking for 

each of your visits to the Medical Center for assessment visits.  

 

Will You Be Paid for Participating? 

You will receive no payment or other compensation for taking part in this study. 

 

Who is Sponsoring this Study? 

This study is being sponsored by the National Institute on Aging. The sponsor is 

providing money or other support to Wake Forest University Health Sciences to help 

conduct this study. The researchers do not, however, hold a direct financial interest in the 

sponsor or the product being studied. 

 

What Happens if You Experience an Injury or Illness as a Result of Participating in this 

Study? 

Should you experience a physical injury or illness as a direct result of your participation 

in this study, Wake Forest University School of Medicine maintains limited research 

insurance coverage for the usual and customary medical fees for reasonable and 

necessary treatment of such injuries or illnesses. To the extent research insurance 

coverage is available under this policy the reasonable costs of these necessary medical 

services will be paid, up to a maximum of $25,000. Wake Forest University Baptist 

Medical Center holds the insurance policy for this coverage. It provides a maximum of 

$25,000 coverage for each claim and is limited to a total of $250,000 for all claims in any 

one year. The Wake Forest University School of Medicine, and the North Carolina 

Baptist Hospitals, Incorporated do not assume responsibility to pay for these medical 

services or to provide any other compensation for such injury or illness. Additional 

information may be obtained from the Medical Center’s Director of Risk and Insurance 

Management, at (336) 716-3467. 
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If you are injured, the insurer may require information such as your name, social security 

number, and date of birth in order to pay for your care. This is because the insurer is 

required by law to report any payments made to cover the care of any persons who are 

members of a government insurance plan to the Department of Health and Human 

Services. 

 

You do not give up any legal rights as a research participant by signing this consent form. 

For more information on medical treatment for research related injuries or to report a 

study related illness, adverse event, or injury you should call Barbara Nicklas, PhD at 

336-713-8584 during normal business hours and at 336-713-8250 Please identify yourself 

as an I’M FIT study participant. 

What Are My Rights as a Research Study Participant? 

Taking part in this study is voluntary. You may choose not to take part or you may leave 

the study at any time. Refusing to participate or leaving the study will not result in any 

penalty or loss of benefits to which you are entitled. If you decide to stop participating in 

the study we encourage you to talk to the investigators or study staff first to learn about 

any potential health or safety consequences. The investigators also have the right to stop 

your participation in the study at any time. This could be because it is in your best 

medical interest, your condition worsened, new information becomes available, you had 

an unexpected reaction, you failed to follow instructions, or because the entire study has 

been stopped.  

 

You will be given any new information we become aware of that would affect your 

willingness to continue to participate in the study. 

 

WHOM DO I CALL IF I HAVE QUESTIONS OR PROBLEMS? 
For questions about the study or in the event of a research-related injury, contact the 

study investigator, Barbara Nicklas, PhD at 336-713-8584 during normal business hours 

and at 336-713-8250 Please identify yourself as an I’M FIT study participant.  

 

The Institutional Review Board (IRB) is a group of people who review the research to 

protect your rights. If you have a question about your rights as a research participant, you 

should contact the Chairman of the IRB at (336) 716-4542. 

 

You will be given a signed copy of this consent form.  

 

We can send copies of your test results to your personal physician if you request it. Even 

if you do not wish to have any of your medical information sent to your physician, you 

can still participate in this research study. Do you request that we send important medical 

findings from your study tests/exams to your personal physician?  

 

[  ] Yes [  ] No  ___________ Initials 

 

Signatures 

I agree to take part in this study. I authorize the use and disclosure of my health 
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information as described in this consent and authorization form. If I have not already 

received a copy of the Privacy Notice, I may request one or one will be made available to 

me. I have had a chance to ask questions about being in this study and have those 

questions answered. By signing this consent and authorization form, I am not releasing or 

agreeing to release the investigator, the sponsor, the institution or its agents from liability 

for negligence. 

 
Subject Name (Printed):_____________________________ 

 
Subject Signature: _________________________________ Date: _________ Time: _______ am 

pm   

  

Person Obtaining Consent: _________________________ Date: _________ Time: ________ am 

pm 
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Appendix B 

I’M FIT Medical History 

Acrostic ____________  SV1 

ID ________________  Date: ___/___/___ 

 
Body System Yes No Start 

Date 1 

(mm/yr) 

Stop 

Day 1 

or Cont 

Start 

Date 2 

(mm/yr) 

Stop 

Date2 

or Cont 

Detail 

HEENT        

Glaucoma/Cataracts        

Hearing Problems        

Oral surgery        

Glasses/ Contacts        

        

        

Cardiovascular        

Heart Attack/ MI        

Stents        

Balloon Angioplasty        

Angina/Chest Pain        

Atrial Fibrillation        

Valvular heart disease        

Edema        

Hypertension        

Congestive Heart Failure        

Heart Murmur        

Irregular 

Heartbeat/Palpitations 

       

Blood clots/clotting 

disorders 

       

        

Respiratory        

Shortness of Breath        

COPD/ Emphysema        

Bronchitis/pneumonia        

Asthma        

Sleep Apnea/Loud 

Snoring 

       

        

Gastrointestinal        

Irritable Bowel 

Syndrome 

       

Stomach ulcers        

Blood in stool        

Gallstones/ Gallbladder 

Problems 

       

Heartburn        

        

Body System YES NO START 

DATE 1 

(mm/yr) 

STOP 

DATE 1 

START 

DATE 2 

(mm/yr) 

STOP 

DATE 2 

DETAILS 
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or 

CONT 

or 

CONT 

Reflux        

Colon polyps        

Belching/Burping        

Hemorrhoids        

Diarrhea        

Hernia        

        

        

Renal/ Genitourinary        

Chronic renal failure        

Urinary Incontinence        

Recurrent Urinary Tract 

Infections 

       

Last Menstrual Period        

Enlarged Prostate        

        

        

Endocrine/ Metabolic        

Diabetes        

Thyroid Problems        

Gout        

High Triglycerides        

High Cholesterol        

        

        

Blood        

Anemia        

        

        

Musculoskeletal/ Skin        

Arthritis/ joint pain        

Chronic back pain        

Bursitis/ tendonitis        

Broken bones        

Osteopenia/Osteoporosis        

Joint replacement        

        

        

        

Body System YES NO START 

DATE 1 

(mm/yr) 

STOP 

DATE 1 

or 

CONT 

START 

DATE 2 

(mm/yr) 

STOP 

DATE 2 

or 

CONT 

DETAILS 

Neurologic/ Psychiatric        

Headaches        

Migraines        

Stroke/TIA        

Seizures        

Depression        

Anxiety        

Trouble Sleeping        
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Alcohol Intake        

Substance Abuse        

        

Other        

Cancer        

        

Allergies        

Lidocain or Novocain        

        

        

        

 

 

 

 
Surgeries/ Hospitalizations Date (mm/yr) 

  

  

  

  

  

  

  

  

  

 

 

Coordinator’s Signature______________________________ Date 

______/______/______ 

 

Medical Director’s Signature_______________________________ Date 

_____/_____/_____ 
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Appendix C 

I’M FIT Demographics 

Acrostic ____________     Visit: SV1 

ID ________________                                   Interviewer _______ Date: ___/___/___ 

 

1. What is your date of birth? _______/_______/__________ 

 MMM       DD         YYYY 

 

2. What is your sex? Male  Female 

 

3. What do you consider your ethnic origin to be? 

 

African American/Black  Hispanic or Latino 

Multiracial or Other    Caucasian/White 

American Indian or Alaska Native 

Asian     Native Hawaiian or Pacific Islander  

 

4.  Do you live alone? Yes  No       Refused 

 

 

 

 

 

5. Who lives with you?  Mark all that apply:   

Spouse    Child  Friend  Other Relative  Paid 

Employee 

Other: ________________________  Refused   

 

6. Including yourself, how many live in your household? _________

 Refused 

 

7. Which of the following best describes your current marital status? 

 

Married  Separated  Divorced  Widowed 

Never Married   Other ______________  Refused 

 

8. What was the last grade you completed in school? 

 

Go to Question #7 Go to Question #5 
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No Formal Education (00)   College (13-16) 

 Refused 

Elementary School (K-08)   Post Graduate  

High School/Equivalent (09-12)  Other:     
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Appendx D 

I’M FIT Vital Signs 

Acrostic ____________  Visit:  

SV1     
ID ________________  Date: ___/___/___ 

Interviewer _______ 

Vital Signs: 
 

Pulse __________bpm 

 

Height: __________ cm Weight: __________kg   

 

BMI: ____________ 

 

Sex 

 

Male    Female  

 

Women: BMR = 655 + (9.6 x weight in kilos ) + ( 1.8 x height in cm ) - ( 4.7 x age in 

years) 

 

Men: BMR = 66 + (13.7 x weight in kilos ) + ( 5 x height in cm ) - ( 6.8 x age in years ) 

 

Caloric Equation: ___________________ 

 

Sitting Blood Pressure (after 5 minutes of rest)  

 

Arm: Right  Left  (Explain I left, ____________________________) 

 

Cuff size: Regular 

 

  Large 

 

  Thigh 

 

________/________ mmHg 

Systolic/Diastolic  

 

Comments: 

_________________________________________________________________ 
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Appendix E 

I’M FIT Biodex Protocol 

Acrostic ____________  Visit: SV2 SV3 FV1 

ID___________  Date: ___/___/___ 

  Interviewer _______ 
 

Did the participant complete a walking warm- up?  Yes   No 

 

Weight: ___________kg    Blood pressure: ______________          Exclude if >199/109 

mmHg 
 

Which is the participant’s dominant leg?  Right  Left 

 

If any of the below responses are “Yes,” do not test.  

 

Has the doctor ever told you that you have an aneurysm in the brain?  Yes  No  

 

Has the doctor ever told you that you had a cerebral hemorrhage or bleeding in your brain in the 

last 6 months?  Yes     No 

 

If any of the below responses are “Yes,” do not test. Proceed testing on other leg.  

 

Have you ever had knee surgery on either leg where all or part of the joint was replaced?  

Yes            No 

 

Is it difficult for you to bend or straighten either of your knees fully due to pain, arthritis, injury, 

or some other condition?   Yes  No 

 

 

 

 

 

 

 

 

 

 

Perform Manual Test 

Did you have pain in your knee that stopped you from pushing hard?      

Yes    No 

 

“Please hold onto the chest straps. Remember to breathe throughout the test. Should you 

experience any pain please let me know immediately.”      

 

Right leg 

Trials: “I’d like you to feel the range of motion. Slowly, push and pull against the lever arm 

until it stops. Go ahead and do this a few times to get familiar with the machine. How hard 

was that for you? (show RPE scale) This time, when you push and pull against the lever arm, 

Chair settings 

a. Dynamometer tilt 0 e. Chair height  

b. Dynamometer 
rotation 

900 f. Chair depth  

c. Dynamometer right  g. Chair angle 850 

d. Dynamometer left  h. T depth  

  i. Attach arm length  
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do so somewhere in the green zone. I’d like for this to be somewhat hard. (participant does 3 

trials at a moderate RPE) Did you experience any pain? Rest. If no, proceed with testing. If yes, 

rest and see if the participant wants to continue.  

 

Trial 1 at 600: “For this trial I’d like for you to push and pull as hard as you can against the 

lever arm until it stops. Continue to do this until I say stop. Whenever you are ready, you 

may begin.” (PROMPT PUSH/PULL respectively) 

60°/sec AWY TWD 

Peak Torque   

Total Work   

% CV   
 

Trial 1 at 600:________Nm    __________Nm ___________Nm __________Nm 

 

Trial 2 at 600: “Now we’ll let you rest.” Rest 90 seconds. “We are going to do that again. I’d 

like for you to push and pull as hard as you can against the lever arm until it stops. 

Continue to do this until I say stop. Whenever you are ready, you may begin.” (PROMPT 

PUSH/PULL respectively) 

60°/sec AWY TWD 

Peak Torque   

Total Work   

% CV   

 

Trial 2 at 600:________Nm    __________Nm ___________Nm __________Nm  

 

“Now we’ll let you rest.” Rest  90 seconds. “Now we are going to change speeds. To get a 

better understanding of how it feels, I’d like you to slowly, push and pull against the lever 

arm until it stops. Go ahead and do this a few times to get use to the machine. How hard 

was that for you? (show RPE scale) This time, when you push and pull against the lever arm, 

do so somewhere in the green zone. I’d like for this to be somewhat hard. (participant does 3 

trials at a moderate RPE) Did you experience any pain? Rest. If no, proceed with testing. If yes, 

rest and see if the participant wants to continue. 

 

Trial 3 at 2400: “This trial I’d like for you to push and pull as hard as you can against the 

lever arm until it stops. Continue to do this until I say stop. Whenever you are ready, you 

may begin.” (PROMPT PUSH/PULL respectively) 

240°/sec AWY TWD 

Peak Torque   

Total Work   

% CV   
 

Trial 3 at 2400:________Nm    __________Nm ___________Nm __________Nm  
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Trial 4 at 2400: “Now we’ll let you rest.” Rest 90 seconds. “We are going to do that again. 

Whenever you are ready I’d like for you to push and pull against the lever arm until it 

stops. Continue to do this until I say stop. Continue to do this until I say stop. Whenever you 

are ready, you may begin.” (PROMPT PUSH/PULL respectively) 

240°/sec AWY TWD 

Peak Torque   

Total Work   

% CV   
 

Trial 4 at 2400:________Nm    __________Nm ___________Nm __________Nm  

 

Switch to Left leg 

Perform Manual Test 

Did you have pain in your knee that stopped you from pushing hard?      

Yes    No 

 

Trials: “Slowly, I’d like for you to push and pull against the lever arm until it stops. Do this 

a few times to get use to the machine. How was that for you? (show RPE scale) This time, I’d 

like for you to push and pull against the lever arm. I’d like for you to work in the green 

zone, or for this to be somewhat hard. (participant does 3 trials at a moderate RPE) Did you 

experience any pain? If no, proceed with testing. If yes, rest and see if the participant wants to 

continue.  

 

Trial 6 at 600: “This next trial I’d like for you to push and pull as hard as you can against 

the lever arm until it stops. Continue to do this until I say stop. Whenever you are ready, 

you may begin.” (PROMPT PUSH/PULL respectively) 

60°/sec AWY TWD 

Peak Torque   

Total Work   

% CV   
 

Trial 6 at 600:________Nm __________Nm ___________Nm __________Nm 

 

Trial 7 at 600: “Now we’ll let you rest.” Rest 90 seconds. “We are going to do that again. 

Whenever you are ready I’d like for you to push and pull against the lever arm until it 

stops. Continue to do this until I say stop. Whenever you are ready, you may begin.” 

(PROMPT PUSH/PULL respectively) 

60°/sec AWY TWD 

Peak Torque   

Total Work   

% CV   
 

Trial 7 at 600:________Nm    __________Nm ___________Nm __________Nm  
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“Now we’ll let you rest.” Rest  90 seconds. “Now we are going to change speeds. To get a 

better understanding of how it feels, I’d like you to slowly, push and pull against the lever 

arm until it stops. Go ahead and do this a few times to get use to the machine. How hard 

was that for you? (show RPE scale) This time, when you push and pull against the lever arm, 

do so somewhere in the green zone. I’d like for this to be somewhat hard. (participant does 3 

trials at a moderate RPE) Did you experience any pain? Rest. If no, proceed with testing. If yes, 

rest and see if the participant wants to continue.  

 

Trial 8 at 2400: This next trial I’d like for you to push and pull as hard as you can against 

the lever arm until it stops. Continue to do this until I say stop. Whenever you are ready, 

you may begin.” (PROMPT PUSH/PULL respectively) 

 

 

 

 

 

 

 

 

Trial 8 at 2400:________Nm    __________Nm ___________Nm __________Nm  

 

Trial 9 at 2400: “Now we’ll let you rest.” Rest  90 seconds. “We are going to do that again. 

Continue to do this until I say stop. Whenever you are ready, you may begin.” (PROMPT 

PUSH/PULL respectively) 

 

 

 

 

 

 

 

Trial 9 at 2400:________Nm    __________Nm ___________Nm __________Nm 

 

Trial 8 at 2400:________Nm    __________Nm ___________Nm __________Nm  

Trial 9 at 2400: “Now we’ll let you rest.” Rest  90 seconds. “We are going to do that again. 

Continue to do this until I say stop. Whenever you are ready, you may begin.” (PROMPT 

PUSH/PULL respectively) 

 

 

 

 

 

 

 

 

Trial 9 at 2400:________Nm    __________Nm ___________Nm __________Nm  

  

240°/sec AWY TWD 

Peak Torque   

Total Work   

% CV   

240°/sec AWY TWD 

Peak Torque   

Total Work   

% CV   

240°/sec AWY TWD 

Peak Torque   

Total Work   

% CV   
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Appendix F 

I’M FIT 

Short Physical Performance Battery 

Acrostic ____________  Visit: SV1   FV2 

ID ________________  Date: ___/___/___ 

  Interviewer: _______ 
 

All of the tests should be performed in the same order as they are presented in this protocol. 

Instructions to the participant are shown in bold and should be given exactly as they are written in 

this script. 

Test is being completed in the          research center (GRC)        clinic (G floor) 

I would now like you to try to move your body in different movements. I will first 

describe and show each movement to you. Then I’d like you to try to do it. If you cannot do a 

particular movement, or if you feel it would be unsafe to try to do it, tell me and we’ll move on 

to the next one. Let me emphasize that I do not want you to try to do any movement that you 

feel might be unsafe. Do you have any questions before we begin? 

Balance Tests 

The participant must be able to stand unassisted without the use of a cane or walker. You 

may help the participant to get up. 

Side-by-Side

 

Now I will show you the first movement. (Demonstrate)  I want you to try to stand with 

your feet together, side-by-side, for about 10 seconds. You may use your arms, bend your knees, 

or move your body to maintain your balance, but try not to move your feet. Try to hold this 

position until I tell you to stop. Stand next to the participant to help him/her into the side-by-side 

position. Supply just enough support to the participant’s arm to prevent loss of balance. When the 

participant has his/her feet together, ask “Are you ready?”  Then let go and begin timing as you 

say, “Ready, begin.”  Stop the stopwatch and say “Stop” after 10 seconds or when the participant 

steps out of position or grabs your arm. If participant is unable to hold the position for 10 seconds, 

record result and go to the gait speed test. 

Side-by-Side          

  Score 

 Held 10 sec SCORE = 1. Go to Semi-tandem balance test.   

 ______ 

Held < 10 sec SCORE = 0. Go to gait speed test.  

Not attempted; state reason __________________SCORE = 0. Go to gait speed test 

Number sec held if < 10 ___.___ 

  

Semi-Tandem Stand 
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Now I will show you the second movement. (Demonstrate)  I want you to try to stand with the 

side of the heel of one foot touching the big toe of the other foot for about 30 seconds. You may put 

either foot in front, whichever is more comfortable for you. You may use your arms, bend your knees, 

or move your body to maintain your balance, but try not to move your feet. Try to hold this position 

until I tell you to stop. Stand next to the participant to help him/her into the semi-tandem position. Supply 

just enough support to the participant’s arm to prevent loss of balance. When the participant has his/her feet 

positioned, ask “Are you ready?”  Then let go and begin timing as you say, “Ready, begin.”  Stop the 

stopwatch and say “Stop” after 30 seconds or when the participant steps out of position or grabs your arm. 

If participant is unable to hold the position for 10 seconds, record result and go to the gait speed test. 

Semi-Tandem Stand         

 Score 

 Held 30 sec SCORE = 1. Go to tandem stand test.     ______ 

Held > 10 but < 30 sec SCORE = 1. Number of sec held ____.____    Go to tandem stand test. 

Held < 10 sec SCORE = 0. Number of sec held ____.____ Go to gait speed test. 

Not attempted; state reason _____________________ SCORE = 0. Go to gait speed test.  

 

Tandem Stand 

 

Now I will show you the third movement. (Demonstrate)  I want you to try to stand with the heel 

of one foot in front of and touching the toes of the other foot for about 30 seconds. You may put either 

foot in front, whichever is more comfortable for you. You may use your arms, bend your knees, or 

move your body to maintain your balance, but try not to move your feet. Try to hold this position until 

I tell you to stop. Stand next to the participant to help him/her into the tandem position. Supply just enough 

support to the participant’s arm to prevent loss of balance. When the participant has his/her feet positioned, 

ask “Are you ready?”  Then let go and begin timing as you say, “Ready, begin.”  Stop the stopwatch and 

say “Stop” after 30 seconds or when the participant steps out of position or grabs your arm.  

 

Tandem Stand 

Trial 1          

 Score 

 Held 30 sec SCORE = 2. Go to 1 leg stand test.    _______  

Held 10 – 29.99 sec, go to trial 2. SCORE = 2. Number of sec held ____.____ 

Held 3 – 9.99 sec, SCORE = 1. Go to trial 2. Number of sec held ____.____ 

Held < 3 sec or unable to attain position SCORE = 0. Go to gait speed test.  

 Not attempted SCORE = 0. State reason below. Go to gait speed test.    

 

Trial 2 
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 Held 30 sec, go to 1 leg stand test.  

Held 0 – 29.99 sec, go to gait speed test. Number of sec held ___.___  

 Not attempted. State reason below. Go to gait speed test.    

 

If participant did not attempt or complete test, circle the letter which corresponds to the 

reason: 

a. Tried, but unable         d. Not attempted, 

participant felt unsafe 

b. Participant could not hold position unassisted      e. Participant 

unable to understand instructions 

c. Not attempted, you felt unsafe       f. Other (specify) 

_____________________ 

 

 

 

One Leg Stand 

 

Now I will show you the fourth movement. (Demonstrate)  I want you to try to stand on 

one leg for about 30 seconds. You may stand on either leg, whichever is more comfortable for 

you. You may use your arms, bend your knees, or move your body to maintain your balance, 

but try not to move your foot. Try to hold this position until I tell you to stop. If you lose your 

balance, put your foot down. Stand next to the participant to help him/her into the side-by-side 

position. Supply just enough support to the participant’s arm to prevent loss of balance. When the 

participant has his/her leg lifted, ask “Are you ready?”  Then let go and begin timing as you say, 

“Ready, begin.”  Stop the stopwatch and say “Stop” after 30 seconds or when the participant 

lowers leg to the floor or grabs your arm.  

 

One Leg Stand 

Trial 1          

   

 Held 30 sec. Go to gait speed test.       

Held 1 – 29.99 sec. Go to trial 2. Number sec held ___.___  

Held < 1 sec or unable to attain position. Go to gait speed test.  

 Not attempted, state reason below. Go to gait speed test.    
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Trial 2          

 Held 30 sec. Go to gait speed test. 

Held 1 – 29.99 sec. Go to gait speed test. Number of sec held ____.____  

Held < 1 sec or unable to attain position, go to gait speed test.  

 Not attempted, state reason below. Go to gait speed test.    

 

If participant did not attempt or complete test, circle the letter which corresponds to the reason: 

a. Tried, but unable      d. Not attempted, participant felt unsafe 

b. Participant could not hold position unassisted e. participant unable to understand instructions 

c. Not attempted, you felt unsafe    f. Other (specify) _____________________ 

 

Total Balance Tests Score (sum points: possible range is 0 to 4)   

 ______ 

 

 

Gait Speed Test (4 meters) 

First Gait Speed Test 

Now I am going to observe how you normally walk. If you use a cane or other walking aid and 

you feel you need it to walk a short distance, then you may use it. This is our walking course. I want 

you to walk to the other end of the course at your usual speed, just as if you were walking down the 

street to go to the store. Demonstrate the walk for the participant. Walk all the way past the other end of 

the tape before you stop. I will walk with you. Do you feel this would be safe?  Have the participant stand 

with both feet touching the starting line. When I want you to start, I will say:  “Ready?  Begin.”  When 

the participant acknowledges this instruction say:  “Ready?  Begin.”  Press the start/stop button to start the 

stopwatch when the participant steps over the starting line. Walk behind and to the side of the participant. 

Stop timing when one of the participant’s feet is completely across the end line. 

Time for first 4 meter walk (seconds)       

 ___.___ 

Aids used for first walk: 

a. None    b. Cane    c. Other (specify) 

___________________________________ 

If participant did not attempt test, circle the letter which corresponds to the reason and go to the Chair 

Stand Test. 

a. Tried, but unable 

b. Participant could not walk unassisted 

c. Not attempted, you felt unsafe 

d. Not attempted, participant felt unsafe 



 

103 
 

e. Participant unable to understand instructions 

f. Other (specify) _______________________________________ 

 

Second Gait Speed Test 

 

Now I want you to repeat the walk. Remember to walk at your usual pace, and go all 

the way past the other end of the course. Have the participant stand with both feet touching the 

starting line. When I want you to start, I will say:  “Ready?  Begin.”  When the participant 

acknowledges this instruction say:  “Ready?  Begin.”  Press the start/stop button to start the 

stopwatch when the participant steps over the starting line. Walk behind and to the side of the 

participant. Stop timing when one of the participant’s feet is completely across the end line. 

Time for second 4 meter walk (seconds)      

 ___.___ 

Aids used for second walk: 

a. None    b. Cane    c. Other (specify) 

___________________________________ 

If participant did not attempt test, circle the letter which corresponds to the reason and go to 

the Chair Stand Test. 

a. Tried, but unable 

b. Participant could not walk unassisted 

c. Not attempted, you felt unsafe 

d. Not attempted, participant felt unsafe 

e. Participant unable to understand instructions 

f. Other (specify) _______________________________________ 

 

Interviewer note:  What is the time (sec) for the faster of the two walks? 

Record the lesser of the two times. (If only 1 walk done, record that time.)  

 ___.___ 

 

4 Meter Walk         

 Score 

 Unable to do the walk  SCORE = 0 Time 4.82 to 6.20 sec  SCORE = 

3 

Time > 8.7 sec   SCORE = 1 Time < 4.82 sec  SCORE = 4 ______ 

Time 6.21 to 8.7 sec  SCORE = 2  

Narrow Walk Test 

 

Now I am going to observe how you walk keeping your feet inside the lines. I want you 

to walk to the other end of the course at your usual speed. It is important that you do your best 
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to keep your feet inside the lines. Demonstrate the walk for the participant. Be sure to walk a few steps 

past the finish line. I will walk with you. Do you feel this would be safe?  Have the participant stand with 

both feet touching the starting line. When I want you to start, I will say:  “Ready?  Begin.”  When the 

participant acknowledges this instruction say:  “Ready?  Begin.”  Press the start/stop button to start the 

stopwatch when the participant steps over the starting line. Walk behind and to the side of the participant. 

Stop timing when one of the participant’s feet is completely across the end line. 

Did the participant stay within the lines?  

(“Not staying within the lines” is defined as stepping on, or going outside of the colored 

tape two or more times. Perform up to 3 trials to obtain 2 valid times.)  

 

 Trial 1   ____Yes                   .                seconds                ____No 

 

 

 Trial 2   ____Yes                   .                seconds                ____No 

 

 

 Trial 3   ____Yes                   .                seconds                ____No 

 

If participant did not attempt test, circle the letter which corresponds to the reason and go to the Chair 

Stand Test. 

a. Tried, but unable    d. Not attempted, participant felt unsafe 

b. Participant could not walk unassisted e. Unable to understand instructions 

c. Not attempted, you felt unsafe  f. Other (specify) 

______________________ 

 

 

 

Chair Stand Test 

 

Let’s do the last movement test. Do you think it would be safe for you to try to stand up from a 

chair?  The next test measures the strength in your legs. (Demonstrate and explain the procedure.)  First, 

fold your arms across your chest and sit so that your feet are on the floor; then stand up, keeping your 

arms folded across your chest…. Please stand up keeping your arms folded across your chest. (Record 

result.)  If the participant cannot rise without using arms, say “Okay, try to stand up using your arms.”  

This is the end of the test. Record result onto the scoring page. 

Single Chair Stand Test Questions 

Does the participant feel safe enough to stand without help?    YES

 NO 
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Results:  Circle the letter that corresponds to the result.      

a. Participant stood without using arms (Go to repeated chair stand test). 

b. Participant used arms to stand (End test; score as 0 points, and answer 

the following question.) 

c. Test not completed (End test; score as 0 points, and answer the 

following question.) 

If participant did not attempt test or failed, circle the letter which corresponds to the reason. 

a. Tried, but unable 

b. Participant could not stand up unassisted 

c. Not attempted, you felt unsafe 

d. Not attempted, participant felt unsafe 

e. Participant unable to understand instructions 

f. Other (specify) _______________________________________ 

g. Participant refused      

    

Repeated Chair Stand Test 

Do you think it would be safe for you to try to stand up from a chair five times without 

using your arms?  (Demonstrate and explain the procedure.)  Please stand up straight as 

QUICKLY as you can five times, without stopping in between. After standing up each time, sit 

down and then stand up again. Keep your arms folded across your chest. I’ll be timing you with 

a stopwatch. When the participant is properly seated, say:  “Ready?  Stand.”  Begin timing. Count 

out loud as the participant arises each time, up to five times. Stop if participant becomes tired or 

short of breath during repeated chair stands. Stop the stopwatch when he/she has straightened up 

completely for the fifth time. 

Also stop if participant uses his/her arms, after 1 minute, if participant has not completed 

all 5 rises, or at your discretion, if concerned for participant’s safety. If the participant stops and 

appears to be fatigued before completing the five stands, confirm this by asking “Can you 

continue?” 

Repeated Chair Stand Test Questions 

Does the participant feel safe enough to stand without help?   

 YES NO 

Time (sec) to complete 5 stands (only enter if participant completes 5 stands)   

____.____ 

If participant did not attempt test or failed, circle the letter which corresponds to the reason. 

a. Tried, but unable    e. Unable to understand 

instructions 

b. Participant could not stand up unassisted f. Other (specify)  

c. Not attempted, you felt unsafe  g. Participant refused 

d. Not attempted, participant felt unsafe 

 

Chair Stand         

  Score  

Participant unable to complete 5 chair stands or completes in > 60 sec SCORE = 0 
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Time > 16.70 sec   SCORE = 1 

Time 13.70 to 16.69 sec  SCORE = 2 

Time 11.20 to 13.69 sec  SCORE = 3 

Time < 11.19 sec   SCORE = 4      

 ______ 

 

 

 

 

 

Scoring for Complete Short Physical Performance Battery 

 

 Total Balance Test score       

 ______ 

 Gait Speed Test score        ______ 

 Chair Stand Test score        ______ 

 

 Total Score         

 ______ 

 

 

 

 

Extended Scoring 

 

Balance – Total the longest times held on semi-tandem, tandem, and one-leg stands. Divide by 

90. Highest score = 1. 

 Longest time held on semi-tandem stand  
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(if less than 30, there should be no other scores) __________ 

 

 Longest time held on tandem stand   __________ 

 

 Longest time held on one-legged stand            +__________ 

          

 Total Score (maximum is 90)    __________ / 90 = 

_______ 

 

Walk Speed - Distance is divided by the faster walk time to get speed in m/s. Divide 

the speed by 2 m/s, which is thought to be the fastest possible walking speed. Highest score = 

1. 

 

      4m/ ______ s = ________/2 = ________ 

Narrow Walk- Distance is divided by the faster walk time to get speed in m/s. Divide 

the speed by 2 m/s 

 

       4m/ ______ s = ________/2 = ________ 

 

Repeated Chair Stands – Divide the number of stands by the time. If unable to do the 

test, score = 0. Highest score = 1, even if test is completed in less than 5 seconds. 

      5/ _______s = __________ 

 

Total Extended Score – Add 4 sub-scores. Highest score = 4.  TOTAL 

=__________ 
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Appendix G 

Acrostic ____________ I’M FIT 400 Meter Walk  Visit: SV2   FV2 

ID ________________  Date: ___/___/___ 

         Interviewer: _______ 

400 Meter Walk 

 

 

 

 

 

 

 

 

 

 

 

  

Accompany the subject to the starting line of the 400 meter walk with script and stop watch. 
Describe the 400 meter walk: 

 

 

 

 

 

 

 

 

     

 

Stopping Criteria for 400 Meter Walk:  If the participant reports chest pain, tightness or 

pressure, significant shortness of breath or difficulty breathing, or feeling faint, lightheaded or 

dizzy, stop the test. Record the reason for stopping. OBSERVATIONS OF 400 METER WALK 

 

Script: “You will be walking 10 complete laps around the course, which corresponds 
to about ¼ mile. I would like you to walk as quickly as you can, without running, at 
a speed you can maintain for 10 laps.    If you develop chest pain or significant 
shortness of breath, or are too uncomfortable to continue, please stop walking 
and tell me. If you need to, you may stand in place and rest for a few moments. 
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If subject uses cane or other assistive device: "I would like you to attempt this test without your 
cane (or other walking device)." 

 

 

1. Do you feel it would be safe to try to walk 
up and down this hallway 10 times?  

3. Did participant bring a cane [walking device] 

to the clinic?   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Script:“ I will demonstrate 1 lap.” After completing demonstration, ask: “Do you have any 
questions?” 

 

When subject indicates they feel ready to begin, the test may proceed: 

 

Script: “I will walk behind you, When I say ‘GO”, start walking as quickly as you can, 
without running, at a speed you can maintain for 10 laps.  Ready, Go.” 

 
Start the stop watch when the subject takes their first step. For safety purposes, 
examiner should follow subject at a reasonable distance during test. Examiner should 
be close enough to subject to be able to provide help should subject falter during test, 
but not so close as to dictate the pace of the test. The examiner should be behind and 
to the side of the subject, just outside their peripheral vision. For every lap, the 
examiner should offer standard encouragement, and call out the number of laps 
completed and number remaining.  

Script: "You're doing a good job. You have completed __ laps and have __ to go."   

 

Yes No D/K 

2. Would you be willing to try it and 

see how you feel?  

Yes No 

4. Do you feel it would be safe if you 

could use your cane [or other device]? Yes 
No 

No 
Yes Go to Q.13 

Continue 
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4. a. Did the participant use an assitive walking device during the test?            Yes              No 

 

5. Mark an X in the corresponding box when each lap is completed. 

Lap 1 Lap 2 Lap 3 Lap 4 Lap 5 
 

     

 

 

 

 

 

 

Lap 6 Lap 7 Lap 8 Lap 9 Lap 10 

     

If the participant feels they need to stop and rest, they may stand in one place and rest. 
Participant should not lean on wall, table or elsewhere. After 30 seconds, ask them if they can 
continue walking. If they can, continue the walk and note the rest on the form. (go on to #6) 

  

If the participant appears to be in obvious distress or pain, you may recommend that he/she 
stand in place and rest for a moment. If they need to rest longer, have them continue to stand. 
After another 30 seconds, ask them if they can continue walking. If they can, continue the walk 
and note the rest stop on the form. (go on to #6) 

 

If they cannot continue after a 60 second rest or if they need to sit down, stop the test.  

(go on to #7) 

 

There is no limit to the number of rest stops as long as they can complete the walk without 
sitting. (record all stops on #6) 
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6. For each rest stop, Mark an X corresponding to the length of time of the rest (standing 
rests only): 

 < 30 sec. 31-60 sec. 

> 60 seconds 

(test stopped) 

Rest stop number 1:    

Rest stop number 2:    

Rest stop number 3:    

Rest stop number 4:    

Rest stop number 5:    

Rest stop number 6:    

Rest stop number 7:    

Rest stop number 8:    

Rest stop number 9:    

Rest stop number 10:    

                                                Total number of stops:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. If the test is terminated prior to the subject completing 400 meters, the point at which they 
stopped should be marked, and the subject accompanied to the nearest chair. After the 
subject is comfortably seated, their accomplished distance should be measured.  

 

Complete laps will be counted as 40 meters and the remaining incomplete lap should be 
accurately measured as described below. Record the total distance and time at termination 
of test. 

If the participant stopped in the first half of the lap (after leaving the starting  

cone but before getting to the distant cone) then measure the distance from 

the starting cone to where they stopped. If the participant stopped in the  

second half of the lap (after leaving the distant cone but before getting back 

to the starting cone) then measure the distance from the distant cone to the 

stopping point and add 20 meters. 

 

Did the participant complete the 400 meter walk?      
(Record time that first foot crosses the finish line.) 
 
 
 
 
 
 

Yes No 

Number of 

meters 

completed: 

        

                      M 

8. TIME to walk 400 meters or to stopping the test:        Minutes  Seconds 

 



 

112 
 

 

9. Sitting Radial Pulse:    beats per 30 seconds X2                              bpm 

10. If test stopped early, ask: “Why did you feel you couldn’t continue?” 
            

Shortness of Breath   Feeling Faint or Dizzy 

 

 

Chest Pain 

 

  Fatigue  

Leg Pain 

 

  Other: (Specify) 

____________________ 

 

 

 

 11. At end of walk ask, “Is there anything bothering you?”   

 

 

12. Observed Symptoms at end of walk:    (X all that apply) 

 

Shortness of breath     Unsteadiness   Other: __________  

Wheezing / dyspnea     Sweating   No symptoms observed  

Signs of discomfort        
 

 

 

 

  

Yes No 

If yes, please specify what: _______________________________ 

13. Comments: _______________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 



 

 

1
1
3

 

Appendix H 

Table 10. Physical function data between ReachedvsNot and Intervention  

 Reached 240 deg·s-1  Did not reach 240 deg·s-1  

 BV FV BV FV 

400m walk time (s) 285.57 ± 68.26 291.48 ± 61.05 314.51 ± 43.95 307.13 ± 55.59 

Usual gait speed 

(m/s) 

1.20 ± 0.17 1.31 ± 0.22 1.13 ± 0.17 1.21 ± 0.22 

Chair rise time (s)  10.49 ± 2.49 10.01 ± 2.48 12.92 ± 3.56 10.67 ± 3.17 

SPPB (0-12) 11.38 ± 0.68 11.59 ± 0.78 10.63 ± 1.14 11.21 ± 1.20 

 RT RT+CR RT RT+CR 

 BV FV BV FV BV FV BV FV 

400m walk time (s) 287.56 ± 

112.44 

295.47 ± 

119.87 

282.00 ± 

85.26 

283.90 ± 

85.99 

320.03 ± 

147.59 

318.10 ± 

148.39 

310.79 ± 

156.84 

299.72 ± 

152.37 

Usual gait speed 

(m/s) 

1.24 ± 0.49 1.31 ± 0.52 1.13 ± 0.34 1.30 ± 0.40 1.12 ± 0.52 1.20 ± 0.55 1.13 ± 0.57 1.21 ± 0.62 

Chair rise time (s) 10.82 ± 4.37 10.70 ± 4.32 9.87 ± 3.06 8.70 ± 2.70 12.74 ± 6.02  10.27 ± 4.83  13.04 ± 6.81  10.93 ± 5.79 

SPPB (0-12) 11.26 ± 4.43  11.47 ± 4.52  11.60 ± 3.49 11.80 ± 3.54 10.66 ± 4.89  11.14 ± 5.10 10.60 ± 5.32 11.26 ± 5.65  

Data are mean ± SD
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